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ABSTRACT: Objectives: Adults with cataracts are often reported with mental health issues, which has driven
researchers to identify modifiable factors so that effective intervention programs can be timely implemented. Thus, we
investigated associations of physical activity (PA) and sedentary behavior (SB) with stress, anxiety, and sleep problems
among adults with cataracts. Methods: In this cross-sectional study, a total of 2219 participants with cataracts completed
self-reported measures on demographic characteristics (e.g., age and sex), PA, SB, anxiety, stress and sleep problems.
Multiple linear regression and logistic analyses adjusted for covariates were employed to examine the associations of PA
and SB with outcomes of interest. Results: Meeting PA recommendation was significantly associated with lower stress
score (P = —2.920, 95% CI: —3.880 to —1.959; p < 0.001), a 51.2% reduction in the odds of sleep problems (OR = 0.488,
95% CI: 0.389 to 0.612; p < 0.001). Limiting SB to <8 h/day was significantly associated with reduced stress score (=5.191,
95% CI: —6.378 to —4.004; p < 0.001), lower odds of anxiety symptoms (OR = 0.481, 95% CI: 0.354 to 0.655; p < 0.001),
and sleep problems (OR = 0.540, 95% CI: 0.420 to 0.693; p < 0.001). The greatest benefit appeared when both PA and SB
recommendations were achieved simultaneously. Compared with individuals who met neither recommendation, those
who were sufficiently active and sat less than 8 h/day showed a 9.307-point lower stress score (95% CI: —11.12 to —7.49; p <
0.001), a 54.9% lower odds of anxiety symptoms (OR = 0.451, 95% CI: 0.262 to 0.776; p = 0.004), and a 66.4% lower odds
of sleep problems (OR = 0.336, 95% CI: 0.206 to 0.550; p < 0.001). Conclusions: Meeting PA and SB recommendations
could provide substantial psychosocial benefits for adults with cataracts.
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1 Introduction

Cataracts, a second leading cause of visual impairment or blindness globally, primarily affect aging
populations, with over 80% of cases occurring in individuals aged 50 years and older [1,2]. In 2010, cataracts
caused blindness in 10.8 million persons globally [3]. Due to accelerating global population aging and
rising life expectancy, this figure may climb to about 40 million by 2025 [4]. Despite cataract surgery can
fully restore vision in most patients, large inequities in service delivery remain, particularly in low- and
middle-income countries (LMICs), where surgical coverage rarely exceeds 50%, compared to over 90% in
high-income countries [5-7]. Individuals living in LMICs (e.g., Africa and South Asia) experience 2-3 times
higher cataract-related blindness rates than high-income regions [5,6]. Metabolic disorders, notably diabetes,
further amplify disease burden, with East Asian populations showing genetic overlap between type 2 diabetes
and cataract development [8,9].
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The cataract disability model offers a useful perspective for understanding how cataracts trigger a
progressive chain reaction, ranging from tissue damage (lens opacity) to functional limitations (decreased
contrast sensitivity and depth perception). These visual limitations lead to restricted participation in daily
physical activities and an increase in sedentary behavior for patients [10]. In turn, this reduction in physical
activity (PA) and the increase in sedentary behavior (SB) lead to an increased risk of cataracts, creating a cycle
of declining physical and mental health [10]. For example, some studies conducted in the United States have
demonstrated that individuals with cataract or severe vision loss tend to engage in less PA and more sedentary
time [11,12]. A cross-sectional study in Sweden included 52,660 participants aged between 45 and 83 years
showed that a long-term high level of PA (>45.5 MET-h/day) significantly reduced the cataract risk by 24%
compared to a long-term low PA level [13]. Another study observed a significant association between higher
PA levels and reduced cataract risk [14]. Moreover, cataracts are also associated with significant psychological
challenges, including elevated stress, anxiety, and sleep disturbances, which collectively diminish quality of
life and functional independence [15,16]. For example, a longitudinal study by Zhang et al. [17] identified
a 1.6-fold increased risk of significant depression among adults with untreated cataracts compared to peers
without visual impairment.

