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Abstract
Background:

Poor Sleep Quality and nutritional vulnerability are prevalent among older adults, yet evidence on their
interrelationship in Bangladesh remains overlooked. This study therefore aimed to assess the
association between nutritional status and sleep quality among community dwelling older adults in
selected rural and peri-urban areas of Dhaka, Bangladesh.

Methods:

We conducted a community-based cross-sectional study among 500 adults aged 60 years or older in
Savar and Dhamrai between August and September 2023. Sleep quality was assessed using the
Pittsburgh Sleep Quality Index (PSQl), and nutritional status was evaluated using the Mini Nutritional
Assessment—Short Form (MNA-SF). Multivariable linear and quantile regression models were used to
examine the association between continuous MNA-SF and PSQI scores. Binary logistic regression
estimated associations between nutritional-status categories and poor sleep quality.

Results:

Overall, 60.8% of participants had poor sleep quality, 53.8% were at risk of malnutrition, and 37.4% were

malnourished. In the adjusted linear model, each one-point increment in MNA-SF score was associated

with a 0.405-point lower PSQI score (B =-0.405; 95% Cl: -0.584-0.226). Significant inverse associations
were also evident at the 10th, 25th, 50th and 75th PSQI quantiles. In adjusted logistic regression model,
compared with well-nourished participants, malnourished participants had higher adjusted odds of poor
sleep quality (aOR =3.75;95% Cl =1.77-7.95), as did those at risk of malnutrition (aOR =2.33; 95% Cl =

1.14-4.76).

Conclusion:

Poor sleep quality and nutritional vulnerability were pervasive among the community-dwelling older
adults of Savar and Dhamrai. Poorer nutritional status was independently associated with poor-sleep
quality after adjusting all the relevant covariates. Longitudinal studies are needed to establish
temporality and elucidate the potential causal pathways.

Introduction

Globally, the population is ageing at an accelerated pace across both developing and developed
countries (1), largely advances in health care and public health have increased life expectancy over
recent decades (2). The United Nations (UN) projects that the population aged 60 years or older will
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increase from 1.2 billion in 2024 to 2.1 billion by 2050 (3). Bangladesh is undergoing a similar
demographic transition, where life expectancy increased from 57.5 years in 1990 to 72.3 years in
2023(4) and almost 10% of the population is now aged 60 years or older (5). This transition is
accompanied by a substantial burden of sensory impairment, musculoskeletal conditions, chronic
obstructive pulmonary disease (COPD), diabetes, depression, and dementia among older adults (6). To
preserve functional capacity and mental health wellbeing in later life is therefore an increasingly salient
public health priority (7).

Sleep disturbances are among the most common health problems affecting older adults (8), including
insomnia, fragmented sleep, altered sleep duration, and conditions such as restless legs syndrome and
sleep-disordered breathing (9)(10). Poor sleep quality has been shown to adversely affect quality of life
and is associated with numerous adverse health outcomes, including cognitive decline, cardiovascular
disease, increased risk of falls, functional impairment, and mortality (11-15). Additionally, it may
substantially impair daily performance in both social and professional aspects (16). The prevalence of
poor sleep quality among older adults varies widely across settings, ranging from 10% to 62% globally
(8). In 2014, a study conducted in Bangladesh reported approximately 39.2% of older adults suffer from
insomnia (17). Malnutrition is another common health concern among older adults worldwide. Around
one-third of the global elderly population is at risk of malnutrition (18), owing to a range of factors such
as physiological changes, chronic ilinesses, psychological stress, and loss of appetite (19).

Although poor sleep-quality and malnutrition are both common among older adults, evidence regarding
their interrelationship in Bangladesh remains limited. Previous Bangladeshi studies have primarily
examined sleep duration during COVID-19 pandemic (20), insomnia (17), psychological conditions (21).
Furthermore, previous studies have generally examined mean or binary sleep outcomes without
assessing how the nutritional-status association varies with sleep quality. Therefore, this study primarily
aimed to examine the association between nutritional status and sleep quality among community-
dwelling older adults in selected rural and peri-urban areas of Dhaka district. Secondary objective was to
estimate the prevalence of poor sleep quality and nutritional vulnerability. The findings of this study may
contribute important data-driven new insights in mitigating the vulnerability among older adults and to
inform the development of public health strategies by policymakers and gerontologists in Bangladesh
and other lower- and middle-income countries (LMICS).

