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Abstract
Background  Recently, a decreasing trend has been observed in the frequency and duration of outdoor activity 
among children, which has garnered concern regarding the potential impacts of this decline during mental health in 
early childhood. Currently, the association between outdoor activity in early childhood and the symptoms of anxiety 
disorders in preschoolers remains unclear. The purpose of this study was to investigate the association between the 
frequency and duration of outdoor activity in children aged 0–1 and 1–3 years and anxiety symptoms in preschoolers.

Methods  A cross-sectional study was conducted in 2021 using questionnaires, included 69,571 preschoolers 
residing in Longhua District, Shenzhen. Data on family social demographics, outdoor activity frequency and duration 
in children aged 0–3 years, and the anxiety symptoms of preschoolers were collected through parent-completed 
questionnaires. Anxiety symptoms were measured using the Chinese version of the Spence Preschool Anxiety Scale 
(SPAS), which assesses symptoms across various dimensions. The association between early childhood outdoor 
activity and anxiety symptoms in preschoolers was analyzed using a binary logistic regression model.

Results  Children 0–1 years of age who were outdoors < 1 times/week had a higher risk of screening positive for 
anxiety symptoms in preschool age compared with children who were outdoors ≥ 7 times/week (OR = 2.55, 95% 
confidence interval(CI): 2.22–2.94). Children in this age group who were outdoors < 30 min/session had a higher risk 
of screening positive for anxiety symptoms in preschool age compared with children who were outdoors ≥ 120 min/ 
session (OR = 1.62, 95%CI: 1.38–1.90). Children 1–3 years of age, who were outdoors < 1 time/week had a higher 
risk of screening positive for anxiety symptoms in preschool age compared with children who were outdoors ≥ 7 
times/week, (OR = 3.10, 95%CI: 2.72–3.54). Children in this age group who were outdoors for < 30 min/session had a 
higher risk of screening positive for anxiety symptoms in preschool age compared with children who were outdoors 
time ≥ 120 min/ session (OR = 2.07, 95%CI: 1.73–2.48).

Conclusion  Lower frequency and shorter duration of outdoor activity during infancy (0–1 and 1–3 years) had higher 
odds of screening positive for anxiety symptoms in preschoolers. A frequency of ≥ 7 outdoor activity per week and a 
duration of ≥ 120 min/session during infancy were associated with lower levels of anxiety symptoms in preschoolers.
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Introduction
While anxiety in older children is well-studied, research 
on anxiety in preschoolers remains limited [1]. Stud-
ies have demonstrated that the age of onset of anxiety 
symptoms is approximately 4–12 years old [2–4]. Anxi-
ety symptoms is one of the most common emotional 
problems in children and can adversely affect their learn-
ing and daily life [5]. Anxiety symptoms in preschoolers 
tended to increase gradually with age and tends to persist 
into adolescence and adults [6–8]. A longitudinal study 
in Canada showed that 14.7% of preschoolers maintained 
consistently elevated anxiety symptoms between the ages 
of 1.5 and 5.0 [9]. A US study reported a positive screen-
ing rate of approximately 10% for anxiety disorder symp-
toms in preschoolers [10]. The positive screening rate for 
anxiety symptoms is approximately 9% among Chinese 
preschoolers [1]. Globally, anxiety-related productiv-
ity losses are estimated at approximately $1 trillion per 
year [11]. Researchers suggest that preschool may be the 
optimal developmental window for anxiety prevention or 
early intervention [12, 13].

Recently, there has been a global decline in the fre-
quency and duration of outdoor activity among children. 
This trend can be attributed to several factors, including 
increasing urbanization, safety concerns, and the rise of 
digital media. Children today spend more time indoors 
engaged with screens and less time exploring and play-
ing outdoors [14–16]. The decrease in outdoor activity 
has garnered concern regarding its potential impact on 
children’s mental health. For example, children’s partici-
pation in outdoor activity in the US decreased by 37% 
between 1997 and 2003 [17]. One survey showed that 
children aged 3–12 spend less time outdoors than their 
parents; 56% of mothers reported spending more than 
3 h/day outdoors, while only 22% of their children spent 
a similar amount of time outdoors [18]. Another sur-
vey found that the median time spent outdoors by chil-
dren under 3 years of age was 30–44 min/day in winter 
months and 75–89 min/day in non-winter months [14].

