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Abstract
Objetive

To determine the relationship between sleep quality and postural balance in older
adults living in the community.

Methods

An analytical cross-sectional study was used. We recruited 53 subjects who fulfilled
the inclusion criteria. The Pittsburgh Sleep Quality Index (PSQI) was administered,
and a static balance test was performed through a computerized posturography to
evaluate the postural balance.

Results

Fifty-three subjects 60 to 80 years old (M = 70.13; standard deviation = 6.06) were
evaluated; 69.8% were women and 30.2% were men. The correlation test found a
statistically significant and positive relationship, but moderate (p = 0.002; r = 0.417)
between total displacement and sleep quality in the Romberg open eyes test. The same
happened with the total displacement in the Romberg close eyes test (p = 0.002, r =
0.445). Displacements were always greater in the anteroposterior plane, where a sta-
tistically significant and positive correlation with sleep quality was also found in all
posturological tests. The correlation was moderate in all cases.

Conclusion

There is a relationship between the quality of sleep measured and postural balance.
However, this relationship is low to moderate, and the size of the effect must be con-
sidered before accepting the hypothesis.

Key ideas

e Sleep disorders are common in older people and may be associated with significant daily dysfunction and cause deterioration of physical

function and postural control.

e The Pittsburg Sleep Quality Index and the computerized posturography protocol were used.

e  This study found a low to moderate association between sleep quality and postural balance in the community-dwelling older persons.

e One of the limitations of the study is that the results are compared mainly with studies conducted in non-Latin American countries.
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Introduction

The change in world demographics has increased life expectancy,
thus an interesting growth in the adult population. This increase
results in new social and political challenges that cater to an emerg-
ing older population of adults over the need of the under 15 years
old'. As we age, a series of changes associated with the same process
occurs, both morphologically and functionally’. While some
changes may be related to the natural depletion of energy reserves
and respond to the phenotype of aging, others may respond to asso-

ciated pathological factors and aging syndromes®.

Changes in sleep architecture accompany normal aging. There is a
significant decrease in the ability to initiate and maintain sleep. It is
also common to see an increased proportion of time in stages N1
and N2 sleep (lighter stages of sleep), a decreased proportion of time
in stage N3 sleep (deeper stage of sleep) and in rapid eye movement,
also more time to achieve the onset of sleep and increase in the num-
ber of transitions from one stage to another®’. It is possible to em-
phasize that a difficulty in the uninterrupted maintenance of sleep,
the quantitative reduction of the phases of a deep sleep, the decrease
of the threshold of excitation due to noise, increase the number of
naps during the day and disturbances of sleep®. Excessive daytime
sleepiness can affect between 10 to 33% of people and has been as-
sociated in older adults with an increased incidence of functional
impairment, increased risk of falls, cognitive deficits, decreased qual-
ity of life and mortality’. In this area, it has been described that age
is an important factor; however, the consumption of drugs, inactiv-
ity during the day, consumption of stimulating foods, and smoking®.
Generally, the association between inadequate sleep quality and the
state of health of older people is underestimated by health teams and
tends to be associated with a normal aging process without consid-
ering the additional burden of disease that this entails and the in-
crease in expenditure at the health level®.

Most reports of sleep disorders in older people are associated with
cognitive impairment’'!, but another of the consequences that
sleep-related problems have on the health of the elderly is the dete-
rioration of physical function and postural control, commonly asso-
ciated with an increased risk of falls. Falls are a serious public health
problem, with a higher incidence among women than among men.
Several fall risk factors have been described, which are often classi-
fied as extrinsic (such as effects of medications or risks in the home)
or intrinsic (such as functional and health status). While extrinsic
factors are modifiable, only some of the intrinsic factors are suscep-
tible to modification. One of the main intrinsic risk factors for the
fall is the balance deficit, which is the ability to maintain the position
of the body on its support base, whether stationary or moving'2. Alt-
hough some factors are potentially modifiable, in current evidence,
only exercise, multidisciplinary interventions, and drug withdrawal
have been shown to reduce the falls risk!>'“,