To promote the physical and mental health of patients with cataracts and improve their quality of
life in the future, effective measures are needed to be taken to alleviate the psychological problems of
these population. The researchers suggest that individuals with cataracts should maintain a healthy lifestyle,
as higher PA levels and limiting SB are positively correlated with better mental health (e.g., depression,
stress) [18-21]. The recommendations of the World Health Organization’s (WHO) on movement behaviors
have been increasingly utilized to examine associations of meeting PA and SB recommendations with various
health outcomes across different age groups [22-25]. Emerging evidence suggests that PA exerts multi-
faceted influences on chronic disease prevention, psychological health promotion, and sleep homeostasis
by lowering systemic inflammation, and stimulating neurotrophic and endocrine pathways [26-29]. Large
cohort studies show that adults who meet the WHO guidelines (>150 min/week moderate-to-vigorous PA)
associated with 30%-40% lower odds of depressive disorder [30-32] and generalized anxiety disorder among
cataracts patients [33]. Conversely, SB (>8 h/day) has emerged as an independent risk factor for poor health,
likely mediated by inflammation, metabolic dysregulation, and reduced opportunities for enjoyable physical
and mental activities [34,35]. Epidemiological studies demonstrate that adults engaging in >8 h/day of sitting
time exhibited 20%-30% higher risks of cardiovascular diseases, type 2 diabetes, and all-cause mortality
compared to those with <8 h/day, even after adjusting for PA levels [34,36]. In particular, an increasing
amount of empirical evidence indicates that individuals with or without chronic disease who maintain the
health behavior recommendations (i.e., PA and SB) of the WHO had a lower incidence of stress, depression,
and sleep problems [37-40].

Although these independent associations have been well established, little is known about how combi-
nation of PA and SB (e.g,, sitting time) relate to stress, anxiety, and sleep problems among individuals with
cataracts. Therefore, we will assess whether the combination of higher PA level and lower sedentary time
are associated with reduced stress, lower levels of anxiety symptoms, and less sleep problems in adults with
cataracts in this present study. We hypothesized that (1) achieving the recommended 150 min per week of
moderate-to-vigorous PA or less than 8 h/day of sedentary time will correspond to reduced stress, lower risk
of anxiety symptoms, and lower risk of sleep problems; and (2) the combination of enough PA and limited
sedentary time will relate to reduced stress, lower risk of anxiety symptoms, and lower risk of sleep problems.
By clarifying these relationships, the study aims to inform healthy behaviors that can complement surgical
services and reduce the psychosocial burden of cataract, especially in resource-limited settings where delays
to surgery are common.
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2 Methods

2.1 Study Design and Sample

This study utilized data from the WHO’s Study on Global Ageing and Adult Health (SAGE), a cross-
sectional, population-based survey conducted between 2007 and 2010 across six low- and middle-income
countries (LMICs), including China, Ghana, India, Mexico, Russia, and South Africa. The SAGE initiative
employed a nationally representative sampling framework to collect data on aging-related health outcomes,
sociodemographic factors, and psychological health. Trained personnel administered standardized instru-
ments through in-person interviews, including domains such as chronic disease prevalence, psychological
health symptoms, and lifestyle behaviors. National response rates ranged from 51% (Mexico) to 93% (China),
reflecting variability in participation across regions. The study protocol rigorously adhered to the ethical
principles of the Declaration of Helsinki, with approval granted by the WHO Ethical Review Committee
and local institutional review boards in all participating countries. Informed consent was obtained from all
participants prior to data collection.

In the SAGE Survey, participants (total n = 52,390) who failed to complete the data on sociodemo-
graphic, PA, sedentary behavior, stress, anxiety symptoms, and sleep problems were excluded (n = 29,333)
using listwise deletion method. Cataracts were assessed using two questions: “In the last 12 months have
you experienced any cloudy or blurry vision?” and “In the last 12 months have you experienced any vision
problems with light, such as glare from bright lights, or halos around lights?”. When the respondents clearly
answered “Yes” to both of these questions, they were defined as cataracts [41,42]. The sample of this study
includes adults with cataracts aged 50 years and above from six LMICs (n = 2663). There was a total of
2663 observations.