Our hypothesis is that early childhood outdoor activ-
ity, particularly those involving exposure to nature and 
physical activity, would be associated with anxiety symp-
toms in preschoolers. Research has shown that outdoor 
environments have a significant protective effect on chil-
dren’s mental health, potentially alleviating anxiety symp-
toms through mechanisms such as promoting a sense of 
well-being, reducing stress, and encouraging social inter-
action. Conversely, reduced outdoor activity adversely 

affects their overall development [19, 20]. Outdoor activ-
ity can enhance psychological wellbeing, including posi-
tive emotions and subjective life satisfaction [21, 22]. An 
experimental study found that swimming pool activity 
revealed to be efficacious to train psychomotor skills and 
increaseadaptive behaviors in children with Autism Spec-
trum Disorders (ASD) [23]. Children who raised in an 
environment where both cognitive and motor skills are 
enhanced can have better chances of increasing Food lit-
eracy (FL) and success at school [24]. A study of children 
aged 4–15 years found that time spent outdoors and the 
frequency of outdoor activity were associated with social 
anxiety [20]. A meta-analysis of five small trials found 
that time spent outdoors was associated with anxiety 
symptoms in adults [25].

There is limited research on the relationship between 
outdoor activity and anxiety. There are two problems 
with the existing studies. First, most research subjects 
were adolescents and adults, leading to a lack of data on 
the relationship between early childhood outdoor activ-
ity and anxiety symptoms in preschoolers. Second, the 
sample sizes of existing studies were small. Our hypoth-
esis was that early childhood outdoor activity would be 
associated with anxiety symptoms in preschoolers. We 
aimed to demonstrate that lower frequency and shorter 
duration of outdoor activity during infancy are associated 
with a higher risk of anxiety symptoms in preschoolers, 
while giving recommendations on frequency, duration of 
outdoor activity.

Methods
Study population
Longhua District was chosen for this study due to its 
status as a rapidly developing urban area in Shenzhen, 
China, which allowed for a diverse and representa-
tive sample. The data for this study were derived from 
the 2021 survey of the Longhua Children’sStudy (LCS). 
The LCS is a medical study conducted in Longhua Dis-
trict, Shenzhen, China, that aims to assess the impact 
of caregiving environments on the early psychologi-
cal and behavioral development of preschoolers. From 
September to December 2021, the research team col-
laborated with all kindergartens in Longhua District, 
Shenzhen. Research team members conducted child psy-
chological assessments among parents of preschoolers 
from 250 kindergartens in Longhua District, Shenzhen. 
Parents of preschoolers with a diagnosis of anxiety dis-
order or a diagnosis of a serious mental disorder (such 

These findings provide actionable insights for parents and caregivers, highlighting the importance of promoting 
outdoor activity in early childhood care and parenting practices. Future studies should further explore the causal 
relationship between outdoor activity and the prevention of anxiety.
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as schizophrenia, bipolar disorder, or severe depres-
sion) were excluded from the survey. After obtaining 
informed consent from parents, a questionnaire survey 
was conducted. The questionnaire collected information 
on family demographic characteristics, outdoor activity 
frequency and duration for children aged 0–3 years, and 
anxiety symptoms in preschoolers(measured using the 
Spence Preschool Anxiety Scale). A total of 75,557 ques-
tionnaires were distributed and 71,069 questionnaires 
were collected, yielding a response rate of 94.06%. After 
excluding 1,498 questionnaires with incomplete infor-
mation, the final sample size was 69,571. This study was 
approved by the Ethics Committee of the School of Pub-
lic Health, Sun Yat-sen University (Ethics Approval No: 
2021 − 116).

