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Abstract

Background Sleep problems are frequent in older adults and are associated with chronic diseases. However, the
association with multimorbidity patterns is still unknown. Considering the negative impacts that multimorbidity
patterns can have on older adults'life, knowledge of this association can help in the screening and early identification
of older adults with sleep problems. The objective was to verify the association between sleep problems and
multimorbidity patterns in older Brazilian adults.

Methods This was a cross-sectional study conducted with data from 22,728 community-dwelling older adults
from the 2019 National Health Survey. The exposure variable was self-reported sleep problems (yes/no). The study
outcomes were: multimorbidity patterns, analyzed by self-report of the coexistence of two or more chronic diseases
with similar clinical characteristics: (1) cardiopulmonary; (2) vascular-metabolic; (3) musculoskeletal; (4) coexisting
patterns.

Results Older adults with sleep problems had 1.34 (95%Cl: 1.21; 1.48), 1.62 (95%Cl: 1.15; 2.28), 1.64 (95%Cl: 1.39; 1.93),
and 1.88 (95%Cl: 1.52; 2.33) greater odds of presenting vascular-metabolic, cardiopulmonary, musculoskeletal, and
coexisting patterns, respectively.

Conclusions These results suggest that public health programs aimed at preventing sleep problems in older adults
are essential to reduce possible adverse health outcomes, including multimorbidity patterns and their negative
consequences for older adults' health.
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Background

Sleep problems are frequent in older adults and comprise
different disorders, among which insomnia, hypersom-
nia, circadian rhythm disorders, sleep breathing disor-
ders, narcolepsy, and parasomnias can be highlighted [1].
The prevalence of sleep problems in older adults has been
high and this condition affects 32.7-70% of older adults
worldwide [2-5] and in up to 50.0% of cases, it may not
be diagnosed [6].

Although several studies present sleep problems as an
outcome of chronic health conditions [7, 8], sleep prob-
lems can lead to multimorbidity in many ways. These
include immune system dysregulation [9], since sleep
plays an important role in the release of cytokines and
proteins, as well as T-cell production, helping to man-
age inflammation. In addition, sleep problems lead to
an imbalance in blood sugar levels [10], insulin sensitiv-
ity [11], increased blood pressure, and dysregulation in
heart rate [12], which can contribute to the development
of heart and metabolic diseases. Sleep problems can also
negatively affect mood and mental and brain health [13],
increasing the risk of neuropsychiatric conditions such
as the development of depression [14], anxiety [15], and
dementia [16]. Finally, sleep problems, such as insom-
nia, can increase daytime fatigue [17] and lead to exces-
sive daytime sleepiness, which increases the risk of falls
and other negative mobility-related conditions, reducing
individuals’ functioning and predisposing them to the
presence of multimorbidity [18].

Multimorbidity is a highly frequent condition in older
adults, affecting up to 90% of individuals aged over 60
years [19]. Multimorbidity is a growing public health
challenge because it can affect the quality of life of older
adults and increase the health care costs [19]. Recent
studies have focused on analyzing the different patterns
of multimorbidity [20, 21], which are characterized by
diseases with similar pathophysiological mechanisms
and/or shared risk factors that tend to accumulate in the
same individual [19]. Foley et al. [22] suggested that sleep
problems are often secondary to comorbidities and not
related to aging itself. Recent cross-sectional and longi-
tudinal studies found that sleep problems are associated
with several isolated chronic diseases [23-28] and mul-
timorbidity [29-33]. Sindi et al. [34] demonstrated that
sleep problems are associated with faster chronic disease
accumulation. This result points toward the importance
of early detection and treatment of sleep disturbances
as a possible strategy to reduce chronic multimorbidity
among older adults. However, the association between
sleep problems and the different patterns of multimor-
bidity is still unknown.

Considering the negative impacts that multimorbid-
ity patterns can have on older adults’ life, such as high
morbimortality levels and reduced quality of life [35], it
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is essential to assess how sleep problems are associated
with this condition. It is believed that the results of the
present study may help in the screening and early iden-
tification of older adults with sleep problems and conse-
quently, reduce possible adverse health outcomes in this
population. In this context, the aim of this study was to
verify the association between sleep problems and mul-
timorbidity patterns in community-dwelling older adults.

Methods

Study design and population

This was a cross-sectional study conducted with data
from 43,554 community-dwelling older adults from the
National Health Survey (PNS, acronym, in Portuguese),
carried out in 2019 in Brazil, by the Brazilian Institute of
Geography and Statistics (IBGE acronym, in Portuguese),
in partnership with the Ministry of Health. The 2019
PNS project was approved by the National Research Eth-
ics Committee (CONEP acronym, in Portuguese) of the
National Health Council (CNS acronym, in Portuguese),
under process n° 3,529,376, issued in August 2019. This
study is in accordance with ethical principles contained
in the Declaration of Helsinki.

Sampling and data collection procedures

The sample of the PNS originated from a master sample,
made up of a set of units of areas selected in a register,
in order to meet the selection of sub-samples for several
different surveys planned by the IBGE, such as National
Sample Survey of Households (PNAD acronym, in Por-
tuguese) and Family Budget Survey (POF acronym, in
Portuguese). These units are conceptualized as primary
sampling units (PSU) within the sampling design of sur-
veys that use the master sample, such as PNS. The second
stage consisted of the selection of households by simple
random sampling from the National Address Register for
Statistical Purposes (CNEFE acronym, in Portuguese),
in its most recent update (carried out for the implemen-
tation of the Continuous PNAD 2019) before the con-
clusion of this stage of the sampling plan. Then, within
each household, a resident aged >15 years was randomly
selected, based on the list of residents obtained at the
time of the interview. To calculate the sample size with
the desired level of precision for the estimates, some
indicators from the 2013 edition of the PNS were con-
sidered, such as data on non-communicable chronic dis-
eases (diabetes mellitus, hypertension, and depression),
violence, use of health services, ownership of health
insurance, smoking, physical activity, and alcohol con-
sumption, among others.