2.2 Physical Activity and Sedentary Behavior

Leisure-time PA was assessed using the Global Physical Activity Questionnaire (GPAQ) to evaluate
engagement in sports, fitness, and recreational activities. Participants reported the frequency (days/week)
and duration (minutes/day) of both vigorous-intensity (e.g., running, football) and moderate-intensity
(e.g., brisk walking, cycling, swimming) leisure activities during a typical week. Total weekly moderate-
to-vigorous PA was computed by summing time spent in these activities. According to the mainstream
recommendations for weekly leisure-time PA volume [43,44], the total leisure-time PA in this study was
categorized into two groups: high level of PA (>150 min/week) or low level of PA (<150 min/week), consistent
with established thresholds from prior research [45]. In addition, SB was operationalized using a single-
item measure derived from the GPAQ: “How much time do you usually spend sitting or reclining on a
typical day? Here are examples: working at a desk, socializing while seated, commuting by car, bus, or
train, reading, playing cards, or watching television” [46]. Participants reporting <8 h/day were classified as
meeting sedentary guidelines, while those with >8 h/day were categorized as non-compliant, consistent with
established public health guidelines [47]. Notably, the combination of >150 min/week PA and <8 h/day of
sedentary behavior was considered as meeting the PA and SB recommendations.

2.3 Dependent Variables

Stress was measured using two questions, which were followed by the validated perceived stress
scale [48]. The questions were: “How often have you felt that you were unable to control the important things
in your life?”; and “How often have you found that you could not cope with all the things that you had to do?”

Response options were: “never =17, “almost never = 2”, “sometimes = 3”, “fairly often = 4”, and “very often =
5”. We conducted factor analysis using the polychoric correlation coefficient to incorporate the covariance
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structure of the answers provided for each question aimed at measuring a similar structure. The principal
component approach was employed for factor extraction, and the factor scores were obtained through the
regression scoring method. These factor scores were then converted into scores ranging from 0 to 100; the
higher scores represented a higher level of perceived stress [49].

The presence of sleep problems was assessed using the following question: “During the past 30 days,
how much of a problem did you have with sleeping, such as falling asleep, waking up frequently during the
night, or waking up too early in the morning?” Response options were: “none =17, “mild = 2”, “moderate = 3,
“severe = 4” and “extreme/cannot do = 5”. According to previous publications that used the same dataset of
questions, we generated a binary variable by combining “no”, “mild”, and “moderate” to represent “no sleep
problems = 0” and “severe” and “extreme/cannot do” to represent “sleep problems =1” [50,51].

Anxiety symptoms were assessed by the question: ‘Overall in the past 30 days, how much of a problem
did you have with worry or anxiety?’ Response options were: “none =17, “mild = 2”, “moderate = 3, “severe =
47, and “extreme = 5”. According to previous publications that used the same dataset of questions, those who
responded “severe” and “extreme” were regarded as anxiety (coded 1), the other responses were regarded as
non-anxiety (coded 0) [52,53].

2.4 Control Variables

The control variables contained demographic and health-related covariates: age (continuous), sex
(male/female), educational attainment, residential setting (urban/rural), smoking status, alcohol use, and
the cumulative count of chronic conditions (e.g., hypertension, diabetes, stroke, lung disease). Educational
attainment was classified as four tiers: no formal education (0 years), primary education (1-6 years), sec-
ondary education (7-12 years; encompassing junior/senior high school equivalency), and higher education
(>12 years; university or postgraduate training). Smoking status was classified as never, current, or past
smokers, while alcohol consumption was classified as never or past drinker. Chronic disease burden was
derived from the sum of self-reported, physician-confirmed diagnoses [54].

2.5 Statistical Analysis

The statistical analyses were conducted with Stata 17.0 (Stata Corp., College Station, TX, USA). The level
of statistical significance was set at p < 0.05. The Shapiro-Wilk test and the normal-probability plot were
used to examine the normality. The variance inflation factors were used to examine the multicollinearity.
The descriptive characteristics were summarized and presented as mean and standard deviation (SD),
count and percentages. A multiple linear regression analysis was employed to examine the associations
between PA, sedentary behavior, and stress while controlling for covariates such as age, sex, educational
attainment, residential environment, smoking status, alcohol consumption, and number of chronic diseases.
A multivariate logistic regression analysis was employed to examine the associations between PA, SB, sleep
problems, and anxiety symptoms after controlling for the covariates. The results were presented in the form
of B coefficients or odd ratio (OR) with their 95% confidence intervals (CI).

