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Abstract

Background: The relationship between depression and sleep is bidirectional, but sleep disturbances may precede depressive
episodes. Joo et al. (2022) found that men and women from a Korean population with poor sleep quality are seven times
more likely to be depressed. This study aims to replicate the previous model in the ELSI-Brazil population considering
potential cross-cultural differences.
Methods: A cross-sectional analysis of Wave 2 of ELSI-Brazil (2019–2021) was performed including 6365 participants
aged 50 or older. Demographic, socioeconomic, and health-related characteristics were described. Multivariable logistic
regression was used to analyze the association between depression and poor sleep quality.
Results: The prevalence of poor sleep quality in this elderly population was 15.6%. Patients with poor sleep quality were
four times more likely to be depressed. A significant interaction was found between sex and sleep quality in the association
with depression (p=0.04). The adjusted model stratified by sex found that men and women with poor sleep quality were three
(OR = 3.11 [95% CI 2.39–4.05]) and four (OR = 4.39 [95% CI 3.60–5.35]) times more likely to be depressed respectively.
Conclusion: We found a significant sleep-depression association among Brazilian elders, particularly impacting women.
Gender-specific interventions for sleep-related mental health are crucial. Despite limitations, the study provides valuable
insights emphasizing the need for tailored public health measures, especially in nursing homes, to prevent depression and
improve the quality of life in this vulnerable group.

Introduction

Depression affects nearly 18.5% of adults in the USA,
particularly impacting women, young adults, and
individuals with lower education levels. Depression
is also associated with chronic diseases such as di-
abetes, arthritis, and cardiovascular disease (Lee et
al., 2023). In addition, global epidemiological studies
have identified an association between depression
and poor sleep quality, whose causal relationship
remains unclear. (Amelia et al., 2022; Hu et al., 2020;
Joo et al., 2022). The identified association appears
bidirectional, as most depressed people suffer from
poor sleep quality, and patients with insomnia are
depressed (Anderson & Bradley, 2013). Further evi-

*Corresponding author: rvivanco21@gmail.com
Received: November 23, 2023 Accepted: April 20, 2024
Published: August 3, 2024
Editor: Felipe Fregni
Reviewers: Justyna Garnier, Caio Kasai,
Tatiana Gomez Gomez
Keywords: sleep quality, depression, statistical model,
logistic regression, reproducibility
DOI: http://dx.doi.org/10.21801/ppcrj.2024.102.1

dence suggests that sleep issues early in life precede
depression episodes that persist throughout adult-
hood (Touchette et al., 2012).

There have been efforts to elucidate the magnitude
of the sleep-depression relationship. Joo et al. (2022)
found that men and women with poor sleep quality
from the Korean Community Health Survey in 2018
were seven times more likely to suffer from depres-
sion. In addition, Hu et al. (2020) found that older
adults from Chinese nursing homes were three times
more likely to be depressed. Understanding the con-
sequences of poor sleep quality in the elderly may
help promote public health interventions to improve
their quality of life.

It is still being determined if the findings from
Joo et al. (2022) apply to different cultures and age
groups. As such, we aim to replicate the associa-
tion model between depression and sleep quality, as
reported by Joo et al. 2022 in the Brazilian elderly
population from the Brazilian Longitudinal Study of
Aging (ELSI-Brazil). This study will allow for the
identification and deeper understanding of potential
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cross-culture differences in sleep quality, increasing
the external validity of the results.

Materials and Methods

Study Design
Our study design is a cross-sectional analysis of
Wave 2 of The Brazilian Longitudinal Study of
Ageing (ELSI-Brazil), sampled between 2019 and
2021 (Lima-Costa et al., 2023). The ELSI-Brazil
provides a representative sample of Brazil’s aged
population (≥50 years old). Through a national
survey, the authors collected several individual
measures, including demographics, lifestyle, general
health, previous diseases, ability to perform activities
of daily living, cognitive function, depressive symp-
toms, psychosocial measures, and use of medications.
Data was collected from 6,974 participants; however,
609 were excluded due to missing values (Figure
1). Therefore, the current analysis utilized only the
data from participants with complete information.
All participants signed a written informed consent
for the survey, which is now publicly accessible.
Therefore, no ethical approval was required.

