
Frontiers in Psychology 01 frontiersin.org

Estimation of mediators in the 
associations between campus 
green spaces and students’ 
anxiety: a case study in Nanjing
Wanting Diao †, Silei Li †, Bing Zhao  and Fan Zhang *

The College of Landscape Architecture, Nanjing Forestry University, Nanjing, China

Introduction: Although a number of scholars have examined the theoretical 
pathways between green space (GS) and mental health, few have focused on 
how campus greenness affects the mental health of Chinese youth.

Methods: Herein, two objective indicators, campus and individual 300-m normalized 
vegetation index (NDVI) data, were used as independent variables. A questionnaire 
was used to collect the self-rated anxiety level of students on campuses in Nanjing. 
Then, we chose “subjective perception of campus GS”, “physical activity”, “social 
cohesion”, “nature relatedness” and “usage pattern” as mediating variables to 
explore the pathways between the campus greenery and college student’ anxiety 
level through correlation analysis, linear regression, and mediation effect test.

Results: Results showed the campus-wide NDVI and individual students’ 300-
m range NDVI had significant negative correlations with anxiety (p = 0.045, p = 
0.023). Campus perception, nature relatedness and the frequency of using GS 
are the pathways through which campus GSs influence student anxiety.

Discussion: Our findings emphasised the importance of subjective perceptions of 
greenspaces, which provided a direction that can be deepened in future research.
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1 Introduction

Urban green spaces (GSs) are the basic elements of human settlements, including urban 
parks, street green spaces, community gardens, and rooftop and vertical greening. They play 
an important role in natural ecosystems, providing ecological functions such as air purification, 
climate regulation, heat island effect mitigation, and biodiversity preservation (Mukherjee and 
Takara, 2018; Yin et al., 2022). Therefore, urban green spaces are an important factor for the 
sustainable development of cities (Mukherjee and Takara, 2018; Kuklina et al., 2021). In recent 
decades, numerous studies have demonstrated that natural urban environments have potential 
health benefits, and a link has been established between the environment and health 
(Triguero-Mas et al., 2015; van den Berg et al., 2015; Bratman et al., 2019). Exposure to nature 
can reduce stress and mental illness, provide health benefits, and increase life satisfaction 
(Hartig et al., 2014; Triguero-Mas et al., 2015; Bratman et al., 2019; Zhang et al., 2020; Cheng 
et al., 2021; Nguyen et al., 2021). A study on youth and student populations reported that the 
level of greening is positively correlated with the level of GS perception. Improving the quality 
of greenery can reduce people’s anxiety and increase stress resistance (Dzhambov et al., 2019). 
Therefore, exposure to GS is recognized as a nature-based solution to improving people’s 
mental health while promoting ecological sustainability (Wolch et al., 2014; van den Bosch 
and Sang, 2017; Yu et al., 2020).
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Based on many previous studies, we can categorize the pathways 
of the effects of urban green space on health into five aspects, which 
are green space perception, green space use pattern, social cohesion, 
physical activity, and nature relatedness (Stigsdotter et al., 2010; Nisbet 
and Zelenski, 2013; Zhang et al., 2017; Dzhambov A. M. et al., 2018; 
Ma et al., 2018; Jennings and Bamkole, 2019; Grilli et al., 2020). The 
selection of the five mediating pathways above was grounded in a 
comprehensive theoretical framework derived from existing literature 
on environmental psychology and public health.

Green space perception can be understood as people’s views and 
feelings about the use of green space, such as whether they are satisfied 
with the area, layout, esthetics, and plant richness of green space. It 
may serve as a link between greenness and anxiety. Perceived GS 
quality can not only promote life satisfaction and wellbeing but also 
mediate GS and health (Zhang et al., 2017). One study showed that a 
community’s perceived greenness is positively correlated with physical 
and mental health scores (Akpinar, 2016). One study focussing on 
college students identified four dimensions: green comfort, reasonable 
layout, beautiful scenery, and diverse plants, as criteria for assessing 
college students’ subjective recognition of campus GS. The study 
found that campus GSs had a positive impact on mental health, with 
a greater effect on the male student population than on the female 
population (Liu W. et al., 2022). Research studies on environmental 
satisfaction in residential areas showed that people’s overall satisfaction 
with community GS in both developed and developing countries has 
a strong relationship with mental health (Dong and Qin, 2017; Ma 
et al., 2018; Liu et al., 2019).

