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Introduction

Abstract

Introduction: This study aimed to identify the latent classes of sleep quality among older adults
and investigate the determinants of class membership.

Methods: This cross-sectional study included 1,093 community-dwelling older adults in Babol
City, Iran, who were selected using cluster sampling. All health centers in Babol County were
considered as the sampling frame, and the health centers were stratified into urban and rural
areas. To ensure adequate representation of both settings, an equal number of health centers
was randomly selected from the urban and rural strata, resulting in a total of 10 selected
health centers (five urban and five rural). The required sample size was determined using the
appropriate sample size formula, taking into account findings from previous studies. Within each
selected health center, the number of participants to be recruited was determined proportionally
according to the population of older adults covered by that health center. Sleep quality was
assessed using the Pittsburgh Sleep Quality Index (PSQI), and depression, anxiety, and stress
were assessed using the Depression, Anxiety and Stress Scale-21 (DASS-21). Latent class analysis
was performed to identify distinct sleep quality patterns and examine their associations with
depression, anxiety, and stress.

Results: Three latent classes were identified: (1) moderate (65.4%), (2) poor sleep quality with
sufficient sleep duration (19.0%), and (3) poor sleep quality with insufficient sleep duration
(15.6%). After adjusting for the other studied covariates, depression was associated with higher
odds of membership in class 3 compared with class 1 (OR=5.39). Anxiety and stress were also
associated with higher odds of membership in class 2 compared with class 1 (OR=2.50 and
4.17, respectively) and class 3 compared with class 1 (OR=10.21 and 4.10, respectively)
Conclusion: Results from the present study indicate that 34.6% of the participants fell under
poor with sufficient sleep duration or poor with insufficient sleep duration class. Focusing on the
treatment of depression, anxiety, and stress while considering other comorbid factors may help
design and execute effective programs to reduce sleep quality problems among the older adults.

suggests that roughly 40% of community-dwelling older

Aging is poised to be one of the most critical challenges
in most countries all over the world' Estimates have
shown that by 2050, the world’s older population will
increase to two billion people, equivalent to 21% of the
total population in the world, and 25% in Iran.? Sleep
disturbances are common among older adults across
different regions of the world and are recognized as an
important public health issue. Findings from large-scale
epidemiological research indicate that a considerable
proportion of individuals in later life experience
suboptimal sleep quality. In particular, pooled evidence

adults report some degree of sleep-related problems.
This considerable prevalence emphasizes the increasing
relevance of sleep health in aging populations and
its potential consequences for overall physical and
psychological well-being.’

Poor sleep quality or sleep deprivation is one of the
common problems in the general population, and work-
related needs and lifestyle changes are simply the causes
of this disorder.* Older adults are considered s high-
risk population for poor sleep quality, so most of them
experience poor sleep quality in their lives.” Aging-related
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sleep changes may lead to poor sleep quality in older adults
with physical or mental disorders .° Sleep disorders in the
older adults can lead to complications, such as fatigue,
emotional distress, poor concentration and memory,
daytime functioning deficits, as well as increased risk of
falling. According to the literature, 39 to 75 percent of the
older adults suffer from sleep disorders.”

