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Abstract

complaints, and incident frailty.

Poison regression models.

141, 95% Cl: 0.94-2.12).

sleep decreases frailty incidence.

Background: The association between sleep duration and frailty remains unconclusive since most of the studies
have been cross-sectional. Therefore, this study aimed to analyze the association between sleep duration, sleep

Methods: A community-based cohort study from rural areas in Mexico with 309 older adults aged 70 and over.
Data from waves two and three of the Rural Frailty Study were used. We operationalized the Fried frailty phenotype
to describe prevalent and incident frailty at two consecutive waves. Sleep duration was classified as: < 5h, 6 h, 7-8
h, and 2 9 h; and the self-reported sleep complaints as a dichotomous variable. Analyses were performed using

Results: The average age was 76.2 years and 55.3% were women; the incidence of frailty was 30.4%; 13.3% slept
<5h, and 38.5% = 9 h. Compared with the group that slept 7-8 h, the risk of frailty at 4.4 years of follow-up was
significantly higher among those who slept <5 h (adjusted RR 1.80, 95% Cl: 1.04-3.11) and among those who slept
29 h (adjusted RR 1.69, 95% Cl: 1.10-2.58). Sleep complaints were not associated with incident frailty (adjusted RR

Conclusions: Our results show that short and long sleep duration are associated with the incidence of frailty.
Studies that objectively evaluate sleep duration are needed to clarify whether meeting the recommended hours of
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Background

While it is true that aging is associated with changes in sleep,
such as decreased total sleep time, lack of deep sleep, and
waking up more at night, such changes are not a normal part
of the aging process [1]. Optimal sleep, even in older age, is
of key importance for overall health and wellbeing. In fact,
evidence shows that older adults (OA) who experience sleep-
ing problems can have a low quality of life, cognitive decline,
depression, difficulty doing basic daily activities, as well as an
increased risk of falls, cardiovascular disease, and even death
[1]. Frailty increases susceptibility to adverse effects like
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disabilities and death [2], and tends to appear in later ages.
Results from a meta-analysis indicate that after an average
follow-up time of 3 years, 13.6% of OA not considered frail
at baseline become frail [3].

Having low quality sleep and sleeping few hours, or
too many, has serious physiological effects on the brain
and profound biological stress on the cells, organs, and
the body’s main regulatory systems. Therefore, it is
plausible that certain sleep characteristics, like hours of
sleep or sleeping disorders, could be related to incident
frailty [4]. In fact, recent studies have linked sleep to
frailty, including sleep complaints [5], sleeping less than
the number of recommended hours [6-8] and/or sleep-
ing too much [7-12], insomnia [6], or low quality of
sleep [9, 12, 13]. Nonetheless, most studies are cross
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sectional and until now, the results have not been con-
clusive. The purpose of this study was to analyze the re-
lationship between sleep duration, the presence of sleep
complaints, and the risk of frailty in community dwelling
older adults.

Methods

Study design and participants

Data from the second and third wave of the Rural Frailty
Study that were collected in 2013 and 2018 were used.
The Rural Frailty Study is a longitudinal study that
began in 2009 and has three waves (2009, 2013, 2018).
The methodological details have been described else-
where [5, 14]. Briefly, it is a prospective cohort study
whose principal aim is to determine the prevalence and
incidence of frailty in older adults who reside in rural
areas in Mexico. The sample size at baseline (2009) was
600 OA [14] and in each round, information was col-
lected through interviews conducted in their homes. In
each follow up measurement, a small refreshment sam-
ple was included to compensate for losses from mortal-
ity and follow up [5, 14]. The study was approved by the
Research and Ethics Committee at the National Institute
of Public Health. The OA signed the informed consent
forms prior to data collection.

Analytical sample

Of the 591 OA with complete information from round 2
(2013), 282 were excluded (47.7%) for being frail (n = 63,
10.7%), for having died during 2013-2018 (n =77, 13%),
or due to loss at follow up or having incomplete infor-
mation for a variable (n =142, 24%). For this study, we
used a sample of 309 OA who, in 2013 (wave 2), were
not considered frail. No statistically significant differ-
ences were observed between the OA included in our
sample and those who were excluded for having incom-
plete information or for loss at follow up.