Because sleep duration is a modifiable factor, information regarding
the quality of sleep on factors related to falls and subsequent efforts
to maintain adequate duration would have major clinical implica-
tions for the prevention or maintenance of postural balance and con-

sequent reduction of the incidence of falls*!>4,

MEM

The findings of an association between sleep problems and loss of
postural balance are controversial, mainly because of the measure-
ment methods, the psychometric characteristics of these methods,
and the subjectivity that acquire part of them. But the first approx-
imations show that specific sleep problems, such as extremely short
(Iess than five hours) and extremely long (more than nine hours)
duration, daytime sleepiness and naps during the day, seem to be
significantly related to the loss of postural balance in the elderly, and
therefore, to the prevalence of a fall event'®. A U-shaped relationship
has been established between the duration of sleep and the incidence
of falls in older persons, where groups with seven hours of sleep

showed the lowest incidence of falls'®!”.

The brain uses all available sensory signals from the vestibular, vis-
ual, and proprioceptive inputs, which are also integrated by the cen-
tral nervous system to execute appropriate motor responses to main-
tain balance. In this way, the deterioration of the balance related to
age does not seem to behave as a standardized or isolated phenome-
non, but on the contrary, it seems to be extremely variable from one
subject to another’®. Also, minor new or acute deficiencies may dis-
proportionately affect your ability to cope with balance scenarios, as
each sensory modality may already be partially impaired. Current
knowledge focuses on the determination of anomalies in the balance
tests and how these are related to an increased risk of falls, and to
the profiling of balance disorder of selective deficiencies that can
guide a specific treatment".

The objective of this study was to determine the relationship be-
tween postural balance (expressed as the body pressure center) and
sleep quality in older persons in the community consulting in a pri-
vate rehabilitation center.

Methods

Participants

For this analytical, cross-sectional study, 84 subjects were initially
contacted, of which 53 accepted to participate. The participants
were recruited from a private rehabilitation center. The data collec-
tion took place from August 2017 to November 2017. This study
was approved by the Research Ethics Committee of the Universidad
de las Américas of Chile. All participants provided written informed
consent to participate in this study, which was conducted by good
clinical practice and all applicable laws and regulations. First, they
answered the anamnesis form, then the Pittsburgh Sleep Quality In-
dex (PSQI) and, finally, they performed the computerized postur-
ography test in their static equilibrium protocol in which the body
pressure center was evaluated.

Procedure

The Pittsburgh Sleep Quality Index is a self-administered question-
naire of 24 questions; It has 19 self-assessment questions, and five
questions addressed to the roommate or bedmate, being only the
first 19, those used to obtain the overall score. The questionnaire
was created by Buysse (1989)* to provide a general qualification of
sleep quality. The Pittsburgh Sleep Quality Index investigates sleep
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schedules, sleep-related events, such as difficulties in starting to sleep
(awakenings, nightmares, snoring, respiratory disorders), sleep qual-
ity, the intake of sleep medications and the existence of sleepiness
during the day. The 19 questions are grouped into seven compo-
nents that are rated on a scale of 0 to 3. The sum of the components
results in a general score, where a lower score indicates a higher over-
all quality of sleep. In the original study by Buysse et al. (1989), the
Pittsburgh Sleep Quality Index showed a high coefficient of internal
homogeneity (Cronbach's o= 0.83) and moderate to high correla-
tion coefficients between the components and the general score
(Pearson r = 0.46 to 0.85). The authors established a score of less
than five as a cut-off point, distinguishing subjects with poor sleep
from those who sleep well, with high sensitivity and specificity (89.6
and 86.5%, respectively)?"*. For the present study, only the self-
administered version of 19 questions of the version validated in

Spanish®.