The prevalence of poor sleep quality among the older
adults varies based on the demographic characteristics
of different regions. According to the results of
epidemiological studies in the older adult’s community,
the prevalence of sleep problems has been reported as 13-
33% in Australia,® and the prevalence of poor sleep quality
as 28% in the United States and 30.9% in France.” The
findings of a study conducted in 16 European countries
demonstrated that the prevalence of poor sleep quality
in people over the age of 50 years varied from 17% in
Denmark and Italy to 31% in Poland.’® Furthermore,
a study on 2565 Singaporean older adults showed that
69.4% of the older adults experienced sleep disorders.
"There is scientific evidence that the prevalence of this
disorder in Chinese and Korean older adults has been
reported as 49.7% and 60.0%, respectively.'>"* According
to a study conducted in Iran, 31% of the Iranian older
adults displayed poor sleep quality.'* Various factors may
cause poor sleep quality in the older adults, including
depression. Depression is one of the most important
indicators of mental health, and is the second mental
disorder among the older adults and the first leading cause
of disease burden in high- and low-income countries.*®
Moreover, sleep disorder is considered one of the main
causes of depression, and is effective for the onset and
progression of this disorder.'® Sleep changes are also
common among people suffering from depression, that
is, short or long sleep durations are common among these
individuals, and up to 90% of adults with this disorder
complain about sleep quality."” In addition to depression,
high levels of stress and anxiety are also associated with
poor sleep quality.” One of the effective methods to
identify sleep quality and examine its subgroups in the
older adult is the application of the latent class analysis
(LCA) approach.”” LCA is a statistical method that uses
obvious variables to identify and classify populations with
similar characteristics.® This approach has been used
to identify different clusters of sleep problems in older
adults."** Although previous research has consistently
demonstrated an association between poor sleep quality
and psychological disorders in older adults, most studies
have relied on the global Pittsburgh Sleep Quality Index
(PSQI) score rather than examining the heterogeneity of
individual sleep components. Because older adults may
experience different combinations of sleep disturbances,
relying solely on the total PSQI score may obscure
clinically meaningful sleep profiles. A person-centered
analytical approach, such as latent class analysis (LCA),
enables the identification of subgroups with distinct sleep
characteristics and may provide a more comprehensive
understanding of sleep quality patterns. However,

only a limited number of studies have applied LCA to
characterize sleep quality patterns in older adults, and
evidence regarding the associations between these latent
sleep profiles and depression, anxiety, and stress remains
scarce, particularly in Middle Eastern populations.?>.
Therefore, the primary objective of this study was to
identify latent sleep quality classes among community-
dwelling older adults in Babol City, Iran, using latent class
analysis (LCA). The secondary objectives were to examine
the associations of depression, anxiety, and stress with
membership in the identified sleep quality classes and to
identify factors associated with class membership.

Methods

Study Design and Participants

A cluster sampling procedure was used to recruit
community-dwelling older adults aged>60 years from
both urban and rural areas of Babol County. All health
centers in Babol County were considered as the sampling
frame, and the health centers were stratified into urban
and rural areas. To ensure adequate representation of
both settings, an equal number of health centers was
randomly selected from the urban and rural strata,
resulting in a total of 10 selected health centers (five urban
and five rural). The required sample size was calculated
using the appropriate sample size formula for a cross-
sectional study, based on prevalence estimates reported
in previous studies, resulting in a sample size of 1,093
participants. This sample size was determined for the
overall study and was not specifically calculated for latent
class analysis (LCA).

Within each selected health center, the number of
participants to be recruited was determined proportionally
according to the population of older adults covered by
that health center. Eligible older adults were then selected
from the health-center records and invited to participate.
Participants who were unable to attend the health center
were visited at their homes, where the questionnaire was
administered through a face-to-face interview. Thus,
recruitment was not restricted to older adults who were
physically able to attend health centers.

Participants were eligible if they were aged>60 years
and were able to understand and complete the study
questionnaires. All participants provided informed
consent prior to participation. Individuals with severe
cognitive impairment, a previous diagnosis of a major
psychiatric disorder, or medical conditions that could
substantially affect sleep quality, such as advanced
neurological diseases or severe chronic illnesses, were
excluded. Information regarding these exclusion criteria
was obtained through self-report during the participant
interview. Participants were excluded if they reported
severe cognitive impairment, a previous diagnosis of
a major psychiatric disorder, or a severe chronic illness
that could substantially affect sleep quality. Information
regarding severe cognitive impairment, a previous
diagnosis of a major psychiatric disorder, and severe
chronic illnesses that could substantially affect sleep
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quality was obtained through self-report during the
participant interview. Participants who reported any of
these conditions were excluded from the study. No formal
cognitive screening instrument or medical-record-based
assessment was used to identify these exclusion criteria.

Because the number of participants selected from each
health center was proportional to the population of older
adults covered by that center, the sampling procedure
was designed to maintain a similar probability of
selection across the selected health centers. Therefore, no
additional sampling weights were applied in the statistical
analyses. The urban and rural strata were both explicitly
represented through the sampling design.

