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Background: Light exposure and sleep are closely related to many chronic con-
ditions. However, the associations between light exposure, sleep, and multimor-
bidity have been less well characterized, particularly in older adults with and
without mental illness.

Methods: A cross-sectional study was conducted in two representative areas in
Northwest China. Core sleep parameters, sleep-related symptoms, and sunlight
exposure were collected using self-reported questionnaires. We clustered overall
multimorbidity into three categories: physical-only, mental-only, and mental-
physical multimorbidity. Separate multivariable binary logistic regression analyses
were performed to examine the associations between sleep, sunlight exposure,
and multimorbidity.

Results: Of the 1,018 participants, the mean age was 68.56 years, and 48.53%
were female. Approximately half of the participants had two or more chronic
conditions, including physical-only (21.22%), mental-only (1.57%), and mental-
physical (28.49%) multimorbidity. Adjusted odds ratios (AORs) for sunlight expo-
sure were significantly lower in older adults with mental-physical multimorbidity
compared with those without. Higher odds for poor sleep quality, insomnia, snor-
ing, and daytime sleepiness were observed in older adults with either category of
multimorbidity. Sleep duration, non-extreme sleep timing, and sleep efficiency
were associated with reduced odds for overall and mental-physical multimorbid-
ity. Stratified analyses demonstrated stronger associations between sleep with
multimorbidity in females and the younger-old group, whereas sunlight exposure
was inversely associated with multimorbidity only in males.

Conclusion: Multimorbidity was prevalent in community-dwelling older adults.
Adequate sunlight exposure and good sleep quality are associated with reduced
odds of mental-physical multimorbidity.
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1 Introduction

Multimorbidity, defined as the co-occurrence of two or more
long-term conditions in an individual, represents a substantial and
growing public health challenge (1). In contrast to comorbidity, which
is a disease-focused concept that emphasizes additional conditions in
relation to an index condition, multimorbidity represents a broader,
more holistic, and patient-centered framework that conceptualizes the
total number and types of conditions a person has (1, 2). The preva-
lence of multimorbidity increases sharply with age, affecting up to 62%
of individuals aged 65-74 years and 81.5% of those aged 85 years and
older (2). Multimorbidity is linked to elevated risks of mortality, dis-
ability, functional decline, and diminished quality of life (1, 3, 4). It
also imposes a heavy economic burden on healthcare systems globally
through increased healthcare service utilization and catastrophic
health expenditures (5, 6).

Accumulating evidence suggests that mental and physical health
problems not only share common genetic correlations but also act
synergistically to exert negative effects on disability, leading to pro-
longed hospitalizations, higher costs, and increased mortality (4, 7, 8).
Several studies have established associations between mental health
problems (e.g., depression, anxiety) and various physical conditions,
including dementia, cardiovascular diseases, musculoskeletal disor-
ders, and gastroesophageal diseases (9, 10). A recent meta-analysis
reported that people with mental health conditions have 1.84-fold
higher odds (95% CI: 1.33-2.54) of having physical multimorbidity
compared to those without (11). Furthermore, individuals with men-
tal-physical multimorbidity exhibit more than a 150% increase in the
number of outpatient visits and hospitalization days, and face a 2.2-
fold higher likelihood of catastrophic health expenditure (5). Among
those with common mental illness, each additional physical illness
elevates the risk of frequent visits to the emergency department;
indeed, the adjusted odds ratio increases from 2.08 (for mental illness
alone) to 9.86 (for more than four physical conditions alongside
mental illness), compared to individuals with neither condition (12).
Thus, individuals with co-occurring mental and physical multimor-
bidity appear to constitute a distinct and high-risk phenotype.

Non-optimal sleep patterns, encompassing impaired sleep param-
eters (e.g., abnormal sleep duration, evening chronotype, irregular
sleep, low sleep efficiency) and sleep-related symptoms (e.g., sleep
disturbance, insomnia, daytime sleepiness, snoring) are crucial modi-
fiable risk factors that are positively associated with multimorbidity
(13-16). However, prior research has largely focused on the relation-
ship between sleep and physical conditions, frequently overlooking
the role of mental health within the multimorbidity spectrum. This
limitation implies that adequate sleep alone may be insufficient to
mitigate certain health risks, especially in the context of mental-phys-
ical multimorbidity, thereby highlighting the potential importance of
additional modifiable environmental factors. Among these, sunlight
exposure has emerged as a potentially significant contributor to over-
all health and well-being (17-19).

Light signals serve as fundamental zeitgebers (environmental cues
that synchronize circadian rhythms), enabling photosensitive life
forms to maintain stable yet adaptable circadian rhythms (20). Light—
dark conditions can help peripheral clocks remain synchronized, even
independently of the central clock mechanism in the suprachiasmatic
nucleus (21, 22). When an individual’s lifestyle pattern becomes mis-
aligned with the natural light-dark cycle, the risk of cardiovascular
disease, metabolic syndrome, neurological conditions, and cancer may
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subsequently increase (21). Empirical evidence supports this view-
point. A study of more than 85,000 individuals showed that day and
night light exposure are associated with several mental illnesses (18).
Another large study of over 400,000 UK Biobank participants demon-
strated that greater time spent in daytime outdoor light was associated
with improved mood, sleep, and circadian-related outcomes (19).
Moreover, a recent large-scale study by Ma et al. (17) involving
362,094 participants, revealed a J-shaped relationship between sun-
light exposure and dementia risk, wherein both insufficient and exces-
sive sunlight exposure were associated with an increased risk, and an
average of 1.5h per day was associated with the lowest risk.
Collectively, these evidence suggest that habitual light exposure may
represent an environmental risk factor influencing not only mental
health but also broader adverse health outcomes, potentially extend-
ing to multimorbidity.

