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Abstract

Objectives: Obstructive sleep apnea (OSA) is a common sleep disorder that has sev-

eral health hazards, including cognitive dysfunction. Studies have thus far primarily

focussed on the prevalence of cognitive impairment in patients diagnosed with OSA

at sleep clinics. The present study aims to investigate the prevalence of OSA at an

outpatient memory clinic.

Methods: A dataset of patients who visited our memory clinic in the period from

June 2015 to September 2019 was retrospectively examined for the presence of

OSA. The primary outcome measure was the prevalence of OSA, subdivided into

three cognitive syndrome diagnosis groups: subjective cognitive complaints (SCC),

mild cognitive impairment and dementia. Secondary outcome measures included age,

education level, body mass index, substance use, depression and OSA criteria.

Results: Of the 885 patients included in this study, 153 patients had already been or

were diagnosed with OSA (17.3%). The percentage of OSA in the SCC group was sig-

nificantly higher compared with the dementia group (26.7% vs 8.0%; OR 3.83 [95%CI

2.43-5.99]). Age differed significantly between the SCC group and the dementia

group: 63.5 vs 71.5 years (7.6 ± 1.810; P < .001). Higher education level was associ-

ated with a lower prevalence of dementia compared to SCC (OR 0.068[95%CI

0.008-0.588]). Severity parameters of OSA did not show significant differences

across the various cognitive syndrome diagnosis groups.

Conclusions: Prevalence of OSA at our outpatient memory clinic is generally high.

Especially in patients with SCC. We would therefore advocate screening for OSA at

memory clinics.
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1 | INTRODUCTION

Obstructive sleep apnea (OSA) is a common sleep disorder. The preva-

lence varies from 9.0 to 38.0% in the general population and up to

90.0% in elderly males.1 OSA is a condition in which the upper airway

partly or completely collapses, thereby impeding effective respiration.

These upper airway collapses occur multiple times during sleep and

last for several seconds, with marked oxygen desaturations and

arousals from sleep as a consequence.2,3 OSA is a worldwide disease

whose prevalence is increasing as obesity rates increase.4 The role of
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obesity varies in different ethnic groups, with Chinese being particu-

larly sensitive to increases in weight.

There are many health hazards related to OSA, such as hyperten-

sion, cardiovascular diseases and diabetes.5,6 Previous research also

correlates OSA with cognitive impairment but to varying degrees.7

The interrelation between sleep and neurodegenerative disorders

causing dementia is complex8: sleep apnea is regarded as a precursor

or risk factor for cognitive impairment as well as an accelerator of cog-

nitive impairment involved in disease progression and postulated to

play a role in the pathogenesis of neurodegenerative disorders. Many

studies show that in patients with OSA, the primarily affected cogni-

tive domains are attention, memory and executive functioning.3,9-12

Other studies show only slight interference in vigilance and executive

functioning, or even no difference in cognitive function at all, between

OSA patients and healthy controls.13,14 A recent meta-analysis found

interference in various domains including nonverbal memory, concept

formation, psychomotor speed, construction, executive functioning,

perception, motor control and performance, attention, speed of

processing, working and verbal memory, verbal functioning and verbal

reasoning.2 And, a recent review states that cognitive complaints are

not necessarily due to actual cognitive impairment, but can also be a

result of OSA.15 Taken together, current research shows that in OSA

patients cognitive function may be affected and to various degrees.

All previously mentioned studies have investigated cognitive

impairment in patients primarily seeking medical attention because of

sleep disorders. The present study, however, evaluates the prevalence

of OSA in patients with cognitive complaints being referred to a mem-

ory clinic. This is a distinctly different population. To the best of our

knowledge, there has only been one study that evaluated the preva-

lence of sleep disturbances in patients with mild cognitive impairment

(MCI) and dementia.16 Herein, it was shown that in the MCI group

65.2% of patients had some kind of sleep disturbance (eg, insomnia,

sleep disordered breathing, rapid eye movement sleep behavior disor-

der, restless legs syndrome or excessive daytime sleepiness), whereas

in the dementia group the prevalence was in the range of 65.7% up

until 90.0% (depending on the nosological diagnosis of dementia).