The second pathway linking greenness to anxiety is the patterns 
of GS use, which include frequency of use of green space, duration of 
each use on average, average frequency, and duration of seeing green 
views through windows per day. The frequency and duration of each 
use of GS are proven to be related to self-reported health (Nielsen and 
Hansen, 2007; Stigsdotter et al., 2010; Grilli et al., 2020). A study of 
college students showed that frequency of use has a more favorable 
impact on health (Liu Q. et al., 2022), and a significant relationship is 
found between travel patterns and mental health issues (Bai et al., 
2024). Moreover, individuals who use GSs for longer periods of time 
tend to be in better moods and have lower levels of perceived stress 
(Holt et  al., 2019). Close contact with the natural environment is 
particularly important for improving poor psychological states (van 
den Berg et al., 2017; Hubbard et al., 2021), corroborating Hartig’s 
view that natural contact is a prerequisite for the pathways (Hartig 
et al., 2014). Furthermore, the study found that students’ use of and 
participation in campus GS facilities, as well as participation in 
campus activities, can enhance their emotional and cognitive domains 
(McFarland et  al., 2010). Studies show that indirect exposure of 
residents to GSs through windows in their homes was assessed for an 
association with health and suggested that having a green window 
view can have a mood-moderating effect (van Dillen et al., 2012; Bi 
et al., 2022). Evidence indicated that indirect exposure to GS—having 
a green window view—can have a mood-moderating effect (Li and 
Sullivan, 2016).

The third pathway that links greenness to anxiety is related to 
social cohesion. Social cohesion can affect health through social 
participation, support, influence, and interaction (connectedness) 
(Jennings and Bamkole, 2019). Studies found that GSs that provide 
restorative environments may attract residents to spend time outside 
for social interactions. This can enhance residents’ sense of community 

belonging (Dzhambov A. et al., 2018). Dadvand et al. also observed 
that social support mediates the effect between the quality of 
community GS and residents’ wellbeing (Dadvand et al., 2016). In 
Foellmer et al.’s (2021) Healthy Academic Greenspace Framework, 
good social relationships and physical activity were found to 
be  effective in enhancing students’ wellness and facilitating the 
integration of positive life experiences into their daily learning and 
working environments (2020).

The fourth pathway linking greenness to anxiety relates to physical 
activity. In research on mental health in youth populations, physical 
activity and social cohesion were found to mediate the link between 
GSs and mental health (Dzhambov A. et al., 2018). Green space is an 
ideal place to engage in physical activity for the public because it is 
safe, easy to reach, and attractive (Mytton et al., 2012). Evidence shows 
that GSs are better places for physical activity to improve mental and 
physical health (Mitchell, 2013). Moreover, living near urban GSs 
encourages physical activity, such as walking, which provides 
significant psychological and physiological benefits to the public 
(Sugiyama et al., 2008; Cohen-Cline et al., 2015). A study of Chinese 
college students suggests that physical activity can alleviate the anxiety 
associated with examinations (Tian et al., 2024). The frequency of 
physical activity is negatively associated with a person’s mental health 
outcomes; the duration of physical activity is positively associated with 
a person’s physical health outcomes. In addition, large open/visible 
urban GSs are related to better health results (Akpinar, 2016). Holt 
et al. (2019) examined active and passive GS use behaviors and found 
that students who regularly engage in GS activities (e.g., participating 
in sports and socializing with friends) were less likely to feel stressed 
and showed better emotional states.

The fifth pathway linking greenness to anxiety is nature 
relatedness. Nature relatedness is a psychological characteristic 
reflecting people’s connection to nature. It contains several dimensions 
such as cognitive processes, personal experience, and behavior (Dean 
et al., 2018). This concept is playing an increasingly important role in 
studies of environmental behavior, mental health, and wellbeing 
(Nisbet and Zelenski, 2013). Existing campus research studies 
focussed more on student perceptions of natural environments. Liu 
Q. et  al. (2022) observed significant associations between college 
student perceptions of the naturalness of the campus, as well as the 
frequency and duration of use of campus GSs, with perceptions of 
naturalness also having a positive impact on mental and physical 
health. The research investigated the relationship between students’ 
perceptions of species richness in the natural environment of the 
campus and their emotional states. Participants watched a video of the 
campus environment, and the findings indicated that high species 
richness reduced negative emotional states (Ha and Kim, 2021). The 
intrinsic relationships among student health, mood, and nature in 
campus environments require further exploration.

