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Purpose: To analyze the association between risk of obstructive sleep apnea (OSA),
insomnia, sleepiness and self-assessed sleep duration with frailty in older adults.

Patients and Methods: Cross-sectional study with 1643 older adults (60 to 97 years old)
who participated in round 6 (2019) of the Cohort of Obesity Sarcopenia and Obesity in Older
Adults of the Mexican Institute of Social Security. The Berlin Questionnaire was used to
assess risk of OSA, the Athens Insomnia Scale for insomnia, the Epworth Scale for sleepi-
ness, and sleep duration by self-report. Frailty was assessed with the frailty criteria proposed
by Fried. Sociodemographic and health variables were also collected. Statistical analysis was
performed with logistic regression and was stratified by sex.

Results: This study included 1643 participants (823 men and 820 women). Mean age was
67.1 £5.9 years. The percentage of frail older adults was 10.5% (n = 172), with risk of OSA
26.1% (n = 429), with insomnia 30.3% (n = 497) and with sleepiness 18.9% (n = 310). In all
participants, risk of OSA and insomnia were associated with frailty. In the stratified analysis
by sex, the association between risk of OSA and frailty was observed in women (odds ratio
(OR) = 1.84, 95% confidence interval (CI) 1.05, 3.22), but not in men (OR = 1.19, 95% CI:
0.65, 2.19). Insomnia was significantly associated with frailty in women (OR = 2.38, 95%
CI: 1.35, 4.20) and in men (OR = 1.88, 95% CI: 1.01, 3.52). Neither sleepiness nor sleep
duration was associated with frailty.

Conclusion: In community-dwelling older adults, both the risk of OSA and insomnia
conferred greater odds of presenting frailty in women. It is required to implement strategies
aimed at improving sleep hygiene and detecting patients with OSA and insomnia.
Keywords: sleep disorders, obstructive sleep apnea, older adults, insomnia disorder,

sleepiness

Introduction

Frailty is a geriatric syndrome in which the physiological reserve is diminished. It
affects 10.7% of older adults in high-income countries’ and 17.4% in middle-
income countries.” Although frailty is strongly associated with adverse outcomes
such as hospitalization and death,>* it can be reversible and preventable, which is
why it has been important to identify its related factors.” In recent years there has
been a proliferation of research which focuses on the relationship between sleep and
frailty. Sleep is a complex, dynamic and essential process for nocturnal restoration
and wellbeing during the day; thus, disturbed sleep would affect the physiological
reserve in older people through the disruption of hormonal pathways, immune
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dysfunction and chronic inflammation which contribute to
the imbalance of muscle metabolism and homeostasis.’
Sleep disturbances not only may impair metabolism, but
also result in fatigue during waking hours which may
trigger napping throughout the day or prevent older people
to be active that may contribute to perpetuate the worse
sleep cycle and frailty.

Studies which have focused on analyzing sleep dura-
tion support the idea that insufficient sleep (<6 hours) or
more than the recommended time (> 8 hours) is associated
with a greater possibility of frailty.® It has been postu-
lated that older people with daytime sleepiness, sleep dis-
orders such as insomnia or with sleep-related breathing
disorders, face greater chances of being frail.'® Other
evidence has also shown that poor quality of sleep, sleep
latency, sleep efficiency and sleep-related breathing disor-
ders have implications on frailty.*'"'°

In addition, it has been observed that the modifying
role of sex on the association between sleep and frailty
might mainly occur among women older adults. Previous
studies indicated that sleep complaint, sleep duration, and
sleep-breathing disorders were only associated with frailty
in older women but not in men.'"!*!3 However, it is non-
conclusive since men and women sleep differently. For
instance, women tend to self-report less sleep duration;
insomnia is more commonly reported by women than
men, while the risk of obstructive sleep apnea (OSA)
predominates in men.'” Results from observational studies
comprised of men participants have shown that prolonged
sleep latency, poor subjective sleep quality, and nocturnal
hypoxemia were associated with frailty/or mortality.'®!?
In light of these facts, it seems that the variability of the
association between sleep and frailty regarding sex differ-
ence needs to be addressed.

It appears that previous research on the relationship
between sleep and frailty has followed the pattern focusing
on single concepts, especially based on sleep duration or
sleep quality.”®'>'> Although these research has provided
invaluable inputs, data on sleep should be balanced with
distinct notion of sleep disturbances since this health pro-
blem requires a more detailed perspective to distinguish
how a different sleep concept affects in the presence of the
other one. For instance, a study reported that sleepiness
was linked to increased frailty but insomnia was not.'®
However, such study failed to clarify if the association
between sleepiness and frailty remained after considering
or at least screening for other sleep disorders, such as risk
of OSA. Thus, based on current evidence and sex gap, the

objective of this study was to analyze the association of
risk of OSA, insomnia, sleepiness and self-assessed sleep
duration with frailty globally, and stratified by sex.