Despite the established co-occurrence of physical and mental con-
ditions, the associations between sunlight exposure, sleep, and multi-
morbidity in older adults remain poorly understood (3, 9). To date, no
study has comprehensively investigated these relationships.
Substantially less is known about the role of these factors in older
adults with pre-existing mental illness. It is also unknown whether
these relationships exert consistent effects in individuals with and
without mental illness.

The primary aims of this study were: (1) to assess the prevalence
of multimorbidity (overall, physical-only, mental-only, and mental-
physical) among community-dwelling older adults in Northwest
China; and (2) to examine the associations of sleep (including both
sleep-related symptoms and parameters) and sunlight exposure with
multimorbidity, and to investigate whether these associations differed
between individuals with and without mental illness.

2 Methods
2.1 Study design and population

We conducted a cross-sectional study to investigate the prevalence
of multimorbidity and its associations with sleep and sunlight expo-
sure. Participants were recruited from two geographic regions in
Xinjiang, China (Yarkant County, YK; Yili County, YL). The sites were
selected to capture socioeconomic and environmental diversity among
older adults in Northwest China. Participants were identified through
a multistage, community-based sampling approach in collaboration
with local community health centers and village committees, which
provided registries of age-eligible residents and invited them to par-
ticipate. Inclusion criteria were community-dwelling adults aged
>60 years who were able to communicate in Mandarin or Uyghur.
Exclusion criteria included (1) severe visual or hearing impairments
and (2) severe medical conditions that precluded participation. This
study was approved by the Research Ethics Committee of Xinjiang
Medical University (IRB code: XJYKDXR20220725029). Face-to-face
interviews were subsequently conducted at community health sta-
tions. Prior to enrollment, all participants received a detailed verbal
and written explanation of the study’s purpose, procedures, risks, ben-
efits, and their rights from a trained bilingual investigator. The
informed consent process was conducted in the participant’s preferred
language (Mandarin or Uyghur). All participants then provided writ-
ten informed consent by signature or thumbprint (if illiterate) in the
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presence of a witness from local healthcare settings. Data were col-
lected by trained investigators. Participants would receive 10 yuan as
compensation for their time.

2.2 Sleep parameters and sleep-related
symptoms

Sleep health is a multidimensional concept. Accordingly, we
selected key sleep parameters based on the RU-SATED framework
(23), choosing sleep duration, timing, regularity, and efficiency to rep-
resent the essential domains of sleep health. Participants were asked
about their bedtime and wake-up time on workdays and weekends,
sleep onset time, and whether they had a regular sleep pattern. The
following parameters were derived: sleep duration (average time from
sleep onset to final awakening), sleep timing (mean midpoint between
sleep onset and awakening, where a midpoint outside of 2:00-
4:00 a.m. was defined as an extreme sleep midpoint), sleep irregularity
(self-reported irregular sleep-wake schedules), and sleep efficiency
(self-reported total sleep time divided by time in bed, multiplied
by 100%).

We also assessed the following sleep-related symptoms: sleep dis-
turbance, insomnia, snoring, and daytime sleepiness. Sleep distur-
bance was measured using the Pittsburgh Sleep Quality Index (PSQI),
with a score > 7 indicating poor sleep quality (24). Insomnia was
assessed using the Insomnia Severity Index (ISI), using a cutoff score
of > 10 (25). Snoring was evaluated by asking participants about the
frequency of snoring or apnea (defined as cessation of breathing for
>10 s) during sleep, which was categorized as never or rarely (< 1 time
per week), occasionally (2-3 times per week), or frequently (> 4 times
per week). Daytime sleepiness was determined by the Epworth
Sleepiness Scale, where a score > 11 indicated excessive sleepi-
ness (26).

2.3 Sunlight exposure

Sunlight exposure time was collected using two self-reported
questions: On average, (1) how much time do you spend outdoors
under daylight (i.e., without overhead covering) on a typical workday?
and (2) on a typical non-workday (rest day/weekend)? The average
daily sunlight exposure was then calculated using the following for-
mula: (workday exposure x 5 + non-workday exposure x 2)/7.

2.4 Definition of multimorbidity

Multimorbidity was defined as the coexistence of two or more
chronic diseases in the same individual. A total of 14 chronic condi-
tions were assessed, including hypertension; diabetes; heart disease or
cardiovascular disease (CVD); stroke; cancer; chronic lung diseases
(bronchitis, emphysema, pneumonia, asthma); liver diseases and
hepatitis; kidney diseases (e.g., chronic nephritis); stomach or other
digestive diseases (gastric or duodenal ulcer, cholecystitis, cholelith
disease); emotional, nervous, or psychiatric problems; memory-
related diseases (dementia, Parkinson’s disease, epilepsy); arthritis,
rheumatism or rheumatoid disease; tuberculosis or AIDS; and periph-
eral vascular disease. The number of chronic diseases was summed for
each participant, and those with two or more chronic diseases were
classified as having multimorbidity.

Among these, we further categorized multimorbidity into three
mutually exclusive subtypes: (1) physical-only multimorbidity, defined
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as the presence of >2 physical chronic conditions and no mental ill-
ness, as defined below; (2) mental-only multimorbidity, defined as the
presence of >2 mental health conditions and no physical chronic con-
ditions; and (3) mental-physical multimorbidity, defined as the coex-
istence of at least one physical chronic condition and at least one
mental illness. Mental illness was defined as meeting any of the fol-
lowing criteria: (1) self-reported emotional, nervous, or psychiatric
problems; (2) depression (indicated by a Geriatric Depression Scale-
15 score >5) (27); or (3) anxiety (indicated by a Generalized Anxiety
Disorder-7 score>5) (28).

