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Study Objectives: Numerous studies have found that obstructive sleep apnea (OSA) causes or exacerbates dementia, including Alzheimer disease and
vascular dementia. However, the evidence is often conflicting. Moreover, no study has investigated the effect of surgical treatment for OSA on dementia.
Methods: This retrospective cohort study analyzed data from the Korea National Health Insurance Corporation. A total of 125,417 participants (age 40
years or older) with a new diagnosis of OSA between 2007 and 2014 were included. The participants were classified into two groups: those who underwent
uvulopalatopharyngoplasty (UPPP group, n = 12,664) and those who underwent no surgical treatment (no surgery group, n = 112,753). Propensity score
matching by age and sex was used to select the control group of 627,085 participants. Mean follow-up duration was 4.6 + 2.3 years. The primary endpoint
was newly diagnosed Alzheimer dementia, vascular dementia, or other types of dementia.

Results: Compared with the control group, the hazard ratio (HR) and 95% confidence interval of dementia was calculated for patients with OSA. In the
no-surgery group, the incidence of Alzheimer disease (HR 1.30 [1.22-1.38]), vascular dementia (HR 1.20 [1.05-1.36]), and other types of dementia (HR 1.35
[1.20-1.54]) was significantly higher than those among the control group. In the UPPP group, the incidence of Alzheimer disease (HR 1.08 [0.80-1.45]),
vascular dementia (HR 0.58 [0.30-1.12]), and other types of dementia (HR 1.00 [0.57-1.77]) was similar to control levels.

Conclusions: Uvulopalatopharyngoplasty may have a preventive effect on dementia in patients with OSA.
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BRIEF SUMMARY

Current Knowledge/Study Rationale: This study sought to answer the following questions: Does obstructive sleep apnea increase the incidence of
dementia? Does uvulopalatopharyngoplasty, the surgical treatment of apnea, reduce the incidence of dementia?

Study Impact: The incidence of Alzheimer disease, vascular dementia, and other types of dementia was higher among patients with obstructive sleep
apnea, whereas it was similar to control levels among patients with obstructive sleep apnea who underwent uvulopalatopharyngoplasty. This finding
suggests that dementia may be aggravated by obstructive sleep apnea, which could be prevented by uvulopalatopharyngoplasty.

INTRODUCTION

Obstructive sleep apnea (OSA) is characterized by repetitive
upper airway collapse during sleep, which induces frequent
arousal and oxygen desaturation.! It is a common disease
worldwide, affecting more than 4% of men and 2% of women,
and its prevalence increases with the prevalence of obesity.>
OSA is associated with a range of symptoms, such as fatigue,
daytime somnolence, or headaches.! Moreover, it causes seri-
ous complications and increases mortality.'

Dementia is a neurodegenerative disorder characterized
by progressive and gradual decline in memory and cognitive
functions.>* There are different types of dementias according
to the etiology. The most frequently encountered type of de-
mentia is Alzheimer disease (AD), accounting for up to 50%
to 70% of all cases of dementia. AD is characterized by the
loss of neurons and synapses in the cerebral cortex and certain
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subcortical regions, with accumulation of amyloid plaques and
neurofibrillary tangles around or inside neurons.* The next
most common type of dementia is vascular dementia (VD),
accounting for approximately 25% of cases of dementia. VD
is caused by ischemic or hemorrhagic infarcts affecting mul-
tiple brain areas.’ There are also other causes of dementia.* The
most important cause of dementia is aging.*® As the elderly
population increases, the incidence of dementia is rapidly in-
creasing, resulting in a large burden on society.® Reducing the
incidence of dementia has become an urgent priority.

Recent evidence suggests that OSA exacerbates dementia.’*
Although the exact mechanism has not been elucidated, it is
postulated that different sequelac of OSA exacerbate dementia.
OSA causes hypertension, systemic inflammation, intermittent
hypoxia, impairment of cerebral perfusion, endothelial dysfunc-
tion, alteration of glucose homeostasis, and increase in oxida-
tive stress.* It is possible that the combination of these sequelae
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Table 1—Working definitions derived from the insurance claims data.