3 Results
3.1 Participant Characteristics

To verify the appropriateness of the model, we conducted a series of diagnostic tests. The Shapiro-
Wilk test and the normal-probability plot did not reveal any substantial deviation of the residuals from a
normal distribution (p > 0.05). The variance inflation factors were below 2. The model explained 18%-28%
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of the variance in pressure (R? = 0.18-0.28). Overall, the analytic assumptions were met and that the models
provided acceptable fit and explanatory strength.

The study included 2663 individuals with cataracts (mean age = 66.16 + 9.99 years; 53.77% women).
Most participants resided in urban settings (61.28%) and were cohabiting (66.24%). Educational attainment
varied: 43.75% reported 1-6 years of formal education, 25.69% had 7-12 years, and 11.08% completed >12
years, while 19.49% reported no formal education. Health behaviors indicated that half of the sample (51.90%)
consumed alcohol, and the majority were non-smokers (69.85%), with 12.48% reporting current smoking
and 25.99% past smoking. 55.28% had 1-2 chronic conditions, and 27.68% had >3, while only 17.05% reported
none. Mean stress score was 21.97 + 11.74, the prevalence of anxiety and sleep problems was 9.58% and 17.39%,
respectively physical activity levels were relatively high, with 65.23% meeting the recommended threshold of
>150 min/week. However, sedentary behavior was widespread, as 83.36% reported sitting >8 h/day (Table 1).

Table 1: Sample characteristics

Variables n Mean + SD/%

Age 2663 66.16 + 9.99
Sex

Men 1231 46.23

Women 1432 53.77
Education (years)

0 519 19.49

1-6 1165 43.75

7-12 684 25.69

>12 295 11.08
Marital status

Cohabiting 1764 66.24

Non-cohabiting 899 33.76
Setting

Rural 1031 38.72

Urban 1632 61.28
Alcohol consumption

Yes 1382 51.90

No 1281 48.10
Smoking

Never 1670 62.71

Current 277 12.48

Past 692 25.99
Number of chronic conditions

0 454 17.05

1-2 1472 55.28

>3 737 27.68
Stress 2219 21.97 + 11.74
Anxiety

Yes 255 9.58

(Continued)



1106

Int ] Ment Health Promot. 2025;27(8)

Table 1 (continued)

Variables n Mean + SD/%

No 2408 90.42
Sleep problems

Yes 463 17.39

No 2200 82.61
Physical activity

>150 min/week 1727 65.23

<150 min/week 926 34.77
Sedentary behavior

>8 h/day 2220 83.36

<8 h/day 443 16.64

3.2 Associations between Physical Activity, Stress, Anxiety, and Sleep Problems

Table 2 depicts the results of the associations between meeting physical activity recommendations (>150
min/week) and stress score, anxiety symptoms, and sleep problems among the participants. Specifically,
participants who met the recommendations were associated with lower stress score (f = —2.920, 95% CI:
—3.880 to —1.959, p < 0.001) and lower odds of reporting sleep problems (OR = 0.488, 95% CI: 0.389 to 0.612, p
<0.001) compared to those with non-meeting physical activity recommendations. However, meeting physical

activity recommendations was non-significantly associated with reduced odds of anxiety symptoms (OR =

0.882,95% CI: 0.660 to 1.179, p = 0.395). Overall, participants with meeting physical activity recommendation

were likely to have less stress and a lower risk of sleep problems.