The 2019 PNS data collection took place between
August 2019 and March 2020. The survey sample
excluded households located in special census tracts
or with low population, such as indigenous groups,
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barracks, military bases, lodgings, camps, boats, peni-
tentiaries, penal colonies, prisons, jails, long-stay insti-
tutions for older adults, networks of integrated care for
children and adolescents, convents, hospitals, settlement
project villages, and quilombola groups.

The interviews were carried out with mobile collection
devices, programmed with the survey questionnaire. Ini-
tially, the interviewer made contact with the person in
charge or with one of the residents of the selected house-
hold. The following were identified: (1) the informant
(the one who answered the household questionnaire);
(2) all the residents of the household; (3) the resident
aged>15 years (the one who would respond to the indi-
vidual interview), who was selected through a random
selection program on the mobile collection devices. The
interviews were scheduled at the most convenient dates
and times for the informants, with two or more possible
visits to each household. More information about the
PNS methodology can be found in the study by Stopa et
al. [36]. The database provided by the IBGE presents data
on 279,382 individuals, and of these, 43,554 were individ-
uals aged 260 years.

Exposure variable

The exposure variable was self-reported sleep problems,
assessed through the following question: “In the past two
weeks, how often have you had sleep problems, such as
difficulty falling asleep, waking up frequently at night, or
sleeping more than usual?”. The response options were:
(1) none of the days; (2) less than half of the days; (3)
more than half of the days; (4) almost every day. These
responses were recategorized into (1) no sleep problems
(answer option 1) and (2) with sleep problems (answer
options 2, 3, and 4).

Outcome variables

The outcomes were multimorbidity patterns, assessed by
self-report of the coexistence of two or more chronic dis-
eases with similar clinical characteristics: (1) cardiopul-
monary pattern [37]: considering chronic lung diseases
(emphysema, chronic bronchitis, and chronic obstruc-
tive pulmonary disease) and heart diseases (infarction,
angina, heart failure, and others); (2) vascular-metabolic
pattern [38]: arterial hypertension, diabetes mellitus,
hypercholesterolemia, stroke, cancer, and chronic renal
failure (CRF); (3) musculoskeletal pattern [39]: arthritis
or rheumatism, chronic back problems, and work-related
musculoskeletal disorders; (4) coexisting patterns: the
presence of two or more of the aforementioned multi-
morbidity patterns [40].

Adjustment variables
The analyses were adjusted for potential confounders
described in the literature that theoretically would affect
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the relationship between sleep problems and multimor-
bidity patterns in older adults, such as sex (female; male)
[41]; age group [42] (60—69; 70—79; > 80 years); schooling
[43] (no formal schooling; 1-4; 5-8; 9-11; > 12 years);
per capita household income in terms of minimum wages
(MW) (<1 MW; = 1 MW and <2 MW; > 2 MW) [43];
body mass index [44] (underweight; adequate weight;
overweight, considering nutritional status indicators
according to Lipschitz [45]; health self-assessment (very
good/good; regular; poor/very poor) [46]; the presence
of depressive symptoms (score>10 on the Patient Health
Questionnaire-9) [47]; adequate consumption of fruits
(including juice) and vegetables, considering the recom-
mended consumption of at least 25 portions per week,
that is, the sum of these portions, which is approximately
equivalent to the daily consumption of five portions of
these foods (no; yes) [48]; alcohol consumption assessed
from the question: “How often do you usually consume
any alcoholic beverage?” (I never drink; < 1 time/month;
> 1 time/month) [49]; and leisure-time physical activ-
ity (insufficiently active; sufficiently active). To classify
the older adults as physically active (=150 min/week) or
insufficiently active (<150 min/week) during leisure time,
we considered self-reported practices in vigorous physi-
cal activities (running/cooper, treadmill running, aero-
bics/spinning/step/jump, soccer, basketball, or tennis)
and in moderate/light physical activities (walking, weight
training, water aerobics, localized gymnastics/pilates/
stretching/yoga, swimming, martial arts/wrestling, bik-
ing, volleyball, or dancing) [50].

Data analysis

The statistical program STATA version 14.0 (Stata
Corp., College Station, Texas, EUA) was used in the
data analysis. All analyses considered the effect of the
study design, incorporating the sample weights by using
the svy command. Descriptive analysis was performed
for all variables, with the calculation of prevalence and
respective 95% confidence intervals (95%CI). To test the
associations between self-reported sleep problems and
multimorbidity patterns, logistic regression analyses
were performed, estimating the crude and adjusted odds
ratios (OR) and their respective 95%CI.

Results

Of the 43,554 community-dwelling older adults aged >60
years, 22,728 were included in the analysis because they
had data available for all variables, including exposure,
outcomes, and adjustment variables. The sample con-
sisted mostly of women (55.3%) and those aged between
60 and 69 years (55.4%). Approximately one-third of the
older adults reported studying between 1 and 4 years and
slightly less than half of the participants (41.3% [95%CI:
40.5; 42.0]) received less than one minimum wage per
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capita. Regarding body mass index, 43.6% (95%CI: 42.9;
44.3) had adequate weight, followed by overweight
[41.5% (95%CI: 40.8; 42.2)]. As for the health self-
assessment, 46.9% (95%CI: 46.2; 47.6) considered their
health as very good/good. 90.0% of older adults (95%CI:
89.5; 90.4) did not present depressive symptoms, 61.5%
(95%CI: 60.4; 62.6) did not have an adequate consump-
tion of fruit and vegetables, and 73.3% (95%CI: 72.7;
74.0) did not consume alcoholic beverages. Finally, it was
observed that most of the sample was insufficiently active
(80.6% [95%CL: 80.0; 81.2]) (Table 1).