However, this publication did not include patients with subjective

cognitive complaints (SCC), a patient group that generally represents a

substantial number of the total population at our outpatient memory

clinic.17

Therefore, the present study aims to evaluate the prevalence of

OSA in patients that received one of the following three cognitive

syndrome diagnoses after visiting our outpatient memory clinic: SCC,

MCI or dementia. We hypothesize that OSA is most prevalent in the

group of SCC.

2 | METHODS

2.1 | Participant selection

In this retrospective cohort study, all patients who visited the outpa-

tient memory clinic of Zuyderland Medical Centre Heerlen/Brunssum,

The Netherlands in the period from July 2015 to September 2019

were evaluated. Patients were included when they had visited the

outpatient memory clinic with either a previous OSA diagnosis or a

subsequent OSA diagnosis. An OSA diagnosis was primarily made on

the basis of ancillary polysomnography when during history taking

either patient or caregiver reported sleep problems suspect of OSA

(ie, snoring, apneas, sore throat or headache on awaking and excessive

daytime sleepiness). The patients in whom the diagnosis OSA was

made due to a visit unrelated to the memory clinic assessment were

excluded while doing so could have led to a false correlation. Further-

more, when no cognitive syndrome diagnosis could be made to insuf-

ficient test results, patients were also excluded. The study protocol

was approved by Medical Ethical Review Committee Zuyderland

(GCP-OSAS, Z201960). The ethics committee approved conduct of

the research without explicit consent from the participants.

2.2 | Setting

The population at the outpatient memory clinic consists of patients

with memory complaints or patients whose relatives have concerns

about their cognition. In general, patients are referred by their general

practitioner. The evaluation consists of a multidisciplinary clinical eval-

uation by a neurologist, a geriatrician and a medical psychologist

followed by neuropsychological examination and neuroimaging. In

conclusion, a cognitive syndrome diagnosis is given and, when possi-

ble, an explanation of the likely etiology of the cognitive syndrome (ie,

nosological diagnosis). The syndrome diagnoses are; (a) SCC for

patients with no objectifiable cognitive deficit; (b) MCI for patients

with one of the multiple cognitive deficits but without inference in

daily living and (c) dementia for patients with multiple cognitive defi-

cits and a decline relative to the previous level of functioning.18

When OSA was suspected at the memory clinic, patients were

referred to the outpatient sleep clinic of Zuyderland. There, the diag-

nosis of OSA was made by a physician with specific expertise in sleep

medicine (neurologist, pulmonologist or ENT doctor) based on the

AASM criteria of 2013 and a polysomnography. This means that the

severity of OSA was defined by the apnea/hypopnea index (AHI)

using the following cut-offs; AHI <5/hour is normal, AHI 5-15/hour is

mild OSA, AHI 15-30/hour is moderate OSA and an AHI > 30/hour is

severe OSA.19 In addition, data about oxygen desaturation index of at

least 3% and 4% per hour (ODI3% and ODI4%) and the percentage of

sleep with saturation below 90% have been collected for this study.

2.3 | Data collection

In the Netherlands, all medical diagnoses are listed in a standardized

manner. Using this database, we compiled a list of patients with a

diagnosis of both OSA and a cognitive disorder. In addition, all elec-

tronic patient files of patients who had visited the memory clinic in

the study period were searched manually and data were collected

about the syndrome diagnosis given. Of these patients, only age and
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gender were recorded as baseline characteristics. Next, patients were

selected with a combination of OSA and a cognitive disorder. In these

patients, the following baseline characteristics were collected: age,

gender, education level and body mass index (BMI). Furthermore, data

about the consumption of alcohol and use of benzodiazepines, the

syndrome diagnosis and the presence of a mood disorder were col-

lected. As mentioned earlier, OSA severity using the AHI, the ODI 3%,

the ODI 4% and the percentage of sleep with saturation below 90%

were recorded. Finally, data have been collected about the therapy

patients used for OSA, by either a mandibular repositioning device,

continuous positive airway pressure, position therapy or no therapy.

