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Older Adults with High-risk of Obstructive Sleep Apnea
Associated with Frailty among Outpatients in a Tertiary
Care in Northeast Thailand
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Background: Several pieces of evidence demonstrated poor sleep quality is associated with frailty. However, the present study demonstrates the
association between obstructive sleep apnea (OSA) and frailty is still limited.

Objective: To determine the association between the older adults who had a high-risk of O0SA and adverse events including frailty, cognitive frailty,
quality of life, history of admission within previous year and history falling within previous 6 months.

Materials and Methods: A cross-sectional study was conducted between October 1, 2019 to January 31, 2022, at Srinagarind Hospital, Thailand.
Participants aged 260 years who visited outpatient of internal medicine department were included. The Thai Frailty Index (TFI) was used to evaluate
frailty status. STOP-BANG questionnaire was used to evaluate the risk of OSA and a score 23 was defined as a high-risk of OSA. The demographic
data, TFI, the Thai version of the World Health Organization Quality of Life Brief-Old and Montreal Cognitive Assessment (MoCA) were obtained.
The association between the older adults who had a high-risk of OSA and adverse events was analyzed by multiple logistic regression and presented
as adjusted odds ratio (aOR) with 95% confidence interval (CI).

Results: A total of 198 participants were included. The older adults who had a high-risk of OSA was 124 (62.6%). The older adults who had a
high-risk of OSA were associated with frailty (aOR of 3.37,95% CI 1.56 to 7.71, p-value=0.003). The older adults who had a high-risk of OSA were
not associated with cognitive frailty, fair quality of life, history of admission within previous year and falling within previous 6 months.

Conclusion: The older adults who had a high-risk of 0SA were associated with frailty. The screening and diagnosis of OSA are recommended for

the older adults who attend the outpatient clinic.
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The number of older adults increased worldwide.
The global population aged 60 years or over was 962
million in 2017 and is expected to be nearly 2.1 billion
in 20501, Obstructive sleep apnea (OSA) is a recurrent
upper airway obstruction during sleep and its prevalence
increases in older adults®. Between 13 to 32% of people
over 65 years old reported OSA®. This syndrome
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causes sleep fragmentation, sleep deprivation, increased
sympathetic activity and systemic inflammation®.
OSA is an important comorbidity of older adults. It has
many potential consequences such as increased risk of
hypertension, cardiovascular events, cerebrovascular
accidents and mortality®>%. OSA are also increased risk of
excessive daytime sleepiness, cognitive deterioration and
motor vehicle accidents®®. Furthermore, a recent report
demonstrated OSA was associated with impaired gait
and balance”. This might increase falling in older adults,
however, the present study demonstrated an association
between OSA and falling is still limited™.

Frailty is a state of increased vulnerability
and poor resolution of homeostasis after a stressor event
according to multiple physiological systems declined®.
This is a common and problematic syndrome in older
adults. From a systematic review by Collard et al., the
prevalence of frailty varied from 4.0 to 59.1% and had a
weighted prevalence of 9.9%. Another systematic review
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that included studies from low-income and middle-income
countries revealed the prevalence of frailty varied from
3.9 to 51.4% and pooled prevalence of 17.4%(%. Frailty
is associated with worse outcomes including falling!:'?),
fractures!'?, disability'>1419, cognitive impairment!'*'® and
poor quality of life"*?%, Moreover, this condition increased
hospitalization®*?), health care utilization®, healthcare
cost® and mortality®*?®. There were several risk factors
associated with frailty from previous reports for example
age@®) | female®”*), cardiovascular disease®?, depressive
symptoms®!*? lower education®” and lower socioeconomic
status®”.

A growing body of evidence demonstrated the
association between sleep disturbance and frailty in older
adults®. The previous studies revealed poor sleep quality
was associated with frailty®*39 and some studies showed
OSA was associated with frailty®’=?. However, the present
study evaluating the association between older adults who
had a high-risk OSA and frailty is still limited particularly in
Thailand. Therefore, the study was conducted for evaluating
the association between older adults who had a high-risk
OSA and adverse events including frailty, cognitive frailty,
quality of life, history of admission within previous year,
and history falling within previous 6 months.