Patients and Methods
Study Design and Participants

Cross-sectional study with information from wave six of
the “Cohort of Obesity, Sarcopenia and Frailty of Older
Mexican Adults” (COSFOMA). COSFOMA procedures
have been previously described.”® Briefly, this is
a population-based prospective study that began in 2014
with the participation of 1252 adults aged 60 years or more
who were beneficiaries of the Mexican Institute of Social
Security (IMSS, by its Spanish acronym) in Mexico City.
COSFOMA collected information through interviews and
geriatric tests conducted by previously trained personnel at
annual intervals until 2019. In total, COSFOMA has six
survey rounds available, with wave six being the most
recent. In this wave of COSFOMA, 486 (38.8%) partici-
pants were still under study. In wave six, carried out from
April to September 2019, the sample was refreshed with
1192 adults aged 60 years and older who were added to
compensate for losses to follow-up and mortality, and
following the same sampling strategy of 2014.%° Briefly,
the sampling frame was the 1,127,720 older adults regis-
tered at the 48 primary health care called Family Medicine
Units at IMSS Mexico City in 2018. Through a simple
random selection procedure, 20,000 records were selected.
To 6000 of the eligible records (ie, complete postal
address) a letter was sent, inviting subjects to attend
a comprehensive health evaluation at the IMSS. A total
of 2385 received the invitation letter in which the nature of
study participation was explained, with the field center
telephone number provided. Telephone contact was made
with 1375 older adults, but only 1192 (86.7%) attended to
the appointment at the IMSS’ facility and agreed to parti-
cipate in the study, 157 (11.4%) refused to participate, and
26 (1.9%) were hospitalized. Thus, in COSFOMA 2019
a total of 1678 older adults were enrolled. In wave six, all
participants were invited to answer a specific module on
sleep disorders (ie, insomnia, risk of OSA, daytime sleepi-
ness, and sleep duration). Therefore, the present study
includes 1643 (97.9%) older adults who had complete
information on the variables of interest, and 35 (2.1%)
were excluded due to incomplete data (Figure 1). This
study was carried out according to the Declaration of
Helsinki. All participants were informed of the procedures
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Figure | Enrolment flow chart for the sample. The cohort of obesity, sarcopenia and frailty of older Mexican adults.

Abbreviation: IMSS, Mexican Institute of Social Security.

and signed an informed consent form. COSFOMA and this
study were approved by the IMSS National Commission
for Scientific Research (Registration number 2012-785-
067 and R-2018-785-023, respectively).

Measures

Obstructive Sleep Apnea

To identify participants with a prior diagnosis of OSA,
they responded the following question: “Have you ever
been diagnosed with sleep apnea by a physician?” From
the number of participants who answered “no”, risk of
OSA was evaluated through the Berlin Questionnaire.”'
The Berlin Questionnaire consists of ten questions orga-
nized into three categories in which the presence, fre-
quency and intensity of snoring are investigated, as well
as the presence of respiratory pauses during sleep (cate-
gory 1); self-report of non-restorative sleep, fatigue during
wakefulness or somnolence while driving (category 2) and
the presence of obesity or hypertension (category 3).
Obesity was determined by calculating the body mass
index (BMI) from the measurement of weight and height

with a value >30 kg/m2. Hypertension was considered
when the older adult reported having a previous medical
diagnosis. Having high risk of OSA was considered if the
participant presented at least two of the three categories.

Insomnia

Insomnia was assessed with the Athens Insomnia Scale
(AIS).** The AIS considers the diagnostic criteria for
insomnia of the 10th Classification of Mental and
Behavioral Disorders. The AIS consists of 8 questions
that explore the perception of difficulty in inducing sleep,
waking up during the night, waking up early in the morn-
ing, total sleep time, general quality of sleep, feeling of
wellness, general functioning and somnolence during
the day. Each question on the AIS is scored from 0 to 3,
where 0 equals no problem and 3 equals a very serious
problem. Participants with a score of 6 or more on the AIS
(range 0-24) were considered to have insomnia.*

Sleepiness
Sleepiness was assessed with the Epworth Sleepiness
Scale, which includes eight questions to assess the
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perception of difficulty staying awake during wakefulness.
Participants were asked to evaluate the possibility of fall-
ing asleep in eight everyday situations: reading, watching
television, sitting in a public place, feeling the need to lie
down to rest, sitting and talking to someone, sitting, after
eating and as a passenger in a vehicle. Each question was
scored from O to 3, where 0 equals to low probability of
falling asleep and 3 to high probability of falling asleep.
The total score ranges from 0 to 24. Values greater than 10
were considered sleepiness.”

Self-Assessed Sleep Duration

Sleep duration was measured through self-report with the
question: “During the past month, how many hours of
actual sleep did you get at night?” Participants’ responses
were classified into 5 groups according to the National
Sleep Foundation®* criteria: <5 h, From 5 to <7 h, From
7 to <9 h, or >9 h.