The required sample size was calculated using the
appropriate sample size formula for a cross-sectional
study, based on the prevalence reported in previous
studies. The resulting sample size was 1,093 participants.
This sample size was determined for the overall study
and was not specifically calculated for LCA. LCA was
subsequently performed using the full sample of 1,093
participants. The adequacy and stability of the identified
latent classes were assessed using the statistical model-
fit and class-stability criteria described in the Statistical
Analysis section.

Three checklists and questionnaires were completed
for all participants: the first part included demographic
information, such as age, gender, etc. The second part
assessed the sleep quality status, which was measured
using the Pittsburgh Sleep Quality Index (PSQI). This
questionnaire comprised of 18 questions. According to
this scale, a score of 0-4 indicates good sleep quality and 5
and above indicates poor sleep quality.”

The third part of the questionnaire assessed depression,
anxiety, and stress using the Depression Anxiety Stress
Scales-21 (DASS-21). The DASS-21 consists of 21 items,
with seven items for each of the depression, anxiety,
and stress subscales. Each item is scored from 0 to 3.
Scores 0of>10, 28, and > 15 were considered indicative of
depression, anxiety, and stress, respectively.' The Persian
version of the DASS-21 has previously been validated
in the Iranian population.”® For the regression analyses,
depression, anxiety, and stress were treated as binary
variables according to these predefined cut-off points.

Statistical Analysis
Using latent class analysis (LCA), older adults were
assigned to subgroups with common characteristics
based on the selected indicator variables. The G statistic,
which is analogous to the chi-square statistic, Akaike
information criterion (AIC), Bayesian information
criterion (BIC), and entropy were calculated to evaluate
model fit and select the best-fitting model. Lower values of
G?, AIC, and BIC indicated better model fit, while entropy
was used to assess classification quality. In addition, the
interpretability of the resulting classes was considered
when selecting the final model.

Seven PSQI components, including subjective sleep
quality, sleep latency, sleep duration, habitual sleep

efficiency, sleep disturbances, use of sleeping medication,
and daytime dysfunction, were selected as binary
indicator variables for the LCA. The PSQI components
were scored according to the original scoring procedure
described by Buysse et al.”” For the LCA, these components
were categorized into binary indicators according to
predefined criteria. Specifically, subjective sleep quality
was categorized as good or bad; sleep latency as<30
minutes or>30 minutes; sleep duration as>6 hours
or<6 hours; habitual sleep efficiency as>75% or <75%;
sleep disturbances as a score <10 or>10; use of sleeping
medication as no or yes; and daytime dysfunction as
no or yes.” Thus, the seven binary indicators could
generate 128 possible response patterns. Item-response
probabilities > 0.50 were used to characterize and label the
latent classes.

Although dichotomization may result in some loss of
information, these predefined categories were used to
facilitate the identification and clinical interpretation of
distinct patterns of sleep-related problems. A sensitivity
analysis using ordinal indicators was considered;
however, it could not be performed because the
software used for the LCA did not support the required
ordinal-indicator model.

SPSS version 16.0 was used for descriptive and
conventional statistical analyses. Stata version 10 was
used for data preparation and generation of response-
pattern frequencies. LCA was performed using the PROC
LCA procedure in SAS version 9.4. The final three-class
model included seven binary indicator variables, with
two response categories for each indicator. The model
was estimated using 20 random starts (NSTARTS=20)
with a fixed random seed (SEED =1000), and a rho prior
of 1 was specified. Model fit was evaluated using the G*
statistic, Akaike information criterion (AIC), Bayesian
information criterion (BIC), and entropy, together with
the interpretability of the resulting classes.

After selection of the final latent class model, covariates
were incorporated directly into the LCA model using the
PROC LCA covariate option (one-step approach). The
covariates included sex, place of residence, education,
depression, anxiety, and stress. For the covariate-adjusted
model, a fixed random seed (SEED =183670651), a rho
prior of 1, a beta prior of 1, and a maximum of 50,000
iterations (MAXITER=50000) were specified. The
reference category for the covariates was set to 1. Stata
version 10 was used for data preparation and generation
of response-pattern frequencies. In all analyses, a
P-value <0.05 was considered statistically significant.