Disease Working Definition

Obstructive sleep apnea | At least one claim under ICD-10 codes G47.3

Alzheimer disease At least one claims under ICD-10 codes FOO or G30, plus prescription of anti-dementia medication

Vascular dementia At least one claims under ICD-10 codes FO1 plus prescription of anti-dementia medication

Other dementia At least one claims under ICD-10 codes F02, F03, G231, or G31, plus prescription of anti-dementia medication and not
determined Alzheimer disease or vascular dementia

Diabetes At least one claim per year for the prescription of anti-diabetes medication under ICD-10 codes E11-14

Hypertension At least one claim per year for the prescription of anti-hypertension medication under ICD-10 codes 110-13 or 115

Dyslipidemia At least one claim per year for the prescription of anti-dyslipidemia medication under ICD-10 codes E78

Stroke At least one claim under ICD-10 codes 163 or 164

COPD At least one claims under ICD-10 codes J41, J42, J43, J44

IHD At least one claims under ICD-10 codes 120, 121, 122, 123, 124, 125

Cancer At least one claims under ICD-10 codes C and registered as cancer patient in the National Medical Expenses Support Program

COPD = chronic obstructive pulmonary disease, IHD = ischemic heart disease.

cause white matter changes, gray matter atrophy, neurocognitive
impairment, and accumulation of amyloid plaques and neurofi-
brillary tangles, which are typical characteristics of dementia.**
Though numerous studies have found that OSA causes or
exacerbates dementia, these findings are often conflicting and
in most studies the results could not be confirmed because of
limited population samples. In addition, the effect of surgical
treatment for OSA on dementia has not been previously as-
sessed. The most commonly performed surgical procedure for
OSA is uvulopalatopharyngoplasty (UPPP).”® The success rate
of UPPP based on the apnea-hypopnea index (AHI) reduction
is not high.” However, UPPP is an important therapeutic option
in patients refusing or intolerant of continuous positive airway
pressure (CPAP).” Therefore, it is important to evaluate UPPP
not only in terms of AHI reduction but also according to its
clinical effect, for example, a reduction in the incidence of de-
mentia. However, there are significant difficulties in conducting
long-term observational studies of large populations and this
explains the limited evidence on patients undergoing UPPP.
The National Health Insurance Service (NHIS) database has
recently become available for research purposes in Korea.’ It pro-
vides large-scale follow-up data on patients with OSA undergo-
ing UPPP. The purpose of this study is to investigate whether the
incidence of dementia increases among patients with OSA and
whether UPPP can prevent such an increase, using NHIS data.

METHODS

Data Source

The NHIS is a national insurer managed by the Korean gov-
ernment covering 97% of the Korean population.” Both outpa-
tient and inpatient claims are reviewed by the NHIS and these
include data on diagnoses, procedures, prescription records,
demographic information, and direct medical costs. The NHIS
also reviews claims from the Medical Assistance Program and
the Medical Care for Patriots and Veterans Affairs Scheme,
which cover the medical expenses of the Korean population not
insured by the NHIS. Therefore, the NHIS database covers the
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entire Korean population, and contains information regarding all
medical claims made in Korea. The NHIS identifies its members
by their Korean Resident Registration Number, which removes
the risk of duplication or omission when accessing the data. The
NHIS database manages claims using the Korean Classification
of Disease, sixth edition, a modified version of the International
Classification of Diseases, 10th edition (ICD-10), adapted for the
Korean health care system. Furthermore, a biennial standardized
checkup is recommended for NHIS subscribers. Any researcher
can use the NHIS data if the study protocols are approved by the
official review committee.

Study Population and Design

We defined the OSA group as including participants age 40 years
or older with newly diagnosed OSA (G47.30) between 2007 and
2014. To select the control group, with a number of participants
that was five times that of the OSA group, we used propensity
score matching by age and sex with participants in whom OSA
was not diagnosed. The OSA group was further divided into
two groups: the UPPP group, including patients who underwent
UPPP, (Q2196 or Q2197) and the no-surgery group, including
participants who did not undergo surgery. The primary endpoint
of this study was newly diagnosed dementia (AD, VD, and other
types of dementia), which was defined using the insurance claim
data (Table 1). Patients in whom dementia was diagnosed prior
to enrollment were excluded. The flowchart shows the enrollment
process for this study (Figure 1).