These multimorbidity categories were analyzed as separate, mutu-
ally exclusive, binary outcomes to explore differential associations
with sleep characteristics and sunlight exposure. A separate mental-
only multimorbidity category (i.e., two or more mental health condi-
tions without any physical chronic condition) was not included in the
analysis because only 16 participants (1.57% of the sample) met this
criterion, which was insufficient to support reliable multivariable
regression modeling.

2.5 Covariates

The following covariates were controlled for the analysis: age
(years), gender (male/female), cognitive function (Montreal Cognitive
Assessment, MoCA, score), education (illiterate/primary school/high
school), marital status (married/others including widowed, divorced,
or single), monthly per-capita household income (<1000/1000-
1999/>2000), smoking status (current smokers/others), drinking
status (current drinkers/others), and body mass index (BMI).

2.6 Statistical analysis

Variables were described using means and standard deviations
(SDs) for continuous variables, and frequencies with percentages for
categorical variables. For continuous variables, comparisons were per-
formed using the t-test for two independent groups. For categorical
variables, Chi-square tests or Fisher’s exact tests were utilized to ana-
lyze the proportions between different groups. For inferential analyses,
separate multivariable binary logistic regression models were fitted for
overall, physical-only, and mental-physical multimorbidity. Mental-
only multimorbidity was not modeled due to the small sample size
(n = 16). This approach was selected because the primary aim was to
examine associations with specific multimorbidity patterns, and the
small number of mental-only cases precluded stable multinomial
modeling. Bootstrap resampling with 1,000 replications was applied
to obtain robust odds ratios and 95% confidence intervals, thereby
reducing the influence of potential non-normality and model instabil-
ity. We applied four hierarchical models to explore the association
between sleep/sunlight exposures and multimorbidity outcomes, with
sequential adjustment for covariates across different conceptual levels,
as previously described (29). The first model was a crude model with-
out adjustment for any covariate; Model 1 adjusted for individual fac-
tors (gender, age, cognitive function); Model 2 additionally adjusted
for societal-level covariates (education level, marital status, household
income); and Model 3 further adjusted for behaviors/physiology-level
covariates (smoking status, drinking status, BMI). The results are
reported as bootstrap-estimated adjusted odds ratios (AORs) with
95% confidence intervals (Cls). All statistical analyses were performed
in Stata 15.1, with statistical significance set at a two-tailed alpha of
0.05 or less.
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3 Results
3.1 General characteristics of participants

Of the 1,018 participants, 524 (51.47%) were male and 494
(48.53%) were female. The mean age was 69.30 years (SD = 6.60) for
males and 67.77 years (SD = 6.30) for females. Compared with male
participants, female participants had a higher prevalence of illiteracy,
were more likely to be widowed, divorced, or single, and had poorer
cognitive performance, as well as lower rates of smoking and drinking.
Additionally, female participants reported significantly less sunlight
exposure, greater sleep disturbance, more pronounced insomnia symp-
toms, a higher prevalence of sleep irregularity, and lower sleep effi-
ciency. Detailed participant characteristics are summarized in Table 1.

3.2 Prevalence of overall multimorbidity,
physical-only multimorbidity, and
mental-physical multimorbidity

The prevalences of overall multimorbidity, physical-only multi-
morbidity, mental-only multimorbidity, and mental-physical multi-
morbidity are presented in Table 2. In our study, half of older adults
(522 participants, 51.28%) had two or more chronic conditions. The
prevalences of physical-only multimorbidity, mental-only multimor-
bidity, and mental-physical multimorbidity were 21.22, 1.57, and
28.49%, respectively.

3.3 Association between multimorbidity
with sleep and sunlight exposure

The results of the multivariable logistic regression analysis are
shown in Table 3. The associations between sunlight exposure and
multimorbidity differed between older adults with and without mental
illness. Specifically, each additional hour of daily sunlight exposure
was associated with 17 and 14% lower odds of overall multimorbidity
(AOR =0.83,95% CI: 0.77-0.90) and mental-physical multimorbidity
(AOR = 0.86, 95% CI: 0.79-0.94), respectively, whereas this associa-
tion was not significant for physical-only multimorbidity.

With regard to sleep-related symptoms, sleep disturbance, insom-
nia symptoms, frequent snoring, and daytime sleepiness were signifi-
cantly associated with increased odds of all multimorbidity types
(p < 0.05). For sleep parameters, longer sleep duration demonstrated
a protective effect, with each hour associated with 17% lower odds of
overall multimorbidity (AOR = 0.83; 95%CI: 0.75-0.90) and 15%
lower odds of mental-physical multimorbidity (AOR = 0.85, 95%CI:
0.77-0.94). Conversely, an extreme sleep midpoint was associated
with 79% higher odds of overall multimorbidity (AOR = 1.79; 95%CI:
1.39-2.49) and 57% higher odds of mental-physical multimorbidity
(AOR = 1.57,95%CI: 1.12-2.20).