Measurement of frequency and time of outdoor activity 
(major exposure variables)
“Outdoor activity” were defined as outdoor activity 
occurring during the day only. The frequency and dura-
tion of outdoor activity were reported by the children’s 
parents. To ensure the reliability and validity of these 
reports, the parental-reported outdoor activity question-
naire underwent extensive validation. We collected infor-
mation on the frequency and duration of outdoor activity 
according to age group because children aged 0–1 year 
cannot walk independently, so their outdoor activity 
frequency and duration are dependent on their parents’ 
activity, while those aged 1–3 years can walk indepen-
dently and actively engage in outdoor activity. Following 
previous research [26], we conducted a categorized sur-
vey on the frequency and duration of outdoor activity.

Additionally, we assessed the test-retest reliability of 
the questionnaire by administering it to a subset of 100 
parents at two separate time points, two weeks apart. The 
results indicated a high level of agreement between the 
two administrations, with an intraclass correlation coef-
ficient (ICC) of 0.85 for frequency of outdoor activity 
and 0.82 for duration of outdoor activity, suggesting good 
reliability of the questionnaire.

The questionnaire included the questions concerning 
the outdoor activity of the children from 0 to 1 year and 
1–3 years.

Q1: How often was your baby taken outside during 
the year of age 1? Four options were available: “1” = “<1 
times/week” and “2” = “1–2 times/week” and “3” = “3–6 
times/week” and “4” = “≥7 times/week”.

Q2: How long per time was your baby outside on aver-
age?” Five options were available: “1” = “<30 min/session” 
and “2”= “30–59 min/session” and “3”= “60–89 min/ses-
sion” and “4” = “90–119 min/session” and “5” = “≥120 
min/session”.

The questions were repeated for each age band (i.e., 
0–1 year and 1–3 years). The answers were used to 

generate the following variables that described the chil-
dren’s outdoor activity during the year of age 0–1 year 
and 1–3 years: (1) the frequency of outdoor activity, (2) 
the duration of outdoor activity.

Measurement of anxiety symptoms in preschoolers 
(outcome variable)
Anxiety symptoms were measured using the Chinese ver-
sion of the Spence Preschool Anxiety Scale (SPAS), which 
was modified by Chinese researchers to measure anxi-
ety symptoms in Chinese children aged 3–6 years. This 
scale was chosen due to its specificity in assessing anxi-
ety symptoms in children aged 3–6 years, which aligns 
with our study population. Additionally, the Chinese 
version of the SPAS has been adapted and tested in Chi-
nese populations, making it a suitable tool for our study 
context. The scale demonstrated good reliability and 
validity with a Cronbach’s alpha coefficient of 0.95 [1]. 
The scale utilizes a 5-point Likert scoring method, with 
response options ranging from “Never"=0, “Rarely"=1, 
“Sometimes"=2, “Often"=3, to “Always"=4. The scores are 
summed to obtain a total anxiety score ranging from 0 to 
112, with higher scores indicating more severe anxiety. A 
total score of ≥ 48 is defined as a positive screening for 
anxiety symptoms [27].

Covariates
The following confounding covariates were included in 
the analysis: child’s gender, single-child status, parents’ 
education level, family’s monthly income, and parental 
marital status.

Statistical analysis
We reported the proportions describing changes in out-
door activity frequency and duration among children 
aged 0–3 years as the categorical variables. Chi-square 
tests were used to compare the sociodemographic char-
acteristics of children who screened positive for anxiety 
symptoms in preschoolers. Binary logistic regression 
models were employed, controlling for factors such as 
children’s gender, family size, parental education level, 
household monthly income, and parental marital status, 
to analyze the associations between outdoor activity fre-
quency, duration, and anxiety symptoms in preschool-
ers in children aged 0–1 year and 1–3 years. The Results 
are presented as odds ratios (ORs) with 95% confidence 
intervals (CI). Statistical significance was set at a two-
tailed test with P < 0.05. Data management and statisti-
cal analyses were performed using Statistical Package for 
the Social Sciences (version 25.0; SPSS Inc., Chicago, IL, 
USA).
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Results
Social characteristics and anxiety symptoms
Table  1 provides an overview of participants’ sociode-
mographic characteristics. Among the 69,571 children 
enrolled in the study, 2,440 (3.51%) tested positive for 
anxiety. Female participants exhibited a higher rate of 
anxiety symptoms (3.84%) compared to male participants 
(3.22%) (P < 0.001). Notably, lower parental education 
levels, lower economic income, being an only child, and 
single-parent households were identified as risk factors 
for child anxiety symptoms in preschoolers. These fac-
tors showed significant differences across subgroups, as 
detailed in Table 1.