Data Collection

We collected the following baseline data from the NHIS data-
base: age (years), sex, residency (rural or urban), and income
level (four quintiles). Data on comorbidities, including diabe-
tes, hypertension, dyslipidemia, chronic obstructive pulmo-
nary disease, ischemic heart disease, and cancer were also
collected using the insurance claim data (Table 1).

Statistical Analysis

Data are presented as mean + standard deviation for age and as
proportions for the remaining categorical variables. Comparisons
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Figure 1—Enrollment flowchart.

Total number of persons
diagnosed with OSA
between 2007 and 2014
219,750

Exclusion due to age < 40
20,640

Exclusion due to previous

> dementia
6,792
Final enrollment for x5 propensity score matching
OSA group < » by age and sex for Control group
125,417 627,085
[
' '
No Surgery group UPPP group
112,753 12,664

OSA = obstructive sleep apnea, UPPP = uvulopalatopharyngoplasty.

between groups were made using analysis of variance or the chi-
square test. The Kaplan-Meier plot without covariance correction
was presented to analyze the risk of dementia according to the
presence or absence of OSA and whether the patient underwent
UPPP. The incidence rate of dementia was calculated by dividing
the number of events by the person-time at risk. To determine the
hazard ratio of OSA on the incidence of dementia and to com-
pare the incidence of dementia between UPPP and no-surgery
groups, the Cox proportional hazards model was used. Two dif-
ferent models were applied: model 1 was adjusted for age and sex
and model 2 was based on model 1 and additionally adjusted for
income level, diabetes, hypertension, dyslipidemia, chronic ob-
structive pulmonary disease, ischemic heart disease, and cancer.
The proportional hazards assumptions were checked by log-log
cumulative survival graphs; the assumptions were met. The re-
sults are presented as mean and 95% confidence interval (95%
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).

Ethical Approval

This study involved routinely collected data, so informed con-
sent was not specifically obtained. The study was exempted by
the Institutional Review Board of Konkuk University Hospital
due to use of publicly available data (KUH1110066).

RESULTS

A total 0f 49,570,064 participants enrolled in the NHIS in 2007,
the first year of the research and the numbers were comparable
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for each year up to 2014. Between 2007 and 2014, there were
125,417 patients in whom OSA was newly diagnosed. Of these,
12,644 underwent UPPP. A total of 627,085 participants were
selected as a control group (Figure 1). Demographic data are
summarized in Table 2.

Comparison of Incidence of AD Between OSA and
Control Groups

AD occurred more frequently in the OSA group compared
to the control group and this finding was significant in both
model 1 and model 2. When the OSA group was further ana-
lyzed, AD incidence among participants in the UPPP group
was similar to that among the control group in both model 1
or model 2, whereas the incidence remained higher in the no-
surgery group. The Kaplan-Meier plot showed that compared
to the control group, AD occurred more frequently in the OSA
group and less frequently in the UPPP group (Figure 2). These
results are summarized in Table 3.

Comparison of Incidence of VD Between OSA and
Control Groups

VD occurred more frequently in the OSA group compared
to the control group and this finding was significant in both
model 1 and model 2. Further analysis of the OSA group re-
vealed that VD incidence among participants in the UPPP
group was similar to that among the control group in both
model 1 or model 2, whereas the incidence remained higher in
the no-surgery group. The Kaplan-Meier plot showed that com-
pared to the control group, VD occurred more frequently in the
OSA group and less frequently in the UPPP group (Figure 2).
These results are summarized in Table 3.
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Table 2—Demographics of patients with OSA and controls.