As well as their therapy compliance. All previously mentioned charac-

teristics were collected from electronic patient records of the physi-

cian visits and the polysomnography.

2.4 | Data analysis

Data analysis was performed using SPSS version 25 (SPSS Inc.,

Chicago, Illinois). The cohort was divided based on the three recorded

cognitive diagnoses (SCC, MCI and dementia). To detect group differ-

ences for the accumulated variables in between the three cognitive

syndrome diagnoses, the Chi-square test or the Fisher's exact test

were applied for categorical variables where appropriate. For continu-

ous variables, the Kruskal-Wallis test was used since the data had a

nonnormal distribution (tests of normality were performed using the

Kolmogorov-Smirnov and the Shapiro-Wilk test). When a significant

difference was found, the Games-Howell post hoc test was performed

to determine which of the cognitive syndrome diagnoses groups dif-

fered significantly. The main analyses (ie, the prevalence of OSA in

the various cognitive diagnoses groups) were corrected for age and

gender with the one-way analysis of covariance (ANCOVA) test. Sta-

tistical difference was considered significant at P < .05.

3 | RESULTS

3.1 | Patient characteristics

In total, 897 patient records were evaluated over a 4-year period. Of

these 897 patients, eight patients could not be given a cognitive syn-

drome diagnosis due to invalid or incomplete test results and in four

other patients the diagnosis was uncertain. In the remaining

885 patients, 378 patients were diagnosed with SCC (42.7%) while

181 patients were diagnosed with MCI (20.5%) and 326 patients

received the diagnosis of dementia (36.8%).

In total, 153 out of the 885 patients were diagnosed with OSA

(17.3%). Around half of the patients already had an OSA diagnosis

prior to the memory clinic visit, whereas the other half were diag-

nosed as a result of diagnostic evaluation at the memory clinic

(respectively 73/153 patients [47.7%] vs 80/153 patients [52.3%]).

Not all of the 73 patients that received the diagnosis of OSA prior to

the outpatient clinic were treated adequately: only 37 patients used

therapy daily and in the right manner (50.7%) whereas the other

36 patients did not use their prescribed therapy daily or had stopped

completely (49.3%).

Figure 1 describes the percentage of OSA in the three different cog-

nitive diagnosis groups. In patients with SCC 102 patients had OSA

(26.7%), in patients with MCI 25 had OSA (13.8%) and in patients with

dementia 26 patients had OSA (8.0%). Conversely, in patients diagnosed

with OSA, SCC was present in 66.7% (102/153), MCI in 16.3% (25/153)

and dementia in 17.0% (26/153). Of the 153 patients with OSA and a

cognitive syndrome diagnosis, six patients could not be used for the

comparison of the patient characteristics in the three syndrome diagno-

sis because of the lack of necessary data for analysis. We found no

differences in cognitive syndrome diagnoses between the patients diag-

nosed with OSA prior to memory clinic consultation (with or without

adequate treatment) and the ones diagnosed with OSA subsequently.

3.2 | Comparison of baseline characteristics of the
total cohort of the memory clinic population

The total cohort patient characteristics are presented in Table 1. Age

differed significantly between the cognitive syndrome groups. On

average, the youngest patients were found to have SCC while the

oldest patients suffered from dementia (P < .001 for all analyses).

Gender did not differ significantly between groups. Using Chi-square

test, the presence of OSA was also significantly different between

groups (P < .001). Different subanalyses were performed to determine

the difference in the prevalence of OSA between groups with SCC as

the reference group. The prevalence of OSA was significantly higher

in patients with SCC compared to MCI (OR 2.05[95%CI 1.28-3.28]).