Distribution of outdoor activity frequency and duration for 
children under 3 years old
The proportion of children aged 0 to 3 years with outdoor 
activity frequency ≥ 7 times/week decreased from 48.3% 
at 1 year to 42.8% at 3 years. The overall outdoor activity 
frequency for infants aged 0–1 year was higher than that 
of children aged 1–3 years (Fig. 1). An unexpected finding 

was that the proportion of children with a lower outdoor 
activity frequency (< 1 time/week) increased with age, 
suggesting a decline in outdoor activity as children grow 
older. The proportion of children aged 0 to 3 years with 
outdoor activity time ≥ 60  min/session increased from 
54.2% at 1 year to 65.8% at 3 years. The overall outdoor 
activity time for infants aged 0–1 year was less than that 
of children aged 1–3 years (Fig. 2).

Association of outdoor activity frequency and time with 
anxiety symptoms in preschoolers (primary outcome)
AOR: Adjusted odds ratio. OR with adjustment for child’s 
sex, number of children in the family, maternal and 
paternal education level, monthly household income, 
and parental marital status. CI: Confidence intervals. Ref: 
Reference. *P < 0.05.

In children aged 0–1, outdoor activity frequency < 1 
time/week, 1–2 times/week, and 3–6 times/week were 
found to have ORs (95% CI) for positive screening of anx-
iety symptoms in preschool age of 2.55 (2.22–2.94), 1.94 
(1.75–2.14), and 1.19 (1.07–1.32), respectively, compared 

Table 1  Social characteristics and anxiety symptoms among preschoolers
Characteristics Total Anxiety symptoms χ2/F P-value

No
(N = 67131)

Yes
(N = 2440)

Child’s age [mean ± SD (years)] 69,571 4.9 ± 0.9 4.8 ± 0.8 0.263 0.792
Gender [n (%)] 18.894 <0.001
Male 37,073 35,878(53.4) 1195(49.0)
Female 32,498 31,253(46.6) 1245(51.0)
Single-child status [n (%)] 4.071 <0.05
Yes 47,428 45,719(68.1) 1709(70.0)
No 22,143 21,412(31.9) 731(30.0)
Maternal education level [n (%)] 158.784 <0.001
  Junior high school or lower 10,217 9654(14.4) 563(23.1)
  High school 14,400 13,868(20.7) 532(21.8)
  College 42,646 41,362(61.6) 1284(52.6)
  Master’s degree or above 2308 2247(3.3) 61(2.5)
Paternal education level [n (%)] 86.706 <0.001
  Junior high school or lower 9424 8968(13.4) 456(18.7)
  High school 14,616 14,031(20.9) 585(24.0)
  College 42,047 40,743(60.7) 1304(53.4)
  Master’s degree or above 3484 3389(5.0) 95(3.9)
Monthly household income [n (%)] 196.959 <0.001
≤¥10,000 11,630 10,982(16.4) 648(26.6)
¥10,000–20,000 23,714 22,886(34.1) 828(33.9)
¥20,000–30,000 14,728 14,289(21.3) 439(18.0)
¥30,000–40,000 8066 7844(11.7) 222(9.1)
>¥40,000 11,433 11,130(16.6) 303(12.4)
Parental marital status [n (%)] 10.810 <0.05
  Married 66,622 64,316(95.8) 2306(94.5)
  Unmarried/Divorced/ 572 542(0.8) 30(1.2)
  Widowed/Remarried 2377 2273(3.4) 104(4.3)
Means (SD) are presented for continuous variables, and N (%) is presented for non-continuous variables. Abbreviations: χ2, chi-square test. F: F variance analysis. SD: 
standard deviation. N (%): quantity (proportion)
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with outdoor activity frequency ≥ 7 times/week. Children 
in this age group with outdoor activity time < 30  min/
session, 30–59  min/session, 60–89  min/session, and 
90–119  min/session had ORs (95% CI) for positive 
screening of anxiety symptoms in preschool age of 1.62 
(1.38–1.90), 1.33 (1.17–1.52), 1.46 (1.27–1.68), and 1.12 
(0.95–1.31), respectively, compared with those with out-
door activity time ≥ 120 min/session. More detailed infor-
mation is provided in Table 2.