Sleep problems were reported by 41.2% (95%CI: 40.5;
41.9) of the study sample (Table 1). As for multimorbid-
ity patterns, 2.2% (95%CI: 2.0; 2.4) of older adults had a
cardiopulmonary pattern, 34.2% (95%ClL: 33.5; 34.9) had
a vascular-metabolic pattern, 9.8% (95%CI: 9.4; 10.3) had
a musculoskeletal pattern, and 6.2% (95%CI: 5.9; 6.6) had
coexisting patterns.

In the adjusted analyses of logistic regression, it was
observed that older adults with sleep problems had 1.34
(95%CI: 1.21; 1.48), 1.62 (95%CI: 1.15; 2.28), 1.64 (95%CL:
1.39; 1.93), and 1.88 (95%CI: 1.52; 2.33) greater odds of
presenting vascular-metabolic, cardiopulmonary, mus-
culoskeletal, and coexisting multimorbidity patterns,
respectively, when compared to older adults who did not
report sleep problems (Table 2).

Discussion

The results of the present study showed that older adults
with sleep problems were more likely to have multimor-
bidity patterns (cardiopulmonary, vascular-metabolic,
and musculoskeletal) and coexisting patterns when com-
pared to older adults who did not report the presence of
these problems.

In this study, older adults with sleep problems were
34% more likely to have a vascular-metabolic multimor-
bidity pattern, corroborating previous findings that dem-
onstrated that sleep disorders are important risk factors
for cardiovascular morbidity and mortality [51]. Evidence
suggests that psychosocial factors that increase the risk
of developing cardiovascular disease, including increased
blood pressure and arterial stiffness, are also related to
sleep [52]. Furthermore, satisfactory sleep duration not
only maintains adequate body function but also pre-
vents adverse cardiovascular outcomes such as cardio-
metabolic diseases [53]. It is suggested that sleep has
important homeostatic functions, such as suppressive
effects on the stress system and the inflammatory system,
which are described as pathophysiological mechanisms
in the activation of the sympathetic nervous system and
of pro-inflammatory pathways that lead to activation of
the hypothalamic-adrenal and sympathetic nervous sys-
tem, predisposing to the hypertensive state [54]. Fur-
thermore, Liu et al. [55] observed that older females with
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difficulty falling asleep have increased levels of LDL (low-
density lipoprotein) cholesterol, which is widely known
to increase the risk of developing coronary heart disease
[56]. Other recent studies have also linked sleep prob-
lems to high total cholesterol and triglyceride levels [57].
One of the main mechanisms involved in sleep problems
refers to lipid abnormalities induced by intermittent
hypoxia [58], commonly seen in obstructive sleep apnea.
Review studies point to the existence of an independent
association between obstructive sleep apnea and dyslip-
idemia [59] and pieces of evidence from a murine model
showed that intermittent hypoxia causes hyperlipidemia
and upregulation of lipid biosynthesis genes in the liver
[60].

The association between sleep problems and chronic
lung diseases is still poorly studied, and most of the evi-
dence found to date presents sleep problems and/or their
adverse effects as consequences of already-established
lung diseases [61]. However, sleep problems are also
known to affect breathing through disturbances in respi-
ratory control, respiratory muscle function, and lung
mechanics [62]. Negative effects on respiratory control
include decreased cortical inputs to the respiratory cen-
ter with reduced production of neurotransmitters by
the respiratory motor neuron and decreased sensitivity
of chemoreceptors that affect ventilatory responses to
hypoxia and hypercapnia, in addition to increased upper
airway resistance [62].

In the present study, older adults with sleep problems
were 64% more likely to have a musculoskeletal multi-
morbidity pattern. Among the diseases that compose
this pattern, uncontrolled rheumatoid arthritis is the
one most closely related to reduced sleep quality [63],
suggesting that insufficient sleep may exacerbate pain in
patients with rheumatoid arthritis. A recent longitudinal
study [64] found that sleep problems can be considered
risk factors for the development of rheumatoid arthritis.
The authors observed a 49% higher risk of developing
rheumatoid arthritis among those with sleep problems
compared to the population without the same complaint.
Similarly, a cohort study [65] with a one-year follow-up
conducted with 1,955 health professionals (60% nurses)
found a strong association between sleep problems and
the development of low back pain, with an odds ratio of
3.16 (95%CI: 1.93; 5.17).