Co-Morbid Insomnia and OSA (COMISA)

Since insomnia and OSA are two common sleep disorders
which may overlap, and both are linked to health adverse
outcomes,> we additionally considered co-morbid insom-
nia and OSA (COMISA) in this study. The identification
of co-morbid insomnia in subjects with a prior diagnosis
of OSA or at high risk of OSA was based on the presence
of insomnia according to the AIS > 6 and at least one out
of three nocturnal symptoms rated as very serious (3)
which were: sleep induction, awakenings during the
night, and final awakening earlier than desired. Then,
a categorical variable was defined as follows: 1) No
insomnia/no OSA, 2) Insomnia-alone, 3) OSA-alone,
and 4) Co-morbid insomnia and OSA.

Frailty

The frailty phenotype was evaluated using the proposal by
Fried et al® that entails the evaluation of the presence of
five clinical indicators: exhaustion (determined based on
whether the participants declared that they felt that every-
thing they did was an effort and/or felt like they could not
go on any further), low strength (indicated by grip
strength, measured with a dynamometer and adjusted for
BMI and sex), involuntary weight loss (considered present
when the participant responded having lost 4.5 kg or more
of body weight in the last year), slow walking speed
(determined by the time it took the participant to walk
a 4.5 m course, adjusting for sex and height) and low
physical activity (assessed by the Physical Activity Scale
for the Elderly®®). Each participant was assigned a point

for each indicator present and the scores were added to
create a variable that took values from 0 to 5. Older adults
with a score >3 were defined with frailty as the outcome
for the statistical analysis.

Covariates

Sociodemographic variables such as age (years), sex (men,
women), education (<6 years, 6 years, > 7 years), marital
status (currently united; not united) were included. The
presence of comorbidities was evaluated by asking the
interviewees if they had a medical diagnose of any of the
following conditions: diabetes, peptic ulcer, hypothyroid-
arthritis,
chronic lung disease, peripheral vascular disease, heart

ism, musculoskeletal diseases, depression,
disease, cancer, kidney failure, and chronic liver disease.
With this information, a categorical variable was defined
as follows: none, one, and two or more diseases. Since the
definition of the risk of OSA includes hypertension and
obesity, we did not use them to indicate comorbidities. The
Center for Epidemiologic Studies Depression Scale-
Revised (CESD-R) was used to detect the presence of
clinically significant depression symptoms using a cut-off
of <57 points.?’ Cognitive function was determined with
the Mini-Mental State Examination (MMSE), which
assesses performance in different cognitive components,
such as orientation, attention, immediate and short-term
memory, language, and the ability to follow orders. Older
adults with a score of 23 or less on the MMSE were
considered with cognitive decline.”® Nap habit was defined
as taking regular naps. Current medication use in relation
to drugs for the nervous system that included analgesics,
antiepileptics, antiparkinsonism, psycholeptic and psycho-
analeptic was incorporated for analysis, apart from comor-
bidities because often subjects cannot specify diagnosis
that motivates its use and they directly affect sleep and
frailty. In addition, older adults were asked about current
alcohol consumption (yes; no) and tobacco use (never,
former smoker, current smoker).

Statistical Analysis

Descriptive statistics were used to summarize the charac-
teristics of the older adults. Comparisons between frailty
groups were carried out using Pearson’s chi-square test for
categorical variables and Mann—Whitney test for continu-
ous variables. Logistic regression was used to identify the
independent association of risk of OSA, insomnia, sleepi-
ness, and sleep duration with frailty, for the entire sample
and stratified by sex. Unadjusted and adjusted models
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were performed controlling for age, education, marital
status, napping, current alcohol consumption, tobacco
use, clinically significant depression symptoms, cognitive
decline, comorbidities, and consumption of medications
for the nervous system. For the association between
COMISA and frailty unadjusted and adjusted logistic
regression models were performed only for the entire
sample; stratified models by sex were not feasible given
the small sample sizes. Multicollinearity was checked
using the variance inflation factor and it was not found
to be a problem (VIF <10). Crude and adjusted odds ratios
(OR) with 95% confidence intervals (CI) are reported. All
statistical analysis were performed with the Stata 16.1
statistical software package (StataCorp, 2020).

Results

The average age was 67.1 + 5.9 years. It was found that
10.5% (n = 172) had frailty and that women were more
likely to present it compared to men (12.7% vs 8.3%, p =
0.003). Of the participants, 2.9% (n = 47) self-reported
prior diagnosis of OSA. The prevalence of prior diagnosis
of OSA was higher in men compared to women (4.1% vs
1.6%, p = 0.002). The percentage of older adults who
presented high risk of OSA was 26.1% (n = 429) and
there was no significant difference between men and
women (26.5% vs 25.7%, p = 0.726). Of the total partici-
pants, 30.3% (n = 497) had insomnia; this sleep disorder
was higher in women than in men (33.2% vs 27.3%,
p = 0.01). Sleepiness was present in 18.9% (n = 310) of
the participants, without observing a statistically signifi-
cant difference between men and women (18.6% vs
19.2%, p = 0.773).