3.4 Stratified analysis by gender and age

Stratified analyses by gender and age revealed notable differences
in the associations (Figures 1, 2; Supplementary Tables 1, 2). Gender-
stratified analyses showed that the protective association of sunlight
exposure was significant only in males, with each additional hour
associated with 20% lower odds of overall multimorbidity
(AOR = 0.80, 95% CI: 0.72-0.89), 13% lower odds of physical-only
multimorbidity (AOR = 0.87, 95% CI: 0.77-0.98), and 16% lower odds
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of mental-physical multimorbidity (AOR = 0.84, 95% CI: 0.74-0.96).
In contrast, longer sleep duration was protective only among females,
associated with 24% lower odds of overall multimorbidity
(AOR =0.76, 95% CI: 0.66-0.89) and 16% lower odds of mental-
physical multimorbidity (AOR = 0.84, 95% CI: 0.73-0.96). Moreover,
an extreme sleep midpoint was a risk factor observed primarily in
males, associated with 1.96-fold higher odds of overall multimorbidity
(AOR = 1.96, 95% CI: 1.26-3.04) and 1.64-fold higher odds of mental-
physical multimorbidity (AOR = 1.80, 95% CI: 1.09-2.98).

In terms of age, stronger associations were generally observed in the
younger cohort (60-69 years) compared with those aged 70 years and
above. Specifically in the 60-69 years group, longer sleep duration was
associated with lower odds of both overall multimorbidity (AOR = 0.71,
95% CI: 0.63-0.80) and mental-physical multimorbidity (AOR = 0.74,
95% CI: 0.65-0.84), whereas an extreme sleep midpoint was associated
with increased odds of overall multimorbidity (AOR = 2.04, 95% CI:
1.37-3.04) and mental-physical multimorbidity (AOR = 1.79, 95% CI:
1.17-2.75). Similarly, the protective associations of higher sleep effi-
ciency and longer sunlight exposure with mental-physical multimorbid-
ity were also observed in the 60-69 years group. Although sleep-related
symptoms such as sleep disturbance, clinical insomnia, and snoring
were associated with increased odds in both age groups, the associations
were consistently stronger among younger older adults (60-69 years).

4 Discussion

In the present study, we adopted a patient-centered perspective to
comprehensively explore the prevalence of multimorbidity and its
associations with sleep and sunlight exposure among community-
dwelling older adults in Northwest China. This cross-sectional study
revealed a substantial burden of multimorbidity, with nearly half of
the participants affected. A key finding was that the associations of
sleep-related symptoms and sunlight exposure were more pronounced
in older adults with mental-physical multimorbidity, highlighting the
critical interplay between mental and physical health. Although this
subgroup represented a minority of the study population, it constitutes
a clinically vulnerable group that appears to be particularly sensitive
to sub-optimal sleep and limited sunlight exposure, with important
implications for prevention and care.

Although both sleep problems and sunlight exposure were associ-
ated with multimorbidity, their association patterns differed markedly.
For instance, sleep-related symptoms (e.g., sleep disturbance, insom-
nia, snoring, and daytime sleepiness) consistently increased the odds
of all multimorbidity categories. In contrast, protective sleep param-
eters such as longer sleep duration and non-extreme sleep timing
(sleep midpoint within 2:00-4:00 a.m.) were associated with reduced
risks, particularly for mental-physical multimorbidity. Most notably,
sunlight exposure was inversely associated with mental-physical mul-
timorbidity risk. Collectively, these findings suggest that the influences
of sleep and sunlight are not uniform across all multimorbidity catego-
ries, with the strongest convergence observed among individuals with
co-occurring mental and physical conditions.

Previous studies have established that sunlight exposure and sleep
are closely associated with mental problems and multimorbidity (14,
30). Indeed, older adults with psychiatric or multi-system patterns are
at an accelerated risk of the progression to frailty and cognition
impairment, as well as their co-occurrence (30). Indalino et al. (31)
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TABLE 1 General characteristics of the study population.

10.3389/fpubh.2026.1751563

Variables Total Male Female P
N 1,018 524 494
Age (year) 68.56 + 6.50 69.30 + 6.60 67.77 £ 6.30 <0.001
Education level, n (%) 0.005
Illiteracy 318 (31.24) 140 (26.72) 178 (36.03)
Primary school 513 (50.39) 285 (54.39) 228 (46.15)
High school 187 (18.37) 99 (18.89) 88 (17.82)
Income, n (%) 0.444
<1000 yuan 822 (80.75) 416 (79.39) 406 (82.19)
1,000-1999 yuan 107 (10.51) 61 (11.64) 46 (9.31)
>2000 yuan 89 (8.74) 47 (8.97) 42 (8.50)
Marital status, n (%) <0.001
Married 774 (76.03) 446 (85.11) 328 (66.40)
Others 244 (23.97) 78 (14.89) 166 (33.60)
Cognitive function 15.11 £ 5.64 15.89 £ 5.40 14.27 £ 5.77 <0.001
Body mass index 26.19 £4.71 26.23 +4.60 26.14 +4.83 0.748
Smoking, n (%) <0.001
Current smokers 118 (11.59) 111 (21.18) 7 (1.42)
Others 900 (88.41) 413 (78.82) 487 (98.58)
Drinking, n (%) <0.001
Drinkers 56 (5.50) 53 (10.11) 3(0.61)
Non-drinkers 962 (94.50) 471 (89.89) 491 (99.39)
Sunlight exposure (h) 3.59 £ 2.00 390 +2.14 327+1.78 <0.001
Sleep-related symptoms
PSQI score 6.91 £ 3.68 6.32+3.41 7.54 £3.85 <0.001
Sleep disturbance (PSQI> 7) 391 (38.41) 160 (30.53) 231 (46.76) <0.001
ISI score 8.71+£7.23 7.76 £6.72 9.71 £7.61 <0.001
Clinical insomnia (ISI > 10) 330 (32.42) 138 (26.34) 192 (38.87) <0.001
Snoring 0.223
Never or rarely snoring 644 (63.26) 336 (64.12) 308 (62.35)
Sometimes snoring 234 (22.99) 110 (20.99) 124 (24.29)
Often snoring 140 (13.75) 78 (14.89) 62 (12.55)
ESS score 571 +4.23 575+4.21 5.66 +4.21 0.727
Daytime sleepiness (ESS > 11) 125 (12.28) 63 (12.02) 62 (12.55) 0.798
Sleep parameters
Sleep duration 729+ 1.52 7.29 £ 1.54 7.29 £ 1.50 0.976
Sleep timing 231 (22.69) 117 (22.33) 114 (23.08) 0.776
Sleep irregularity 263 (25.83) 121 (23.09) 141 (28.54) 0.039
Sleep efficiency 0.90 +0.12 0.90 +0.12 0.88+0.13 0.025