Mental health problems have been recognized as being globally 
prevalent among contemporary youth populations. The 2022 National 
Education Statistics showed that over 20% of Chinese college students 
suffer from varying degrees of depression, with 18.5% exhibiting 
tendencies toward depression, 4.2% at high risk of depression, and 
8.4% showing signs of anxiety. Notably, these rates have progressively 
increased over the past decade (Gao et al., 2020; Fu et al., 2021). An 
official report from China (Fu et al., 2021) shows that young people 
aged 18–34 are more likely to be anxious than other adults, while the 
mental health index of the 18–25 group is lower than that of all other 
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age groups. Figures for 2021 to 2022 (Fu et al., 2023) also show that 
young adults, especially those aged 18–24, are at high risk of 
depression, with a detection rate of 24.1%. Thus, mental health 
problems that are more prevalent in youth need to be  prevented 
and intervened.

With the development of campus greenery, preliminary research 
has investigated the health benefits that campus GSs bring to the 
quality of life, physical fitness, and restorative perceptions of students 
(Hipp et al., 2016; Liu W. et al., 2022). However, there is insufficient 
research on its deeper mechanisms of action. Further research on the 
action pathways is important for the future guidance of campus green 
space planning and construction. Furthermore, although several 
studies in China demonstrated a positive correlation between greenery 
around cities and mental health, such as in Beijing and Guangzhou 
(Zhang et al., 2018; Xu et al., 2021), there is a paucity of empirical 
research on the relationship between campus GSs and mental wellbeing 
in China, and it remains unclear how campus GSs affect mental 
wellbeing. Therefore, we want to explore whether the five pathways 
(campus perception, physical activity, social cohesion, nature 
relatedness, and GS usage patterns) summarized above can play a 
mediating role in the relationship between campus green exposure and 
students’ anxiety level, and we  designed a conceptual modeling 
framework (Appendix Figure  1). To investigate these potential 
pathways, we used survey data from 18 campuses in the Nanjing area 
to explore the pathways of action between campus GS exposure and 
anxiety among Chinese college students. We investigated whether these 
associations (if any) are moderated by campus size, number of students 
enrolled, number of bus and subway point of information (POI), 
number of dining and entertainment life service POIs within 1,000 m 
of each entrance/exit, and moderated by gender, age, grade, major, and 
average monthly cost of living. In this article, we seek to explore the 
following research questions:

	(1)	 Is there a correlation between campus green space and anxiety 
among college students?

	(2)	 What are the pathways in which campus green spaces influence 
college students’ anxiety?

	(3)	 Do students’ behavioral patterns of using green spaces 
play a role?

2 Methods

2.1 Data resource

A questionnaire survey (Appendix Table  1) was conducted 
between October and November 2022 in Nanjing, China. Nanjing is 
an education centre in eastern China with the number of universities 
being second only to Beijing and Shanghai. We randomly selected 20 
campuses from the 43 campuses of 33 universities in six districts of 
Nanjing as the study sample (Appendix Figure  2). Electronic 
questionnaires were distributed on campus by scanning the QR codes 
of the questionnaires. Current students over the age of 18 were eligible 
to participate in the study, while minors, outsiders, or other employees 
of the campus were not eligible to complete the questionnaire. Before 
administering the questionnaire, we checked whether the person was 
a student at the school and whether they were above 18 years of age. A 

total of 821 questionnaires were obtained. The questionnaire consisted 
of four main sections (see Appendix Table 1): (1) information on 
respondent sociodemographic characteristics (gender, age, grade level, 
area of specialization, and average monthly cost of living); (2) patterns 
of campus GS use (frequency and duration of spontaneous and direct 
use of campus GS, perceived accessibility, and frequency and duration 
of indirect use of GS); (3) perceived status of the respondents, which 
included the subjective perception of campus GS, physical activity, 
social cohesion, and nature relatedness; and (4) anxiety data of 
respondents, using the 7-item Generalised Anxiety Disorder Scale. A 
total of 654 valid questionnaires were obtained from the 18 campuses, 
exceeding the minimum sample size of 472 calculated using G-Power. 
The questionnaires that took less than 1 min to complete and those 
with missing information were excluded as were questionnaires from 
school districts with fewer than 15 questionnaires. In addition, in the 
future, we  plan to collect longitudinal data to conduct follow-up 
studies to examine changes between GS and student anxiety 
on campus.