Table 1 shows the distribution of the characteristics of
men and women with or without frailty. In both men and
women, participants with frailty were older, less educated,
had a higher percentage of clinically significant depression
symptoms and cognitive decline, a lower proportion of
alcohol consumption, and a higher percentage of comor-
bidities than older adults in the non-frail group. Use of
medications related to nervous system was more frequent
in frail women than in non-frail (33.7% vs 16.9%, p <
0.001) but not in men. Regarding sleep disorders, the
report of insomnia was significantly higher in older adults
with frailty in men (47.1% vs 25.6%, p < 0.001) and in
women (54.8% vs 30.0%, p < 0.001). The percentage of
somnolent men was higher among frail than non-frail
(33.8% vs 17.2%, p = 0.001). It seems that the percentage
of high risk of OSA was higher among frail men than non-

frail men but there was no statistical difference (35.3% vs
25.7%, p= 0.08). In contrast, frail women were more likely
to have high risk of OSA compared to non-frail women,
and a higher reported sleepiness, although this was not
significant. Sleep duration and the report of naps were not
different according to frailty condition, neither in men nor
in women.

Table 2 shows the results of the logistic regression
models for the association between sleep disorders and
frailty. In the entire study sample, unadjusted and adjusted
model show that having prior diagnosis of OSA was not
associated with frailty. In contrast, the unadjusted model
shows that compared to older adults without risk of OSA,
people with risk of OSA were 76% more likely to present
frailty (95% CI: 1.26, 2.46). This association remained
significant in the model adjusted for sex, age, education,
marital status, insomnia, sleepiness, sleep duration, nap-
ping, current alcohol consumption, tobacco use, clinically
significant depression symptoms, cognitive decline,
comorbidities, and use of nervous system medications
(OR = 1.59, 95% CI: 1.07, 2.38). The presence of insom-
nia increased the odds of frailty in the unadjusted
(OR = 279, 95% CI: 2.03, 3.85) and adjusted
(OR = 2.11, 95% CI: 1.41, 3.16) logistic regression ana-
lysis. In the unadjusted model, sleepiness was significantly
associated with a greater possibility of frailty (OR = 1.91,
95% CI: 1.34, 2.72); however, when controlling for the
covariates, the association did not maintain statistical sig-
nificance (OR = 1.38, 95% CI: 0.90, 2.12). Self-assessed
sleep duration was not associated with frailty.

Regarding the stratified analysis by sex, neither having
prior diagnosis of OSA nor risk of OSA were associated
with frailty in men (Table 2). Having insomnia signifi-
cantly increased the chances of frailty both in the unad-
justed (OR = 2.59; 95% CI: 1.56, 4.28) and adjusted
models (OR = 1.88; 95% CI: 1.01, 3.52). Table 2 shows
sleepiness as a possible variable related to frailty
(OR = .46, 95% CI: 1.44, 4.20) but after the adjusted
analysis, the association lost statistical significance
(OR = 1.51, 95% CI: 0.79, 2.88). Regarding self-
assessed sleep duration, no association with frailty was
observed in any model.

In the case of women, participants with prior diagnosis
of OSA were significantly more likely to have frailty
(unadjusted OR = 3.90; 95% CI: 1.17, 13.03). Although
no significant association was seen when the model was
controlled for covariates (OR = 4.02; 95% CI: 0.99,
16.22). It was observed that the participants with risk of
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Table | Characteristics of the 1643 Older Adults According to Frailty and Sex

Variables Total Men Women
n=1643 n= 823 n= 820
Without Frailty P Without Frailty p
Frailty Frailty
n=755 n=68 n=716 n=104
Age (years) 67.1 £59 | 67.1 £57 69.9 £ 8.7 | 0.033 66.1 £ 49 71.6 £7.9 | <0.001
Education (n, %)

< 6 years 11 (6.8) 36 (4.8) 6 (8.8) <0.001 | 45 (6.3) 24 (23.1) | <0.001

6 years 295 (18.0) 124 (16.4) 25 (36.8) 126 (17.6) 20 (19.2)

2 7 years 1237 (75.3) | 595 (78.8) 37 (544) 545 (76.1) 60 (57.7)
Married/civil union (n, %) 1004 (61.1) | 601 (79.6) 53 (77.9) | 0.745 314 (43.9) 36 (34.6) | 0.075
OSA (n, %)

Prior diagnosis of OSA 47 (2.9) 33 (44) I (1.5) 0.180 9 (1.3) 4 (3.9) 0.001

High risk of OSA 429 (26.1) 194 (25.7) 24 (35.3) 172 (24.0) 39 (37.5)

Without OSA 1167 (71.0) | 528 (69.9) 43 (63.2) 535 (74.7) 6l (58.7)