Exposure: sleep duration and sleep complaints

Sleep duration was measured with the question “How
many hours, on average, do you sleep in a day?” The re-
sponses were classified into four groups: 1) <5h, 2) 6 h, 3)
7-8h, and 4) > 9h, according to recommendations from
the National Sleep Foundation [15]. Sleep complaints were
assessed with the question “Have you had any trouble
sleeping recently? and classified as a dichotomous variable
(1 = response “yes”; 0 = response “no”). Sleep duration and
sleep complaints were measured in 2013.

Outcome: incidence of frailty

Incidence of frailty, defined as the new cases of frailty in
round three of the study (2018), was measured following
the frailty phenotype proposed by Fried et al. [2]. It eval-
uates the presence of the following criteria: Low
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strength, slow walking, exhaustion, low physical activity,
and unintentional weight loss. The criteria to define
frailty in the Rural Frailty Study have been described
previously [14]. In summary, grip strength was measured
with a dynamometer and walking speed was measured
using a 4-m path. Exhaustion was evaluated with the
questions “Do you feel full of energy?” and “Do you have
enough energy for your everyday life?” Physical activity
was determined with the International Physical Activity
Questionnaire. Weight loss was measured as self-
reported unintentional weight loss of >5 kg. The partici-
pants were classified as robust (0 criteria), pre-frail (1-2
criteria), or frail (3—5 criteria). For the analyses, frailty is
considered a dichotomous variable (robust/pre-frail
versus frail).

Covariates

Sociodemographic characteristics like age (years), sex
(female = 1), ethnicity (yes=1), literacy (yes=1), paid
work (yes=1), and marital status (married/cohabitat-
ing = 1). The presence of subjective memory complaints
was determined with the question “Have you had any
difficulty with your memory?” (yes =1). Limitations in
Activities of Daily Living (ADLs) was considered when
the participant reported having difficulty doing at least
one of the following: Showering, getting dressed, using
the bathroom, moving around, continence, and eating
[16]. The presence of limitations in Instrumental Activ-
ities of Daily Living (IADLs) was defined as having diffi-
culty carrying out at least one of the following tasks:
Using the phone, shopping, managing medications and
money, using public and private transportation, and, in
the case of women, preparing food and other domestic
chores [17]. Function of the lower extremities was
assessed with the Short Physical Performance Battery
(SPPB), which consists of three tests: Speed when walk-
ing, standing balance, and sit-to-stand performance.
Scores for the SPPB range from 0 to 12; poor perform-
ance was considered < 8 [18].

The presence of chronic diseases was determined by
asking the OA if they had a previous medical diagnosis
of the following diseases (yes/no): Hypertension, dia-
betes, coronary heart disease, hypercholesterolemia,
stroke, arthritis, and osteoporosis. The number of medi-
cations used by the participants was recorded for these
conditions; the variable took on values from 0 to 7.

Statistical analysis

The participant characteristics were described using
means and proportions and chi-square or fisher exact
tests were carried out to analyze the characteristics and
incident frailty status. Chi-square or fisher exact test was
also used to compare baseline health variables according
to sleep duration. Various Poisson regression models
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were adjusted to estimate the association between sleep
duration, sleep complaints, and incident frailty. First, an
unadjusted model for each sleep variable (duration and
complaints); second, a model controlling for sociodemo-
graphic variables (age, sex, education level, marital sta-
tus, work, ethnicity); and third, a model that also
controlled for health variables (subjective memory loss,
limitations in ADLs and IADLs, physical performance,
presence of chronic diseases, and number of medica-
tions). Differences were considered statistically signifi-
cant if P<0.05 and marginally significant if 0.05 <
P < 0.10.