2.1.1 Mental wellbeing outcomes
The questionnaire used the Generalised Anxiety Scale (GAD-7) 

to obtain data on student self-assessed anxiety. The GAD-7 is a brief, 
validated self-assessment of anxiety consisting of seven items (e.g., 
“difficulty relaxing” and “inability to stop or control worrying”); each 
item has four options representing different frequencies of anxiety 
symptoms. Each question is scored on a scale from 0 to 3. The scores 
of the seven items were added together to finally reflect the anxiety 
level of the subjects in the form of an overall score ranging from 0 to 
21(minimal 0–4, mild 5–9, moderate 10–14, and severe 15–21) (Mills 
et  al., 2014; Seo et  al., 2014). The scale was proved to have good 
reliability and validity and is widely used in clinical practice and 
research studies to rapidly assess generalised anxiety disorder (Spitzer 
et  al., 2006). Cronbach’s coefficients indicated high internal 
consistency (>0.80) among the seven items.

2.1.2 Campus GSs and 300-m range individual 
normalised vegetation index data

In this study, the normalized vegetation index (NDVI) was chosen 
as an objective indicator of campus GS exposure. NDVI is a remote-
sensing analytical tool to quantify the green density by measuring the 
difference between the near-infrared radiation reflected and red light 
absorbed by healthy green vegetation. Gulwadi et al. measured the 
amount of objective greenness of a campus through the NDVI at three 
spatial levels: the campus as a whole, the central area of the campus, 
and the periphery of the academic buildings, and analysed the 
association between the objective greenness at each level and the 
students’ perception of the campus green environment, perceived 
restorativeness, and living standard (Gulwadi et  al., 2019). This 
suggests that subjective perceptions and objective measurements can 
reveal different aspects of green space information. Therefore, 
we measured the campus NDVI and individual 300-m individual 
NDVI to analyse the association between the environment and 
emotion more accurately.

Campus NDVI data were obtained from Sentinel-2A remote-
sensing satellite images with a resolution of 10 m. Furthermore, the 
remote-sensing images of Nanjing in the fall during the period from 
2018 to 2021 were selected as the main data source. After preprocessing 
the raw data, Arc GIS 10.3 was used to plot the campus boundary and 
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extract the average NDVI value of the campus area. The questionnaire 
survey obtained the number of dormitory buildings or academic 
buildings where the individual students in the surveyed sample spent 
most of their time daily. We used Baidu’s map coordinate picking 
system1 to get the latitude and longitude of the geographical 
coordinates of the individual samples based on the location of the 
building number. The converted coordinate points were imported into 
Arc GIS 10.3 via QGIS, and a 300-m buffer range for individual 
students was obtained using the domain analysis tool. NDVI data were 
then superimposed on the buffer range to extract the average NDVI 
data of the 300-m range of each individual.

2.2 Variables

2.2.1 Mediating variables
We assessed five mediators between campus GSs and student 

anxiety. The first medium is the respondents’ perception of the campus 
green space. The evaluation consists of four parts: comfortable 
greenery, a rational layout, beautiful scenery, and abundant plants (Liu 
W. et al., 2022), where Cronbach’s alpha was 0.761. Second, physical 
activity was determined using the International Physical Activity Scale 
short version (IPAQ-short). This scale gaged respondents’ daily 
physical activity levels in terms of strenuous, moderate, and walking 
exercises, as well as sedentary time duration (Hagstromer et al., 2006; 
Papathanasiou et al., 2010). The reliability of the scale, measured using 
Cronbach’s alpha, was 0.630. Third, the Social Cohesion Scale was 
used to evaluate social relationships and cohesion from four 
perspectives: trust, attachment, tolerance, and respect (Dzhambov 
A. M. et al., 2018). Fourth, the nature relatedness scale was used to 
measure the affective and experiential aspects of an individual’s 
connection to nature (Nisbet and Zelenski, 2013; Robinson et al., 
2021; Liu Y. et al., 2022); Cronbach’s alpha was 0.815. Finally, the green 
space use pattern captured the use and perception of GSs of the 
respondents from three perspectives: frequency and duration of 
spontaneous direct use of campus GSs, frequency and duration of 
indirect use of GSs, and perceived accessibility (Liu Q. et al., 2022).

2.2.2 Control variables
We collated a range of covariates, including information on 

respondents’ sociodemographic characteristics and several objective 
control variables. Summary statistics for all variables are presented in 
Table 1.

2.3 Statistical analyses

Pearson’s correlation index r ranges from −1 to +1, where 0 
indicates no linear relationship between two variables, −1 indicates a 
perfect negative correlation, and + 1 indicates a perfect positive 
correlation (Adler and Parmryd, 2010).

Multiple linear regression analyses using SPSS 26.0 were used to 
test whether the variables significantly predicted anxiety in college 

1  https://api.map.baidu.com/lbsapi/getpoint/index.html

students. We tested the direct effects of campus GSs and individual 
300-m NDVI on anxiety (Table 2).