Insomnia (n, %) 497 (30.3) 193 (25.6) 32 (47.1) | <0.001 | 215 (30.0) 57 (54.8) | <0.001
Sleepiness (n, %) 310 (18.9) 130 (17.2) 23 (33.8) | 0.001 130 (18.2) 27 (26.0) | 0.059
Self-assessed sleep duration (n, %)

<5h 255 (15.5) 114 (15.1) 13 (19.1) | 0.356 109 (15.2) 19 (18.3) | 0.395

5-6 h 795 (48.4) 374 (49.5) 38 (55.9) 339 (47.4) 44 (42.3)

7-8h 534 (32.5) | 244 (32.3) 15 (22.1) 241 (33.7) 34 (32.7)

29h 59 (3.6) 23 (3.1) 2 (2.9) 27 (3.8) 7 (6.7)

Napping (n, %) 595 (36.2) 308 (40.8) 30 (44.1) | 0.594 221 (30.9) 36 (34.6) | 0.441
Current alcohol consumption (n, %) 594 (34.9) 347 (46.0) 14 (20.6) | <0.001 | 200 (27.9) 13 (12.50) | 0.00I
Tobacco consumption (n, %)

Never 851 (51.8) | 294 (38.9) 31 (45.6) | 0.528 457 (63.8) 69 (66.3) | 0.575

Former smoker 489 (29.8) | 285 (37.8) 24 (35.3) 156 (21.8) 24 (23.1)

Current smoker 303 (18.4) 176 (23.3) 13 (19.1) 103 (14.4) I'1(10.6)

Clinically significant depression symptoms 124 (7.5) 36 (4.8) 16 (23.5) <0.001 | 44 (6.2) 28 (26.9) <0.001
(n. %)

Cognitive decline (n, %) 379 (23.1) 159 (21.1) 29 (42.7) | <0.001 | 148 (20.7) 43 (41.4) | <0.001
Comorbidities (n, %)

None 829 (50.5) | 407 (53.9) 26 (38.2) | 0.019 353 (49.3) 43 (41.4) | 0.069

One 587 (35.7) | 269 (35.6) 29 (42.7) 253 (35.3) 36 (34.6)

Two or more 227 (13.8) | 79 (10.5) 13 (19.1) 110 (15.4) 25 (24.0)

Use of medications related to nervous system | 272 (16.6) 102 (13.5) 14 (20.6) 0.108 121 (16.9) 35 (33.7) <0.001
(n %)

Abbreviation: OSA, obstructive sleep apnea.

OSA were more likely to be frail in the unadjusted
(OR = 1.99; 95% CI: 1.29, 3.08) and in the adjusted
model (OR = 1.84; 95% CI: 1.05, 3.22) compared to
women with no OSA. Women with insomnia faced greater

chances of frailty (adjusted OR: 2.38; 95% CI: 1.35, 4.20)
compared to women without insomnia. Neither sleepiness
nor self-assessed sleep duration was associated with frailty

in women.
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Table 2 Logistic Regression for the Association Between Sleep Disorders and Frailty, Stratified by Sex

Variables Unadjusted Adjusted®
OR (95% CI) OR (95% CI)
All OSA
Without OSA 1.00 1.00
Prior diagnosis of OSA 1.22 (0.47, 3.14) 1.23 (0.43, 3.50)
High risk of OSA 1.76 (1.26, 2.46)** 1.59 (1.07, 2.38)*
Insomnia 2.79 (2.03, 3.85)*** 2.11 (1.41, 3.16)**
Sleepiness 1.91 (1.34, 2.72)%** 1.38 (0.90, 2.12)
Self-assessed sleep duration
<5h 1.42 (0.89, 2.28) 0.65 (0.36, 1.18)
5-6 h 1.14 (0.78, 1.65) 0.96 (0.63, 1.47)
7-8 h 1.00 1.00
29h 1.78 (0.83, 3.84) 1.42 (0.60, 3.38)
Men OSA
Without OSA 1.00 1.00
Prior diagnosis of OSA 0.37 (0.05, 2.79) 0.32 (0.04, 2.65)
High risk of OSA 1.52 (0.90, 2.57) 1.19 (0.65, 2.19)
Insomnia 2.59 (1.56, 4.28)*** 1.88 (1.01, 3.52)*
Sleepiness 2.46 (1.44, 4.20)** 1.51 (0.79, 2.88)
Self-assessed sleep duration
<5h 1.85 (0.85, 4.03) 1.10 (0.42, 2.84)
5-6 h 1.65 (0.89, 3.07) 1.62 (0.82, 3.24)
7-8h 1.00 1.00
29h 1.41 (0.30, 6.57) 1.29 (0.24, 6.85)
Women OSA
Without OSA 1.00 1.00
Prior diagnosis of OSA 3.90 (1.17, 13.03)* 4.02 (0.99, 16.22)
High risk of OSA 1.99 (1.29, 3.08)** 1.84 (1.05, 3.22)*
Insomnia 2.83 (1.86, 4.29)*+* 2.38 (1.35, 4.20)**
Sleepiness 1.58 (0.98, 2.55) 1.41 (0.77, 2.61)
Self-assessed sleep duration
<5h 1.24 (0.67, 2.26) 0.49 (0.22, 1.11)
5-6 h 0.92 (0.57, 1.48) 0.64 (0.35, 1.15)
7-8 h 1.00 1.00
29h 1.84 (0.74, 4.55) 1.42 (0.48, 4.19)