Exposure

The exposure was assessed by participants
subjectively reporting the quality of their sleep. The
sleep quality was dichotomized into good (“very
good,” “good,” and “fair”) and bad (“bad” and “very
bad”). For comparison, we have analyzed the model
categorizing the response “fair” as poor sleep quality.
In addition, participants were asked if they had been
previously diagnosed by a medical professional,
taken any sleep medications during the last month
and if their doctors had said they had sleep problems.

Outcomes

The outcome variable was the presence of depressive
symptoms as categorized for participants with
a score of nine or more in the 8-item Center for
Epidemiological Studies Depression Scale (CES-D-8).
The CES-D-8 is a validated questionnaire for assess-
ing depressive symptoms in older people in clinical
and research settings (Turvey et al., 1999). Each
positive answer from the eight questions is scored
as 3 points. A cut-off of 9 points has been proposed
to identify those with clinically relevant depressive
symptoms (Briggs et al., 2018). In addition, the
previous diagnosis of depression and the current
use of antidepressants were also inquired about and
collected into categories.

Covariates

To replicate the model Joo et al. (2022) used, most
demographic, socioeconomic, and health-related
characteristics were included as covariates in the
adjusted model (Table 1). The demographic and
socioeconomic variables included categories of age,
marital status, education level, geographical area,
income score, and retirement status. These last
two differ slightly from the original model. The
income score was collected by asking the participants
how they would describe their household income.
Furthermore, instead of the type of job, as per the
original model, we included retirement status be-
cause the former variable was not gathered from the
ELSI-Brazil participants. The health-related variables
were smoking status, drinking frequency, weekly
walking sessions, and body mass index (BMI), catego-
rized into strata. We used subjective discrimination
as a surrogate for stress, measured in the original
model. Perceived discrimination has been associated
negatively with mental well-being in older adults and
proposed as a risk factor for depression, regarded as
a social stressor (Sutin et al., 2015; Hosler et al., 2019).

Statistical Analysis

We described the baseline characteristics of the popu-
lation using absolute and relative frequencies of each
categorical variable, as well as mean and standard
deviations of continuous variables. Multivariable lo-
gistic regression was used to analyze the differences
between depressed and non-depressed patients ac-
cording to the presence of poor sleep quality, ad-
justing for the relevant covariates. The results were
reported in odds ratio (OR) and 95 confidence in-
tervals (95% CIs). A p-value of <0.05 was defined
as the statistical significance level. The effect modi-
fication of sex was analyzed in the adjusted model.
Due to a statistically significant modification and gen-
der differences in depression (Weissman & Klerman,
1977), we stratified the final regression model by gen-
der. A subgroup analysis stratified the population
by each covariate was performed to find the most
significant effect sizes in every subgroup. Sensitivity
analyses were conducted to analyze the association
when modifying the categorization of the primary
exposure (sleep quality) and changing the variable
used as the primary exposure. All statistical analyses
were conducted using STATA 18 software (College
Station, TX).

Results

Baseline Characteristics
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Figure 1: Flow diagram of studies assessed for eligibility according to PRISMA criteria.

The characteristics of the included participants
are represented in Table 2. The total number of
participants was 6,365, of which 3,845 (60.4%) were
women and 2,520 (39.6%) were men. The prevalence
of poor sleep quality in this elderly population was
15.6%; more specifically, 11.1% of the men and 18.6%
of the women reported subjective poor sleep quality.
Among the poor sleep quality group, 67% of the
men and 80% of the women were categorized as
depressed with a CED-8-item scale of 9 points or
more. Men and women with poor sleep quality were
statistically more likely to experience depressive
symptoms (p=0.000).

Main Results

DThe multivariate logistic regression model showed
that patients with poor sleep quality were four
times more likely to be depressed (OR=4.1 [3.35 -
5.01]) (Table 3). There is a statistically significant
interaction between sex and sleep quality in the
association with depression (p=0.04). Therefore, the
association between sleep quality and depression
depended on the sex of the patient. Specifically,
women with poor sleep quality are more likely to
be depressed than men with poor sleep quality.
The adjusted model stratified by sex (Table 3)
demonstrated that men and women with poor sleep
quality were more likely to be depressed. Compared

with those of the reference group, the ORs (95% CIs)
for depression in the group with poor sleep quality
were OR = 3.11 [95% CI, 2.39–4.05] in men and OR =
4.39 [95% CI, 3.60–5.35] in women.