Mediated effect analyses were then used to assess five theoretically 
indicated pathways linking different dimensions of various indicators 
related to campus GSs to anxiety symptoms based on previous 
approaches (Igartua and Hayes, 2021), and the indirect effects in the 
mediation model were calculated. The hypothesized mediating effects 
between campus-wide NDVI and student anxiety were tested using 
Mplus 8.3, employing maximum likelihood estimation and 5,000 
bootstrap samples.

3 Results

3.1 Descriptive analyses and correlations 
among the variables

Participants were 52.3% men and 47.7% women. The majority of 
participants (82.3%) were between 18 and 20 years old, and the 
number of undergraduate college sophomores (40.8%) and juniors 
(29.8%) was relatively large. Monthly spending was categorized into 
five groups: 3.1% of participants spent <1,000 CNY per month; 34.7% 
spent between 1,000 and 2,000 CNY per month; 52.0% spent between 
2,000 and 3,000 per month; and a small percentage (8.9 and 1.4% 
respectively) spent between 3,000 and 5,000 CNY per month 
and > 5,000 CNY per month. More than half (67.9%) majored in GSs. 
For anxiety, 35.5% reported “no anxiety” (i.e., GAD-7 score ≤ 4), and 
3.7% reported “severe anxiety” (i.e., GAD-7 score ≥ 15).

Pearson’s correlations between the variables are shown in 
Appendix Figure 2. Red represents a negative correlation, and blue 
represents a positive correlation, with darker colors indicating a 
stronger correlation. Campus-wide NDVI and individual student 
300-m-wide NDVI were negatively correlated with anxiety, indicating 
that greater vegetation cover and a greener environment are associated 
with lower levels of anxiety among students. The NDVI at the 300-m 
range of an individual student had a slightly greater effect on student 
anxiety than the NDVI in the campus-wide range. In the correlation 
analysis of mediator variables, campus perception, physical activity, 
social cohesion, and nature relatedness were negatively correlated with 
anxiety, with coefficients of −0.317, −0.149, −0.300, and −0.268, 
respectively.

Among the campus GS use patterns, “frequency of use” and 
“duration of viewing” were negatively correlated with anxiety, and the 
correlation coefficients were −0.145 and −0.13. Perception of campus 
GSs was positively correlated with social cohesion and nature 
relatedness, and social cohesion had significant positive correlations 
with nature relatedness; campus-wide NDVI had significant positive 
correlations with 300-m-wide NDVI. Campus area had a significant 
negative correlation with the number of traffic POIs and other service 
facility POIs, while the three variables, namely, “duration of use of GS,” 
“duration of perceived accessibility of GS,” and “frequency of viewing 
window views,” were not significantly correlated with anxiety and 
were therefore not included in the subsequent analysis. Among the 
control variables, campus area, number of POIs such as dining and 
entertainment, age, and average monthly cost of living showed 
significant correlations with anxiety, whereas the other variables did 
not show correlations and were excluded from subsequent analyses.
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TABLE 1  Summary statistics.

Variables Description Proportion/Mean (SD)

Key variables

GAD-7
Respondents’ self-reported level of anxiety (score range 

1–21)
7.090 (4.696)

“No anxiety” 0–4 35.5

“Mild anxiety” 5–9 26.3

“Moderate anxiety” 10–14 34.6

“Severe anxiety” 15–21 3.7

Campus green space NDVI Continuous variable (−1–1) 0.267 (0.033)

300-m range individual NDVI Continuous variable (−1–1) 0.255 (0.041)

Campus green space perception (CGS) 4.142 (0.642)

Physical activity (PA) 2.960 (0.691)

Social cohesion (SC) 5.865 (0.892)

Nature relatedness (NR) 4.095 (0.617)

Usage pattern (UP)

Duration of viewing GS

(through windows)
2.927 (0.928)

Duration of using GS 3.139 (0.808)

The time it takes to get to GS 2.835 (0.906)

Frequency of viewing GS (through windows) 2.847 (0.872)

Frequency of using GS 2.994(0.892)

Socioeconomic covariates

Age (18–20) 82.3

Age (>20) 17.7

Gender (men) 52.3

Gender (women) 47.7

Grade (freshman) 10.4

Grade (sophomore) 40.8

Grade (junior) 29.8

Grade (senior) 9.9

Postgraduate or above 9.0

Professional relevance Relevance of major studied to green space

Completely irrelevant 7.3

Relatively irrelevant 9.9

Median 14.8

Relatively relevant 36.9

Completely relevant 31.0

Monthly expenses (<1,000 CNY) 3.1

Monthly expenses (1000–2000 CNY) 34.7

Monthly expenses (2000–3,000 CNY) 52.0

Monthly expenses (3000–5,000 CNY) 8.9

Monthly expenses (≥5,000 CNY) 1.4

Other covariates

Campus area 116.104 (81.799)