Results

Out of 1093 invited individuals, a total of 1064 participated
in the study (Response rate: 97%). The mean age of the
participants was 68.6 years (SD=7.5)., ranging from 60-
95 years. More than 51% of the participants were males,
49% were living in rural areas, 0.7% were single and 39.4%
were illiterate. Table 1 shows the frequency of sleep quality
indicators among the older adults. According to this table,
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994 (93.4%) participants reported poor subjective sleep
quality, making it the most frequently reported adverse
sleep indicator in the study population. The distribution
of the other sleep quality indicators is presented in Table 1.
In addition, the status of other subscales of sleep quality in
the elderly can be seen in Table 1.

Table 2 presents the model fit statistics for one- to
seven-class solutions. The three-class model had the
lowest BIC (285.77), whereas the four-class model had the
lowest AIC (136.90). Therefore, model selection was not
based on a single fit index. The four-class solution was
also examined for substantive and clinical interpretability;
however, the additional class did not provide a sufficiently
distinct or meaningful sleep-related profile and was less
straightforward to interpret than the three-class solution.
Moreover, the three-class model showed higher entropy
than the four-class model (0.69 vs. 0.62), indicating better

Table 1. Frequency of sleep quality indicators among Iranian older adults

Total
Items
N(%)

Subjective sleep quality

Good 69(6.5)

Bad 994(93.4)
Sleep latency

30 minutes and lesser 842(79.1)

Higher than 30 minutes 222(20.9)
Sleep duration

6 hours and higher 875(82.2)

Less than 6 hours 189(17.8)
Habitual sleep efficiency

75% and higher 1058(99.4)

Less than 75% 6(0.6)
Sleep disturbances

No (lower than 10 scores) 258(24.2)

Yes (10 scores and higher) 805(75.7)
Use of sleeping medication

No 810(76.1)

Yes 254(23.9)
Daytime dysfunction

No 849(79.8)

Yes 214(20.1)

classification quality. Considering the combination of
BIC, entropy, parsimony, and clinical interpretability, the
three-class model was selected as the final solution.

Table 3 presents the three-class LCA solution. Class 1,
labeled “Moderate,” comprised 65.4% of the participants
and was characterized by a very high probability of poor
subjective sleep quality (0.995) and sleep disturbances
(0.868), but relatively low probabilities of prolonged sleep
latency (0.133), insufficient sleep duration (0.130), sleeping
medication use (0.043), and daytime dysfunction (0.006).
Habitual sleep efficiency was also largely preserved, with
a probability of<75% of only 0.004. Thus, although
participants in this class reported poor subjective sleep
quality, they showed a comparatively lower burden of
prolonged sleep latency, short sleep duration, medication
use, and daytime dysfunction than the other poor-sleep
profiles. The label “Moderate” was therefore based on the
overall pattern of sleep indicators rather than subjective
sleep quality alone and is intended as a descriptive profile
label rather than a clinical severity classification.

Class 2, labeled “Poor Sleep Quality with Sufficient
Sleep Duration,” comprised 19.0% of the participants and
was characterized by high probabilities of poor subjective
sleep quality (0.996), sleep disturbances (0.706), sleeping
medication use (0.659), and daytime dysfunction (0.643),
while the probability of sufficient sleep duration was
high (0.952). Class 3, labeled “Poor Sleep Quality with
Insufficient Sleep Duration,” comprised 15.6% of the
participants and was characterized by higher probabilities
of prolonged sleep latency (0.544), insufficient sleep
duration (0.532), and sleeping medication use (0.549).
Habitual sleep efficiency showed little variation across
the three classes, with a probability of>75% ranging from
0.980 to 1.000, and therefore contributed minimally to
class differentiation.

Table 4 presents the associations between the covariates
and latent class membership, with Class 1 (“Moderate”)
specified as the reference class. The adjusted odds ratios
were obtained from the multinomial logistic regression
component of the covariate-adjusted LCA model, with
all covariates entered simultaneously. After adjustment,
female sex was associated with higher odds of membership
in Class 3 compared with Class 1 (OR=2.80, 95% CI:
1.67-4.71), but was not significantly associated with Class
2 membership (OR=0.92, 95% CI: 0.57-1.48). Urban

Table 2. Comparison of LCA Models With Different Latent Classes Based on Model Selection Statistics.