In children aged 1–3, outdoor activity frequency of 
< 1, 1–2, and 3–6 times/week had ORs (95% CI) for posi-
tive screening of anxiety symptoms in preschool age of 
3.10 (2.72–3.54), 1.83 (1.64–2.03), and 1.42 (1.27–1.58), 
respectively, compared with those with outdoor activity 
frequency of ≥ 7 times/week. Children in this age group 
with an outdoor activity duration of < 30, 30–59, 60–89, 
and 90–119  min/session had ORs (95% CI) for positive 
screening of anxiety symptoms in preschool age of 2.07 
(1.73–2.48), 1.56 (1.37–1.78), 1.50 (1.31–1.72), and 1.22 
(1.05–1.42), respectively, compared with those with out-
door activity time ≥ 120 min/session. More detailed infor-
mation is provided in Table 3.

Discussion
We investigated the frequency and duration of outdoor 
activity in children aged 0–3 years, specifically in two 
distinct age groups: 0–1 years and 1–3 years. Our find-
ings revealed that a lower frequency and shorter duration 
of outdoor activity during infancy (0–1 and 1–3 years) 
were associated with a higher risk of positive screening 
for anxiety symptoms in preschoolers. Infants and tod-
dlers who engaged in outdoor activity at least seven times 
per week for at least 90  min per session during these 
age ranges exhibited lower levels of anxiety symptoms 
in preschoolers. This proves that our hypothesis is cor-
rect. There are several reasons why outdoor activity dur-
ing infancy might have stronger associations with anxiety 
reduction compared to other periods. Firstly, infancy 
is a critical period for brain development, particularly 
in regions involved in emotional regulation and stress 
response [28]. During this time, the brain is highly plastic 
and more responsive to environmental stimuli, making 
it a prime window for interventions that can shape neu-
ral circuits and promote resilience to stress and anxiety 
[29]. outdoor activity, with their rich sensory inputs and 
opportunities for physical exercise, may provide the nec-
essary stimulation to support optimal brain development 

Fig. 1  Frequency of outdoor activity from 0–3 years
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Table 2  Outdoor activity and anxiety symptoms in preschoolers aged 0–1 year
Outdoor activity No. of children Cases (%) OR (95% CI) AOR (95% CI)
Frequency
≥ 7 times/week 33,569 877(2.61) Ref. Ref.
3-6times/week 18,445 571(3.10) 1.19(1.07–1.33)* 1.19(1.07–1.32)*
1–2 times/week 13,604 707(5.20) 2.04(1.84–2.26)* 1.94(1.75–2.14)*
<1 times/week 3953 285(7.21) 2.89(2.52–3.33)* 2.55(2.22–2.94)*
Duration
≥ 120 min/session 11,762 311(2.64) Ref. Ref.
90–119 min/session 10,465 311(2.97) 1.12(0.96–1.32) 1.12(0.95–1.31)
60–89 min/session 15,246 591(3.88) 1.48(1.30–1.70)* 1.46(1.27–1.68)*
30–59 min/session 25,378 908(3.58) 1.36(1.20–1.55)* 1.33(1.17–1.52)*
< 30 min/session 6720 319(4.75) 1.83(1.56–2.15)* 1.62(1.38–1.90)*
AOR: Adjusted odds ratio. OR with adjustment for child’s sex, number of children in the family, maternal and paternal education level, monthly household income, 
and parental marital status. CI: Confidence intervals. Ref: Reference. *P < 0.05

Fig. 2  Duration of outdoor activity from 0–3 years
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in these domains. Secondly, outdoor activity during 
infancy offer unique opportunities for social interaction 
and emotional support, which are crucial for the devel-
opment of secure attachment relationships and the regu-
lation of emotions [30]. Infants and toddlers who engage 
in regular outdoor activity are more likely to interact with 
caregivers and peers in positive and supportive ways, fos-
tering a sense of safety and trust that can mitigate the risk 
of anxiety later in life.Thirdly, exposure to natural light 
and outdoor environments has been shown to have pro-
found effects on mood and anxiety levels across the lifes-
pan, but these effects may be particularly pronounced 
during infancy when the circadian system is still matur-
ing [31].