Number of students 20008.970 (9437.979)

(Continued)
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3.2 Multiple linear regression analyses

Table 3 presents the relationship between campus GSs and anxiety 
levels. According to the results of the regression analysis, campus-wide 
NDVI and individual 300-m-wide NDVI were significantly negatively 
correlated with student anxiety. According to the standardized 
regression coefficients and R2 values, the individual student 300-m-
wide NDVI had a greater effect on anxiety than campus-wide 
NDVI. For model 1, the R2 was 0.047 with the addition of control 
variables, and the absolute value of t for campus NDVI, campus area, 
and number of POIs were all >1.96, with a p-value of <0.05. In 
addition, none of the 95.0% confidence intervals for B contained 0, 
indicating that campus NDVI, campus area, and number of POIs 
affected student anxiety in this model, with unstandardised 
coefficients of −11.105, − 0.012, and − 0.003, respectively. For model 
2, the R2 was 0.049 with the addition of control variables, the absolute 
value of t was >1.96 for 300-m-wide NDVI, campus area, and number 
of POIs, with a p-value of <0.05, and none of the 95.0% confidence 
intervals of B contained 0, indicating that the 300-m range NDVI, 
campus area, and number of POIs had an effect on student anxiety in 

this model with unstandardised coefficients of −10.556, −0.011, 
and − 0.003, respectively.

3.3 Serial mediation effect analyses

The results of serial mediation effect tests between NDVI and 
anxiety symptoms are shown in Table 3. We found five significant 
paths: campus NDVI → campus GS perception → students’ anxiety 
(PE = −0.984, p = 0.002); campus NDVI → nature relatedness → 
students’ anxiety (PE = −0.591, p = 0.017); campus NDVI → frequency 
of using GS → students’ anxiety (PE = −0.231, p = 0.034); 300-m range 
NDVI → campus GS perception → students’ anxiety (PE = −0.632, 
p = 0.008); and 300-m range NDVI → nature relatedness → students’ 
anxiety (PE = −0.386, p = 0.028), while “frequency of using GS” was 
not significant in the path 300-m NDVI → frequency of using 
GS → students’ anxiety (PE = −0.034, p = 0.647). The indirect effects of 
physical activity, social cohesion, and duration of using GS were not 
significant (p > 0.05), indicating that mediation was not established 
between campus NDVI and individual NDVI in relation to anxiety. 

TABLE 2  Multiple linear regression analyses.

Model 1: Campus NDVI

Dependent 
variable

Independent 
variable

B SE Beta t p VIF R2

Anxiety (constant) 11.258 1.791 6.287 0.000 0.047

Campus NDVI −11.105 5.525 −0.078 −2.010 0.045 1.019

Area −0.012 0.003 −0.201 −3.991 0.000 1.717

POI number −0.003 0.001 −0.197 −3.813 0.000 1.820

Age 0.140 0.513 0.011 0.272 0.786 1.187

Monthly expenses 0.418 0.251 0.065 1.666 0.096 1.024

Model 2: 300-m NDVI

Dependent 
variable

Independent 
variable

B SE Beta t p VIF R2

Anxiety (constant) 11.065 1.585 6.980 0.000 0.049

300-m NDVI −10.556 4.648 −0.092 −2.271 0.023 1.111

Area −0.011 0.003 −0.187 −3.686 0.000 1.760

POI number −0.003 0.001 −0.210 −4.053 0.000 1.836

Age 0.096 0.512 0.008 0.188 0.851 1.183

Monthly expenses 0.402 0.251 0.062 1.601 0.110 1.028

Bold values represent results that are significant.

TABLE 1  (Continued)

Variables Description Proportion/Mean (SD)

POI number of traffic
Number of bus and subway POIs within 1,000 m of 

school entrances and exits
11.540 (6.777)

POI number of catering and entertainment
Number of POIs for dining and entertainment lifestyle 

services within 1,000 m of school entrances and exits
373.000 (297.056)
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Additionally, the 300-m NDVI’s effect on the frequency of use 
concerning anxiety was also not significant, further confirming the 
lack of mediation.