The computerized static posturography technique analyzes the pos-
tural control of the subject in stable standing and destabilizing con-
ditions. For this purpose, it uses a dynamometric platform that an-
alyzes postural oscillations by recording the vertical projection of the
force of gravity. To perform these tests a method similar to the
Norré Sensory Interaction Test was followed, which includes Rom-
berg with open eyes (ROA) both on a rigid surface and on a foam
rubber surface and with closed eyes (Romberg close eyes). In the
Romberg with open eyes test, the participant stood on the platform
with bare feet at an angle of 20°, arms extended and glued to the
body. Maintaining this position, he had to face forward towards a
point located on a monitor of the posturographer's own***. Addi-
tionally, the variables of body composition such as weight, length,
percentage of fat, percentage of lean mass and weight of the bones
were obtained by electrical bioimpedance and some sociodemo-
graphic variables with the object to characterize the sample.

MEM

The eligibility criteria included were a person 60 years of age or older
who were self-sufficient in the instrumental activities of daily life,
with scores higher than 43 points in Part A of the Elderly Function-
ality Examination of the Ministry of Health of Chile. Participants
were excluded if they showed difficulties in comprehension or exe-
cution that interfered with the posturography test; subjects with
acute skeletal muscle injuries that prevented or impeded the walk-
ing; subjects with labyrinth diseases; and those who consumed cen-
tral nervous system depressants and labyrinth depressants (labyrinth
functions), but only those who are not indicated for the regulation
of sleep activity.

Data analysis

The normal distribution assumption was evaluated using the Kol-
mogorov-Smirnov test, as this assumption was not fulfilled for any
of the variables, the inferential analysis was performed using the
non-parametric Spearman Correlation test statistic with a signifi-
cance level of a < 0.05. All analyses were performed in the IBM
SPSS statistical program.

Ethics

This study was approved by the institutional review board of the
Universidad de Las Américas, dated June 7, 2018.

Results

A sample of 53 subjects between 60 and 80 years of age was recruited
with an average of 70.13 + 6.06; of these, 69.8% were female, and
30.2% were male. Table 1 presents some characteristics of the sam-
ple and shows that 83% of the sample referred to poor sleep quality
(score < 5 points), with an average of 9.91 + 4.26 points in the Pitts-
burgh Sleep Quality Index.
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Table 1. Descriptive characteristics of the sample of 53 older people attending a private rehabilitation center.

Characteristic Min Max M DE
Age (years) 60 80 70.1 6,0
Physical exercise (days per week) 0 7 1.3 2,0
Drug (number) 0 4 1.47 1,0
Weight (kg) 48 101 71.7 12,4
Height (m) 1.4 2.1 1.5 0,0
BMI (kg/m?) 19.8 46.1 29.0 4,7
Fat (%) 14 50 36.8 7,1
Muscle (%) 12 42 20.2 6,2
Bone (kg) 1.7 3.6 2.3 0,4
EFAM Part A (total score) 65 113 93.5 11,8
PSQI (total score) 0 17 9.9 4,2
Characteristic n % % accumulated
Gender

Female 37 69.8 69.8

Male 16 30.2 100.0
Marital status

Married 24 45.3 45.3

Single 17 32.1 77.4

Widow 12 22.6 100.0
Schooling

Middle School 23 43.4 43.4

Primary School 21 39.6 83.0

University or Technical 9 17.0 100.0
Physical exercise (execution)

No 33 62.3 62.3

Yes 20 37.7 100.0
Sleep quality (level)

Bad 44 83.0 83.0

Good 9 17.0 100.0

Min: minimum value found.
Max: maximum value found.
M: mean value of the sample.

DE: standard deviation of the sample.

n: number of cases.

%: respective percentage of the number of cases
%: cumulative percentage of the previous one.
PSQI: The Pittsburgh Sleep Quality Index.
EFAM: Evaluacién funcional adulto mayor.

BMI: Body Mass Index.

Table 2 presents the mean of the scores for the Total Displacement

Index, the Anterior-Posterior Displacement Index, and the mediola-

teral displacement index in the respective tests (Romberg open eyes

and Romberg close eyes). It is observed that the test with the highest

total displacement was the Romberg close eyes, followed by Rom-

berg open eyes and that in all cases the lowest index was that of the

anteroposterior stability index over the mediolateral stability index.

Table 2. Static posturograph stability test for 53 older people attending a private rehabilitation center.