OSA
Control No Surgery UPPP
n % n % n % P

Total number 627,085 100.00 112,753 100.00 12,664 100.00
Follow-up duration (year) 45+23 46+23 45+22
Men 456,145 72.74 80,584 7147 10,645 84.06 <.001
Mean age (year) 53.1+£9.0 534+9.2 50.2+7.0 <.001
Age 65 years or older 75,365 12.02 14,611 12.96 462 3.65 <.001
Income quintile <.001

Q1 (lowest quartile) 172,771 27.74 23,901 21.31 2,324 18.4

Q2 139,959 2247 20,265 18.07 2,212 17.51

Q3 141,811 22.77 24,841 22.15 3,071 24.31

Q4 168,287 27.02 43,131 38.46 5,024 39.78
Rural residency 337,057 53.90 60,324 53.65 6,041 47.80 <.001
Diabetes 56,259 8.97 12,159 10.78 1,165 9.20 <.001
Hypertension 137,653 21.95 38,797 34.41 4,283 33.82 <.001
Dyslipidemia 81,617 13.02 27,542 24.43 2,648 20.91 <.001
COPD 36,760 5.86 12,044 10.68 1,488 11.75 <.001
Ischemic heart disease 35,927 573 14,951 11.92 1,232 9.73 <.001
Cancer 12,805 2.04 3,026 2.4 185 1.46 <.001

OSA = obstructive sleep apnea, UPPP = uvulopalatopharyngoplasty, COPD = chronic obstructive pulmonary disease.

Figure 2—Kaplan-Meier plot for incidence of dementia in patients with OSA.
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The top row compares the control group with the OSA group, and the bottom row compares the control group with the UPPP group and the no-surgery
group. Alzheimer disease, vascular dementia, and other dementia occur more frequently in the OSA group than in the control group, whereas they occur

less frequently in the UPPP group. OSA = obstructive sleep apnea, UPPP = uvulopalatopharyngoplasty.
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Table 3—Hazard ratio of OSA for the incidence of dementia.

n Event Duration (year) Rate Model 1 Model 2
Control 627,085 7,492 2,864,970 262 1 1
OSA 125,417 1,947 573,871 3.39 1.32 (1.25-1.38) 1.28 (1.21-1.34)
All Dementia
No Surgery 112,753 1,881 517,178 3.64 1.33 (1.27-1.40) 1.29 (1.23-1.36)
UPPP 12,664 66 56,694 1.16 0.98 (0.77-1.25) | 0.96(0.75-1.22)
Control 627,085 5,037 2,864,970 1.76 1 1
Alzheimer OSA 125,417 1,309 573,871 2.28 1.32 (1.24-1.40) 1.29 (1.21-1.37)
Disease No Surgery 112,753 1,264 517,178 244 1.33 (1.25-1.41) 1.30 (1.22-1.38)
UPPP 12,664 45 56,694 0.79 1.09 (0.81-1.46) 1.08 (0.80-1.45)
Control 627,085 1,236 2,864,970 0.43 1 1
Vascular OSA 125,417 310 573,871 0.54 1.26 (1.11-1.43) 1.16 (1.02-1.32)
Dementia No Surgery 112,753 301 517,178 0.58 1.30 (1.15-1.48) 1.20 (1.05-1.36)
UPPP 12,664 9 56,694 0.16 0.63(0.33-1.21) | 0.58(0.30-1.12)
Control 627,085 1,219 2,864,970 043 1 1
Other OSA 125,417 328 573,871 0.57 1.36 (1.20-1.54) 1.34 (1.18-1.51)
Dementia No Surgery 112,753 316 517,178 0.61 1.38 (1.22-1.56) 1.35 (1.20-1.54)
UPPP 12,664 12 56,694 0.21 1.01 (0.57-1.78) 1.00 (0.57-1.77)

Model 1: adjusted by age and sex; model 2: adjusted by age, sex, income level, diabetes, hypertension, dyslipidemia, chronic obstructive pulmonary

disease, ischemic heart disease, and cancer. OSA = obstructive sleep apnea, UPPP = uvulopalatopharyngoplasty.