Marital status “Others” (i.e., widowed, divorced, or single).

reported that older adults with sleep problems had a 1.34- to 1.88-fold
increased risk of multimorbidity. Sindi et al. (32) utilized the sleep
item from the Comprehensive Psychiatric Rating Scale, demonstrated
that moderate-to-severe sleep disturbances were associated with mul-
timorbidity. Our findings are consistent with these studies and extend
the existing evidence by demonstrating that specific sleep-related
symptoms, including poor sleep quality, insomnia, snoring, and
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daytime sleepiness, were significantly associated with multimorbidity.
With respect to sunlight exposure, we observed the most pronounced
protective effect against mental-physical multimorbidity among males
and younger older adults aged 60-69 years. These findings further
substantiate the potential benefits of sunlight exposure for individuals
with co-occurring mental and physical conditions, aligning with prior
literature indicating that sunlight exposure in natural environments
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TABLE 2 Prevalence of sleep, sunlight exposure, and multimorbidity among the study population.
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Variables Overall multimorbidity (>2 chronic Physical-only multimorbidity (>2 Mental-only multimorbidity (>2 Mental-physical multimorbidity
conditions) physical conditions, without mental mental health conditions, without (co-occurrence of physical and
illness) physical conditions) mental conditions)
\[o) Yes \[¢) Yes No Yes No

Total, n (%) 522 (51.28) 496 (48.72) 216 (21.22) 802 (78.78) 16 (1.57) 1,002 (98.43) 290 (28.49) 728 (71.51)

Gender, n (%) <0.001 0558 0.131 <0.001
Male 225 (43.10) 299 (60.28) 115 (53.24) 409 (51.00) 5(31.25) 519 (51.80) 105 (36.21) 419 (57.55)

Female 297 (56.90) 197 (39.72) 101 (46.76) 393 (49.00) 11 (68.75) 483 (48.20) 185 (63.79) 309 (42.45)

Age (year) 68.80 + 6.69 68.30 + 6.29 0222 69.85 + 7.09 68.21+6.29 0.001 65.19 + 6.20 68.61 + 6.49 0.037 68.22+6.27 68.69 + 6.59 0.294
60-69 297 (56.90) 306 (61.69) 0.120 106 (49.07) 497 (61.97) 0.001 13 (81.25) 590 (58.88) 0.078 178 (61.38) 425 (58.38) 0379
>70 225 (43.10) 190 (38.31) 110 (50.93) 305 (38.03) 3(18.75) 412 (41.12) 112 (38.62) 303 (41.62)

Education level, n 0.480 0.991 0.999 0.226

(%)

Tliteracy 172 (32.95) 146 (29.44) 65 (30.09) 253 (31.55) 5(31.25) 313 (31.24) 102 (35.17) 216 (29.67)
Primary school 257 (49.23) 256 (51.61) 110 (50.93) 403 (50.25) 8 (50.00) 505 (50.40) 139 (47.93) 374 (51.37)
High school 93 (17.82) 94 (18.95) 41 (18.98) 146 (18.20) 3(18.75) 184 (18.36) 49 (16.90) 138 (18.96)

Income, n (%) 0.272 0.152 0.441 0.296

<1000 yuan 428 (82.00) 394 (79.43) 173 (80.10) 649 (80.92) 12 (75.00) 810 (80.84) 243 (83.79) 579 (79.53)

1,000-1999 yuan 47 (9.00) 60 (12.10) 18 (8.33) 89 (11.10) 3(18.75) 103 (10.25) 26 (8.97) 81 (11.13)

>2000 yuan 47 (9.00) 42 (8.47) 25 (11.97) 64 (7.98) 1(625) 89 (8.88) 21(7.24) 68 (9.34)
Marital status, n 0.568 0.224 0.384 0.042
(%)

Married 393 (75.29) 381 (76.81) 171 (79.17) 603 (75.19) 14 (87.50) 760 (75.85) 208 (71.72) 566 (77.75)

Others 129 (24.71) 115 (23.19) 45 (20.83) 199 (24.81) 2 (12.50) 242 (24.15) 82 (28.28) 162 (22.25)

Cognitive function 14.32+5.76 15.94 + 5.39 <0.001 15.40 + 5.46 15.03 + 5.68 0.394 15.79 + 7.08 15.10 % 5.61 0.624 13.44 £ 5.76 15.77 + 5.45 <0.001

Body mass index 26.83 + 4.96 2551 +4.34 <0.001 27.70 £5.12 25.78 +4.52 <0.001 24.97 +3.43 2620 + 4.73 0.298 2629 + 4.81 26.14 + 4.67 0.653

Smoking status, n 0.492 0.343 0.241 0.223

(%)