Table 2: The association between physical activity, stress, anxiety symptoms, and sleep problems

Variable Stress Anxiety symptoms Sleep problems

B 95% CI P OR 95% CI P OR 95% CI P
Age 0.076 —0.025 0.126 0.003 1.003 0.988 1.019 0.659 1.023 1.010 1.035 0.001
Sex
Male
Female 1.024 -0.169 2.218 0.093 1.848 1.255 2.721 0.002 2170 1585 2.971 0.001
BMI —-0.074 —-0.170 0.023 0.006 0.958 0.930 0.986 0.001 0.974 0.952 0.997 0.026
Setting
Urban
Rural 2.636 1650 3.621 0.001 1.650 1.226 2.222 0.001 1312 1.028 1.674 0.029
Marital status
Non-cohabiting
Cohabiting -2.218 -3.279 -1.158 0.001 0.764 0.558 1.046 0.094 0.841 0.656 1079 0.174
Education
0
1 2124 0920 3.328 0.001 1114 0.772 1.606 0.565 1359 0.991 1.863 0.057
3 3152 1740 4.564 0.001 1504 0.984 2300 0.059 1776 1240 2.545 0.002
4 0.509 -1.195 2.212 0.558 0.879 0.503 1536 0.652 1.545 1.015 2.352 0.042
Disease count
0
1 0.583 -0.6601.827 0.358 1157 0.772 1734 0.480 1.809 1217 2.689 0.003
3 3.443 1962 4923 0.001 2.099 1330 3.314 0.001 3.222 2111 4916 0.001

(Continued)
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Table 2 (continued)

Variable Stress Anxiety symptoms Sleep problems

B 95% CI 4 OR 95% CI P OR 95% CI 4
Alcohol consumption
No
Yes 0.675 -0.3031.652 0.176 0.925 0.686 1247 0.362 1570 1231 2.003 0.001
Smoking
No
Current 2161 0575 3.745 0.008 2.801 1796 4.369 0.001 1931 1342 2.779 0.001
Past 0915 -0.356 2.186 0.158 1.868 1.255 2.779 0.001 1353 0.966 1.895 0.078
Movement behavior
None Reference Reference Reference
Meeting physical activity —2.920 —3.880 —1.959 0.001 0.882 0.660 1179 0.395 0.488 0.389 0.612 0.001
recommendation

Note: the adjusted model included age, sex, education years, setting, alcohol consumption, smoking, number of
chronic diseases, and body mass index.

3.3 Associations between Sedentary Behavior, Stress, Anxiety, and Sleep Problems

Table 3 depicts the results of the associations between meeting sedentary behavior recommendation
and stress score, anxiety symptoms, and sleep problems among the participants. Participants who met the
sedentary behavior recommendation (<8 h/day) were associated with lower stress score (f = —5.191, 95% CI:
—-6.378 to —4.004, p < 0.001), lower odds of anxiety symptoms (OR = 0.481, 95% CI: 0.354 to 0.655, p < 0.001),
and lower odds of sleep problems (OR = 0.540, 95% CI: 0.420 to 0.693, p < 0.001) compared to those with
non-meeting sedentary behavior recommendation. Overall, participants with meeting sedentary behavior
recommendation were likely to have less stress, anxiety symptoms and a lower risk of sleep problems.

Table 3: The association between sedentary behavior, stress, anxiety symptoms, and sleep problems

Stress Anxiety symptoms Sleep problems

B 95% CI p  OR 95% CI p OR 95% CI p
Age 0.079 0.030 0.129 0.002 0.999 098 1015 0983 1.027 1.014 1.040 0.001
Sex
Male
Female 0.799 -0.387 1984 0.187 1787 1211 2.635 0.003 2.065 1485 2.771 0.001
BMI -0.079 -0.175 0.017 0.106 0.956 0.928 0.984 0.003 0.974 0.952 0.997 0.028
Setting
Urban
Rural 2345 1365 3.326 0.001 1550 1152 2.087 0.004 1237 0.971 1578 0.086
Marital status
Non-cohabiting
Cohabiting -2.073 -3.127 -1.019 0.001 0.792 0.575 1089 0.152 0.843 0.657 1082 0.180
Education
0
1 1706  0.510 2.902 0.005 1054 0.730 1523 0.777 1255 0917 1719 0.156
3 2278 0881 3.675 0.001 1373 0.899 209 0142 1470 1030 2.097 0.034
4 -0.120 -1.810 1.570 0.889 0.816 0.467 1427 0476 1359 0.895 2.062 0.150
Disease count
0
1 0.634 -0.600 1.868 0314 1139 0.759 1710 0.529 1835 1.236 2.724 0.003
3 3338 1869 4.807 0.001 1973 1246 3124 0.004 3303 2166 5.037 0.001