Results

The average age of the OA in the second round was
76.2 + 3.2 years and 55.3% were women. Accumulated
incidence of frailty in the period 2013-2018 was 30.4%
(n =94). Sociodemographic and health characteristics of
the OA by frailty status in 2018 are shown in Table 1.
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At baseline, a sleep duration of 7-8 h was reported by
35.6% of participants. The proportion of OA categorized
with 5 h or less was 13.3 and 38.5% reported a sleep dur-
ation of 9 h or more. Characteristics of the OA by sleep
duration are shown in Table 2. Diabetes seemed to be
associated with sleep duration (P = 0.019); OA with long
sleep or shorter duration were more prone to self-report
diabetes. Sleep duration was not associated with other
health conditions or demographic characteristics.

The group of OA who became frail, in a follow up
period of 4.4 years, tended to sleep more or less than the
recommended hours than OA who were pre-frail or ro-
bust (P < 0.01). Furthermore, the presence of sleep com-
plaints was marginally greater in OA with incident
frailty (P =0.09). Differences in sociodemographic vari-
ables by incident frailty were observed. The percentage
of women was higher in the group of frail OA than in
the pre-fail and robust group (P<0.05). The OA with
frailty at follow up were older (P < 0.01) and less likely to

Table 1 Baseline characteristics of study participants according to incidence of frailty

Variables Frailty at follow-up P Value
Robust/Pre-frail Frail
215 (69.6%) 94 (30.4%)
n % n %
Sleep duration (%)
5horless 23 10.7 18 19.1
6h 30 139 9 9.6
7-8h 87 40.5 23 24.5
9h or more 75 349 44 46.8 0.009
Sleep complaints (%) 35 16.3 23 245 0.090
Women (%) 110 51.2 61 64.9 0.026
Ethnicity background (%) 75 349 43 457 0.071
Literacy (%) 92 428 30 319 0.072
Paid job (%) 79 36.7 19 20.2 0.004
With partner (%) 110 512 38 404 0.082
Subjective memory complaint (%) 54 251 40 426 0.002
Limitations in ADL (%) 23 10.7 26 27.7 < 0.001
Limitations in IADL (%) 39 18.1 31 330 0.004
SPPB, <8 (%) 46 214 41 43.6 < 0.001
Hypertension (%) 72 335 41 436 0.089
Diabetes (%) 15 7.0 12 128 0.097
Hypercholesterolemia (%) 27 126 16 170 0.297
Coronary heart disease (%) 10 47 7 75 0321
Stroke (%) 3 14 3 32 0373
Arthritis (%) 22 10.2 10 10.6 0914
Osteoporosis (%) 16 74 11 1.7 0222
Mean age (years) 758 +3.04 77.01 + 348 0.002
Mean number of medications 044 +0.74 0.71 +093 0013

ADL Activities of Daily Living, IADL Instrumental Activities of Daily Living, SPPB Short Physical Performance Battery
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Table 2 Baseline health variables of study participants according to baseline sleep duration
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Sleep duration P Value

5h or less 6h 7-8h 9 h or more

4 (13.3%) 39 (12.6%) 110 (35.6%) 119 (38.5%)

n % n % n % n %
Subjective memory complaint (%) 16 366 13 333 29 264 37 31.1 0621
Limitations in ADL (%) M 26.8 7 18.0 13 11.8 18 15.1 0.156
Limitations in IADL (%) 10 24.4 6 154 23 209 31 26.0 0528
SPPB, < 8 (%) 8 195 10 256 29 264 40 336 0313
Hypertension (%) 15 366 20 513 40 364 38 319 0.192
Diabetes (%) 4 9.8 4 10.3 3 27 16 135 0.019
Hypercholesterolemia (%) 5 122 7 18.0 16 14.6 15 126 0.840
Coronary heart disease (%) 3 732 3 77 5 46 6 50 0.740
Stroke (%) 0 0 0 0 2 1.8 4 34 0.629
Arthritis (%) 6 14.6 9 23.1 1" 10.0 6 50 0.010
Osteoporosis (%) 6 146 4 103 7 6.4 10 84 0.402

ADL Activities of Daily Living, JADL Instrumental Activities of Daily Living, SPPB Short Physical Performance Battery

have paid work (P<0.01). In addition, the OA who de-
veloped frailty had more health problems than those
who were pre-frail or robust, reporting more memory
complaints (P <0.01), limitations in ADL (P<0.01) and
IADL (P< 0.01), poorer physical functioning (P < 0.01),
and a marginally higher frequency of hypertension (P =
0.09) (Table 1).