In this study, older adults who reported sleep problems
were 88% more likely to have the coexistence of multi-
morbidity patterns. Similar results were found by Lima
et al. [66], who analyzed data from 85,531 Brazilians
(=18 years) and verified the existence of an association
between self-reported sleep problems and the presence of
non-communicable chronic diseases and multimorbidi-
ties. A possible explanation for this association may be
related to the fact that sleep problems modify the body’s
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Table 1 Descriptive results of sleep problems, sociodemographic characteristics, health conditions, and lifestyle for the total sample
and according to the multimorbidity patterns in older Brazilian adults (N=22,728). National Health Survey, Brazil, 2019

Variables Total Multimorbidity patterns
% (95%Cl) % (95%Cl)
Cardiopul- Vascular- Musculoskeletal Coexisting
monary metabolic % (95%(Cl) patterns
% (95%Cl) % (95%Cl) % (95%Cl)
Sleep problems
No 58.7 (58.0;59.4) 1.3(1.1;1.5) 279(27.1;287) 6.1(5.7;6.6) 32(29;3.6)
Yes 41.2 (40.5;41.9) 36(3.2,40) 43.0(41.9;44.1) 152 (14.4;16.0) 10.5(9.8;11.2)
Sex
Male 446 (43.9;45.3) 20(1.7;2.3) 280(27.0;29.00  45(4.1;49) 2.7(23;3.0)
Female 55.3(54.6;56.0) 24(2.1;2.7) 39.0 (38.1;40.0) 142 (13.6;14.9) 9.1(85;9.6)
Age group
60-69 years 55.4(54.7;56.1) 1.9(1.7,2.2) 31.0(30.1;31.8) 9.8(9.3,104) 55(5.1;6.0)
70-79 years 31.3(30.7;32.0) 2.5(2.1;29) 39.2 (38.0;404) 10.1(94;10.9) 7.5(6.9;83)
>80 years 13.1(12.6; 13.6) 30(24;3.8) 36.0(34.1;37.8) 94(83;105) 64 (5.5,7.4)
Schooling
No formal schooling 9(21.3;226) 1(1.7;25) 35.2(33.7;36.7) 1(83;9.9) 1(54;6.9)
1-4 years 37.4(36.7;38.2) 5(2.1;29) 35.6 (34.4;36.7) 106 (9.9;11.3) 0(64;7.7)
5-8 years 12.8(12.3;13.3) 301 8 3.0) 32.8(30.9;34.7) 102 (9.1;11.5) 6.6 (5.7,7.7)
—-11 years 16.9(16.3;17.4) 3(1.8;,29) 333(31.6;34.9) 10.8(9.8;11.9) 1(53;7.0)
>12 years 10.7 (10.2;11.2) 6(1.1;2.2) 32.0(30.0; 34.1) 8.1(7.0;9.3) 8(3.9;5.8)
Per capita household income (minimum wage)
<1 413 (40.5; 42.0) 23(2.0;26) 34.9(33.9;35.9) 10.3(9.7;10.9) 6.7 (6.1;7.3)
>Tand <2 30.1(294;30.8) 2.1(1.7;2.5) 343 (33.1;35.6) 10.2(9.5;11.0) 6.2 (5.7,6.9)
>2 28.5(27.8;29.3) 24(20;2.8) 33.1(31.8;344) 8.9(8.1;9.6) 5.7(5.1;6.3)
Body mass index
Underweight 14.7 (14.2,15.2) 26(2.1;3.3) 24.3(22.8;259) 8.0(7.1;9.0) 3.9(3.2,4.6)
Adequate weight 43.6 (42.9;443) 1.9(1.6;2.2) 30.7(29.7;31.7) 84(7.9;9.0) 4.9 (44;53)
Overweight 41.5(40.8;42.2) 25(22,29) 41.2(40.1;42.3) 121 (114;12.8) 8.5(7.9,9.2)
Health self-assessment
Good/very good 469 (46.2;476)  08(0.7,1.0) 24.1(23.2;2500  49(45;53) 23(20;26)
Regular 41.8(41.1;425) 28(24,32) 403 (39.3;414) 126 (11.8;13.3) 8.1(7.5,87)
Poor/very poor 11.2(10.8;11.6) 6.1(5.1;7.2) 533(51.3;5.3) 20.6(19.1;22.3) 16.0 (14.5;17.5)
Depressive symptoms
No 90.0 (89.5;90.4) 1.7(15;1.9) 31.9(31.2;326) 8.2(7.8;8.6) 48(44;5.1)
Yes 10.0 (9.6; 10.4) 7.2(6.1;85) 54.2(52.1;56.4) 24.9(23.1;26.8) 19.5(17.8;21.3)
Adequate consumption of fruits and vegetables
No 61.5 (60.4; 62.6) 2.5(2.1;29) 355(34.2;36.8) 104 (9.7,11.3) 6.9 (6.2;7.6)
Yes 38.4(37.3;39.5) 24(2.0;3.0) 35.8(34.1;37.5) 11.0(10.0; 12.2) 6.8(5.9,7.7)
Alcohol consumption
I never drink 733 (72.7;,74.0) 24(2.1;26) 36.1(35.3;36.9) 10.7 (10.2;11.3) 6.9 (6.5;7.4)
<1 time/month 85(8.1;89) 23(1.6;32) 30.2 (28.0;32.6) 9.8(8.5,11.3) 6.1(5.0;74)
> 1 time/month 18.1(17.5,18.7) 1.7(13;2.2) 283 (26.7;29.8) 6.2 (5.5;7.1) 3.6(3.0;4.3)
Leisure-time physical activity
Insufficiently active 80.6 (80.0;81.2) 24(2.2;2.7) 34.6(33.8;354) 10.1(9.7;10.6) 6.6 (6.2;7.0)
Sufficiently active 19.3(18.7;19.9) 1.6(1.2;2.7) 32.8(31.3;344) 8.6(7.7;9.5) 49(43;56)
Number of participants (unweighted) 22,728 456 7,341 2,235 1,326

95%Cl: 95% confidence interval

inflammatory state and this modification is one of the
main causes of cardiopulmonary, vascular-metabolic, and
musculoskeletal diseases [23]. This modification involves
an increase in the levels of circulating inflammatory cyto-
kines, which would lead to excessive inflammation levels