(Continued)
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Table 3 (continued)

Stress Anxiety symptoms Sleep problems

B 95% CI P OR 95% CI P OR 95% CI P
Alcohol consumption
No
Yes 0.372 -0.591 1335 0.449 0903 0.670 1217 0504 1396 1110 1773 0.006
Smoking
No
Current 1.787 0.209 3.364 0.026 2.641 1.686 4.138 0.001 1.834 1275 2.638 0.001
Past 0.723 -0.539 1985 0.261 1862 1250 2.775 0.002 1310 0.937 1832 0.091
Movement behavior
None Reference Reference Reference
Meeting sedentary —5.191 -6.378 —4.004 0.001 0.481 0.354 0.655 0.001 0.540 0.420 0.693 0.001

behavior recommendation

Note: the adjusted model included age, sex, education years, setting, alcohol consumption, smoking, number of
chronic diseases, and body mass index.

3.4 Combined Effects of Physical Activity and Sedentary Behavior

Table 4 shows the results of associations of physical activity and sedentary behavior with stress score,
anxiety symptoms, and sleep problems after controlling for covariate. Participants who met either the phys-
ical activity recommendation (>150 min/week of moderate-to-vigorous physical activity) or the sedentary
behavior recommendation (<8 h/day) were associated with lower stress score (B = —5.703, 95% CI: —6.944
to —4.463, p < 0.001), lower odds of anxiety symptoms (OR = 0.452, 95% CI: 0.328 to 0.623, p < 0.001), and
lower odds of sleep problems (OR = 0.548, 95% CI: 0.423 to 0.712, p < 0.001)compared to those non-meeting
recommendation. Additionally, meeting both physical activity and sedentary behavior recommendations
was associated with reduced stress (f = —9.307, 95% CI: —11.122 to —7.492, p < 0.001), lower odds of anxiety
symptoms (OR = 0.451, 95% CI: 0.262 to 0.776, p = 0.004), and sleep problems (OR = 0.336, 95% CI: 0.206 to
0.550, p < 0.001) compared to those with non-meeting recommendation. Overall, participants with meeting
both physical activity and sedentary behavior recommendations were more likely have the lowest levels of
stress, anxiety symptoms, and sleep problems.

Table 4: The association between meeting physical activity, sedentary behavior, stress, anxiety symptoms, and sleep
problems

Stress Anxiety symptoms Sleep problems

B 95% CI p OR 95% CI p OR 95% CI p
Age 0.073 0.023 0.22 0.004 0.999 0984 1014 0.880 1.026 1.013 1.039 0.001
Sex
Male
Female 0.720 -0.457 1.897 0.231 1791 1214 2.641 0.003 2.024 1481 2768 0.001
BMI —-0.086 —0.181 0.009 0.075 0.956 0.929 0.984 0.003 0.974 0.951 0.996 0.023
Setting
Urban
Rural 2191 1217 3166 0.001 1546 1148 2.081 0.004 1223 0.959 1560 0.105
Marital status
Non-cohabiting
Cohabiting -2.014 -3.060 —0.968 0.001 0.793 0.576 1.091 0.155 0.861 0.670 1106 0.241
Education
0

(Continued)
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Table 4 (continued)

Stress Anxiety symptoms Sleep problems

B 95% CI p OR  95%CI p OR  95%CI p
1 1.789 0.602 2.977 0.001 1.057 0.731 1526 0.769 1329 0.970 1.821 0.077
3 2.487 1001 3.874 0.001 1395 0914 2129 0.123 1.682 1177 2.405 0.004
4 0.172 -1508 1.852 0.841 0.817 0.467 1429 0.479 1464 0.963 2227 0.075
Disease count
0
1 0.635 -0.591 1.860 0.310 1137 0.758 1.707 0.534 1.847 1.243 2742 0.002
3 3.279 1821 4.738 0.001 1962 1239 3108 0.004 3.315 2173 5.057 0.001
Alcohol consumption
No
Yes 0.306 -0.6551.260 0.535 0.912 0.676 1229 0.545 1400 1102 1778 0.006
Smoking
No
Current 1.707 0.141 3.273 0.033 2.619 1670 4.108 0.001 1.837 1275 2.646 0.001
Past 0.818 —0.435 2.071 0.201 1.869 1254 2756 0.002 1331 0.952 1861 0.094
Movement behavior
None Reference Reference Reference
Meeting PA or SB -5.703 -6.944 -4.463 0.001 0.452 0.328 0.623 0.001 0.548 0.423 0.712 0.001
recommendation
Meeting PA + SB -9.307 -11.122 -7492 0.001 0.451 0.262 0.776 0.004 0.336 0.206 0.550 0.001
recommendation