Methods

Study Design, Population and Settings

A community-based cross-sectional study was conducted between 1 August and 15 September 2023
among older adults aged 60 years or older residing in selected rural or peri-urban settings of Savar and
Dhamrai upazilas. Pathalia union under Savar, was selected to present predominantly peri-urban in
character. Shombag and Kushura unions under Dhamrai, were selected as the rural setting. The
communities in these unions were selected purposively based on accessibility and contrasting
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residential characteristics. Eligibility criteria of the participants were, including aged 60 years or older;
permanent residents of the study areas; could provide consent of the interview. Exclusion criteria were,
including severe illness during the time of interview, severe illness or communication impairment, and
inability to stand.

Sample Size Calculation

The sample size was calculated using the single-population proportion formula. Assuming a prevalence
of poor sleep quality of 50%, a 95% confidence level, and a 5% of margin of error, the minimum required
sample size was 384. To target was increased to 500 to improve precision and allow for incomplete
responses.

Data Collection and Measurements

Data were collected through face-to-face interviews using a structured questionnaire consisting of four
sections. The first section included questions on socio-demographic characteristics, and anthropometric
measurements including weight and height. The second section assessed dietary diversity; the third
section evaluated the nutritional status; and the fourth section assessed sleep quality of the older adults.

Assessment of Sleep Quality

The Pittsburgh Sleep Quality Index (PSQl) is a broadly used instrument in epidemiological studies for
measuring sleep quality (22). The PSQI consists of 19 items designed to assess seven sleep patterns of
previous one month, including subjective sleep quality, sleep duration, sleep latency, habitual sleep
efficiency, sleep disturbance, daytime dysfunction, and use of sleep medications (23). Each of the seven
PSQI components is scored from 0 to 3, and the scores are summed to generate an overall PSQI score
ranging from 0 to 21. A global PSQI score of greater than 5 is defined as poor sleep quality, whereas a
score of 5 or below indicates good sleep quality (24). This tool already has been validated (25) and used
in previous studies of Bangladesh (26,27).

Assessment of Nutritional Status

The Mini Nutritional Assessment-Short Form (MNA-SF) is a well-established, simple and rapid screening
tool for assessing the nutritional status of older adults, particularly identifying malnutrition and at risk in
this population (28) (29). The MNA-SF contains six domains, including involuntary weight loss over the
past three months, mobility, body mass index (BMI) or calf circumference (CC), problems with appetite
or food intake during the last three months, psychological stress or acute illness during the last three
months, and either suffering from neuropsychological issues (dementia or depression) (30). Total MNA-
SF score ranges from 0 and 14, with scores of 0 — 7 indicating malnutrition, 8 — 11 indicating risk of
malnutrition, and 12 - 14 indicating normal nutritional status (31).

Assessment of Dietary Diversity
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The Dietary Diversity Score (DDS) was used to assess the dietary diversity of the participants based on
prior studies employing a cut-off value of 5 to categorize dietary diversity, with a DDS of (=5) indicating
high dietary diversity and a DDS of <5 indicating low dietary diversity (32,33). DDS was calculated based
on the consumption of 10 food groups: fresh fruits, fresh green leafy vegetables, preserved fruits or
vegetables or pickles, meat (cow, chicken, goat, duck or others), fish, lentils or pea or chickpea, eggs,
spices, dairy products, and dry seeds products on a recall method. For fruits and vegetables, response
options were almost every day, often, sometimes, and rarely. Besides, the remaining food groups,
response option were almost every day, at least once a week, at least once a month, occasionally, and
rarely. Responses indicating frequent consumption, such as almost every day, often, or at least once a
week were scored as 1, whereas less frequent consumption, including at least once a month,
occasionally, and rarely, was scored as 0.