Previous research has shown that the provision of 
more outdoor activity spaces is associated with lower 
anxiety levels in children in a given area. The attractive-
ness of outdoor environmental features reduces anxiety 
in children. These studies highlighted the importance of 
adequate outdoor activity facilities for children’s physical 
and mental health. However, these studies did not make 
recommendations regarding the timing or frequency of 
outdoor activity in early childhood, which we aimed to 
elucidate. Our study provides recommendations for the 
frequency and duration of outdoor activity in early child-
hood. A meta-analysis conducted in the US found that 
nature-based outdoor activity were beneficial for the 
psychological well-being of adults, with the most effec-
tive intervention duration ranging from 8 to 12 weeks 
and an optimal duration range of 20 to 90 min [25]. Cur-
rently, most studies on the impact of outdoor activity on 
mental health have focused on older children or adults, 
and there is limited research on the effects of outdoor 
activity on the mental health of young children [32]. 
Children are in a phase of rapid growth and develop-
ment that makes them more sensitive to environmental 
influences [33]. Building on this knowledge, our study 
demonstrates an association between the frequency 
and duration of outdoor activity in early childhood and 

children’s anxiety symptoms. Increasing the frequency 
and duration of outdoor activity for infants and toddlers 
may be an effective approach for reducing anxiety levels, 
which is an important consideration for the scientifi-
cally informed upbringing of children [34]. Studies have 
shown that children spend less time outdoors as they age 
[35, 36]. Our study found that the frequency of outdoor 
activity decreased with age, but the time spent outdoors 
increased.

Previous studies have found that exposure to sunlight 
and outdoor views may be responsible for lower anxiety 
levels. Ultraviolet (UV) radiation is a major component 
of sunlight, and previous studies have confirmed that 
moderate exposure to UV radiation can have beneficial 
effects on human mood [37]. Another study revealed that 
the activity of striatal dopamine D2/D3 receptors was sig-
nificantly higher in a high-sunlight exposure group than 
in a low-sunlight exposure group [38]. Increasing the fre-
quency and duration of outdoor activity provides infants 
and toddlers with more opportunities for sunlight expo-
sure, which may contribute to reduced anxiety. In addi-
tion, exposure to natural environments during outdoor 
activity is beneficial for reducing anxiety. A study of older 
adults showed that exposure to natural scenery improves 
mood, with the greatest effect of 80–90  min spent out-
doors in natural settings [39]. Furthermore, spending a 
minimum of 120  min/week in nature is associated with 
lower anxiety and higher happiness levels [40]. A study 
on six healthy middle-aged individuals found a positive 
correlation between time spent outdoors and the volume 
of gray matter in the right dorsolateral prefrontal cortex 
from multiple magnetic resonance imaging (MRI) brain 
scans, as well as positive affect and decreased anxiety lev-
els [41].

In addition, outdoor activity can attract children’s 
attention through games, temporarily divert their atten-
tion from anxious emotions, and provide them with 
pleasant emotional experiences. Studies have shown a 
correlation between increased outdoor activity and more 