Number of latent class Number of parameters estimated G? Df AIC BIC Entropy Maximum log-likelihood
1 7 613.26 120 627.26 662.05 == -3042.85
2 15 196.27 112 226.27 300.81 0.68 -2834.36
3 23 125.47 104 171.47 285.77 0.69 -2798.96
4 31 74.90 96 136.90 290.97 0.62 -2773.67
5 39 59.75 88 137.75 331.57 0.78 -2766.10
6 47 46.98 80 140.98 374.56 0.75 -2759.72
7 55 36.51 72 146.51 419.84 0.79 -2754.48

Note. LCA=latent class analysis; AIC=Akaike information criterion; BIC=Bayesian information criterion. “Model 3( Bold row) was selected as the best-fitting
model based on multiple assessment criteria, due to its interpretability and reasonable results
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Table 3. The three latent class model of sleep quality among Iranian older adults.

Latent class

ttems Moderate Poor with sufficient sleep duration Poor with insufficient sleep duration
Latent class prevalence 0.654 0.190 0.156
Item-response probabilities’

Subjective sleep quality

Good 0.005 0.004 0.391
bad 0.995 0.996 0.609
Sleep latency

30 minutes and lesser 0.867 0.808 0.456
Higher than 30 minutes 0.133 0.192 0.544
Sleep duration

6 hours and higher 0.870 0.952 0.468
Less than 6 hours 0.130 0.048 0.532
Habitual sleep efficiency

75% and higher 0.996 1.000 0.980
Less than 75% 0.004 0.000 0.020
Sleep disturbances

No (lower than 10 scores) 0.132 0.294 0.643
Yes (10 scores and higher) 0.868 0.706 0.357
Use of sleeping medication

No 0.957 0.341 0.451
Yes 0.043 0.659 0.549
Daytime dysfunction

No 0.994 0.357 0.518
Yes 0.006 0.643 0.482

“ ltem-response probabilities>.5 in bold to facilitate interpretation.

Table 4. Predictors of membership in latent classes of sleep quality among Iranian older adults.

Bad with sufficient sleep duration

Bad with insufficient sleep duration

Predictors P-value
OR (95%Cl) OR (95%Cl)

Crude 0.685 1.014(0.97-1.04) 0.99(0.96-1.02)
Age

Adjusted - - -

Crude <0.001 1.88(1.16-3.06) 3.53(2.10-5.94)
Sex (being female)

Adjusted 0.0004 0.92(0.57-1.48) 2.80(1.67-4.71)

Crude 0.3241 3.93(0.68-22.52) 1.42(0.11-17.85)
Marital status (being single)

Adjusted = = =

Crude <0.001 2.75(1.74-4.34) 1.71(1.08-2.70)
Place of living (urban citizen)

Adjusted <0.001 2.77(1.67-4.60) 1.97(1.20-3.32)

Crude 0.1059 1.32(0.78-2.25) 1.53(0.95-2.46)
Education (being illiterate)

Adjusted 0.8809 0.99(0.60-1.66) 1.38(0.84-2.26)

Crude <0.001 0.46(0.03-8.13) 32.78(15.96-67.36)
Depression

Adjusted <0.001 0.99(0.34-2.90) 5.39(2.68-10.87)

Crude <0.001 2.47(1.39-4.38) 22.33(11.84-42.09)
Anxiety

Adjusted <0.001 2.50(1.47-4.28) 10.21(5.94-17.55)

Crude <0.001 15.85(2.06-121.80) 83.61(12.91-541.33)
Stress

Adjusted 0.0156 4.17(1.22-14.25) 4.10(1.35-12.40)

The reference class: Moderate
OR: odds ratio
Cl: confidence interval

residence was associated with higher odds of membership
in both Class 2 (OR=2.77,95% CI: 1.67-4.60) and Class 3
(OR=1.97,95% CI: 1.20-3.32). Depression was associated

with higher odds of Class 3 membership (OR=5.39, 95%
CI: 2.68-10.87), but not Class 2 membership (OR=0.99,
95% CI: 0.34-2.90). Anxiety was associated with higher
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odds of membership in both Class 2 (OR=2.50, 95% CI:
1.47-4.28) and Class 3 (OR=10.21, 95% CI: 5.94-17.55).
Stress was also associated with higher odds of membership
in Class 2 (OR=4.17, 95% CI: 1.22-14.25) and Class
3 (OR=4.10, 95% CI: 1.35-12.40). No statistically
significant association was observed between being
illiterate and membership in either Class 2 (OR=0.99,
95% CI: 0.60-1.66) or Class 3 (OR=1.38, 95% CI: 0.84-
2.26) compared with Class 1.