The prevalence of OSA in patients with SCC was also significantly

higher compared to dementia (OR 3.83 [95%CI 2.43-5.99]).

3.3 | Characteristics of patients with both OSA
and cognitive impairment

Patient characteristics for the patients with both OSA and a cognitive

diagnosis are presented in Table 2. For gender, BMI, the consumption

of alcohol, use of benzodiazepines and the presence of a mood disor-

der no statistically significant differences were observed. Age differed

significantly between the groups (P < .001): the Games-Howell test

showed that age in the SCC group was 7.6 years younger compared

to the dementia group (±1.8; P < .001). The level of education also

demonstrated a significant difference (P = .007). Between the groups

of SCC and MCI, there was a benefit for patients with higher educa-

tion, for bachelor's/master's degree compared to primary school

(OR 0.167 [95%CI 0.031-0.887]) and for secondary education com-

pared to primary school (OR 0.306 [95%CI 0.107-0.871]). For SCC

compared to dementia, there was also a benefit when patients had

higher education. For bachelor's/master's degree compared to primary

school (OR 0.068 [95%CI 0.008-0.588]) and for secondary education

compared to primary school (OR 0.318 [95%CI 0.120-0.841]). When
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these patients had a higher education level, the chance of having

dementia is smaller than when patients had a lower education level.

For the association between OSA severity and type of cognitive

disorders, no significant correlation was observed. The specific criteria

for OSA diagnosis were evaluated as well. For AHI no differences

were found. A one-way ANCOVA was conducted to determine a dif-

ference between the three syndrome diagnoses corrected for age and

gender; this demonstrated no significant effect (P = .787). This result

should be taken with caution because the data did not show a normal

distribution and the group sizes were small (Table 2). The lowest oxy-

gen saturation and the ODI3% were not significantly different in the

three groups. For the ODI4%, data were missing due to a change in

diagnostic criteria for OSA, which has been integrated at Zuyderland

at the end of the year 2017. The data analysis included only

28 patients; the total sample size was therefore too small to make any

conclusions. For treatment options, there was no significant correla-

tion between the groups.

4 | DISCUSSION

Globally, insufficient sleep is prevalent across various age groups, con-

sidered to be a public health epidemic that is often unrecognized,

underreported, and that has rather high economic costs.20 Insufficient

sleep leads to the derailment of body systems, leading to increased

incidences of cardiovascular morbidity, increased chances of diabetes

mellitus, obesity and derailment of cognitive functions.

The present study aimed to estimate the prevalence of OSA at

our outpatient memory clinic. Previous studies have shown a 9% to

38% OSA prevalence range in the general population.1 To the best of

our knowledge, there are no prevalence numbers published on OSA at

memory clinics. According to the Dutch National Statistics Agency,

OSA was expected to be prevalent within the region of our hospital

since 52.2% of the population is overweight and 40.3% of the popula-

tion consumes alcohol daily.21-23 In the 885 patients examined in this

study, we found an OSA prevalence of 17.3%. The percentage of OSA

F IGURE 1 Percentage of obstructive sleep apnea (OSA) by cognitive syndrome diagnoses. This figure shows the prevalence of obstructive

sleep apnea in the total population of the memory clinic subdivided into the three cognitive syndrome diagnoses groups: subjective cognitive
complaints (26.7%), mild cognitive impairment (13.8%) and dementia (8.0%)

TABLE 1 Baseline characteristics of total patient cohort by syndrome diagnosis

Subjective cognitive complaints (n = 378) Mild cognitive impairment (n = 181) Dementia (n = 326) P-value

Gender

Male (%) 225 (59.5) 98 (54.1) 168 (51.5) .096

Median age, years

(interquartile range)

64 (58-72) 74 (65-79) 77 (72-82) <.001*

Presence of OSA

Yes (%) 102 (27.0) 25 (13.8) 26 (8.0) <.001*

OSA severity (%)a

Mild 28 (7.4) 7 (3.8) 10 (3.1)

Moderate 29 (7.7) 10 (5.5) 4 (1.2)

Severe 45 (11.9) 8 (4.4) 12 (3.7)

Abbreviation: OSA, obstructive sleep apnea.
aNo statistical analysis has been made for this variable.