Table 3  Outdoor activity and anxiety symptoms in preschoolers aged 1–3 years
Outdoor activity No. of children Cases (N%) OR (95% CI) AOR (95% CI)
Frequency
≥ 7 times/week 29,808 705(2.37) Ref. Ref.
3-6times/week 18,142 610(3.36) 1.43(1.28–1.60)* 1.42(1.27–1.58)*
1–2 times/week 16,889 753(4.46) 1.92(1.73–2.13)* 1.83(1.64–2.03)*
<1 times/week 4732 372(7.86) 3.52(3.10–4.00)* 3.10(2.72–3.54)*
Duration
≥ 120 min/session 13,277 325(2.45) Ref. Ref.
90–119 min/session 13,464 403(2.99) 1.23(1.06–1.42)* 1.22(1.05–1.42)*
60–89 min/session 18,717 691(3.69) 1.53(1.33–1.74)* 1.50(1.31–1.72)*
30–59 min/session 20,610 816(3.96) 1.64(1.44–1.87)* 1.56(1.37–1.78)*
< 30 min/session 3503 205(5.85) 2.48(2.07–2.96)* 2.07(1.73–2.48)*
AOR: Adjusted odds ratio. OR with adjustment for child’s sex, number of children in the family, maternal and paternal age at child’s birth, maternal and paternal 
education level, monthly household income, and parental marital status. CI: Confidence intervals. Ref: Reference. *P < 0.05
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play space for children [42–44], and play has been found 
to reduce children’s anxiety symptoms. Compared to 
indoor activity of a similar nature, outdoor activity are 
associated with higher levels of happiness and lower lev-
els of stress and anxiety [45]. Another study involving 54 
preschoolers found that after a 10-week outdoor activity-
based intervention focused on “play and growth,” the 
children reported a decrease in perceived stress [46].

The main strength of this study is that it adds to the evi-
dence on the relationship between outdoor activity and 
anxiety symptoms in younger children. Whereas previous 
studies have made no recommendations regarding the 
frequency and duration of outdoor activity in early child-
hood, our study helps to fill this gap by providing specific 
recommendations regarding the frequency and duration 
of outdoor activity in young children. Using data from a 
large sample size, our study found that frequency of out-
door activity ≥ 7 times/week and duration of ≥ 120  min 
per time during infancy were associated with lower lev-
els of anxiety symptoms in preschoolers. These findings 
provide parents with valuable insights and support the 
importance of outdoor activity frequency and duration 
in preventing childhood anxiety symptoms. However, our 
study does have certain limitations. First, data on the fre-
quency and duration of outdoor activity were collected 
retrospectively, relying on parental reports, which may 
have introduced significant recall bias. To mitigate this 
issue in future research, the use of prospective designs, 
such as daily diaries or activity trackers, could pro-
vide more accurate and reliable data on outdoor activ-
ity. Additionally, including objective measures, like GPS 
data or wearable devices, could further reduce recall bias 
and enhance the validity of the findings. Second, our 
study was a cross-sectional survey that could only estab-
lish associations between outdoor activity frequency 
and duration and anxiety symptoms in preschoolers. It 
does not provide evidence of causality. Third, our study 
focused exclusively on outdoor activity outside of day-
care settings and did not measure the time spent at day-
care or the duration of outdoor activity when children 
are at daycare. This could be an important covariate that 
may influence the association between outdoor activity 
and anxiety symptoms in preschoolers. It is worth not-
ing that in China, the number of infants aged 0–3 years 
attending daycare is relatively small compared to other 
countries, due to cultural and societal factors. Future 
studies in China should consider including these vari-
ables to provide a more comprehensive understanding 
of the relationship, taking into account the unique child-
care context in our society. Fourthly, different cultural 
backgrounds, climatic conditions, levels of urbanization, 
and the availability of outdoor spaces may influence the 
association between outdoor activity in early childhood 
and anxiety symptoms in preschoolers. For example, in 

cultures where outdoor activity are more highly valued 
and readily accessible, the benefits of outdoor activity in 
reducing anxiety may be more pronounced. Conversely, 
in environments with limited outdoor spaces or safety 
concerns, this relationship may be weakened. To better 
understand these potential moderating factors, further 
research is needed across diverse cultural and environ-
mental contexts.

Conclusion
Lower frequency and shorter duration of outdoor activity 
during infancy (0–1 and 1–3 years) had higher odds of 
screening positive for anxiety symptoms in preschoolers. 
A frequency of ≥ 7 outdoor activity per week and a dura-
tion of ≥ 120 min/session during infancy were associated 
with lower levels of anxiety symptoms in preschoolers.
These findings provide actionable insights for parents 
and caregivers, highlighting the importance of promot-
ing outdoor activity in early childhood care and parent-
ing practices. Future studies should further explore the 
causal relationship between outdoor activity and the pre-
vention of anxiety.
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