Sensitivity Analysis

We obtained similar results when sleep quality
recategorization (Table A.1) was used for the analysis.
The association was generally more efficient by
categorizing “fair” as poor sleep quality, as seen
from the shorter confidence intervals. Furthermore,
the association remained significant when we used
a different exposure, such as previous diagnosis of
depression, categorical subjective sleep quality, and
weekly use of sleep medications (Table A.2). There
was an exposure-response relationship between sleep
quality, the use of sleep medications, and depression.
The exception was for men using less than one sleep
medication per week. They were not more likely to
have depression compared with men who do not use
sleep medications (OR 1.59 95% CI[0.84-2.99]).

Subgroup Analysis

The relationship between sleep quality and depres-
sion stratified by sex was analyzed by subgroup of
each covariate in Table 5. In both men and women,
patients in their fifties (OR 4.28 for men; OR 4.91
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for women), divorced (OR 4.30 for men; OR 7.74
for women), drinking more than once per month
(OR 3.43 for men; OR 14.46 for women) and non-
discriminated (OR 3.89 for men; OR 6.32 for women)
had higher ORs than their counterpart subgroups.
Nevertheless, there were differences between men
and women in the rest of the subgroups when
stratifying by educational level, area of residence,
income, retirement status, smoking status, walking
frequency, and BMI.

Discussion

We found a strong link between sleep quality, depres-
sion, and gender as an interaction factor. Both men
and women with poor sleep quality were three and
four times, respectively, more likely to have depres-
sion. Furthermore, when adjusted, both men and
women show a tendency toward depression when
poor sleep quality is present. However, there is still a
need for gender-specific approaches to address sleep-
related mental health concerns. Similar findings were
reported by Joo et al. in their subgroup analysis.

Compared to the study by Joo et al. (2022), we
found a weaker association between poor sleep qual-
ity and depression. The difference could be related
to the power of our study since their sample size was
more prominent than ours (176,194 patients vs 6,365
patients). There were also differences in the preva-
lence of poor sleep quality and depressive symptoms
in the exposed groups. Joo et al. (2022) reported
a prevalence of poor sleep quality of 72% in men
and 46% in women. Among them, the prevalence
of depression was less than 10% in both groups. In
contrast, we found a more negligible prevalence of
poor-quality sleep. However, 67% of men and 80%
of women from this exposed group were depressed.
These differences may be due to different measure-
ment instruments used to gather the survey’s clinical
data.

Similar studies found the same relationship in a
cross-sectional study of the elderly in Sao Carlos, São
Paulo, which found that 51.8% of the women have
sleep problems, with statistically significant results
found between sleep quality and sex (p=0.008). In our
study, this relation was also significant (p=0.04) (Mota
S et al., 2021). Another cross-sectional study was
made in Indonesia, where they evaluated the relation
between the lack of sleep quality and depression; they
identified poor sleep quality as a factor leading to a
higher risk of depression (OR = 4.2; 95% CI: 3.7–4.6;
p < 0.001), comparing with our study we obtained
similar results in the Brazilian elderly population
(OR = 4.1; 95% CI: 3.5–5.01; p < 0.0001) (Amelia et al.,
2022)

The biological basis of this sleep-mood relation-
ship may involve inflammatory cytokines that can
be activated by sleep disruption and a decrease in
monoamines such as serotonin and norepinephrine
(Fang et al., 2019). As evidenced here, there is also
epidemiological evidence that people with sleep dis-
turbances have higher odds of depression. Further-
more, poor sleep quality may have consequences on
cognition in elderly patients, acting as a mediator fac-
tor along with depression (Liu, 2022; China). Lastly,
sleep quality and duration were independently asso-
ciated with worsened quality of life in older adults
(Hu et al., 2022).