*Statistically significant at P = .05.
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was highest in the patient group with SCC (26.7%), followed by MCI

(13.8%) whereas the lowest percentage was found in the dementia

group (8.0%). Conversely, we found that the majority of the

153 patients diagnosed with OSA had a cognitive syndrome diagnosis

of SCC (66.7%), followed by dementia (17.0%) and MCI (16.3%).

These findings corroborate the correlation between OSA and

SCC (see for review Vaessen et al15). Our data did not demonstrate

that more severe cases of OSA were present more frequently in the

SCC group. Although this result must be interpreted with caution due

to relatively small numbers, a possible explanation could be that the

severity of OSA in this retrospective cohort study was based only on

the AHI score. In the past years, the criteria for OSA have been under

dispute. For an adequate severity classification of OSA, the ODI4%

and percentage of sleep with saturation under 90% may be better

parameters to determine the severity of OSA. At our hospital, such

polysomnographic data are being collected since late 2017, and there-

fore, these parameters were not known for most of our patients. We

were only able to collect the ODI4% for a small group of 28 patients,

which was not enough for a proper statistical analysis. Studies have

shown that the sleep of patients with dementia changes relative to

elderly people without dementia. They experience more fragmented

sleep which can lead to napping during the daytime. And during the

time they spent asleep, the stages of sleep are lighter.24,25 We evalu-

ated several patient characteristics for an increased risk of OSA in

patients with cognitive impairment. The only statistically significant

differences we found were age and education level. Age is likely

explained by the fact that dementia is more prevalent in the group of

elderly patients (mostly above the age of 60).26 A lower education

level is associated with a higher chance of developing dementia than

in people with a higher education level.27

TABLE 2 Patient characteristics of OSA patients by syndrome diagnosis

Subjective cognitive

complaints (n = 98)

Mild cognitive

impairment (n = 23)

Dementia

(n = 26) P-value

Gender

Male (%) 76 (77.6) 18 (78.3) 23 (88.4) .464

Median age, years (interquartile range) 64 (60-69) 67.00 (64-73) 72 (68-75) <.001*

Median BMI, kg/m2 (interquartile range) 30.2 (27.9-33.7) 30.70 (26.2-33.8) 31.0 (28.2-33.7) .803

Education levela (%)

No 0 (0.00) 0 (0.00) 0 (0.00) .007*

Primary school 15 (15.3) 9 (39.1) 11 (42.3)

Secondary education 60 (61.2) 11 (47.8) 14 (53.8)

Bachelor/Master's degree 20 (20.4) 1 (8.7) 2 (3.8)

Alcohol use (%) 61 (62.2) 12 (52.2) 12 (46.2) .281

Benzodiazepine use (%) 11 (11.2) 0 (0.0) 2 (7.7) .307

Presence of a mood disorder (%) 21 (21.4) 3 (13.0) 4 (15.4) .668

OSA severity (%)

Mild 28 (28.6) 7 (30.4) 10 (38.5) .408

Moderate 29 (29.6) 9 (39.2) 4 (15.4)

Severe 41 (41.8) 7 (30.4) 12 (46.1)

Median AHI, per hour (interquartile range) 25.1 (13.8-40.0) 23.6 (13.9-40.0) 24.5 (10.4-42.3) .981

Lowest saturation percentage (interquartile range) 84 (80-87) 84 (80-88) 85.00 (83-88) .601

ODI 3%, per hour (interquartile range) 21.2 (10.9-34.7) 20.4 (12.4-36.9) 20.5 (9.4-38.0) .814