Explanatory Variables

The explanatory variables included participants’ socio-demographic characteristics, lifestyle-related
habits, physical activity, anthropometric measurement. Socio-demographic variables comprised age, sex,
marital status, educational attainment, employment status, place of residence, etc. Individual lifestyle-
related variables, including smoking habit, betel leaf habit, smokeless tobacco use, tea or coffee
consumption, and alcohol intake. Physical activity was assessed by asking participants about the
average amount of time spent per day engaging in vigorous physical activity (VPA), such as brisk cycling,
heavy lifting, or digging, and light physical activity (LPA), such as cooking, cleaning, ironing, dusting, and
putting away groceries. Health-related variables, including the presence of chronic health issues based
on the subjective perception, the number of medications currently taken.

Statistical Analysis

Prior to analysis, the data set was thoroughly assessed for completeness, data quality, and potential
outliers to ensure analytical accuracy. Descriptive statistics were used to summarize the variables such
as categorical variables were shown as frequencies and percentages, and continuous variables were
summarized as mean and standard deviation (SD). Differences in sleep quality status across categorical
variables were assessed using the Pearson chi-square test. For continuous variables, the Mann-Whitney
U test (Wilcoxon rank sum test) was used whether the normality assumptions were not met, whereas the
independent-sample t-test was applied for normally distributed variables. Moreover, the PSQIl score was
not normally distributed; therefore, a quantile regression was fitted with at 10", 25", 50t 75" and 90™"
percentiles and estimated as covariate effects at multiple points of the outcome variable. For
comparison, a multiple linear regression model was also fitted by considering model assumptions such
as linearity, homoscedasticity, multicollinearity, were assessed. Covariates were selected based on
previous literature, and their theoretical and empirical relevance to sleep quality. In addition, binary
logistic regression was performed to examine the association between sleep quality and level of
nutritional status. All statistical analyses were carried out with STATA (version 15.1) and R Studio was
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used to visualize the data. In order to test our hypothesis, we set p < 0.05, with confidence intervals
calculated at the 95% level.

Ethical standard

The study protocol was approved by the Biosafety, Biosecurity, & Ethical Committee of the Faculty of
Biological Sciences, Jahangirnagar University, Bangladesh [Ref. No: BBEC, JUIM2025106 (276)].
Participants were informed about the study objectives, procedures, potential risks and benefits,
volunteer participation, and confidentiality. The study was conducted in accordance with the Declaration
of Helsinki.

Results

Socio-demographic, individual, and health related information

Table 1 presents the sociodemographic, individual habits, and health-related characteristics of the
participants. A biggest proportion of the participants (36.6%) belonged to the 60 to 64 years age group
and the mean age of the participants was 67.35 years (SD = 6.64). Overall, 57.6% were male, 60.8% had
no formal education, 69.0% were married, and 58.4% were not engaged in any income-generating
activity. Regarding individual habits, 58.2% of participants had never smoked. However, the majority had
either a current or former smokeless tobacco habit (59.6%), betel leaf consumption (68.2%), and tea or
coffee habit (69.4%).

In terms of physical activity, the mean daily duration (+SD) of light physical activity (LPA) was 3.45=
(£2.33) hours, while the mean vigorous physical activity (VPA) was 1.03 (+1.84) hours. A statistically
significant difference was observed between sleep quality and physical activity, including LPA and VPA
(p value < 0.05). Furthermore, 66.8% of participants had more than three comorbidities and comorbidity
been significantly associated with sleep quality (p value < 0.05). Notably, 70.1% of participants with poor
sleep quality belonged to the group with more than three comorbidities. In addition, 64.0% of participants
reported taking medications regularly, with a mean (+SD) number of regular medications of 1.72 (x1.94).
A statistically significant difference was found between sleep quality and the number of regular
medications taken (p < 0.05). The mean (¥SD) number of medications was 1.85 (+ 1.96) for poor sleep
quality, compared with 1.51 (+ 1.89) among good sleepers.

With respect to dietary and nutritional status, 52.8% of participants had a lower Dietary Diversity Score
(DDS). Sleep quality was significantly associated with DDS status, and 56.6% of participants with poor
sleep quality were from the lower DDS category. 53.8% of participants at risk of malnutrition and 37.4%
showed malnourished.

Association between the PSQI score and MNA-SF score

Table 2 presents the associations of PSQI score and MNA-SF score and other explanatory variables
using both Ordinary Least Square Regression (OLS) model and quantile regression. A multivariable
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quantile regression was fitted at the 10th, 25th, 50th, 75th, and 90th quantiles of the PSQI score to
examine whether these associations varied across the distribution of sleep quality. The pseudo-R?
values ranged from 0.070 to 0.231, indicating modest model fit, the magnitude of the coefficient was
larger at higher quantiles.