Current smokers 57 (10.92) 61 (12.30) 29 (13.43) 89 (11.10) 0 118 (11.78) 28 (9.66) 90 (12.36)
Others 465 (89.08) 435 (87.70) 187 (86.57) 713 (88.90) 16 (100.00) 884 (88.22) 262 (90.34) 638 (87.64)

Drinking status, n 0.637 0.968 1.000 0.772

(%)

(Continued)
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TABLE 2 (Continued)

Variables Overall multimorbidity (>2 chronic Physical-only multimorbidity (>2 Mental-only multimorbidity (>2 Mental-physical multimorbidity
conditions) physical conditions, without mental mental health conditions, without (co-occurrence of physical and
illness) physical conditions) mental conditions)
\[e) Yes \[e) Yes No Yes No
Drinkers 27 (5.17) 29 (5.85) 12 (5.56) 44 (5.49) 0 56 (5.59) 15 (5.17) 41 (5.63)
Non-drinkers 495 (94.83) 467 (94.15) 204 (94.44) 758 (94.51) 16 (100.00) 946 (94.41) 275 (94.83) 687 (94.37)
Sunlight exposure 3.10 £ 1.62 3.80 £2.05 <0.001 322+ 159 3.50 + 1.94 0.055 2.62+1.45 3.45+1.88 0.078 3.03 + 1.64 3.60 + 1.93 <0.001
(h)
Sleep-related symptoms
PSQI score 8.65+3.73 5324321 <0.001 7.97 +3.51 6.77 +3.92 <0.001 9.19+3.53 6.99 +3.86 0.024 9.12 +3.84 6.19 £3.55 <0.001
Sleep 292 (55.94) 99 (19.96) <0.001 104 (48.15) 287 (35.79) 0.001 11 (68.75) 5(31.25) 0.018 177 (61.03) 214 (29.40) <0.001
disturbance
(PSQI>7)
IS score 11.38 + 7.02 4.80+5.28 <0.001 9.73+ 6.61 7.75+7.10 <0.001 12.81+5.15 8.10 £7.05 0.008 12.52+7.18 6.44 +6.20 <0.001
Clinical 258 (49.43) 72 (14.52) <0.001 83 (38.43) 247 (30.80) 0.034 11 (68.75) 319 (31.84) 164 (56.55) 166 (22.80) <0.001
insomnia
(ISI > 10)
Snoring <0.001 0.001 0.934 <0.001
Never or rarely 251 (48.08) 393 (79.23) 100 (46.30) 544 (67.83) 11 (68.75) 633 (63.18) 140 (48.28) 504 (69.23)
snoring
Sometimes 161 (30.84) 73 (14.72) 66 (30.55) 168 (20.95) 3(18.75) 231 (23.05) 92 (31.72) 142 (19.51)
snoring
Often snoring 110 (21.08) 30 (6.05) 50 (23.15) 90 (11.22) 2 (12.50) 138 (13.77) 58 (20.00) 82 (11.26)
ESS score 6.78 +4.28 4.58 +3.88 <0.001 6.56 +4.21 5.48 + 4.21 0.001 8.50 +6.10 5.66 + 4.19 0.008 6.85 +4.20 525+4.16 <0.001
Daytime 90 (17.24) 35 (7.06) <0.001 39 (18.06) 86 (10.72) 0.004 6(37.5) 119 (11.88) 0.009 45 (15.52) 80 (10.99) 0.047
sleepiness
(ESS > 11)
Sleep parameters
Sleep duration 7.07 £ 1.51 7.48 + 1.49 <0.001 7.19 + 1.27 7.29 + 1.57 0.432 6.56 + 1.57 7.28 + 1.51 0.060 7.00 £ 1.65 7.37 + 1.4 <0.001
Sleeping timing 142 (27.20) 89 (17.94) <0.001 54 (25.00) 177 (22.07) 0361 7 (43.75) 224 (22.36) 0.017 81(27.93) 150 (20.60) 0.012
Sleep irregularity 137 (26.25) 126 (25.40) 0.759 55 (25.46) 208 (25.94) 0.888 6(37.5) 257 (25.65) 0.265 76 (26.21) 187 (25.69) 0.864
Sleep efficiency 0.87 £0.12 091 +0.11 <0.001 0.87 £0.12 0.89 +0.12 0.022 0.81+0.16 0.89 +0.12 0.005 0.87 £0.13 0.90 +0.12 0.001

Values are presented as mean + standard deviation (SD) or n (%). Multimorbidity subtypes were defined as mutually exclusive categories; therefore, the sum of physical-only, mental-only, and mental-physical multimorbidity equals the total number of individuals with

overall multimorbidity.
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TABLE 3 Logistic regression model associations between sleep, sunlight exposure, and multimorbidity in older adults (N = 1,018).