[67]. Lack of nocturnal sleep activates inflammatory sig-
naling pathways, including nuclear factor-kB (NF-«B),
activator protein-1 (AP-1), and transcriptional activator
and signal transducer (STAT) family proteins. In addi-
tion, there is an increase in the levels of mRNAs that
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Table 2 Crude and adjusted analyses of logistic regression between sleep problems and multimorbidity patterns in older Brazilian

adults (N=22,728). National Health Survey, Brazil, 2019

Sleep problems Multimorbidity patterns

Cardiopulmonary

Vascular-metabolic

Musculoskeletal Coexisting patterns

Crude Adjusted# Crude Adjusted# Crude Adjusted# Crude Adjusted#
OR OR OR OR OR OR OR
(95%Cl) (95%Cl) (95%Cl) (95%Cl) (95%Cl) (95%Cl) (95%Cl) (95%Cl)
Yes 2.79 (2.26; 1.62(1.15; 1.94(1.83; 1.34(1.21; 2.75(2.50; 1.64(1.39; 3.52(3.08; 1.88(1.52;
3.44) 2.28) 2.06) 1.48) 3.03) 1.93) 4.01) 2.33)

In bold: statistically significant association. # adjusted for sex, age group, schooling, per capita household income, body mass index, health self-assessment,
depressive symptoms, adequate consumption of fruits and vegetables, alcohol consumption, and leisure-time physical activity; OR: odds ratio; 95%Cl: 95%

confidence interval

encode pro-inflammatory cytokines and an increase in
monocyte production of interleukin-6 (IL-6) and tumor
necrosis factor-a (TNF-a) stimulated by receptor 4 of the
Toll type (TLR4) [68]. However, more persistent periods
of sleep loss seem to be necessary for such inflammatory
consequences to occur [68].

Despite the advance in knowledge in this area, the
mechanisms that link sleep duration with the presence
of multimorbidity are still poorly understood. It has been
hypothesized that the presence of depression and low
physical activity levels may contribute to this associa-
tion [63, 64]. Short sleep duration is often combined with
other behavioral risk factors such as smoking, excessive
alcohol consumption, and physical inactivity, which can,
in turn, increase the risk of chronic diseases [23]. Recent
findings indicate that sleep influences hormones that
control appetite, glucose homeostasis, and cortisol levels
[32]. Therefore, it can be inferred that sleep has a great
impact on the development and course of diseases of car-
diopulmonary, vascular-metabolic, and musculoskeletal
patterns.

Although the present study addresses sleep problems
as an exposure and multimorbidity patterns as an out-
come, there may be a bidirectional relationship between
these variables, as reported in a previous study [30]. It
is important to recognize the bidirectional relationship
between sleep problems and multimorbidity in older
adults and to implement measures to prevent and treat
both problems. Strategies to promote healthy sleep, such
as having a regular sleep routine, exercising, and avoid-
ing excessive use of electronic devices before bed may
be useful to improve sleep quality and reduce the risk
of developing or worsening chronic health conditions in
older adults.

The current study has some limitations that should
be highlighted, such as the measurement of variables
through self-report, which is a very common method
used in epidemiological studies. However, the informa-
tion is subject to memory and social desirability bias,
which may result in underestimation or overestima-
tion of association estimates. In addition, the typologies
of sleep problems were investigated together (initial,

intermediate, and final insomnia), but not in isolation,
making a direct comparison with literature on such sleep
problems impossible. Finally, the cross-sectional nature
of the research imposes a limitation on the determina-
tion of the temporality of the associations found. There-
fore, reverse causality is possible. On the other hand, the
present study has strengths that include mainly the large
sample size, substantially contributing to the generaliza-
tion of the findings.

As implications of this study, our findings provide
support for the recommendation of screening and early
identification of sleep problems in older adults, aiming
to prevent the occurrence of non-communicable chronic
diseases, including the different multimorbidity patterns.
It is necessary to understand the potential impact of sleep
problems on older adults’ health in order to assist in the
development and implementation of clinical and public
health guidelines for the prevention and treatment of this
important health problem. We strongly believe that bet-
ter approaches to this condition in primary care should
be considered so that this problem can be adequately
absorbed by the health system.

Conclusion

Sleep problems are independently associated with the
investigated multimorbidity patterns. These results sug-
gest that public health programs aimed at preventing
sleep problems in older adults are essential to reduce
possible adverse health outcomes, including multimor-

bidity patterns and their negative consequences on older
adults’ health.

Acknowledgements

We would like to thank CNPq for the master’s scholarship granted to Leticia
Martins Candido and the doctoral scholarship granted to Jaquelini Betta
Canever.

Authors’ contribution

SCCI: Writing of the paper or relevant critical review of the intellectual content,
final approval of the version to be published, and responsible for all aspects

of the work in ensuring the accuracy and completeness of any part of the
work; JBC: Conception and design or analysis and interpretation of data, final
approval of the version to be published, and responsible for all aspects of the
work in ensuring the accuracy and completeness of any part of the work; LMC:
Conception and design or analysis and interpretation of data, final approval



Idalino et al. BMC Public Health (2023) 23:978

of the version to be published, and responsible for all aspects of the work
in ensuring the accuracy and completeness of any part of the work; KJPW:
Conception and design or analysis and interpretation of data, final approval
of the version to be published, and responsible for all aspects of the work
in ensuring the accuracy and completeness of any part of the work; BSM:
Conception and design or analysis and interpretation of data, final approval
of the version to be published, and responsible for all aspects of the work
in ensuring the accuracy and completeness of any part of the work; ALD:
Conception and design or analysis and interpretation of data, final approval
of the version to be published, and responsible for all aspects of the work
in ensuring the accuracy and completeness of any part of the work; NCPA:
Writing of the paper or relevant critical review of the intellectual content,
conception and design or analysis and interpretation of data, final approval
of the version to be published, and responsible for all aspects of the work in
ensuring the accuracy and completeness of any part of the work.