Therefore, it is essential to implement public health
measures aimed at reducing the prevalence of de-
pression among the elderly. These interventions
should target particularly older adults living in nurs-
ing homes, as the prevalence of sleep disturbances
is significantly larger (Hu et al., 2019; Orhan et al.,
2011). Hu et al. (2022) found that physical activ-
ity can modulate the effect of poor sleep quality
on depression and quality of life. Also, common
pathophysiological pathways in disturbances of neu-
rotransmitters may suggest that antidepressants or
interventions aimed at modulating serotonin and
norepinephrine alterations may effectively treat co-
morbid sleep and mood disorders (Fang et al., 2019).
Future clinical research should focus on elucidating
the causal association between sleep and depression
in prospective studies and assessing the efficacy of
clinical interventions in randomized clinical trials.
Exercise programs with moderate-intensity exercises,
considered 150 minutes per week, are reported to
have a positive outcome and improve sleep quality
in older adults over 60. Low-intensity and combined
low-to-moderate-intensity exercises are preferable to
vigorous-intensity exercise. One of the most recom-
mended types of exercise is Tai Chi, and social partic-
ipation has shown additional benefits (Vanderlinden
et al.).

There were some limitations in this replication
study. First, there were differences between the study
used for the replication model (Joo et al., 2020). Our
sample size was smaller, and the covariates used for
the model differed. To adapt these changes to our
population, we attempted to replace similar covari-
ates, stress with discrimination, and job type with
retirement status. Another limitation is that we used
a self-report scale to measure sleep quality instead
of a validated instrument. The lack of a validated
questionnaire also prevented us from analyzing spe-
cific components of sleep patterns. This difference
in tools could introduce a measurement bias in our
project, affecting the validity of the results. Lastly,
we only analyzed the ELSI-Brazil participants with
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a complete dataset. There are likely relevant differ-
ences related to the outcome between included and
excluded participants, such as socioeconomic and
cognitive factors, to be able to answer the complete
set of questions from the survey. Another limitation
of this study is its cross-sectional design, which pre-
cludes establishing causality. Future projects should
be undertaken to investigate causal relationships.

Conclusion

Our study on Brazilian elders highlights a significant
link between sleep quality, depression, and gender.
Men and women with poor sleep quality are three
and four times more likely to have depression com-
pared to those with good sleep quality. Notably,
we found a significant interaction with gender, mak-
ing women more prone to depression due to poor
sleep than men. While our findings contribute to
understanding the nature of the sleep-depression re-
lationship, future prospective studies should focus
on elucidating its causal pathway considering gender
interaction. Public health measures should prioritize
tailored interventions for sleep issues, especially in
nursing homes.

Funding

This research received no external funding.

Conflicts of Interest

The authors declare no conflict of interest.

References

Amelia, V. L., Jen, H.-J., Lee, T.-Y., Chang, L.-
F., & Chung, M.-H. (2022). Comparison of the
associations between self-reported sleep quality
and sleep duration concerning the risk of de-
pression: A nationwide population-based study
in Indonesia. International Journal of Environ-
mental Research and Public Health, 19(21), 14273.
https://doi.org/10.3390/ijerph192114273

Anderson, K. N., & Bradley, A. J. (2013). Sleep
disturbance in mental health problems and neurode-
generative disease. Nature and Science of Sleep, 5,
61–75. https://doi.org/10.2147/NSS.S34842

Blazer, D. G. (2003). Depression in late
life: review and commentary. J Gerontol
A Biol Sci Med Sci, 58(3), 249-65. https:
//doi.org/10.1093/gerona/58.3.m249

Briggs, R., Carey, D., O’Halloran, A. M., Kenny, R.
A., & Kennelly, S. P. (2018). Validation of the 8-item
Centre for Epidemiological Studies Depression Scale
in a cohort of community-dwelling older people:
Data from The Irish Longitudinal Study on Ageing
(TILDA). European Geriatric Medicine, 9(1), 121–126.
https://doi.org/10.1007/s41999-017-0016-0

Cheung, B. Y., Takemura, K., Ou, C., Gale, A., &
Heine, S. J. (2021). Considering cross-cultural differ-
ences in sleep duration between Japanese and Cana-
dian university students. PLoS One, 16(4), e0250671.
https://doi.org/10.1371/journal.pone.0250671