Discussion

In this study, three separate classes were identified for
sleep quality in the older adults, and according to the
specific characteristics of each class, they were named
moderate sleep quality, poor sleep quality with sufficient
sleep duration, and poor sleep quality with insufficient
sleep duration. Latent class 1 displayed the lowest
spectrum of sleep problems and 65.4% of the older adults
were members of this class. Compared to the first class,
classes 2 and 3 included more problems, and 16% and
15.6% of the older adults were assigned to these classes,
respectively. The LCA was used in studies on the elderly
to investigate some problems of this age period. Although
no similar studies were found, a few numbers of studies
that have been conducted on this group using this method
are discussed here:

Chen et al. performed a study on the Chinese older
adults and identified four latent classes: poor sleep quality
(17.6%),inadequate sleep (13.8%), disturbed sleep (18.2%),
and good sleep quality (4.4). 50%)(5). In another study in
Taiwan, three latent classes were identified: high Insomnia
(7.3%), mild Insomnia (21.9%) and high hypnotics
(9.4%).” Besides, Gadie et al. in an epidemiological survey
of 2,406 British adults aged 18 to 98 years, identified four
latent classes for sleep quality, including good sleepers
(68.1%), inefficient sleepers (14.01%), delayed sleepers
(9.28%), and poor sleepers (8.5%) **

The present study showed that depression, anxiety, and
stress were associated with higher odds of membership
in Classes 2 and 3 compared with Class 1. Thichumpa
et al. conducted a study among Thai older adults and
found that mild depression was significantly associated
with poor sleep quality.* Similarly, Hu et al. conducted
a study in a nursing home in China and demonstrated
that poor sleep quality and depressive symptoms were
reported in 67.3% and 36% of older adults, respectively;
the prevalence of poor sleep quality may therefore be
considered an indicator of depressive symptoms.” Yu et
al. concluded that depression and anxiety were associated
with sleep problems.” Another study from Indonesia
showed that stress was significantly positively associated
with poor sleep quality.® A recent study concluded that
the relationship between mental disorders and poor
sleep quality varies across younger, middle-aged, and
older adults.” Further studies should confirm and extend
the results of the present study. Depression, anxiety,
and stress are closely related psychological constructs;
however, formal assessment of multicollinearity among

these covariates was not performed in the present analysis
because the PROC LCA procedure used for the covariate-
adjusted LCA did not provide a standard multicollinearity
diagnostic. Therefore, the mutually adjusted associations
observed for these variables should be interpreted
cautiously, as potential collinearity may have affected the
precision and stability of the estimates. Further studies
using appropriate multicollinearity diagnostics and
sensitivity analyses are warranted.

The present study showed that the female gender
significantly increased the odds of third-class membership
compared to the first-class. Thus, older adults’ women are
more involved in the co-occurrence of sleep problems
than older adults’ men. In a study on older adults in Brazil,
women reported poorer sleep quality compared to men.*
Also, in another study in Brazil, more sleep disorders were
reported in women than men.* In addition, other studies
have reported more sleep disorders in older adults’ women
compared to older adults men.** In general, it seems that
low sleep quality is more common among older adults
women compared to older adults men, which can be due
to the women’s greater sensitivity and responsibility, as
well as their lower income and less social support.”