Funding
This research did not receive any specific grant from funding agencies in the
public, commercial, or not-for-profit sectors.

Data Availability
The datasets used and/or analyzed during the current study are available from
the corresponding author upon reasonable request.

Declarations

Ethics approval and consent to participate

The 2019 PNS project was approved by the National Research Ethics
Committee (CONEP acronym, in Portuguese) of the National Health Council
(CNS acronym, in Portuguese), under process n° 3,529,376. All participants
signed an informed consent form, which included all research processes and
entitlements of the participant. The study was carried out in accordance with
the declaration of Helsinki.

Consent for publication
Not Applicable.

Competing interests
The authors declare that they have no conflicting interests.

Received: 6 September 2022 / Accepted: 23 May 2023
Published online: 26 May 2023

References

1. Gooneratne NS, Vitiello MV. Sleep in older adults: normative changes, sleep
disorders, and treatment options. Clin Geriatr Med. 2014;30:591-627.

2. Miner B, Kryger MH. Sleep in the Aging Population. Sleep Med Clin.
2017;12:31-8.

3. Canever JB, Candido LM, Wagner KJP, Danielewicz AL, de Avelar NCP. Are
different typologies of sedentary behavior associated with history of sleep
problems in community-dwelling elderly? Cad Saude Publica. 2022;38.

4. Zhang Q-Q Li L, Zhong B-L. Prevalence of insomnia symptoms in older
chinese adults during the COVID-19 pandemic: a Meta-analysis. Front Med.
2021;8.

5. SidaniS, Guruge S, lllanko K. The experiences and determinants of sleep
problems of immigrant and canadian-born older adults-analysis of canadian
longitudinal study on Aging Baseline Data. Can J Nurs Res = Rev Can Rech en
Sci Infirm. 2022;54:168-76.

6.  Moreno-Tamayo K, Manrique-Espinoza B, Guerrero-Zufiga S, Ramirez-Garcia
E, Sénchez-Garcia S. Sex differences in the Association between Risk of
Obstructive Sleep Apnea, Insomnia, and Frailty in older adults. Nat Sci Sleep.
2021;13:1461-72.

7. Koyanagi A, Garin N, Olaya B, Ayuso-Mateos JL, Chatterji S, Leonardi M, et al.
Chronic conditions and sleep problems among adults aged 50 years or over
in nine countries: a multi-country study. PLoS ONE. 2014,9:e114742.

8. Smith L, Shin J, Il Jacob L, Schuch F, Oh H, Tully MA, et al. Association
between physical multimorbidity and sleep problems in 46 low- and middle-
income countries. Maturitas. 2022;160:23-31.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31

32,

33.

Page 7 of 8

Garbarino S, Lanteri P, Bragazzi NL, Magnavita N, Scoditti E. Role of sleep
deprivation in immune-related disease risk and outcomes. Commun Biol.
2021;4:1304.

Knutson KL. Impact of sleep and sleep loss on glucose homeostasis and
appetite regulation. Sleep Med Clin. 2007;2:187-97.

Singh T, Ahmed TH, Mohamed N, Elhaj MS, Mohammed Z, Paulsingh CN, et
al. Does Insufficient Sleep increase the risk of developing insulin resistance: a
systematic review. Cureus. 2022;14:e23501.

Palagini L, Bruno RM, Gemignani A, Baglioni C, Ghiadoni L, Riemann D. Sleep
loss and hypertension: a systematic review. Curr Pharm Des. 2013;19:2409-19.
Medic G, Wille M, Hemels ME. Short- and long-term health consequences of
sleep disruption. Nat Sci Sleep. 2017,9:151-61.

Riemann D, Krone LB, Wulff K, Nissen C. Sleep, insomnia, and depression.
Neuropsychopharmacology. 2020;45:74-89.

Bian S-Z, Zhang L, Jin J, Zhang J-H, Li Q-N, Yu J, et al. The onset of sleep distur-
bances and their associations with anxiety after acute high-altitude exposure
at 3700 m. Trans| Psychiatry. 2019,9:175.

Sabia S, Fayosse A, Dumurgier J, van Hees VT, Paquet C, Sommerlad A, et

al. Association of sleep duration in middle and old age with incidence of
dementia. Nat Commun. 2021;12:2289.

Wendt A, Costa CS, Machado AKF, Costa FS, Neves RG, Flores TR et al. Sleep
disturbances and daytime fatigue: data from the brazilian National Health
Survey, 2013. Cad Saude Publica. 2019;35.

de Morais LC, Zanuto EAC, Queiroz DC, Aratijo MYC, Rocha APR, Codogno JS.
Association between sleep disorders and chronic diseases in patients of the
brazilian National Health System. J Phys Educ. 2017;28.

Grande G, Marengoni A, Vetrano D, Roso-Llorach A, Rizzuto D, Zucchelli A

et al. Multimorbidity burden and dementia risk in older adults: the role of
inflammation and genetics. Alzheimers Dement. 2021;17.

Candido LM, Wagner KJP, da Costa ME, Pavesi E, de Avelar NCP, Danielewicz
AL. Comportamento sedentério e associacdo com multimorbidade e padrées
de multimorbidade em idosos brasileiros: dados da pesquisa Nacional de
Saude de 2019. Cad Saude Publica. 2022;38.