Note: OR = odd ratio, BMI = body mass index, CI = confidence interval, PA = physical activity, SB = sedentary behavior
(the adjusted model included age, sex, education years, setting, alcohol consumption, smoking, number of chronic
diseases, and body mass index).

4 Discussion

This study was conducted to examine the associations of physical activity and sedentary behavior with
psychological health outcomes, specifically stress, anxiety, and sleep problems among adults with cataracts.
The findings of this study indicate that physical activity and sedentary behavior are independently and jointly
associated with stress, anxiety symptoms, and sleep problems in adults with cataracts. Specifically, meeting
physical activity recommendations (>150 min/week) was associated with a 2.92 points lower stress score
and 51.2% lower odds of sleep problems. Limiting sedentary behavior to <8 h/day showed even stronger
associations: stress scores were 5.191 points lower and the odds of anxiety (51.9%) and sleep problems (46%)
were reduced compared to participants who sat longer. The largest gains arose when the two behaviors were
combined. Adults who both met the physical activity and sedentary behavior reccommendations had a 9.307
points lower stress score, 54.9% lower odds of anxiety symptoms, and 66.4% lower odds of sleep problems
compared with those who met neither recommendation, indicating clear additive benefits.

Consistent with previous literature [27,55,56], our findings support existing evidence that regular phys-
ical activity positively affects psychological health outcomes. Studies across diverse populations consistently
demonstrate that engaging in regular physical activity significantly reduces stress levels and sleep problems.
For example, systematic reviews and meta-analyses have shown that individuals meeting physical activity
recommendations generally report lower stress [27,55]. Our observed association, a reduction of stress symp-
toms, aligns with these established findings. The inverse relationship between physical activity and stress in
cataract patients may be explained by both biological and psychosocial mechanisms. Biologically, physical
activity enhances neuroplasticity through increased brain-derived neurotrophic factor (BDNF) secretion
and elevated dopaminergic activity, which modulates stress reactivity and emotional regulation [57-59]. In
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previous study, elevated BDNF was reported to be associated with reduced amygdala hyperactivity (a key
node in stress pathways) and improved prefrontal cortex function [60], which may counteract the heightened
stress response often observed in visually impaired individuals. Additionally, physical activity stimulates
the production of endorphins, neurotransmitters that are closely linked to alleviates perceived stress and
improves mood [61,62]. Moreover, the significant inverse association between physical activity and sleep
problems identified in this study also mirrors previous research. Previous studies have highlighted the role
of physical activity in reducing sleep disturbances, improving sleep efficiency, and increasing total sleep
duration [63,64]. Similarly, in a longitudinal study by Gerber et al. [65], increasing in physical activity over
time resulted in reduced sleep problems. The identified reduction in sleep problems in our study resonates
with this literature, indicating the potential of physical activity as a non-pharmacological approach for sleep
issues, particularly among clinical populations such as those with cataracts.