A significant negative association was observed between PSQI score and MNA-SF score in both OLS and
quantile regression models. In the adjusted OLS model, each one-unit increase in MNA-SF score was
associated with a 0.405 unit decrease in PSQIl score (B=-0.405 95% CI: -0.584 to -0.226), suggesting that
better nutritional status was associated with better sleep quality. Similar significant negative
associations were observed at 10", 251 50™ and 75, though the association was not significant at the

90™ quantile.

A positive significant association was found between residential status and PSQI score. This association
was progressively stronger at higher quantiles, with coefficients increasing from 1.09 at the 10™ quantile
to 4.26 at the 90™ quantile. A similar trend also observed in OLS, suburban residents consistently
showed higher PSQI scores, than rural residents (8=2.26; 1.58 - 2.94). Higher BMI was positively
associated with PSQl in the 10t and 50" quantiles, indicating worse sleep quality with higher BMI score
and similar result was found in the OLS. Moreover, the number of regular medications was also positively
associated with the PSQI score in OLS model (8=0.210), and this relationship was more pronounced at
the 75th and 90th quantiles, suggesting that number of taking medicines may be particularly relevant
with participants with poorer sleep.

Light Physical Activity (LPA) was inversely associated with PSQI score in the OLS model (B=-0.196),
indicating greater LPA with better sleep quality. This negative relationship was stronger at the higher
quantiles. In contrast, vigorous physical activity (VPA) was not significantly associated with PSQI score
in OLS, though a positive significant association was observed at the 90th quantile, suggesting the
gradual increasing trend of 8 at quantiles model indicating an unexpected finding that the VPA increases
the probability of poor sleep habit unlike LPA. Finally, the dietary diversity score (DDS) score showed a
significant negative association with PSQI score only at the 90" quantile (8= -0.030), indicating that
better dietary diversity may be associated with improved sleep quality.

Association between nutritional status and sleep quality

Table 3 presents the association between sleep quality and nutritional status of community dwelling
older adults at Dhaka district. In the unadjusted model (Model A), malnourished older adults had 3.91
timed higher odds of poor sleep quality than well-nourished participants (OR = 3.91; 95% Cl: 1.97-7.75).
Participants at risk of malnutrition also had significantly higher odds of poor sleep quality (OR = 2.12;
95% Cl: 1.10-4.08). These associations persisted in Model B after adjustment for age, sex, marital status,
employment status, educational attainment, place of residence, and living arrangement. Similarly, in the
fully adjusted model with adjusting all of the covariates (Model €), malnutrition remained significantly
associated with higher odds of poor sleep quality (AOR = 3.75; 95% Cl = 1.77-7.95), as did being at-risk of
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malnutrition (AOR = 2.33; 95% Cl = 1.14, 4.76). Overall, the findings indicate a graded association, with
the highest odds of poor sleep quality observed among malnourished participants.

Discussion

Poor sleep quality is an important, yet overlooked, dimension to ensure healthy aging concept,
particularly in resource-constrained settings where evidence on its nutritional correlates remains scarce.
Therefore, this study investigated sleep quality and its association with nutritional status and other
significant determinants among older adults living in rural and suburban areas of Dhaka district,
Bangladesh. Poor sleep quality was highly prevalent in the study population, affecting 60.8% of
participants. In parallel, a substantial proportion of participants were nutritionally vulnerable, with 37.4%
classified as malnourished, 53.8% as being at risk of malnutrition. The findings demonstrated a
significant inverse association between PSQI score and MNA-SF score in both the quantile regression
and multivariable linear regression, indicating that better nutritional status was consistently associated
with better sleep quality across much of the PSQI distribution. In addition, the logistic regression showed
malnourished participants and those at risk of malnutrition had significantly higher odds of poor sleep
habit than their well-nourished counterparts. Collectively, these findings delineate a substantial co-
burden of nutritional vulnerability and poor sleep quality among older adults residing at rural and peri-
urban settings of Dhaka district.