Displacement Test Min Max M SD
Total stability index (mm) 0.2 4.2 0.88 0.80
Anteroposterior stability index (mm) ROE 0.2 3.5 0.75 0.61
Mediolateral stability index (mm) 0.1 2.3 0.36 0.41
Total stability index (mm) 0.2 5.8 1.74 1.17
Anteroposterior stability index (mm) RCE 0.4 4.2 1.50 0.95
Mediolateral stability index (mm) 0.1 4.7 0.68 0.93

ROE: Romberg Open Eyes.
RCE: Romberg Close Eyes.
SD: standard deviation.
Source: Own elaboration.

MEM
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Then the same displacement descriptors are presented for the group cataloged as "with good sleep quality” (Table 3) and "with poor sleep
quality” (Table 4).

Table 3. Static posturograph stability test for older adults classified in the "good sleep quality” category (n = 9).

Displacement Test Min Max M SD
Total stability index (mm) 0.2 1.5 0.58 0.42
Anteroposterior stability index (mm) ROE 0.2 1.3 0.55 0.36
Mediolateral stability index (mm) 0.1 0.6 0.26 0.17
Total stability index (mm) 0.2 2.0 0.92 0.61
Anteroposterior stability index (mm) RCE 0.5 1.8 0.95 0.49
Mediolateral stability index (mm) 0.2 0.6 0.31 0.19

ROE: Romberg Open Eyes.
RCE: Romberg Close Eyes.
SD: standard deviation.
Source: Own elaboration.

Table 4. Static posturograph stability test for older adults classified in the "poor sleep quality” category (n = 44).

Displacement Test Min Max M SD
Total stability index (mm) 0.3 4.2 0.94 0.85
Anteroposterior stability index (mm) ROE 0.2 3.5 0.80 0.65
Mediolateral stability index (mm) 0.1 2.3 0.38 0.44
Total stability index (mm) 0.5 5.8 1.88 1.19
Anteroposterior stability index (mm) RCE 0.4 4.2 1.61 0.99
Mediolateral stability index (mm) 0.1 4.7 0.74 1.00

ROE: Romberg Open Eyes.
RCE: Romberg Close Eyes.
SD: standard deviation.
Source: Own elaboration.

) ) test was found; this correlation is moderate (r = 0.417). The same
Sleep quality and total displacement . ) .
occurred with total displacement in the Romberg close eyes test (p

A statistically significant and positive relationship (p = 0.002) be- = 0.002; r = 0.445) (Figure 1-2).
tween total displacement and sleep quality in the Romberg open eyes

Figure 1. Correlacién entre la calidad del suefio (PSQI) y el indice de estabilidad total, prueba de ROA.

p=0.002; R= 0.417
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PSQI: Pittsburgh Sleep Quality Index.
TSI: total stability index.
ROE: Romberg Open Eyes.

METS 5/11



Figure 2. Correlation between sleep quality (PSQI) and TSI, RCE test.

p =0.002; r = 0.445
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PSQI: The Pittsburgh Sleep Quality Index.
TSTI: total stability index.
RCE: Romberg Close Eyes.

found in all posturographic tests. This correlation was moderate in
all cases (p = 0.002, r = 0.417 and p = 0.003, r = 0.445; Romberg

When evaluating movements in the anteroposterior plane, a statisti- with open eyes and Romberg close eyes, respectively) (Figure 3-4).

Quality of sleep and anteroposterior displacement

cally significant and positive correlation with sleep quality was also

Figure 3. Correlation between sleep quality (PSQI) and APSI, ROE test
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PSQI: The Pittsburgh Sleep Quality Index.
APSI: Anteroposterior Stability Index.
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Figure 4. Correlation between sleep quality (PSQI) and APSI, RCE test.

p =0.003; r =0.445
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PSQI: The Pittsburgh Sleep Quality Index.
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any of the tests. In addition, the statistically significant values are
supplemented with low effect size values (p = 0.085, r = 0.239 and
Finally, in evaluating the relationship of sleep quality to mediolateral p = 0.152, r = 0.217, Romberg with open eyes and Romberg close
displacement, no statistically significant correlation was found in eyes, respectively) (Figure 5-6).