The unadjusted Poisson regression model showed a
strong relationship between sleep duration and increased
risk of being frail at follow up (Model 1, Table 3), which
persisted when sociodemographic covariates were con-
trolled for (Model 2, Table 3) and in the completely ad-
justed model (Model 3, Table 3). When compared with
OA who reported sleeping 7-8 h, the relative risk (RR)
of being frail at follow up was 1.8 among those who re-
ported sleeping 5 h or less (95% CI 1.04-3.11) and 1.69

for those who habitually slept 9 h or more (95% CI
1.10-2.58).

Sleep complaints were marginally associated with inci-
dence of frailty in the unadjusted model (RR 1.40, 95%
CI 0.96-2.04, P=0.08). When controlling for age, sex,
ethnicity, education level, work, and marital status, the
relative risk was 1.42 (95% 0.94-2.15, P = 0.09). Lastly, in
the model adjusted for sociodemographic and health
variables, sleep complaints were not associated with inci-
dence of frailty (RR 1.41, 95% CI 0.94-2.12, P = 0.10).

Discussion

This study shows that sleep duration is associated with the
incidence of frailty in OA (70 years and older) who live in
rural communities in Mexico. In particular, it found that OA
who sleep little (5 h or less) or too much (9 h or more) have

Table 3 Relative risks (95% confidence interval) for the association between sleep duration and sleep complaints on the incidence

of frailty
Model 1 Model 2 Model 3
RR (95% CI) RR (95% Cl) RR (95% CI)
Sleep duration (%)
5hor less 2.10% (1.27-347) 1.78t (1.04-3.06) 1.801 (1.04-3.11)
6h 1.10 (0.56-2.18) 1.03 (0.53-1.99) 0.99 (051-1.92)
7-8 h (reference) 1.00 1.00 1.00
9h or more 1.77% (1.15-2.73) 1.661 (1.07-2.56) 1.691 (1.10-2.58)
Sleep complaints (reference: no) 1.40% (0.96-2.04) 142% (0.94-2.15) 141 (0.94-2.12)

Model 1: Unadjusted Poisson regression

Model 2: As Model 1 and additionally adjusted for sex (men, women), age (years), ethnicity background (yes, no), literacy (yes, no), paid job (yes, no), With partner

(yes, no)

Model 3: As Model 2 and additionally adjusted for: subjective memory complaint (yes, no), limitations in ADL (yes, no), limitations in IADL (yes, no), SPPB (score >
8, < 8), number of medications and presence of hypertension, diabetes, hypercholesterolemia, coronary heart disease, stroke, arthritis, and osteoporosis

*P<0.01,1P<005 FP<0.1
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an increased risk of incident frailty compared to those who
sleep 7-8 h a day.

Consistent with our results, one study demonstrated
that sleeping 6 h or less, or sleeping 9 h or more, is asso-
ciated with a greater possibility of becoming frail [7].
Other investigations have reported that only short sleep
duration (fewer than 6 h) [6, 8] or only long duration, in-
crease the risk of frailty [8—12]. Nonetheless, these stud-
ies are based on cross sectional analyses. A longitudinal
study with 3.4 years of follow up documented the nega-
tive effects of low quality sleep and nocturnal hypoxemia
on frailty and mortality, but other indicators like sleep
duration and latency did not have any effect on frailty or
mortality [19]. To our best knowledge, this is the first
prospective study that reports that both sleeping too lit-
tle or too much are related to incidence of frailty at 4.4
years of follow up.