The reverse association between nutritional status and sleep quality accords with findings from the Yiwu
Elderly Cohort in China (33). Several biological pathways could plausibly underpin this association.
Evidence showed malnutrition compromise brain physiology through deteriorating white matter, and
leading to neurodegenerative disorders particularly among adolescents (34). Nutritional deficiencies,
particularly inadequate tryptophan intake, may influence melatonin synthesis and dysregulate sleep
patterns (35). Conversely, poor sleep quality may also contribute to malnutrition by disrupting energy
balance and calorie spending (36). Additionally, sleep disturbances can also dysregulate appetite-
regulating hormones, including lower leptin and spiking ghrelin concentrations, with downstream
consequences for appetite and metabolism (37). These mechanisms remain provisioned in the context
of our cross-sectional findings and warrant evaluation in longitudinal studies.

The present study revealed 60.8% of participants experienced poor sleep quality. This estimate was
lower than the 82% prevalence of insomnia reported in a recent Bangladeshi study, but was broadly
commensurate with estimates from Saudi Arabia and India, where approximately 66% of older adults
experienced sleep-related problems (38,39). Lower estimates, ranging from 27.7% to 44.0%, have been
documented in China, South Korea, and northern Thailand (40-43). Such heterogeneity could reflect
differences in measurement instruments, population composition, sampling strategies, and socio-
cultural context.

The current study also found 37.4% of participants were at malnourished, and a further 53.8% were at
risk of malnutrition. This burden proportion of malnutrition appeared to be higher than findings reported
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in earlier national as well as international studies. In 2021, a study conducted in some villages of Dhaka
district showed 28.6% of older adults were malnourished, though the prevalence of at risk of malnutrition
had higher a prevalence with 65.3% (44). Moreover, in 2022 another study conducted in rural areas of
Bangladesh reported 30.3% of older individuals were malnourished (45). Some recent international, and
sub-continental evidences also showed a substantial variation in nutritional status among older
populations. A systematic review showed globally, the prevalence of malnutrition is 18% (Cl: 16 to 21%)
among older adults (46). Moreover, another previous systematic review in India reported 18% and 48% of
elderly people are suffering from malnutrition and at risk of malnutrition, respectively (47). A study
conducted in Hong Kong reported that nearly 30% of older adults were at risk of malnutrition (48),
whereas a markedly higher prevalence of malnutrition with 48.1% documented in Ethiopia (49).

The present study identified both light and vigorous physical activity were significantly associated with
PSQI scores. This finding is line with the study by Inoue et al. (2013) reporting older Japanese adults
who did not do regular or frequent physical activity had a higher likelihood of insomnia (50). The
beneficial role of physical activity in sleep may be explained through several mechanisms, including
releasing endorphins stabilizing stress and anxiety, consequently result relaxation and good sleep,
regulating rhythms of circadian, influencing body temperature, all of which may contribute to better sleep
initiation and overall sleep quality (51,52). Additionally, residential status showed a significant
association with sleep habits, as semi-urban participants had higher PSQI scores than rural
counterparts. One possible reason might be that the majority of older adults in rural Bangladesh are
more likely to engage in physically demanding activities, such as farming, agricultural work, than those
living in urban or peri-urban areas, which may contribute to better sleep habits. However, contrasting
evidence were explored in a meta-analysis of Chinese older adults reporting rural elderly individuals grew
more sleep disturbances than urban (53). Similar finding was also reported by Delbari et al. (2024)
among Iranian older adults (54).

Furthermore, a significant relationship was observed between number of regular taking medicines and
PSQIl scores, consistent with findings from studies conducted among older adults attending a public
hospital in South India (55) and hospitalized elderly in Malaysia (56). Additionally, previous studies
showed that majority of drugs, including antidepressants, antihypertensives, corticosteroids,
decongestants, caffeinated analgesics, antiepileptics, and diuretics have been attributed directly to poor
sleep quality (57). With regard to dietary diversity, the present study identified dietary diversity as
negatively associated with PSQI scores, suggesting that greater dietary diversity increases better sleep
quality. This finding is in line with pervious several studies conducted in Japan by Kurotani et. al., (2015)
(58), and in south Australia (2017) by Cao et. al. (59), and national wide survey by Muhammed T. et. al.
(2024) in India (60). One possible explanation might be inadequate sleep may often contribute the
likelihood of consuming unhealthy or high calorific snacks or foods, particularly during nighttime hours.