Sleep quality and mediolateral displacement

Figure 5. Correlation between sleep quality (PSQI) and the MLSI, ROE test.
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Figure 6. Correlation between sleep quality (PSQI) and the MLSI, RCE test.
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Discussion

The findings of this study show a statistically significant and positive
relationship of moderate character between sleep quality and pos-
tural balance; wherein all the tests the greatest displacement was
found in the anterolateral plane, both in older people consigned
with good and poor sleep quality (Table 2). However, in the group
of older adults with poor sleep quality, the mean number of trips
was higher in all planes.

Postural stability is an important function of the human body, and
the results obtained in this study are based on the premise that pos-
tural control depends on the coordination of the central nervous sys-
tem with visual, proprioceptive and vestibular information to con-
trol the effector organs (skeletal muscles of the lower limb, gait, and
trunk)?. In this sense, any alteration in these integrative processes
will negatively influence the postural balance. In a healthy individ-
ual, the central nervous system uses small amplitude postural oscil-
lations to keep the body close to vertical alignment; but in older
people it has been found that there is an increase in the amplitude
of the body pressure center and a greater frequency of this signal in

the sagittal plane, a premise consistent with the findings of this
study®®%

It is necessary to point out that the human body in a bipedal position
manages to regulate the postural balance using the intervention of
the hip and ankle muscles, while the knee usually remains in a block-
ing position®. This transforms into a suspension strategy of the knee
that contributes to diminishing the center of mass to stabilize the
posture during the change of the back-pressure center in the elderly,
being a fully functional articulation in the vertical postural control®'.
The anteroposterior displacement, which is the one with the highest
rates of displacement, is mainly regulated by the muscles of the an-
kle; while the displacement of the mediolateral plane is essentially

MEM

based on the execution of the abductor and adductor muscles of the
hip; and it is believed that the components of postural control in the
frontal plane acquire importance in complex postural situations and
facilitate the initiation of a lateral step to restore postural balance®.
The literature mentions that age-related muscle atrophy increases
the sensitivity of the ankle muscles to sleep loss and therefore in-
creases the mobilization of the mediolateral muscles during quiet
posture in the face of sleep deprivation. Because the hip muscles are
closer than the ankle muscles to the center of the mass, older people
subject to sleep loss recruit the mediolateral muscles to exert a more
direct effect on the center of mass, counteracting the loss of postural
balance and generating a lower inertia effect'”.

Something to take into consideration when observing the results is
that the majority of the studied sample consumed more than three
drugs, so they were in a polypharmacy situation. In this sense,
polypharmacy has been considered as a significant risk factor for falls
among the elderly®?*. The risk of falls depends on the type of med-
ication ingested, varying with drugs of the central nervous system,
including antipsychotics, antiparkinsonians, and narcotic analgesics,
considered to be the most strongly associated with falls*. On the
other hand, cardiovascular drugs, especially antihypertensives,
which are the most frequent drugs, still have an inconsistent rela-
tionship®**. The study by Sevilla e 2/ (2012) documented that
36% of the elderly have more than three chronic diseases, which
means that they use a high number of drugs for long periods, in-
cluding within a category of polypharmacy®. Regarding this, a linear
negative relationship between the number of medications used and
the score of the equilibrium measures has been reported®. Pugh et
al. (2007) were the first to define a polypharmacy cut-off value, of
five medicinal molecules, for adverse outcomes on functional mo-
bility, as assessed by a static and dynamic balance test®. Leipzig
(1999), had already documented the influence of drug use and risk
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of falls, even reported that polypharmacy tripled this event®. Some
drugs have been described as risk factors for falls, among which in-
clude psychoactive drugs (such as benzodiazepines, antidepressants,
and neuroleptics), as well as antiarrhythmics, digitalis, peripheral
vasodilators, and insulin. Among the most prominent are antide-
pressant drugs that can generate adverse events such as daytime
drowsiness, abnormal gait, dizziness, among others*'. On the other
hand, metformin has not been directly related to the risk of falls;
however, if the neuropathy secondary to vitamin B12 deficiency and
insulin dependent subjects*. Further research is needed to deter-
mine the effects of medication review and drug withdrawal on pos-
tural balance, as well as the comorbidities for which these drugs are

prescribed.