Materials and Methods
Participants and setting

This is a cross-sectional study that was a part of a
research project “Prevalence of frailty and associated
adverse events in older patients of internal medicine
outpatient clinic: a cross-sectional study”?”. Data were
collected at the ambulatory medicine outpatient clinic,
Srinagarind Hospital, Khon Kaen Thailand, from October 1,
2019 to January 31, 2022. The inclusion criteria consisted of
1) age >60 years, 2) having attended Srinagarind Hospital’s
ambulatory medicine outpatient clinic. The present study
excluded older adults who met any of the following criteria
1) inability to speak Thai language, 2) dementia or acute
psychosis, 3) inability to communicate with others, 4)
inability to stand upright or acute arthritis, 5) acute infection,
6) severe visual impairment.

Operational definitions

Risk of OSA

The Thai version of the STOP-BANG questionnaire
was used to determine the risk of OSA“?. This questionnaire
consists of 8 items with a total score of 8. The STOP-BANG
score of >3 indicated as a high-risk of OSA“Y.

Adverse events

For this study, adverse events included frailty, cognitive
frailty, quality of life, history of admission within previous
year, and falling within previous 6 months.
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Quality of life

The Thai version of the World Health Organization
Quality of Life Brief-Old (WHOQOL-Old) was used to
examine participants’ quality of life status. This is a self-
reported questionnaire containing 24 items. All items are
divided into 6 domains which are 1) perceptive ability, 2)
autonomy, 3) social activity, 4) intimacy, 5) activities of daily
living, 6) fear of death. The score ranges from 24 to 120. A
score of 24 to 55 means poor quality of life, 56 to 88 means
fair quality of life and 89 to 120 means good quality of life“?.

Frailty

The Thai Frailty Index (TFI) was used to clarify
participants’ frailty status. This tool contains 30 variables
to evaluate current medical problems, mental status, and
functional ability. The total score is derived from the total
number of items divided by 30, therefore the possible total
score is 1. Participants with TFI of more than 0.25 are
estimated to have frailty®.

Cognitive frailty

This is a coexisting condition of frailty and cognitive
impairment. The frailty status was defined by having TFI
greater than 0.25, while cognitive status was evaluated by
the Thai version of the Montreal Cognitive Assessment test
(MoCA-T)“. According to the previous study which was
conducted at the ambulatory medicine Srinagarind Hospital,
a MoCA-T score <20 was a suitable cut-off point to define
mild cognitive impairment with 76% of sensitivity and 71%
of specificity®. Therefore, the participants who have TFI
>0.25 and MoCA-T <20 meet the criteria of cognitive frailty.

Procedure

The present study was approved by Ethics Committee
for Human Research of the Khon Kaen University
(HE631065) in accordance with the Helsinki Declaration.
The written informed consent was provided to all participants
before data collection. Participants’ demographic data
including age, gender, body weight, height, body mass
index (BMI), years of education, marital status, family
incomes, history of falling, history of admission, numbers
of medication and underlying diseases were collected
using convenience sampling. Afterward, a trained clinical
researcher administered the Thai version of MoCA, TFI and
Thai version of STOP-BANG score to participants.

Sample size calculation

The sample size calculation was based on the previous
study by Manchumad et al which revealed the prevalence
of frailty was 0.282%. The estimate infinite population
proportion formula was calculated with a proportion of
0.28, alpha (a) of 0.05, Z(0.975) of 1.96 and error of 0.1.
The sample size required at least 78 subjects. A total of 198
cases were included in the present study.
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Statistical analysis

The participants’ demographic data were presented as
percentages, mean and standard deviation (SD) based on
descriptive statistics. If the data distribution was not normal,
median and interquartile range(IQR) were used instead.
Univariate analysis was used to evaluate the association
between the older adults who had a high-risk of OSA and
adverse outcomes in terms of quality of life, frailty, cognitive
frailty, falling within previous 6 months and history of
admission within previous year. The results were presented
as crude odds ratio (cOR) with 95% confidence interval (CI).
Afterward, multivariate analysis was used and the results
were adjusted to history of alcohol consumption, educational
level, history of admission within previous year, income
and number of medications. To determine the effect size,
the results were presented as adjusted odds ratio (aOR) with
95% CI. R version 4.1.2 was performed for data analysis.

Results

A total of 198 participants were included in the study.
The median age of participants was 68 (IQR 64, 72) years.
The older adults who had a high-risk of OSA was 124
subjects, thus the prevalence was 62.6%. The median STOP-
BANG score was 3 (IQR 2,4). Participants’ demographic
data was shown in Table 1. The older adults who had a
high-risk of OSA were more likely to have comorbidities
such as hypertension, diabetes mellitus and chronic kidney
disease (CKD). There were no participant in the present
study has a poor quality of life, however, The older adults
who had a high-risk of OSA had a higher percentage of fair
quality of life than the older adults who had a low-risk of
OSA group. Moreover, The older adults who had a high-risk
of OSA had a higher percentage of adverse events in terms
of frailty, cognitive frailty, falling within previous 6 months
and history of admission within previous year.