Table 4—Comparison of hazard ratio between UPPP and no-surgery groups for the incidence of dementia.

n Event Duration (year) Rate Model 1 Model 2

No Surgery 112,753 1,881 517,178 3.64 1 1
All Dementia

UPPP 12,664 66 56,694 1.16 0.73 (0.56-0.93) 0.73 (0.56-0.93)
Alzheimer No Surgery 112,753 1,264 517,178 244 1 1
Disease UPPP 12,664 45 56,694 0.79 0.83 (0.60-1.11) 0.83 (0.61-1.11)
Vascular No Surgery 112,753 301 517,178 0.58 1 1
Dementia UPPP 12,664 9 56,694 0.16 0.45 (0.20-0.85) 0.58 (0.30-1.12)
Other No Surgery 112,753 316 517,178 0.61 1 1
Dementia UPPP 12,664 12 56,694 0.21 0.70 (0.36-1.22) 0.70 (0.36-1.21)

Model 1: adjusted by age and sex, model 2: adjusted by age- sex- income level- diabetes- hypertension, dyslipidemia, chronic obstructive pulmonary
disease, ischemic heart disease and cancer. OSA = obstructive sleep apnea, UPPP = uvulopalatopharyngoplasty.

Comparison of Incidence of Other Types of Dementia
Between OSA and Control Groups

Other types of dementia occurred more frequently in the OSA
group compared to the control group and this finding was sig-
nificant in both model 1 and model 2. When the OSA group
was further analyzed, the incidence of other types of dementia
increased in the no-surgery group in both models, although it
did not increase in the UPPP group. The Kaplan-Meier plot
showed that, compared to the control group, other types of de-
mentia occurred more frequently in the OSA group and less
frequently in the UPPP group (Figure 2). These results are
summarized in Table 3.
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Comparison of Hazard Ratio Between UPPP and No-
Surgery Groups for the Incidence of Dementia

All dementia incidence was significantly lower in the UPPP
group, compared to the no-surgery group, in both model 1
and model 2. When divided into AD, VD, and other dementia,
the incidence of VD was still significantly lower in the UPPP
group in model 1, but not in model 2. The incidences of AD
and other dementia were not significantly different between the
two groups in both model 1 and model 2. The results are sum-
marized in Table 4.
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DISCUSSION

In this study, we found that the incidence of dementia among
patients with OSA was significantly higher than in the con-
trol group. However, in patients who underwent UPPP surgery,
the incidence of dementia was similar to that of the control
group. When comparing UPPP and no-surgery groups, the in-
cidences of all dementia and VD were still lower in the UPPP
group, whereas the incidences of AD and other dementia were
not significantly different between the two groups. A consider-
able advantage of this study is that long-term follow-up was
conducted for large-scale patient groups using national insur-
ance data. Large-scale studies are essential to determine dif-
ferences in dementia incidences among patients with OSA and
control patients, or among patients who have undergone UPPP
and those who have not. A number of cohort studies on OSA
have been conducted,'®!" although there are no studies on the
long-term effects of UPPP. To date, the effects of UPPP have
been determined by the AHI and the success rate is not satis-
factory.”® However, the clinical significance of AHI-based sur-
gical results is not proven. To the best of our knowledge, this
is the first report regarding the clinical feasibility of UPPP to
reduce the occurrence of dementia among patients with OSA.

The incidence of dementia in the UPPP group varied accord-
ing to dementia type. The incidences of AD and other types
of dementia were comparable to those observed in the control
group (hazard ratio of approximately 1.0); the incidence of VD
was even lower, although not statistically significant, than in
the control group (hazard ratio of approximately 0.6). When the
UPPP and the no-surgery groups were directly compared, VD
incidence was the only outcome parameter that was significantly
different. This finding may be due to hypoxic preconditioning."
The brain of patients with OSA is exposed to long-term intermit-
tent hypoxia, which is then normalized after UPPP. Therefore,
subsequent hypoxia will be better tolerated in these patients. The
main pathogenesis of VD is ischemic brain injury due to infarct,
so the hypoxic preconditioning induced by the OSA could re-
duce brain damage and also the incidence of VD.?