Variables Models Overall multimorbidity (>2 Physical-only Mental-physical
chronic conditions) multimorbidity (>2 multimorbidity (co-
physical conditions) occurrence of physical

and mental conditions)

AOR (95%Cl) p AOR (95%Cl) AOR (95%Cl) p
Crude 0.80 (0.75, 0.86) <0.001 0.92 (0.84, 0.99) 0.042 0.83 (0.76, 0.90) <0.001
Sunlight exposure Model 1 0.83 (0.77, 0.89) <0.001 0.93 (0.85, 1.01) 0.071 0.86 (0.79, 0.94) <0.001
time (hours) Model 2 0.83 (0.77, 0.89) <0.001 0.92 (0.85, 1.00) 0.060 0.87 (0.80, 0.94) 0.001
Model 3 0.83 (0.77, 0.90) 0.001 0.93 (0.85, 1.02) 0.107 0.86 (0.79, 0.94) 0.001
Crude 1.32(1.26, 1.38) <0.001 1.08 (1.04, 1.12) <0.001 1.22(1.18,1.27) <0.001
Model 1 1.31(1.25,1.37) <0.001 1.09 (1.05, 1.13) <0.001 1.21 (1.16, 1.26) <0.001
PSQI score
Model 2 1.31 (1.25, 1.38) <0.001 1.09 (1.05, 1.13) <0.001 1.21 (1.16, 1.26) <0.001
Model 3 1.30 (1.24, 1.37) <0.001 1.08 (1.04, 1.12) 0.026 1.21 (1.16, 1.26) <0.001
Crude 1.19 (1.16, 1.22) <0.001 1.04 (1.02, 1.06) <0.001 1.13(1.11, 1.16) <0.001
Model 1 1.19 (1.16, 1.23) <0.001 1.04 (1.02, 1.06) <0.001 1.13 (1.10, 1.16) <0.001
ISI score
Model 2 1.20 (1.17,1.23) <0.001 1.04 (1.02, 1.06) <0.001 1.13 (1.10, 1.15) <0.001
Model 3 1.19 (1.16, 1.23) <0.001 1.04 (1.02, 1.06) <0.001 1.13 (1.11, 1.16) <0.001
Crude 3.45(2.47,4.82) <0.001 2.14 (1.47,3.11) <0.001 2.33(1.68, 3.24) <0.001
Sometimes snoring
Model 1 3.53 (2.49, 5.00) <0.001 2.25 (1.54, 3.29) <0.001 2.27 (1.61, 2.82) <0.001
(referred to as never
i Model 2 3.60 (2.52,5.12) <0.001 2.23(1.53,3.27) <0.001 2.34 (1.65, 3.31) <0.001
or rarely snoring)
Model 3 3.52(2.46, 5.02) <0.001 2.13(1.44, 3.13) <0.001 2.38 (1.67,3.37) <0.001
Crude 5.74 (3.61,9.12) <0.001 3.02 (1.98, 4.61) <0.001 2.55 (1.75, 3.70) <0.001
Often snoring
Model 1 6.53 (4.04, 10.56) <0.001 3.30 (2.15, 5.05) <0.001 2.71(1.81,4.07) <0.001
(referred to never or
i Model 2 6.55 (4.03, 10.65) <0.001 3.24 (2.10, 5.00) <0.001 2.76 (1.82,4.17) <0.001
rarely snoring)
Model 3 5.96 (3.64, 9.76) <0.001 2.77 (1.75, 4.39) <0.001 2.83 (1.86, 4.31) <0.001
Crude 1.14 (1.11, 1.18) <0.001 1.06 (1.03, 1.10) <0.001 1.10 (1.06, 1.13) <0.001
Model 1 1.14 (1.12, 1.18) <0.001 1.07 (1.03, 1.11) <0.001 1.08 (1.05, 1.12) <0.001
ESS score
Model 2 1.14 (1.11, 1.18) <0.001 1.07 (1.03, 1.11) <0.001 1.08 (1.06, 1.12) <0.001
Model 3 1.13 (1.10, 1.17) <0.001 1.06 (1.02, 1.09) 0.003 1.09 (1.05, 1.13) <0.001
Crude 0.83 (0.76, 0.90) <0.001 0.96 (0.88, 1.05) 0.371 0.85(0.77,0.93) <0.001
Model 1 0.83 (0.76, 0.90) <0.001 0.95 (0.87, 1.04) 0.261 0.85(0.77,0.94) 0.002
Sleep duration
Model 2 0.83 (0.76, 0.90) <0.001 0.95 (0.87, 1.04) 0.271 0.85(0.77,0.94) <0.001
Model 3 0.83 (0.75, 0.90) <0.001 0.95 (0.87, 1.04) 0.289 0.85 (0.77, 0.94) 0.001
Sleep timing Crude 1.71 (1.25, 2.33) 0.001 1.18 (0.83, 1.67) 0.361 1.49 (1.09, 2.05) 0.013
(referred to sleep Model 1 1.82 (1.31,2.51) <0.001 1.17 (0.82, 1.66) 0.387 1.63 (1.17,2.27) 0.004
midpoint inside of Model 2 1.81 (1.30, 2.50) <0.001 1.19 (0.83, 1.71) 0.334 1.58 (1.13,2.21) 0.008
2:00-4:00 a.m.) Model 3 179 (139, 2.49) 0.001 116 (0.80, 1.68) 0.423 157 (1.12,2.20) 0.009
Crude 1.04 (0.79, 1.39) 0.761 0.98 (0.70, 1.36) 0.884 1.03 (0.75, 1.41) 0.866
Sleep regularity
Model 1 0.90 (0.67, 1.21) 0.474 0.92 (0.64, 1.30) 0.627 0.88 (0.63, 1.23) 0.461
(referred to irregular
Jeep) Model 2 0.91 (0.66, 1.22) 0.516 0.92 (0.64, 1.31) 0.644 0.90 (0.64, 1.25) 0.515
sleep
Model 3 0.89 (0.66, 1.20) 0.438 0.90 (0.63, 1.31) 0.595 0.88 (0.63, 1.23) 0.444
Sleep efficiency Crude 0.05 (0.01, 0.16) <0.001 0.25 (0.08, 0.77) 0.015 0.17 (0.06, 0.53) 0.002
Model 1 0.05 (0.01, 0.18) <0.001 0.24 (0.07, 0.74) 0.014 0.20 (0.06, 0.65) 0.008
Model 2 0.05 (0.01, 0.18) <0.001 0.24 (0.08, 0.77) 0.017 0.20 (0.06, 0.66) 0.008
Model 3 0.04 (0.01, 0.14) <0.001 0.21 (0.06, 0.66) 0.008 0.18 (0.05, 0.63) 0.007