Danielewicz AL, Schmidt TP, Tuon JRN. Padroes de multimorbidade em idosos
brasileiros: descricao por sexo e faixa etdria com dados da pesquisa nacional
de saude. Cad Educ Saude e Fisioter. 2019;6.

Foley D, Ancoli-Israel S, Britz P, Walsh J. Sleep disturbances and chronic
disease in older adults: results of the 2003 National Sleep Foundation Sleep in
America Survey. J Psychosom Res. 2004;56:497-502.

Ruiz-Castell M, Makovski TT, Bocquet V, Stranges S. Sleep duration and mul-
timorbidity in Luxembourg: results from the European Health Examination
Survey in Luxembourg, 2013-2015. BMJ Open. 2019;9:2026942.

Plante DT. The Evolving Nexus of Sleep and Depression. Am J Psychiatry.
2021;178:896-902.

Coniglio AC, Mentz RJ. Sleep Breathing Disorders in Heart failure. Heart Fail
Clin. 2020;16:45-51.

Muscogiuri G, Barrea L, Annunziata G, Di Somma C, Laudisio D, Colao A, et

al. Obesity and sleep disturbance: the chicken or the egg? Crit Rev Food Sci
Nutr. 2019;59:2158-65.

Mogavero MP, DelRosso LM, Fanfulla F, Bruni O, Ferri R. Sleep disorders

and cancer: state of the art and future perspectives. Sleep Med Rev.
2021;56:101409.

Stefani A, Hogl B. Sleep in Parkinson'’s disease. Neuropsychopharmacol Off
Publ Am Coll Neuropsychopharmacol. 2020;45:121-8.

Lin'Y,HuY, Guo J, Chen M, Xu X, Wen Y, et al. Association between sleep

and multimorbidity in chinese elderly: results from the chinese longitudinal
healthy longevity survey (CLHLS). Sleep Med. 2022,98:1-8.

Sindi S, Pérez LM, Vetrano DL, Triolo F, Kareholt |, Sjoberg L, et al. Sleep dis-
turbances and the speed of multimorbidity development in old age: results
from a longitudinal population-based study. BMC Med. 2020;18:382.

Zou C, Sun H, Lu C, Chen W, Guo VY. Nighttime sleep duration, restlessness
and risk of multimorbidity - A longitudinal study among middle-aged and
older adults in China. Arch Gerontol Geriatr. 2022;99:N.PAG-N.PAG.

Nicholson K, Rodrigues R, Anderson KK, Wilk P, Guaiana G, Stranges S. Sleep
behaviours and multimorbidity occurrence in middle-aged and older adults:
findings from the canadian longitudinal study on aging (CLSA). Sleep Med.
2020;75:156-62.

He L, Biddle SJH, Lee JT, Duolikun N, Zhang L, Wang Z, et al. The prevalence of
multimorbidity and its association with physical activity and sleep duration
in middle aged and elderly adults: a longitudinal analysis from China. Int J
Behav Nutr Phys Act. 2021;18:77.



Idalino et al. BMC Public Health

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

49.

50.

52.

(2023) 23:978

Sindi S, Johansson L, Skoog J, Mattsson AD, Sjéberg L, Wang H-X, et al. Sleep
disturbances and later cognitive status: a multi-centre study. Sleep Med.
2018,52:26-33.

Vetrano DL, Damiano C, Tazzeo C, Zucchelli A, Marengoni A, Luo H, et al.
Multimorbidity patterns and 5-Year mortality in institutionalized older adults.
J Am Med Dir Assoc. 2022;23:1389-1395¢e4.

Stopa SR, Szwarcwald CL, de Oliveira MM, Gouvea E, de CDP, Vieira MLFP,

de Freitas MPS, et al. Pesquisa Nacional de Satude 2019: histérico, métodos

e perspectivas. Epidemiol e Serv saude Rev do Sist Unico Saude do Bras.
2020;29:2020315.

Baré M, Herranz S, Roso-Llorach A, Jordana R, Violan C, Lleal M, et al.
Multimorbidity patterns of chronic conditions and geriatric syndromes

in older patients from the MoPIM multicentre cohort study. BMJ Open.
2021;11:2049334.

Yao S-S, Xu H-W, Han L, Wang K, Cao G-Y, Li N, et al. Multimorbidity measures
differentially predicted mortality among older chinese adults. J Clin Epide-
miol. 2022;146:97-105.

Wang Z, Peng W, Li M, Li X, Yang T, Li C, et al. Association between multimor-
bidity patterns and disability among older people covered by long-term care
insurance in Shanghai, China. BMC Public Health. 2021,21:418.
Rivera-Almaraz A, Manrique-Espinoza B, Avila-Funes JA, Chatterji S, Naidoo N,
Kowal P, et al. Disability, quality of life and all-cause mortality in older mexican
adults: association with multimorbidity and frailty. BMC Geriatr. 2018;18:236.
Alimohammadian M, Majidi A, Yaseri M, Ahmadi B, Islami F, Derakhshan M, et
al. Multimorbidity as an important issue among women: results of a gender
difference investigation in a large population-based cross-sectional study in
West Asia. BMJ Open. 2017;7:e013548.

Li MJ, Kechter A, Olmstead RE, Irwin MR, Black DS. Sleep and mood in older
adults: coinciding changes in insomnia and depression symptoms. Int
Psychogeriatr. 2018;30:431-5.

Patel NP, Grandner MA, Xie D, Branas CC, Gooneratne N. Sleep disparity”in the
population: poor sleep quality is strongly associated with poverty and ethnic-
ity. BMC Public Health. 2010;10:1-11.