To summary, this study explored new insights regarding the association between sleep quality and
nutritional status among older adults residing at rural and peri-urban areas of Dhaka district. In response
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to the urgent actions for older adults, these findings may play as ace in addressing sleep related health
issues in future.

Strengths and Limitations

This study has several strengths. To the best of the author’s knowledge, this is the first study to examine
the relationship between sleep quality and nutritional status among community-dwelling older adults
from both rural and peri-urban perspectives. Another key strength is the use of validated tools to
measure both nutritional status and sleep quality, and both continuous and categorical formulations of
the main exposure and outcome were analyzed. In addition, by applying the quantile we could evaluate
how the outcome variable was varied in every quantile. Finally, the relatively large sample of older adults
enhanced statistical power.

However, several limitations of the present study should be acknowledged. First, the cross-sectional
design precludes the establishment of causal relationship or temporal relationships between the
outcome variables. Second, as the data were collected from a single district, the generalizability of the
findings to the broader Bangladeshi populations may be limited. Third, the use of self-reported measures
for lifestyle choices and sleep quality may have introduced recall and reporting biases. Fourth, important
poor sleep quality, including sleep apnea, and narcolepsy couldn’t be specifically assessed in this study.
We applied convenient sampling that may have introduced selection bias and limit generalizability
beyond the study areas. Additionally, although several covariates were adjusted for during analysis, the
possibility of residual confounding from unmeasured factors such as psychological stress, or genetic
predisposition, cannot be entirely excluded. Besides, sleep quality was measured on the basis of
subjective rather than objective measurement tools. Future research should consider longitudinal and
interventional study designs to better explore the causal pathways linking nutritional status and sleep
health among older adults. Future research may be benefited by including older adults from a wider
range of geographical settings to improve the generalizability of the findings. Additionally, intervention-
based studies that focused on improving dietary practices, encouraging optimal physical activity, and
supporting better medication management could offer valuable evidence for improving sleep quality and
overall well-being among older individuals.

Conclusion

Poor sleep quality and nutritional vulnerability were highly prevalent among community-dwelling older
adults residing in rural and peri-urban Dhaka district, Bangladesh. Lower MNA-SF scores were
associated with higher PSQI scores, and participants who were malnourished or at risk of malnutrition
had higher adjusted odds of poor sleep quality than those who were well nourished. Malnourished and
at-risk older adults were more likely to experience poor sleep quality than their well-nourished
counterparts. Additionally, this relationship associated with residential settings, low physical activity,
number of regular taking medicines, higher dietary diversity, further indicate that sleep health is
embedded within a broader constellation of nutritional, behavioral, and clinical factors. These findings
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suggest an integrated healthy-aging by maintaining a good nutritional status, to ensure a better sleep
habit of older adults by promoting daily physical activity, reducing higher dependency on medicines,
improving dietary diversity, etc.
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Tables

Table 1: Socio-demographic characteristics of the participants with sleep quality (n = 500).

Page 17/24



Characteristics

Socio-demographic information

Age category

60 to 64 years

65 to 69 years

> 70 years

Sex

Male

Female

Educational status
No formal education
Primary or below
Secondary or above
Marital status
Married

Widowed and others
Occupation
Employed
Unemployed or retired
Residential Status
Peri-urban

Rural

Individual habit
Smoking habit
Current or former
Never

Betel leaf habit

n (%)

183 (36.6)
161 (32.2)
156 (31.2)

288 (57.6)
212 (42.4)

304 (60.8)
107 (21.4)
89 (17.8)

345 (69.0)
155 (31.0)

208 (41.6)
292 (58.4)

244 (48.8)

256 (51.2)

209 (41.8)
291 (58.2)

Good Sleep
Quality

196 (39.2)

70 (35.7)
69 (35.2)
57 (29.1)

119 (60.7)
77 (39.3)

115 (58.7)
49 (25.0)
32 (16.3)

142 (72.5)
54 (27.5)

75 (38.3)
121 (61.7)

76 (38.8)

120 (61.2)

85 (43.4)
111 (56.6)
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Poor Sleep
Quality

304 (60.8)

113 (37.2)
92 (30.2)
99 (32.6)