Fang, H., Tu, S., Sheng, J., & Shao, A. (2019). Depres-
sion in sleep disturbance: A review on a bidirectional
relationship, mechanisms, and treatment. Journal
of Cellular and Molecular Medicine, 23(4), 2324–2332.
https://doi.org/10.1111/jcmm.14170

Hosler, A. S., Kammer, J. R., & Cong, X. (2019).
Everyday discrimination experience and de-
pressive symptoms in urban Black, Guyanese,
Hispanic, and White adults. Journal of the Amer-
ican Psychiatric Nurses Association, 25(6), 445–452.
https://doi.org/10.1177/1078390318814620

Hu, W., Chu, J., Chen, X., Liu, S., Sun, N., Han, Q.,
Li, T., Feng, Z., He, Q., & Shen, Y. (2022). The role of
depression and physical activity in the association be-
tween sleep quality and duration with health-related
quality of life among the elderly: A UK Biobank
cross-sectional study. BMC Geriatrics, 22(1), 338.
https://doi.org/10.1186/s12877-022-03047-x

Hu, Z., Zhu, X., Kaminga, A. C., Zhu, T., Nie, Y.,
& Xu, H. (2020). Association between poor sleep
quality and depression symptoms among the elderly
in nursing homes in Hunan province, China: A
cross-sectional study. BMJ Open, 10(7), e036401.
https://doi.org/10.1136/bmjopen-2019-036401

Kawamura, K. Y. (2012). Body image among
Asian Americans. In T. Cash (Ed.), Encyclopedia
of Body Image and Human Appearance (pp. 95-102).
Academic Press. https://doi.org/10.1016/
B978-0-12-384925-0.00039-0

Lee, B., Wang, Y., Carlson, S. A., Greenlund, K. J.,
Lu, H., Liu, Y., Croft, J. B., Eke, P. I., Town, M., &
Thomas, C. W. (2023). National, state-level, and
county-level prevalence estimates of adults aged
≥18 years self-reporting a lifetime diagnosis of
depression—United States, 2020. MMWR. Mor-
bidity and Mortality Weekly Report, 72(24), 644–650.

Principles and Practice of Clinical Research (2024) 10; 2 5

https://doi.org/10.3390/ijerph192114273
https://doi.org/10.2147/NSS.S34842
https://doi.org/10.1093/gerona/58.3.m249
https://doi.org/10.1093/gerona/58.3.m249
https://doi.org/10.1007/s41999-017-0016-0
https://doi.org/10.1371/journal.pone.0250671
https://doi.org/10.1111/jcmm.14170
https://doi.org/10.1177/1078390318814620
https://doi.org/10.1186/s12877-022-03047-x
https://doi.org/10.1136/bmjopen-2019-036401
https://doi.org/10.1016/B978-0-12-384925-0.00039-0
https://doi.org/10.1016/B978-0-12-384925-0.00039-0


Original Article

https://doi.org/10.15585/mmwr.mm7224a1

Liu, X., Xia, X., Hu, F., Hao, Q., Hou, L.,
Sun, X., Zhang, G., Yue, J., & Dong, B.
(2022). The mediation role of sleep quality
in the relationship between cognitive decline
and depression. BMC Geriatrics, 22(1), 178.
https://doi.org/10.1186/s12877-022-02855-5

Mota, S. G., Jesus, I. T., Inouye, K., Macedo, M.
N. G. F., Brito, T. R. P., & Santos-Orlandi, A. A.
dos (2021). Is poor quality sleep present in older
adults with worse social and health status?. Texto
& Contexto - Enfermagem, 30, e20200614. https:
//doi.org/10.1590/1980-265X-TCE-2020-0614

O’Leary, K., Bylsma, L. M., & Rottenberg, J.
(2017). Why might poor sleep quality lead
to depression?: A role for emotion regulation.
Cognition & Emotion, 31(8), 1698–1706. https:
//doi.org/10.1080/02699931.2016.1247035

Orhan, F. O., Tuncel, D., Taş, F., Demirci, N., Özer, A.,
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