Regarding sedentary behavior, our findings are in line with the growing body of evidence highlighting
its detrimental effects on psychological health [66,67]. Earlier research indicates that prolonged sedentary
behavior increases risks for stress, anxiety, and poor sleep quality [26,68,69]. For example, Chauntry et al.
observed significant associations between increased sedentary behavior and heightened stress and anxiety
symptoms [70], supporting the strong inverse relationship found in this study. Furthermore, a systematic
review by Yang et al. underscored that prolonged sedentary time was consistently associated with poorer sleep
quality and increased insomnia [69], consistent with the present findings that limiting sedentary behavior
substantially improved sleep outcomes. Our results extend this literature by demonstrating substantial
reductions in stress, anxiety, and sleep problems when sedentary behavior is limited to <8 h/day. The
particularly pronounced impact on stress and sleep problems emphasizes the critical importance of not only
promoting physical activity but also actively discouraging prolonged sedentary behaviors, particularly in
vulnerable populations. It is likely that prolonged sedentary behavior may negatively affect psychological
health through increased systemic inflammation, poor metabolic regulation, and altered cortisol secretion
patterns [71]. Consequently, reducing sedentary behavior could independently mitigate these pathways,
providing additional protective effects beyond physical activity. The magnitude of these effects underscores
the clinical relevance of emphasizing sedentary behavior reduction in health promotion strategies.

A novel finding of this study was the additive effect observed when combining physical activity with
sedentary behavior recommendations. While prior literature has largely examined physical activity and
sedentary behavior separately, the interactive effect observed herein suggests that optimal psychological
health outcomes may require concurrent attention to both movement behaviors. Similarly, Hofman et al. [28]
suggested in their cross-sectional study that the combination of sufficient physical activity and limited
sedentary behavior was beneficial in improving psychological health outcomes. Likewise, Kandola et al. [72]
observed additive benefits of combining higher levels of physical activity with lower sedentary behavior
for reducing anxiety symptoms, suggesting that integrated lifestyle behaviors might yield the greatest
psychosocial benefits.

These findings have significant clinical and public health implications. Given the strong association
between adhering to physical activity and reducing sedentary behavior recommendations and improved
psychosocial outcomes, health promotion efforts should specifically target adults with cataracts to increase
their physical activity levels and reduce sedentary time. Intervention strategies may include a combination
of structured physical activity programs and behavior modification techniques to reduce prolonged sitting,
such as regular breaks, and behavioral prompts. Healthcare providers can advise and guide cataracts patients
to engage in >150 min/week of physical activity and limit sedentary behavior to <8 h per day during routine
cataract care and consultations. In addition, they can also encourage patients to follow the principle of “more
movement and less sitting” to manage their physical and psychological health.
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There are some limitations that need to be acknowledged. First, this study is of cross-sectional
survey nature and cannot determine whether there is a causal relationship between physical activity and
sedentary behavior and the reduction of stress, anxiety and sleep problems. Because individuals with better
psychological health may be more active and less sedentary. For example, a prospective study suggested
a greater physical activity associated with better psychological health and vice versa in older adults [73].
Therefore, longitudinal studies or randomized controlled trials need to be conducted to test whether the
combined physical activity and sedentary behavior recommendations can improve psychological health.
Second, the reliance on self-reported measures of visual issues, physical activity and sedentary behavior
introduces potential recall bias, which could affect the accuracy of the reported associations. Future studies
should employ objective measurement methods, such as accelerometers, Color Doppler imaging, to collect
more precise data and diagnose cataract disease. Third, since this study analyzed pooled data sets, our
estimates represent average effects and may mask the unique patterns of each country. Differences in cultural
expectations regarding gender, different income, and health condition could alter the magnitude and even
the direction of the association between physical activity and sedentary behavior and psychological health.
Future research should examine the interaction effects by country and urban-rural environment, and explore
mediating factors such as social support. Fourth, as the study subjects were limited to cataract patients, the
generalizability of the study results may be restricted. Replicating these study results in a broader and more
diverse population will enhance their external validity.

5 Conclusions

In this study we investigated associations between physical activity and sedentary behavior related to
stress, anxiety, and sleep problems among adults with cataracts. This study provides useful information
to support the independent and joint associations between physical activity, sedentary behavior, and
psychological health outcomes, specifically stress, anxiety symptoms, and sleep problems. These observations
add to the growing evidence that movement behaviors may influence psychological health in people with
cataracts. Because the data are cross-sectional and all key variables were self-reported, the direction of the
associations cannot be confirmed. Longitudinal and intervention studies that use device-based movement
measures and validated clinical assessments are needed to test whether changing physical activity and
sedentary behavior truly improves psychological health in this population.
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