169 (55.6)
135 (44.4)

189 (62.2)
58 (19.1)
57 (18.7)

203(66.8)
101 (33.2)

133 (43.7)
171 (56.3)

168 (55.3)

136 (44.7)

124 (40.8)
180 (59.2)

p value

0.488

0.254

0.275

0.181

0.224

<0.001

0.568




Current or former

Never

Smokeless tobacco consumption

Current or former

Never

Tea or coffee habit

Current or former

Never

Health related information
Physical activity

Light Physical Activity (LPA)

Vigorous Physical Activity (VPA)

Number of comorbidities
No comorbidities

<3

>3

Currently taking medicines

Yes

No

Average number of taking
medicine

Diet Diversity Score
Lower DDS

Higher DDS
Nutritional status
Well-nourished

At risk of malnutrition

Malnourished

343 (68.6)
157 (31.4)

298 (59.6)
202 (40.4)

349 (69.4)
151 (30.2)

19 (3.8)
147 (29.4)
334 (66.8)

320 (64.0)
180 (36.0)

1.72
1.94

264 (52.8)
236 (47.2)

44 (8.8)
269 (53.8)
187 (37.4)

129 (65.8)
67 (34.2)

109 (55.6)
87 (44.4)

135 (68.9)
61(31.1)

3.75+2.31

1.27 £1.91

13 (6.6)
62 (31.6)
121 (61.7)

118 (60.2)
78 (39.8)
1.51+1.89

92 (47.0)
104 (53.1)

27 (13.8)
115 (58.7)
54 (27.5)
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214 (70.4)
90 (29.6)

189 (62.2)
115 (37.8)

214 (70.4)
90 (29.6)

3.25+2.33

.88 +1.77

6 (1.9)
85 (27.9)
213 (70.2)

202 (66.5)
102 (33.5)
1.85+1.96

172 (56.6)
132 (43.4)

17 (5.6)
154 (50.7)
133 (43.7)

0.282

0.145

0.718

0.0014

0.0004

0.014

0.156

0.029

0.035

<0.001




Table 2: Multivariable analysis of PSQI score and MNA score by linear regression and quantile
regression modeling.
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Pseudo R? = 0.0764 (10™ Quantile)
Pseudo R? = 0.0701 (25" Quantile)
Pseudo R? = 0.1213 (50" Quantile)
Pseudo R? = 0.1213 (75" Quantile)

Pseudo R? = 0.2310 (90" Quantile)

Variables Multivariable
linear
Regression
B (95% CI)

MNA-SF score  -0.405 (-0.584
to -0.226) *

BMI 0.134 (0.029
to 0.238) *

Age -0.002 (-.057
to .051)

Sex

Female -0.242 (-.865
to 1.35)

Male ref.

Education level

No formal -0.126 (-1.11

education to .859)

Primary or -0.188 (-1.27

below t0.897)

Secondary or ref.

above

Marital status

Quantile regression

1 Oth
quantile

B (95%
W)

-0.366
(-.575 to
-.156) *

0.132
(.010 to
.254) *

-0.002
(-.065 to
.0608)

25t
quantile
B (95%
Cl)

-0.042
(-1.25to
1.17)

-0.214
(-1.54 to
1.12)
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50th
quantile
B (95%
Cl)

-0.474
(-.691 to
-.257) *

0.159
(.032to
.286) *

-0.005
(.07 to
.06)

0.042
(-1.30 to
1.38)

0.379
(-0.817 to
1.57)

-0.134
(-1.45to
1.18)

75t
quantile g
(95% CI)

-0.518
(-0.815to
-0.221) *

0.119
(-0.053 to
0.293)

-0.026
(-0.115to0
0.063)

0.163
(-1.67 to
2.00)

0.466
(-1.17to
2.10)

0.158
(-1.64 to
1.95)

goth
quantile
B (95%
Cl)

-0.170
(-0.428 to
0.087)

-0.005
(-0.155 to
0.145)

-0.023
(-0.101 to
0.054)

0.616
(-0.981 to
2.214)

-0.005
(-1.42to
1.417)

0.091
(-1.47 to
1.65)



Widowed

Married

Residential status

Sub urban

Rural

0.497 (-0.310
to 1.30)

ref.