4 Discussion

Taking Nanjing universities as an example, this study combines 
empirical research to explore the effects of campus GSs on college 
students’ anxiety. We analysed the pathways in which campus GSs 
affect college students’ anxiety, finding a significant negative 
correlation between NDVI and student anxiety symptoms both at the 
campus scale and 300 m of the individual, thereby addressing the 
research question 1. According to mediation effect analysis, the 
campus-wide NDVI can influence student anxiety through campus 
perception, social cohesion, nature relatedness, and frequency of 
viewing in green space use patterns. The individual 300-m range 
NDVI can influence student anxiety through campus perception and 
nature relatedness, which provides a definitive answer to research 
questions 2 and 3.

Based on Pearson’s correlation analysis and linear regression 
results, the correlation size and R2 values are not very high. This 
suggests that although there is a link between campus green space and 
students’ anxiety, green space will not be the main or important factor 
affecting students’ anxiety. On the one hand, present-day young 
people are not very interested in green spaces, and in an era of 
advanced networks and abundant recreational activities, few would 
choose to actively seek out green spaces in their free time; one study 
(Wang et al., 2023) also pointed out that the lack of interest in green 
space activities among young people may be caused by unsatisfactory 
environmental cleanliness and spatial quality of the activity space. On 
the other hand, there are individual differences in how campus green 
spaces impact students’ mental health. Factors such as students’ habits, 
upbringing, interests, and academic workload may influence 
this relationship.

According to our results, GS exposure was significantly related to 
respondent self-rated mental health outcomes, which is consistent 
with previous studies (Zhang et al., 2017; Jennings and Bamkole, 2019; 
Wang et al., 2019; Liu Q. et al., 2022; Zhang et al., 2023). We also 
confirmed the existence of three pathways between GS exposure and 
mental health: green space perceptions, nature relatedness, and the 
frequency of using GSs. These have supported evidence from a 
number of previous studies (Martyn and Brymer, 2016; Ha and Kim, 
2021; White et al., 2021; Liu W. et al., 2022; Yang et al., 2023). Through 
the questionnaire and data analysis section, we can easily see that 
college students are eager to establish a connection with nature, and 
many of them strongly agree that “our relationship with nature is an 
important part of who we are.” Thus, we support the idea that “relating 
to nature may be a pathway for human wellbeing and environmental 
sustainability” (Zelenski and Nisbet, 2014). This also explains, to some 
extent, why the effect of campus subjective perception on students’ 
anxiety is also more significant. Because college students care about 
the relationship between individuals and nature, they would like the 
campus green space to be  spacious and comfortable, rationally 
arranged, beautiful, and rich in plants, and the better the campus 
green environment is in these aspects, the more it can alleviate 
students’ anxiety. Our findings supported the theory that natural 
environments, such as campus GSs, play a crucial role in psychological 
restoration and stress reduction and added empirical evidence to the 
biophilia hypothesis, which suggests that humans have an innate 
affinity for nature. In addition, our findings highlight that personal 
300-m-wide NDVI is more important for student anxiety than 
campus-wide NDVI, which requires that landscape planners should 
not only focus on the design of green spaces at large scales around the 
campus but also consider the detailed environments that students 
encounter in their daily lives. The level of importance students show 
for natural connections also suggests that university campus designers 
should add more interactive green space amenities. However, our 
results are not in accord with previous studies (Dzhambov A. et al., 
2018; Jennings and Bamkole, 2019; Grilli et al., 2020) indicating that 

TABLE 3  Serial mediation effect tests between NDVI and anxiety symptoms.