Other factors to consider are the anthropometric variables and their
incidence in the postural domain since when the Romberg close eyes
test was performed; it was where the greatest displacements of the
body pressure center were registered. By annulling visual infor-
mation, the displacement of body pressure center be increased, ei-
ther by mass distribution, height, and inertial properties of body seg-
ments, which increases the difference between the distribution of the
center of mass and the center of body pressure®. The study by
Alonso et al. (2015) suggests that a lower lean body mass and a
higher waist-hip ratio may be risk factors for postural imbalance.
Based on the literature, anthropometric variables can be considered
as another component within the affectation of sleep characteristics.
Previous studies have observed that higher body mass index is asso-
ciated with longer sleep duration in the elderly and that individuals

classified as obese experience greater excessive daytime sleepiness®.

On the other hand, the body mass index and the fat mass do not
seem to influence the equilibrium measurements calculated in a
force platform during the elderly. The men showed poorer postural
control than the women for all the variables of the posture center.
These results have implications for the assessment of balance and the
readjustment of balance in older people related to fall prevention
programs, including people with different body mass index and fat
mass characteristics*.

Piovezan et al. (2015) recorded that age-related sleep impairment
acts on neuroendocrine factors associated with the development of
sarcopenia. Sleep disorders such as decreased duration and impaired
sleep quality favor proteolysis, modify body composition and in-
crease the risk of insulin resistance, all factors previously associated
with sarcopenia. This occurs through various pathways of protein
synthesis and degradation mediated by growth hormone, insulin
growth factor type 1, testosterone, cortisol, and insulin itself*’.

One of the limitations is that the results are mainly contrasted with
studies carried out in non-Latin American countries, where the lan-
guage, culture, and way of interpreting the health-disease process are
not shared in the same way as in the geographical area of the present
study. In several studies, the use of the questionnaire does not cor-
respond with older persons to evaluate age groups, so we had limited
literature to compare the results. The original version is designed for
patients with psychiatric disorders; later, it was validated for differ-
ent groups, and it has been culturally adapted®. Another limitation
is that sleep questions typically used in epidemiologic studies do not

MEM

closely correspond with objective measures of sleep, such as assessed
using polysomnography and actigraphy®. These findings have im-
plications in our study that used an auto administrated form. How-
ever, the application is based on the advantages of self-reports, which
include its ease of use, convenience, low expenditure, a reflection of
the natural environment, lack of relative discretion and recording of
the experience of sleep perceived by the person. The objective meas-
ure alone is not enough to reflect the quality of the variable the daily
functioning perceived by the person.

Functioning has multiple levels, is closely related, and must be con-
sidered when it comes to welfare. In academics, while some argue
that well-being is in the subjective perception of life or the psycho-
logical functioning of a person, others argue that well-being is found
in objective conditions and the broader environment®. Therefore,
regardless of the nature of the variables, none should be dismissed.

The present investigation also indicates the need to validate the
screening tools both linguistically and to the different transcultural
realities, so that researchers and clinicians would have greater points
of contrast. In the interpretation of the findings of the present study,
it is important to consider that the variables of comorbidity of the
sample were not expressly detailed, and a neater future collection is
suggested.

Conclusions

There is a correlation between the quality of sleep measured with the
Pittsburgh Sleep Quality Index and the postural balance in older
people analyzed with computerized posturography. However, this
relationship is low to moderate; the effect size is a factor that must
be considered to accept the hypothesis easily. Future studies should
address the dependence of each of the variables. Also, they could
equate more objective measures for each variable. However, we em-
phasize that the variables that are considered more subjective should
not be ignored since they can provide the daily functioning per-
ceived and declared by the person.
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