Notes: *Adjusted for age, education, married/civil union, napping, current alcohol consumption, current smoking, clinically significant depression symptoms, cognitive

decline, comorbidities, use of medications related to nervous system.***p<0.001, **p<0.01, * p<0.05.
Abbreviations: OSA, obstructive sleep apnea; OR, odds ratio; Cl, confidence interval.

Table 3 shows that COMISA was more frequent
among frail than non-frail participants. Besides, the
results of the logistic regression models to investigate
the association of COMISA with frailty showed that
compared to participants with no insomnia and no
OSA, insomnia alone, OSA alone, and co-morbid

insomnia and OSA were associated significantly with
frailty in the unadjusted model. After controlling for
covariates, results showed that insomnia-alone (OR =
2.00, 95% CI: 1.23, 3.26), OSA-alone (OR = 2.02,
95% CI 1.29, 3.18), and co-morbid insomnia and OSA
(OR = 6.46, 95% CI: 2.37, 17.58) significantly increased
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Table 3 Frailty According to COMISA in Older Adults

Variables Total Without Frailty Frailty P Unadjusted Adjusted®
n=1643 n=1471 n=172 OR (95% CI) OR (95% CI)
COMISA (n, %)
No insomnia/ no OSA 872 (53.1) | 813 (55.3) 59 (34.3) | <0.00l 1.00 1.00
Insomnia-alone 295 (18.0) 250 (17.0) 45 (26.2) 2.48 (1.64, 3.75)%* 2.00 (1.23, 3.26)**
OSA-alone® 447 (27.2) 389 (26.4) 58 (33.7) 2.05 (1.40, 3.01)*** 2.02 (1.29, 3.18)**
Co-morbid insomnia and OSA® | 29 (1.8) 19 (1.3) 10 (5.8) 7.25 (3.23, 16.30)** | 6.46 (2.37, 17.58)***

Notes: *Logistic regression model adjusted for age, education, married/civil union, self-assessed sleep duration, sleepiness, napping, current alcohol consumption, current
smoking, clinically significant depression symptoms, cognitive decline, comorbidities, and use of medications related to nervous system. ®Includes prior diagnosis of OSA or

high risk of OSA measured with the Berlin questionnaire. ***p<0.001, **p<0.01.

Abbreviations: COMISA, co-morbid insomnia and obstructive sleep apnea; OSA, obstructive sleep apnea; OR, odds ratio; Cl, confidence interval.

the odds of frailty, compared to those without no insom-
nia and no OSA.

Discussion

This study documents that after adjustment for sociodemo-
graphic and health characteristics, risk of OSA, and insom-
nia were associated with frailty in older adults. Having
a prior diagnosis of OSA was not associated with frailty
neither globally nor sex-disaggregated. In stratified ana-
lyses by sex, risk of OSA was found to be independently
associated with frailty only in women; and insomnia was
associated with frailty in men and women. Globally, the
association between sleepiness and frailty was attenuated
and did not remain statistically significant in the adjusted
model. Sleepiness was associated with frailty only in men
in the unadjusted model and was no longer significant in
the final model. No association was observed between
self-assessed sleep duration and frailty, globally or strati-
fied by sex.

The results that emerge from this research concur with
other studies that have shown a relationship between sleep
and frailty.'® Although it is still not entirely conclusive,
some previous research suggests that the association of
sleep complaints, sleep quality, and insomnia on frailty
may be differentiated according to sex.®'>*’

In the particular case of sleep breathing disorders,
Endeshaw et al reported that the apnea-hypopnea index
>30 significantly increased the chances of being frail
only in the group of women and not in the group of
men.'* In a cross-sectional study made up of men,
Ensrud et al showed that an index of respiratory events
(RDI > 15) was associated with frailty.'” However, after
studying the same cohort of men for 3.4 years, Ensrud
et al observed that OSA did not increase the incidence
of frailty, but it did increase the risk of death and the

only respiratory disorder related to frailty and death was
hypoxemia during sleep defined with 10% of the record-
ing time with saturation less than 90%.'® On the other
hand, in a cohort of women, Spira et al found no effect
between the apnea-hypopnea index and the incidence of
difficulty in moving (a criterion that may be similar to
the walking speed of frailty).”® Because there are few
investigations that have addressed the relationship
between OSA (either measured with a questionnaire or

with polysomnography) and frailty,'* ™"

it is important
that other studies resume this issue and confirm the
phenomenon, as well as the pathophysiological mechan-
isms involved in these apparent differences between
men and women.