The association between the older adults who had
a high-risk of OSA and adverse events was evaluated by
univariate and multivariate analysis. The analysis was
shown in Table 2. On these analysis, the older adults who
had a high-risk of OSA were significantly associated with
frailty (aOR of 3.37, 95% CI 1.56 to 7.71, p-value=0.003).
The older adults who had a high-risk of OSA were not
significantly associated with cognitive frailty, falling within
previous 6 months, history of admission within previous
year and fair quality of life.

Discussion

Several reports suggested that poor sleep quality was
associated with frailty in older adults®*-*®. The authors
hypothesized that the poor sleep quality from primary
sleep disorders particularly OSA may be associated with
frailty. The present study demonstrated that the older
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adults who had a high-risk of OSA was associated with
frailty. The result of this study was similar to the previous
studies®’3?49. The possible explanation link between
OSA and frailty were as followings: 1) several studies
demonstrated frailty was associated with low insulin-like
growth factor-1 (IGF-1) levels®”. IGF-1 is an anabolic
hormone synthesized mainly by the liver and stimulated
by growth hormone (GH)“**). IGF-1 is related to poor
muscle strength, sarcopenia, physical performance and
chronic inflammation®”. Likewise, IGF-1 is associated with
alteration of nutritional status particularly micronutrients
such as selenium, magnesium and zinc®”. GH/IGF-1 axis
plays an important role in the pathogenesis of frailty®”. GH
prefer secretes during slow wave sleep®. Reduction of GH
and IGF-1 levels are observed in sleep deprivation®3*9
and obstructive sleep apnea®®?. Treatment of OSA with
continuous positive airway pressure (CPAP) increased GH
and IGF-1 levels©®*, 2) a low testosterone level is observed
in frailty®-%). Poor sleep quality affects testosterone
levels®®9. OSA is associated with lower testosterone
levels®%®. Low testosterone level leads to cognitive
impairment®’?, reduced muscle mass”", muscle strength’?,
sarcopenia, physical function and performance7%.
These might contribute to frailty in older adults, 3) systemic
inflammation including interleukin-6, tumor necrosis factor-
alpha (TNF-a)) and C-reactive protein (CRP) levels increased
in those who had OSA7%9 as well as frailty“’$1 %, Chronic
inflammation is related to physical decline®”, physical
disability®", sarcopenia® and frailty development®.
Otherwise, chronic inflammation is associated with several
comorbidities such as cardiovascular disease, congestive
heart failure, type 2 diabetes, cancer, osteoporosis, cognitive
decline and mortality®?. The prevalence of frailty was higher
in some of these comorbidities including cardiovascular
disease®?¥, congestive heart failure®, cancer®® and
cognitive impairment®”, 4) exhaustion and depression
are important clinical characteristics of OSA®%1% as well
as frailty®'!%D. 5) OSA is a well-known risk factor for
cardiovascular disease'’>!%®_ cerebrovascular disease!!?%19
and cognitive impairment'**1%9, These conditions are the
risk of frailty in older adults®?+106-108)

Moreover, sleep is essential to the process of memory
formation and consolidation particularly sleep continuity,
K-complex, sleep spindles, slow-wave sleep and rapid eye
movement (REM) sleep!*!%11D_Sleep fragmentation, sleep
architectural changes and intermittent hypoxia occurring
in OSA lead to neurogenesis reduction, synaptic plasticity
reduction, small vessel disease, microinfarcts, brain structure
changes, cerebral networks alteration, amyloid plaques
and hyperphosphorylated tau protein in the brain!®.
These might contribute to cognitive impairment in OSA.
However, the current study did not show the significant
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Table 1. Demographic data of participants