Different covariates that are known to influence the occur-
rence of dementia were analyzed to adjust the effect of OSA
and UPPP.® The covariates were age, sex, income level, dia-
betes, hypertension, dyslipidemia, chronic obstructive pul-
monary disease, ischemic heart disease, and cancer. Age is
the most important risk factor for the development of demen-
tia.*!7 Dementia incidence increases sharply with age older
than 60 years and reaches almost 50% after age 85 years."
Sex is also an important factor, as dementia is more prevalent
among women. Differences according to sex are presumed to
be caused by differences in sex hormones, education level, and
life expectancy between men and women." Income level also
plays an important role in the incidence of dementia which in-
creases among populations with lower income levels. There
could be many reasons for this trend, such as education level,
diet, and lifestyle."”” Diabetes, hypertension, and dyslipidemia
are well-known aggravating factors for dementia.'®!” Factors
such as chronic obstructive pulmonary disease, ischemic heart
disease, and cancer were also included in this study, although
their effect has not yet been proven.
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The most significant weakness of this study is the potential
selection bias for the UPPP group. Generally, surgery for OSA
is more likely to involve younger, healthier, and more affluent
patients because of the risks of anesthesia, complications, and
costs of surgery.” In this study, the UPPP group was younger
by approximately 3 years, had a slightly higher income level,
and had a lower rate of dyslipidemia, ischemic heart disease,
and cancer than the no-surgery group. Therefore, rather than a
clear surgical effect, the reason for the low incidence of demen-
tia in the UPPP group may be that patients in that group were
younger and healthier than patients in the comparison groups.
However, even after adjusting for various factors, the incidence
of dementia in the UPPP group was significantly lower than
that in the no-surgery group, reaching control levels, which
means that the preventive effect of UPPP on the development
of dementia is not simply due to confounders. Unfortunately,
the analysis of confounding factors did not include body mass
index, which was not present in the claim data. Obesity is an
important factor because it affects the occurrence of both de-
mentia and OSA; body mass index is a value that most accu-
rately reflects the degree of obesity. Therefore, if body mass
index had been included in the analysis, our results might have
been quite different.

A more intrinsic limitation of this study is that it does not
provide direct evidence that dementia can be exacerbated by
OSA and subsequently prevented by UPPP. Although there is a
reasonable likelihood of this exacerbation and prevention, our
conclusions are solely based on comparison of the incidence
of dementia in the no-surgery group, the UPPP group, and
the control group. Another limitation is that the adequacy of
the diagnosis and the severity of disease could not be demon-
strated. We could not determine the AHI values and symptoms
for all patients from the medical records; therefore, we iden-
tified patients with OSA on the basis of the diagnoses in the
medical records.

A further issue to be noted was that we did not know how many
of the patients with OSA who did not undergo UPPP (the no-sur-
gery group) were offered alternative treatment, such as CPAP or
a mandibular advancing device (MAD). In Korea, UPPP is the
treatment of choice for OSA, over CPAP or MAD." Although it
is not known with certainty, we assumed that the cost of surgery
is low (approximately $700) and that many Koreans are reluctant
to wear the machine in the long term.”® Approximately 3,000
patients are prescribed CPAP annually and its adherence rate is
very low."” Even fewer patients are prescribed MAD." Consider-
ing that the number of patients with OSA recruited in this study
was 125,417 and their mean follow-up period was approximately
4.5 years, it is reasonable to assume that most patients in the no-
surgery group did not receive active treatment for OSA and their
condition naturally progressed.

CONCLUSIONS

The incidence of dementia was significantly higher among
patients with OSA than among patients in the control group,
whereas it was similar to the incidence among patients in the
control group after UPPP. This study provides new insight that
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UPPP may have a preventive effect on dementia in patients
with OSA.

ABBREVIATIONS

95% CI, 95% confidence interval

AD, Alzheimer disease

AHI, apnea-hypopnea index

CPAP, continuous positive airway pressure
NHIS, National Health Insurance Service
OSA, obstructive sleep apnea

UPPP, uvulopalatopharyngoplasty

VD, vascular dementia
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