ODI 4%, per hour (interquartile range)b 8.5 (3.0-22.8) 5.0 (3.9-36.8) 8.5 (3.8-22.8) .993

Treatment (%)

None 17 (17.4) 5 (21.7) 5 (19.2) .168

Ceased treatment 7 (7.1) 3 (13.0) 6 (23.0)

MRD 21 (21.4) 2 (8.7) 4 (15.4)

CPAP 53 (54.0) 12 (52.2) 11 (42.3)

Position therapy 0 (0.0) 1 (4.4) 0 (0.0)

Abbreviations: AHI, apnea/hypopnea index; BMI, body mass index; CPAP, continuous positive airway pressure; MRD, mandibular reposition device; ODI,

oxygen desaturation index; OSA, obstructive sleep apnea; PSG, polysomnography.
aDue to missing data the number of patients may not add up.
bTo be interpreted with caution because of impaired statistical power (small sample size).

*Statistically significant at P = .05.
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The present study does have several limitations. Because of the

retrospective nature we had to exclude several patients with missing

data, for instance when OSA diagnosis or polysomnography were per-

formed elsewhere. Furthermore, data of OSA patients showed a

skewed distribution, resulting in two groups with smaller number of

patients (MCI and dementia). This resulted in the mandatory use of a

statistical test with a lower proof of evidence. Finally, we collected

baseline characteristics for the total cohort (age, gender and the pres-

ence of OSA with severity) where we should have collected more

detailed characteristics like BMI and education level. This would have

given better insight into the risk factors for the total population of our

outpatient memory clinic, instead of just the OSA patients.

Underreporting of symptoms in patients with cognitive disorders com-

pared to patients with SCC may be liable to bias in ascertaining OSA.

But this is unlikely given the fact that snoring and apneas are primarily

reported by the bed partner. There could also have been differences

in diagnostic work-up for OSA. Physicians may be less inclined to

request ancillary polysomnography in patients with dementia com-

pared to patients with SCC. In our study, however, half of the patients

had already been diagnosed with OSAS prior to the memory clinic

visit. We found no differences in syndrome diagnoses between these

patients and the ones diagnosed with OSA subsequently.

It can be questioned whether patients at memory clinics get a

proper sleep evaluation. Because OSA is a relatively prevalent condition

and a contributing factor in disorders of cognition, there is a need for a

screening instrument. According to the Dutch OSA guideline, the most

frequently used screening test in The Netherlands is the Epworth

Sleepiness Scale. Another test is the STOP-BANG questionnaire, which

is validated for both diagnostic screening and therapeutic evaluation.28

A recent cross-sectional study evaluating four screening methods for

OSA showed that the STOP-BANG test had the highest sensitivity for

OSA.29 This test makes an estimation based on the following factors:

snoring, tiredness, observed apnea, high blood pressure, BMI, age, neck

circumference and male gender.30 Moreover, it would be of interest to

know the neuropsychological test characteristics of OSA patients at

memory clinics, to further elucidate the complex relationship between

OSA and cognition. Although for our study population cognitive test

results are available, the current study did not have the neuropsy-

chological assessment as a primary aim and as mentioned in the

Introduction studies have produced conflicting results. We, there-

fore, abstained from analyzing our neuropsychological data and

plan to properly investigate this prospectively, making use of a

standardized OSA screening instrument for inclusion.

In conclusion, we found a relatively high prevalence of OSA at

our outpatient memory clinic, especially in patients with SCC. We

would therefore advocate screening for OSA at memory clinics, pref-

erably by the use of an instrument such as the STOP-BANG question-

naire. This would allow for prospective analysis and hence a more

accurate estimation of OSA prevalence at memory clinics, although

local differences are likely to remain. Future research should use not

only AHI to evaluate the severity of OSA but also include other

parameters such as the ODI4% and percentage sleep with saturation

under 90%.
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