This study showed that urban residence was
significantly associated with higher odds of membership
in Classes 2 and 3 compared with Class 1, suggesting a
higher likelihood of poorer sleep profiles among older
adults living in urban areas. This study showed that urban
residence was significantly associated with higher odds
of membership in Classes 2 and 3 compared with Class
1, suggesting a higher likelihood of poorer sleep profiles
among older adults living in urban areas. Along with the
present study, Mondal et al. showed that the prevalence of
low sleep quality in urban areas (42.58%) was estimated
to be higher than in rural areas (35.89%). The results of
a meta-analysis showed that older adults living in rural
areas had poorer sleep quality compared to older adults in
urban areas.”® Also, Zenghe et al. showed that rural older
adults had poorer sleep quality compared with urban
older adults.*® These inconsistent findings across studies
may reflect differences in cultural contexts, social welfare
conditions, environmental characteristics, and access
to health and supportive services across settings and
countries. In addition to psychological factors, evidence-
based interventions may improve sleep quality in older
adults. Cognitive-behavioral therapy for insomnia
(CBT-I) is recommended as the first-line treatment and
has demonstrated effectiveness in this population.’”
Lifestyle interventions such as sleep hygiene education
and regular physical activity may also contribute to better
sleep outcomes. Pharmacological treatment should be
considered only in selected cases and used cautiously
under medical supervision due to potential adverse effects
in older adults.® Overall, a combined behavioral and
clinical approach appears most appropriate for improving
sleep quality in older adults. Further studies are needed to
clarify the factors underlying the observed differences in
sleep profiles between urban and rural older adults.
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There were several limitations to the present study. First,
the cross-sectional design precludes establishing temporal
or causal relationships between psychological factors,
place of residence, and latent sleep profiles. Therefore,
the observed associations should not be interpreted as
causal relationships. Second, the PSQI and DASS-21 data
were based on self-report and may have been subject to
recall and reporting biases, although questionnaires were
administered through face-to-face interviews. Third, the
generalizability of the findings may be limited because
the study was conducted in Babol County and may not
fully represent older adults in other regions of Iran with
different demographic, cultural, socioeconomic, and
healthcare characteristics.

Fourth, although a cluster sampling design was used
and participants were recruited from both urban and
rural health centers, potential design effects related
to clustering within health centers may not have been
fully accounted for in the statistical analyses. Fifth, the
seven PSQI components were dichotomized into binary
indicators for the LCA based on predefined scoring
criteria. This approach may have resulted in some loss of
information compared with retaining the original ordinal
component scores. A sensitivity analysis using ordinal
indicators was not performed because this analysis was
not feasible with the LCA procedure used in the present
study. In addition, habitual sleep efficiency showed very
limited variability across the latent classes and therefore
contributed minimally to class differentiation.

Sixth, latent class membership is probabilistic rather
than perfectly observed, and the moderate entropy of
the selected three-class solution indicates that some
classificationuncertaintymayremain. Seventh, depression,
anxiety, and stress are closely related psychological
constructs. Formal assessment of multicollinearity among
these covariates was not performed because the PROC
LCA procedure used for the covariate-adjusted analysis
did not provide a standard multicollinearity diagnostic.
Therefore, potential collinearity may have affected the
precision and stability of the mutually adjusted estimates,
and these associations should be interpreted cautiously.
Finally, residual confounding by unmeasured factors,
such as other medical conditions, medication use,
socioeconomic factors, environmental characteristics, and
other determinants of sleep, cannot be excluded. Further
longitudinal and multicenter studies using objective
sleep measures and more comprehensive adjustment
for potential confounders are warranted to confirm and
extend these findings.

Conclusion

In this study, three latent classes of sleep quality were
identified among community-dwelling older adults, with
the largest proportion of participants (65.4%) classified
into the “Moderate” class. However, the high probability
of poor subjective sleep quality in this class indicates
that the term “Moderate” should not be interpreted as
an absence of clinically relevant sleep problems. Overall,

34.6% of participants were classified into the two poorer
sleep profiles: “Poor Sleep Quality with Sufficient Sleep
Duration” and “Poor Sleep Quality with Insufficient
Sleep Duration.” Depression, anxiety, and stress were
associated with higher odds of membership in the poorer
sleep profiles. These findings highlight the importance
of considering psychological factors and other comorbid
conditions when developing strategies to address sleep
problems among older adults. Further longitudinal
studies are needed to clarify the temporal relationships
between psychological factors and sleep profiles.
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