The association between insomnia and frailty has scar-
cely been explored with non-conclusive findings.
A previous cross-sectional study in this cohort had also
reported sex differences with respect to the association
between insomnia and frailty, showing that insomnia is
an independent factor for frailty in women.?’ However, it
missed to consider other co-occurring sleep disturbances
such as risk of OSA or daytime sleepiness. In the study by
Vaz Fragoso et al where insomnia was defined based on
the insomnia severity index, an association with frailty
was found to loses statistical significance when adjusting
for comorbidities and use of medications.'® A recent study
that investigated the association between insomnia symp-
toms and frailty found that sleep-onset insomnia but no
sleep-maintenance explained frailty through reduced phy-
sical performance.’’ In our study, the association between
insomnia and frailty was significant globally and in
women even in the model adjusted for comorbidities and
medication use; the existence of an ethnic or cultural
factor that explains this discrepancy cannot be ruled out

and further studies are required in this regard.
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As diseases are not mutually exclusive in real life,
insomnia co-exists with OSA in a group of patients,?
thus, we assessed its association with frailty. First, results
revealed that the prevalence of co-morbid insomnia and
risk of OSA in older adults was 1.8%. As far as we know,
there is no report of COMISA in older adults but this value
is similar to the prevalence reported in an Australian
population-based study which found 1.5% of adults with
COMISA evaluated at disorder level.*> Second, in line to
what we found analyzing the risk of OSA and insomnia as
independent variables, when we took into account
COMISA, we found that older adults who faced OSA-
alone, insomnia alone or co-morbid insomnia and OSA
had greater chances of frailty than older adults with no
such sleep disorders. The association between COMISA
and frailty, although imprecise due to small sample size,
appears to be more than the simple additive effect of each
factor and this finding suggests that COMISA is relevant
not only to clinical settings but also in the general
population.’ However, further studies to assess this asso-
ciation are warranted.

The fact that insomnia, risk of OSA and COMISA
explained frailty may be expected as they have been
related to hyperactivity of the adrenocortical axis. OSA
is characterized by repeated interruptions of breathing
during sleep, with consequent nocturnal hypoxemia and
sleep fragmentation. Apneas markedly disrupt Phase 3 of
sleep and REM sleep.*® Since it has been suggested that
hypoxia could be a pathway that promotes sympathetic
activation, it could be thought that such activation could
promote oxidative stress®* which has been previously
related with frailty.>> For their part, sleep fragmentation
and insomnia promote a state of hypervigilance that is also
associated with an increase in sympathetic activity and the
adrenocortical axis®® derived from which the levels of
inflammatory molecules such as interleukin-6 and
C-reactive protein as well as catabolic processes, increase
the deterioration of the organism, affect the immune sys-
tem that would lead to frailty in older adults.>” Given that
prevalence of insomnia and risk of OSA in this study
sample were high and being disorders for which there is
an effective pharmacological and non-pharmacological
treatment, screening of older adults should be part of
a routine health assessment in this age group.

Despite the fact that men had higher prevalence of
prior diagnosis of OSA than women, our data showed
that after controlling for covariates, there was no indepen-
dent association between prior diagnosis of OSA with

frailty both in men and women. Unfortunately, we did
not collect details regarding patients’ treatment to explain
the lack of significant relationship between prior diagnosis
of OSA and frailty. Since participants of this study are
beneficiaries of the Mexican Institute of Social Security,
a mandatory social security system in Mexico, they may
potentially be undergoing CPAP treatment for sleep apnea
which may result in improving cardiovascular and meta-
bolic outcomes. Future research should carefully examine
whether CPAP treatment truly improves frailty in older
people with OSA.