Separate multivariable binary logistic regression analyses were performed to examine the associations between sleep, sunlight exposure, and multimorbidity. Due to the small sample size of
Mental-only multimorbidity (n = 16), we did not analyze this pattern. Adjusted odds ratios (AORs) and 95% confidence intervals were estimated using bootstrap resampling with 1,000
replications. AOR, Adjusted odds ratio; CI, Confidence interval.
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Logistic regression model associations between sleep, sunlight exposure, and multimorbidity in older adults stratified by gender
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FIGURE 1
Forest plot for the associations of sleep and sunlight exposure with multimorbidity, stratified by gender.
Logistic regression model associations between sleep, sunlight exposure, and multimorbidity in older adults stratified by age
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FIGURE 2
Forest plot for the associations of sleep and sunlight exposure with multimorbidity, stratified by age.

confers additional mental health benefits, such as reductions in
depression and anxiety symptoms associated with walking in sunshine
(33). Importantly, other studies, such as Ma et al. (17), reported a
J-shaped association between outdoor light exposure and dementia
risk, wherein risk increased markedly at low exposure levels but rose
more gradually at higher exposure levels. This pattern suggests that
the relationship between sunlight exposure time and health outcomes,
including multimorbidity may be non-linear.

The relationship between sleep and multimorbidity is probably
bidirectional. For instance, short sleep duration (< 6 h) led to a 1.49-
fold increased risk of incident multimorbidity over a 3-year follow-up,
whereas multimorbidity was associated with a 1.39-fold higher risk of
short sleep duration after full adjustment (34). Another prospective
cohort study from the UK Biobank, which used healthy sleep pattern
score encompassing five dimensions (i.e., early chronotype, sleep
7-8 h/d, free of insomnia, no snoring, and no frequent excessive day-
time sleepiness), found that each one-point increase was associated
with an adjusted hazard ratio (HR) of 0.93 (95% CI: 0.91-0.95) for
cardiometabolic multimorbidity (CMM) in older adults (35). Zhou et
al. (36) used data from the China Health and Retirement Longitudinal
Study also demonstrated similar conclusions. They found that both
short sleep duration < 5 h and 5-7 restless days per week were signifi-
cantly associated with a higher risk of multimorbidity progression.
Other studies have demonstrated a mediating role of mental health
status in the association between sleep duration and cognitive func-
tion among older adults with multimorbidity, further indicating that
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interventions targeting sleep and mental health may be effective in this
population (37). Therefore, governments and health service systems
should prioritize improving the management of people with multi-
morbidity by using a more patient-centered approach that promote
the integrated treatment of physical and mental health conditions (38).

Furthermore, our stratified analyses indicated that the associa-
tions were moderated by gender and age. Males appeared to derive
greater benefit from prolonged sunlight exposure but were also more
vulnerable to the adverse effects associated with an extreme sleep mid-
point. Conversely, the protective effect of extended sleep duration was
more pronounced in females. Additionally, compared with older
adults aged 70 years and older, younger older adults (60-69 years)
were more susceptible to the influence of both limited sunlight expo-
sure and poor sleep than their older counterparts. These findings
emphasize that prevention and intervention strategies should be tai-
lored according to gender and age. For instance, promoting adequate
sunlight exposure may be particularly relevant for males and younger
older adults, whereas interventions aimed at extending sleep duration
may be especially beneficial for females.

Despite the evidence provided by this study, several limitations
should be acknowledged. First, sunlight exposure was assessed using self-
reported time spent outdoors, which does not capture objective measures
of light intensity or duration at the ocular level. Second, the cross-sec-
tional nature of our study precludes capturing any causal inference, as it
collects exposure and outcome data simultaneously, thereby preventing
determination of whether poor sleep or limited sunlight exposure
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precipitated the development of multimorbidity, or whether, conversely,
multimorbidity leads to poorer sleep and reduced sunlight exposure.
Third, multimorbidity subtypes were analyzed as separate multivariable
binary logistic regression models, which may limit direct comparability
with studies adopting typology-based or multinomial classification
approaches. In addition, the number of participants with mental-only
multimorbidity was very small (n = 16), precluding reliable statistical
analysis of this subgroup. Finally, the sample was primarily drawn from
specific regions with relatively low socioeconomic status, which may affect
the generalizability of our results to other populations.

5 Conclusion

Herein, we reported cross-sectional associations between sunlight
exposure, sleep, and multimorbidity among older adults in Northwest
China, with the most robust associations observed for the mental-phys-
ical multimorbidity category, which refers to the concurrent presence of
physical conditions and mental illness. These findings underscore a criti-
cal need to integrate routine mental health screening into the manage-
ment of multimorbidity for healthcare practitioners in primary care
settings. Importantly, although mental-physical multimorbidity affected
a minority of older adults in this population, this subgroup represents a
particularly vulnerable group that appears to be more sensitive to modifi-
able lifestyle-related factors. For older adults who identified with co-
occurring mental and physical conditions, targeting interventions
focusing on evidence-based sleep management strategies like improving
sleep hygiene and promoting appropriate sunlight exposure, may repre-
sent feasible and patient-centered approaches to preventing the progres-
sion or alleviating the burden of mental-physical multimorbidity.
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