Although a cross sectional association was previously
reported between sleep complaints and frailty in the
same cohort of subjects [5], this relationship was not
confirmed in the longitudinal analysis. It is likely that
the longitudinal effect of sleep complaints is mitigated
through other mechanisms, specifically due to the pres-
ence of unfavorable health conditions. In our study, we
observed that by adjusting the variables related to health,
the effect of sleep complaints on incidence of frailty was
not maintained. Future research should use more object-
ive and exhaustive measures to study sleep disorders and
their association with incidence of frailty [20].

The mechanisms that underlie the association between
short sleep duration and frailty involve disruptions in
neuroendocrine regulation. Reductions in testosterone
levels have been observed in individuals who report
sleeping few hours, as well as chronic inflammation,
greater oxidative stress levels, and growth hormone se-
cretion imbalances, among others [4, 21]. Although the
mechanisms behind long sleep duration are still not well
understood, it is possible that its relationship with frailty
can be explained as follows: Having biologically longer
nights means longer periods with elevated melatonin
and cortisol levels, as well as a lower body temperature
[22], which can affect the immune system [23] and in-
crease the likelihood of becoming frail. Morgan et al
(2018) state that OA who sleep a lot have low daily
physical activity levels, reduced muscle strength, and
slow walking speed [24].

In this work we studied frailty according to Fried’s
phenotype model; however, other models have been
developed; the deficit accumulation model is a
widely recognized, it views frailty in terms of num-
ber of deficits that a person presents in various areas
ranging from the physical (symptoms and diseases),
as well as psychological and social domains. While
Fried’s phenotype model predominates in the study
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of the link between sleep and frailty [20]; there are
few studies that had employed the deficit approach.
Balomenos et al. [12] found a cross-sectional rela-
tionship between sleep quality and frailty (frailty
with three different measures: The Frailty Index (FI);
the Tilburg Frailty Indicator (TFI), and the Gro-
ningen Frailty Indicator (GFI)) [12]. Del Brutto et al.
[13] also documented an association between poor
sleep quality and frailty using Edmonton Frail Scale
[13]. Sleep duration showed a less clear association
across frailty measures [12]. In the men sub-sample,
long sleepers were more prone to be frail when it
was evaluated by FI; sleep duration and GFI were
only marginally associated [12, 25]. Thus, future re-
search should explore sleep disorders in the context
of different frailty approaches.

There is a notion that frailty prevention is possible.
Majority of research has tested frailty interventions fo-
cusing on nutritional supplements, training programs
and a combination of both [26]. There has been limited
studies testing the effect of sleep interventions to pre-
vent frailty. Our results highlight a potential for design-
ing strategies to reduce frailty incidence by promoting
healthy sleep hours, thus, adopting interventions focus-
ing on sleep might potentially avoid progressing to
frailty.

This study has various strengths. As far as we
know, this is one of the first longitudinal studies
with OA participants from Latin America. Frailty
was evaluated according to international recommen-
dations of Fried et al. and the study’s longitudinal
design allows the relationship between sleep duration
and incidence of frailty to be analyzed prospectively.
However, the study also has some limitations. Al-
though evaluating sleep duration with self-reports is
a common practice in epidemiological community
based studies, in the future more objective measures
can be used like actigraphy. One important limita-
tions of our study are that measures of sleep quality
or sleep disorders were not evaluated, such as: naps
during the day, fragmented sleep, the presence of ex-
cessive drowsiness, sleep apnea, among other alter-
ations, whose inclusion may have strengthened our
findings. Sleeping long duration, for example, could
be associated with daytime sleep or with the pres-
ence of fragmented sleep. In particular, sleep frag-
mentation has been associated with decreased energy
and increased function limitations [27]. At the end,
healthy sleep is multidimensional, beyond the dur-
ation of sleep, as a recent study showed that regular
snoring was associated with a lower chance of
achieving healthy aging [28]. Heavy snoring may also
lead to repeated arousals and fragmented sleep that
disrupt sleep quality.
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Conclusions

This research adds to the scarce number of studies that
have analyzed the relationship between sleep and frailty.
Our results show that both short sleep duration and
long duration are associated with incidence of frailty.
More longitudinal studies are needed to clarify the role
of sleep characteristics in frailty in older age.
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