Koolhaas CM, Kocevska D, Te Lindert BHW, Erler NS, Franco OH, Luik Al, et al.
Objectively measured sleep and body mass index: a prospective bidirectional
study in middle-aged and older adults. Sleep Med. 2019;57:43-50.

Lipschitz DA. Screening for nutritional status in the elderly. Prim Care.
1994,21:55-67.

Barros MB, de Lima A, Ceolim MG, Zancanella MF. E, Cardoso TAM de O.
Qualidade do sono, satde e bem-estar em estudo de base populacional. Rev
Saude Publica. 2019;53.

Kroenke K, Spitzer RL, Williams JB. The PHQ-9: validity of a brief depression
severity measure. J Gen Intern Med. 2001;16:606-13.

Lee Y-H, Chang Y-C, Lee Y-T, Shelley M, Liu C-T. Dietary patterns with fresh
fruits and vegetables consumption and quality of sleep among older adults
in mainland China. Sleep Biol Rhythms. 2018;16:293-305.

Murillo-Rodriguez E. The behavioral, molecular, pharmacological, and clinical
basis of the sleep-wake cycle. Academic Press; 2019.

Haskell WL, Lee I-M, Pate RR, Powell KE, Blair SN, Franklin BA, et al. Physical
activity and public health: updated recommendation for adults from the
American College of Sports Medicine and the American Heart Association.
Med Sci Sports Exerc. 2007,39:1423-34.

Lo K, Woo B, Wong M, Tam W. Subjective sleep quality, blood pres-

sure, and hypertension: a meta-analysis. J Clin Hypertens (Greenwich).
2018;20:592-605.

Hall MH, Brindle RC, Buysse DJ. Sleep and cardiovascular disease: emerging
opportunities for psychology. Am Psychol. 2018;73:994-1006.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

Page 8 of 8

Grandner MA, Alfonso-Miller P, Fernandez-Mendoza J, Shetty S, Shenoy S,
Combs D. Sleep: important considerations for the prevention of cardiovascu-
lar disease. Curr Opin Cardiol. 2016;31:551-65.

Seravalle G, Mancia G, Grassi G. Sympathetic nervous system, sleep, and
hypertension. Curr Hypertens Rep. 2018;20:74.

Liu J, Son S, Giancaterino M, Narushima M. Difficulty of falling asleep and
non-high-density lipoprotein cholesterol level among canadian older adults:
a cross-sectional analysis of the canadian longitudinal study for aging base-
line data. J Geriatr Cardiol. 2021;18:597-608.

Robinson JG, Wang S, Smith BJ, Jacobson TA. Meta-analysis of the relationship
between non-high-density lipoprotein cholesterol reduction and coronary
heart disease risk. J Am Coll Cardiol. 2009;53:316-22.

QianY,Yi H, Zou J, Meng L, Tang X, Zhu H, et al. Independent Association
between Sleep Fragmentation and Dyslipidemia in patients with obstructive
sleep apnea. Sci Rep. 2016;6:26089.

Drager LF, Jun J, Polotsky VY. Obstructive sleep apnea and dyslipidemia:
implications for atherosclerosis. Curr Opin Endocrinol Diabetes Obes.
2010;17:161-5.

Dewan NA, Nieto FJ, Somers VK. Intermittent hypoxemia and OSA: implica-
tions for comorbidities. Chest. 2015;147:266-74.

Li J, Grigoryev DN, Ye SQ, Thorne L, Schwartz AR, Smith PL, et al. Chronic
intermittent hypoxia upregulates genes of lipid biosynthesis in obese mice. J
Appl Physiol. 2005;99:1643-8.

Budhiraja R, Siddigi TA, Quan SF. Sleep disorders in chronic obstructive pul-
monary disease: etiology, impact, and management. J Clin sleep Med JCSM
Off Publ Am Acad Sleep Med. 2015;11:259-70.

McNicholas WT, Hansson D, Schiza S, Grote L. Sleep in chronic respiratory dis-
ease: COPD and hypoventilation disorders. Eur Respir Rev an Off J Eur Respir
Soc. 2019;28.

Franzen PL, Buysse DJ. Sleep disturbances and depression: risk relationships
for subsequent depression and therapeutic implications. Dialogues Clin
Neurosci. 2008;10:473-81.

Kredlow MA, Capozzoli MC, Hearon BA, Calkins AW, Otto MW. The

effects of physical activity on sleep: a meta-analytic review. J Behav Med.
2015;38:427-49.

Goes ACJ, Reis LAB, Silva MBG, Kahlow BS, Skare TL. Rheumatoid arthritis and
sleep quality. Rev Bras Reumatol. 2017,57:294-8.

Lima MG, Barros MB, de Malta A, Medina DC, de PB L, Szwarcwald CL. Asso-
ciacao do autorrelato de problemas no sono com morbidades e multimorbi-
dades segundo sexo: Pesquisa Nacional de Satide 2019. Epidemiol e Servigos
Saude. 2022;31.

Mullington JM, Simpson NS, Meier-Ewert HK, Haack M. Sleep loss and inflam-
mation. Best Pract Res Clin Endocrinol Metab. 2010,24:775-84.

Irwin MR. Sleep and inflammation: partners in sickness and in health. Nat Rev
Immunol. 2019;19:702-15.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.



	﻿Association between sleep problems and multimorbidity patterns in older adults
	﻿Abstract
	﻿Background
	﻿Methods
	﻿Study design and population
	﻿Sampling and data collection procedures
	﻿Exposure variable
	﻿Outcome variables
	﻿Adjustment variables
	﻿Data analysis

	﻿Results
	﻿Discussion
	﻿Conclusion
	﻿References