2.26 (1.58 to
2.94) *

ref.

Employment status

Employed or

business

Unemployed or
retired (ref.)

Smoking habit

Never

Current or
former

Betel leaf habit

Never

Current or
former

Tobacco habit

Never

Current or
former

0.013 (-0.648
t0 0.675)

-0.550 (-1.50
t0.401)

ref.

-0.238 (-1.35
to .877)

ref.

-0.179 (-1.22
t0 .869)

ref.

Tea or coffee habit

Never

Current or
former

-0.134 (-1.00
t0.733)

ref.

0.058
(-.886 to
1.00)

1.09
(.296 to
1.88) *

-0.127
(-0.902 to
0.647)

0.495
( 61810
1.60)

0.281
(-1.02 to
1.58)

-0.419
(-1.64 to
:807)

0.034
(-0.981 to
1.04)

-0.106
(-1.09 to
.88)

1.01
(.175to
1.84) *

0.285
(-.88 1o
1.45)

-0.29
(-1.66 to
1.08)

0.038
(-1.25to
1.32)

-0.656
(-1.72 to
409)
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0.502
(-0.476 to
1.48)

2.28
(1.46 to
3.10) *

-0.087
(-0.889 to
.715)

-0.765
(-0.889 to
0.715)

0.433
(0.919 to
1.78)

-0.378
(-1.65 to
:892)

0.040
(1 01to
1.09)

0.662
(-0.677 to
2.00)

3.24
(2.11to
4.37) *

-0.062
( 1.16 to
1.03)

1.14
(-2.72to
430)

-0.061
(-1.91to
1.78)

-0.520
(-2.26 to
1.21)

0.146
( 1.29 to
1.58)

918
.646 to

_\/\o
mom

4.26
(3.28 1o
5.24) *

0.399
(-0.555 to
1.35)

-2.04
(-3.41to
-.673)

-0.749
(-2.35to
0.859)

-0.483
( 1.99 to
1.02)



Malnutrition

At risk of malnutrition

Well-nourished

*kk

3.91(1.97 - 7.75)

2.12(1.10-4.08) "
Ref.

*kk

4.36 (2.12 - 8.97)

*kk

2.61(1.31-5.20)
Ref.

Poly- 0.210 (.024 to 0.064 0.010 0.205 0.496 0.608
pharmacy .396) * (-0.153t0  (-0.218to  (-.0205t0 (0.187to  (0.339to
(Number of .282) .239) .430) 0.805) * 0.876) *
medicines)
LPA (hours) -0.196 (-.346 0.041 -0.05 -0.175 -0.417 -0.549
to -.046) * (-0.133 to (-0.234to (-0.357to (-0.6651to (-0.765 to
0.217) 0.133) .006) -0.168) * -0.333) *
VPA (hours) -0.037 (-.222 -0.003 -0.105 -0.173 -0.020 0.303
t0 .147) (-0.220 to (-.332to (-0.398to  (-0.328 to (0.036 to
0.213) 0.122) 0.051) 0.286) 0.570) *
DDS score -0.157 (-.364 -0.078 -0.112 -0.20 -0.188 -0.030
to .050) (-0.321 to (-.367 to (-0.452to0  (-0.532to (-0.329 to
0.164) 0.142) 0.05) .155) 0.268) *
Chronic health problem
Yes 0.528 (-.310to 0.741 0.099 0.597 0.563 0.781
1.36) (-0.241 to (-.932to (-0.420to  (-0.829to (-0.428 to
1.72) 1.13) 1.61) 1.95) 1.99)
No ref.
Table 3: Association between sleep quality and nutritional status
OR (95% CI) (AOR 95% CI) (AOR 95% CI)
Model 2 Model P Model ¢

*kk

3.75(1.77 - 7.95)

2.33(1.14-4.76) "
Ref.

[OR odd ratio; AOR adjusted odd ratio; Cl confidence interval

Model . Univariate model

Model ®: Multivariable model adjusted for age, sex, marital status, employment status, educational
status, residential status, and living status

Model €: Multivariable model adjusted for covariates in Model ®, light, and vigorous physical activity,
comorbidity status, DDS status, taking medicine or not, time of taking medicine, smoking habit, betel leaf
habit, tobacco habit, and tea or coffee habit]
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