Baseline characteristics Low-risk OSA, n=74 High-risk OSA, n=124 p-value
Female, n (%) 67 (54.0) 57 (46.0) <0.001
Age (year), median (IQR) 68 (64,72) 68 (64,73) 0.83
BMI, median (IQR) 22.9 (20.3,24.8) 25 (22.6,28.7) <0.001
Educational level, n (%) 0.03
<6 years 50 (67.6) 63 (50.8)
26 years 24 (32.4) 61 (49.2)
Family incomes/month, n (%) 0.08
<20,000 baht 62 (83.8) 89 (71.8)
>20,000 baht 12 (16.2) 35(28.2)
Underlying disease, n (%)
Hypertension 33 (44.6) 95 (76.6) <0.001
Diabetes mellitus 16 (21.6) 57 (46.0) 0.001
Cerebrovascular disease 8(10.8) 8 (6.5) 0.41
COPD/asthma 4(5.4) 8(6.5) 1.00
CKD 4(5.4) 30 (24.2) <0.001
Falling within 6 months, n (%) 7 (9.5) 21 (16.9) 0.21
Medication 25, n (%) 33 (44.6) 60 (48.4) 0.71
History of admission within previous year, n (%) 20 (27.0) 49 (39.5) 0.10
Current alcohol drinking, n (%) 2(2.7) 24 (19.4) <0.001
Current smoking, n (%) 7 (9.5) 49 (39.5) <0.001
MoCA <20, n (%) 57 (46.0) 44 (59.5) 0.09
Quality of life, n (%) 0.77
Good quality of life 60 (81.1) 97 (78.2)
Fair quality of life 14 (18.9) 27 (21.8)
Frailty, n (%) 12 (16.2) 45 (36.3) 0.004
Cognitive frailty, n (%) 12 (16.2) 29 (23.4) 0.31

0SA=obstructive sleep apnea; IQR=interquartile range; BMI=body mass index; COPD=chronic obstructive pulmonary disease; CKD=chronic kidney disease; MoCA=Montreal

Cognitive Assessment

Table 2. Adverse events in participants who had a high-risk of 0SA comparing with the participants who had a low-risk of 0SA

Adverse events cOR 95% CI p-value aOR 95% CI p-value
Frailty® 2.94 1.47 to 6.25 0.003 3.37 1.56t0 7.71 0.003
Cognitive frailty" 1.58 0.76 to 3.43 0.23 2.08 0.94 to 4.79 0.07
History of admission within previous year? 1.76 0.95 to 3.35 0.07 1.77 0.88 to 3.53 0.11
Falling within previous 6 months® 1.95 0.82t05.18 0.15 2.07 0.83 to 5.74 0.13
Fair quality of life* 1.19 0.59 to 2.51 0.63 1.06 0.48 to 2.41 0.87

cOR=crude odds ratio; aOR=adjusted odd ratio; CI=confidence interval

1 Adjusted by history of alcohol consumption, educational level, history of admission within previous year, income, number of medications and quality of life

2 Adjusted by history of alcohol consumption, educational level, income, number of medications, frailty, falling within previous 6 months and quality of life

3 Adjusted by history of alcohol consumption, educational level, history of admission within previous year, income, number of medications, frailty and quality of life

* Adjusted by history of alcohol consumption, educational level, history of admission within previous year, income, number of medications, frailty and falling within

previous 6 months

association between the older adults who had a high-risk
OSA and cognitive frailty (aOR 2.08, 95% CI 0.94 to 4.79,
p-value=0.07). This might be explained by the number of
the older adults with cognitive frailty in the current study
was relatively low. Therefore, the association should be
evaluated in the further study.

The study emphasized that the older adults who had a
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high-risk of OSA were associated with frailty. STOP-BANG
questionnaire is the simple and practical tool for screening
of OSA at ambulatory outpatient clinic. The sleep study
should be performed in the older adults who had a high-
risk of OSA. Treatment of OSA might modify the natural
history of frailty.

The study had some limitations. First, the sleep study
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was not performed, misclassification might occur. Second,
some factors were found significantly associated with OSA
in previous studies but could not identify in the present
study, this might be from this study was relatively small
sample size. Third, the temporal relationship was unable to
determine according to the study design.

Conclusion

The older adults who had a high-risk of OSA was
associated with frailty. The screening and diagnosis of OSA
were recommended in the older adults who attended at an
outpatient clinic.

What is already known on the topic?

OSA is highly prevalent and cause poor sleep quality
in the older adults. It is an important comorbidity and
increased risk of worse outcome. Frailty is a common
geriatric syndrome that is a vulnerable state and can lead
to many adverse outcomes. Poor sleep quality is associated
with frailty.

What this study adds?

The older adults who had a high-risk of OSA was
associated with frailty. Diagnosis and treatment of OSA
might modify the natural history of this condition.
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