Now, understanding the reason why we observe the
association between high risk of OSA and frailty in
women and not in men represents a challenge due to the
fact that the percentage of risk of OSA observed in this
research was not different between men and women when
OSA typically has been considered a more frequent sleep
disorder in the male population than in the female
population.*® Although it seems that this is also reflected
in older people,'* the prospective evidence regarding the
incidence of OSA suggests that is distinct from that occurs
in middle-aged people. A longitudinal study by Tishler
et al showed that the risk of 5-year incidence of OSA
increased modestly with age in men and rose steadily
and markedly in women. However, the authors did not
find evidence to support the idea that the discrepancy in
the incidence of OSA differed by sex after age 50 years.*
According to studies that have focused on comparisons of
OSA in women through the lifecycle have found that after
menopause the decline in levels of sexual hormones may
explain the development of OSA.* At the moment, we do
not know the mechanism that could explain that the asso-
ciation between OSA and frailty is enhanced in women,
but we suppose that it could be partly due to body com-
position. Older adult women tend to be more obese, which
means a pro-inflammatory state that also promotes the
collapse of the upper airway during sleep. Although in
our work we did not have inflammatory markers to con-
firm this, we observed that frail women had a significantly
greater neck circumference than non-frail women (35.7 +
2.7 cm vs 35.0 £ 2.6 cm, p < 0.05). However, such
difference was not seen in men (40.0 £ 2.9 cm vs 39.9 +
3.4, p = 0.915). In addition, women are also more suscep-
tible to the effects of sarcopenia.*' Sarcopenia has been
linked to OSA since it could be a marker of the presence
of low muscle quality, essential to carry out ventilatory
efforts and maintain patency of the pharynx.*> On the
other hand, the decrease in the levels of sexual hormones
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could be partly responsible for the propensity to collapse
of the posterior oropharynx and promote OSA.*%* 1t
cannot be ruled out that other reasons to explain the non-
significant relationship between high risk of OSA and
frailty in male participants in this study include the low
accessibility of diagnostic, and OSA and frailty suscept-
ibility. Even though men typically are more likely to be
diagnosed or treated with OSA than women, men usually
have low use of health care. In addition, men are more
susceptible to the effects of OSA on mortality compared to
women, especially in men aged 40-70 years.** Evidence
has shown that as a result of complex interrelationship
between psychosocial, structural, and behavioral factors,
women have higher prevalence of frailty and survival rates
than men.*> These features may reflect a survival bias
against men with high risk of OSA.

In this study, we observed a significant association between
sleepiness and frailty in the unadjusted statistical analysis for
the whole sample and in men, but it was lost in the adjusted
analysis. This differs from the work of Vaz Fragoso et al who
found a strong association between sleepiness and frailty.'®
This discrepancy, despite the use of the same instrument and
cut-off point to define sleepiness, could be due to older age,
schooling and a higher percentage of women in the study by
Vaz Fragoso; additionally, the study by Vaz Fragoso et al did
not include any OSA assessment tool. In contrast, Ensrud et al
reported, for a male cohort, that both in the cross-sectional and
longitudinal analysis, the association between daytime sleepi-
ness and frailty is lost in the adjusted statistical models, while
the perception of poor sleep quality as well as nocturnal
hypoxemia increased the risk of frailty or death.'™' Given
the discordant results, more studies are required on the relation
between excessive sleepiness and frailty.

Previous research has documented that sleeping less or
more hours than recommended is related to frailty.®’-!!
However, we observed that self-assessed sleep duration
was not associated with frailty. The association between
sleep duration and frailty is not entirely conclusive and the
discrepancy could be due to the fact that few studies have
considered other sleep characteristics such as the presence
of sleep disorders or indicators of sleep quality. For exam-
ple, in the longitudinal study conducted by Guida et al, it
was observed that sleep duration was not associated with
frailty or mortality, and instead sleep fragmentation, noc-
turnal awakenings, as well as a lower total percentage
sleep conferred an effect to develop frailty or dying.'?

This research has some limitations. First, the design is
cross-sectional so it is susceptible to reverse causality.

Second, we evaluated the risk of OSA through self-report
Although the Berlin
Questionnaire is a standardized tool, it provides a sensitivity
of 0.76, 0.77, and 0.88 for mild, moderate and severe OSA,
respectively; and its specificity is 0.59, 0.44, and 0.38 for mild,

using the Berlin Questionnaire.

moderate and severe OSA, respectively.*® Future studies
should take this limitation into account and use overnight
polysomnography or home sleep apnea test to objectively
confirm OSA. The use of a questionnaire to assess insomnia
and sleepiness can also be questioned because they are not
usually complete tests for clinical diagnosis. However, the
Berlin Questionnaire, the Athens Insomnia Scale and the
Epworth Scale for sleepiness have been previously used or
validated in the Mexican population.”*”*® As strengths, our
study includes a representative sample of older adults in
a community-based cohort in Mexico City, with a good repre-
sentation of both sexes, where validated questionnaires of
common clinical use were collected directly by trained

personnel.

Conclusion

Overall, the results indicate that risk of OSA is indepen-
dently associated with frailty in women. Insomnia is asso-
ciated in both men and women. In addition, this study
suggests that COMISA is associated with frailty in older
people. We hope that results that document the apparent
discrepancy according to sex, motivate future studies to try
to confirm it and try to clarify better the ways in which this
occurs. Besides, this important distinction regarding sex
difference should be taken into consideration in the clin-
ical evaluation of older adults. Prospective studies on sleep
and frailty are still lacking, thus, additional work is needed
to investigate if these sleep disturbances may predict the
onset of frailty. From the point of view of disease preven-
tion, these results suggest a need for strategies aimed at
improving sleep hygiene and detecting patients with risk
of OSA and insomnia.

Ethics Approval and Consent to

Participate

This study was carried out according to the Declaration of
Helsinki. All participants were informed of the research
procedures and signed a letter of consent prior to partici-
pating. Study protocol were approved by the IMSS
National Research Committee (Registration No. 2012-
785-067 and R-2018-785-023).
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