Path relationship Point estimates SE p-value Bootstrap 5,000 times 95% CI

Bias corrected Percentile

CN→CGS→ANX −0.984 0.325 0.002 −1.722 −0.427 −1.683 −0.394

CN → PA → ANX −0.195 0.146 0.182 −0.577 0.013 −0.540 0.031

CN → SC → ANX −0.677 0.270 0.441 0.012 −1.316 −0.211 −1.259

CN→NR→ANX −0.591 0.248 0.017 −1.211 −0.193 −1.150 −0.163

CN→FRE→ANX −0.231 0.109 0.034 −0.497 −0.066 −0.472 −0.053

CN → DUR → ANX −0.205 0.106 0.053 −0.491 −0.050 −0.446 −0.035

IN→CGS→ANX −0.632 0.240 0.008 −1.176 −0.215 −1.145 −0.204

IN→PA → ANX −0.081 0.076 0.284 −0.324 0.006 −0.266 0.023

IN→SC → ANX −0.313 0.197 0.112 −0.738 0.039 −0.731 0.043

IN→NR→ANX −0.386 0.176 0.028 −0.794 −0.089 −0.774 −0.075

IN→FRE → ANX −0.034 0.075 0.647 −0.210 0.098 −0.195 0.112

IN→DUR → ANX −0.148 0.084 0.079 −0.336 −0.027 −0.342 −0.016

CN, campus NDVI; CGS, campus green space perception; PA, physical activity; SC, social cohesion; NR, nature relatedness; FRE, frequency of using CN, campus NDVI; CGS, campus green 
space perception; PA, physical activity; SC, social cohesion; NR, nature relatedness; FRE, frequency of using campus green spaces; DUR, duration of window view; IN, individual 300-m-wide 
NDVI; ANX, anxiety symptoms.
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GSs cannot provide psychological health benefits by improving social 
cohesion, physical activities, and social cohesion. We suspect that 
more confounding factors may need to be taken into account. For 
instance, a study has pointed out that individuals’ mental health is 
influenced by whether they have a partner (Bai et al., 2024). A review 
(Aghabozorgi et al., 2024) has noted that the impact of the university 
landscape on mental health may depend on different types and 
characteristics of spaces. Therefore, distinguishing between different 
types of green spaces in such studies may be necessary and beneficial 
to better advise health-oriented campus environment design. We plan 
to include this distinction in our future research.

Our study extends previous research on the relationship between 
greenery and mental health in several ways. First, based on existing 
research on the health benefits of GSs (2020), we further explored the 
mechanism of campus GSs on college student anxiety. The relationship 
between urban GSs and health is relatively mature; however, empirical 
studies on campus GSs are insufficient (Hartig et al., 2014; Markevych 
et al., 2017; Dzhambov A. et al., 2018); this study helps to fill this gap 
and confirms the health benefits of campus GS. Second, the influence 
mechanism of campus GSs and college student anxiety was explored 
at two levels: campus-wide and within a 300-m range of individual 
students. This approach involved analyzing GS indicators for the 
overall campus as well as detailed indicators within the areas of daily 
activities of individual students. College campuses are often large, and 
indicators of students’ daily activity range can more accurately analyse 
the association between the environment and emotion. Third, we have 
taken into account subjective factors in addition to objective ones. The 
previous study categorized the mediators of GSs affecting residents’ 
mental health as “environmental factors,” “outdoor activities,” and 
“social cohesion” (Chen et  al., 2021); on this basis, we  used “GS 
perceptions” and “GS use patterns” as mediators instead of 
“environmental factors.” To determine which factor plays a more 
important role—subjective (green space perception) or objective—we 
added a regression analysis that included both factors 
(Appendix Table 2). The results indicated that green space perception 
showed greater significance when compared with monthly expenses, 
campus area, POI number of catering and entertainment, age, NDVI, 
and other variables. This proved that subjectively perceived factors are 
more important than objective ones. In addition, we added “nature 
relatedness” as a new pathway between GS exposure and anxiety. 
Combining student subjective perceptions of campus GSs for 
greening, layout, and esthetics in the research process, and 
incorporating subjective and objective factors into the analysis, 
we found that the objective indicators of campus GSs influenced other 
mediating factors by acting on subjective perceptions, which 
consequently influenced students’ anxiety level.

There are some research limitations in this study. First, we used 
GS indicators that were data collected through remote-sensing 
information, which still has a gap with the real campus GSs that the 
student population is exposed to, and it is difficult to avoid this error. 
More refined indicators should be considered in future studies to 
approximate the real spatial status. Second, the different study areas 
may have certain impacts, and in different urban environments and 
geographical contexts, the health benefits generated by GSs may differ. 
The study area was located in Nanjing, and the results are not 
representative of all regions. The inclusion of research sites in 
northwest China, Northeast China, and the Central Plains may 
increase the comprehensiveness and scientific nature of the study. 
Third, more confounding factors need to be taken into account, which 

may be the main reason why some of our findings are contrary to 
some similar studies. In the future, the collection of the indicator of 
green space could be expanded beyond the NDVI, and consideration 
could be given to incorporating more green space characteristics into 
the study indicators, such as vegetation density, vegetation structure, 
plant color, and odor. In addition, other confounding factors that may 
affect students could be considered in future studies, such as sleep 
quality and substance use.

5 Conclusion

This study examined the pathways of action between campus GSs 
and college student anxiety, using campuses in Nanjing, China, as an 
example. Different from other studies, we developed a comprehensive 
theoretical framework derived from existing literature to explore the 
pathways between campus greenery and college student anxiety. 
We found that (1) campus-wide NDVI and personal 300-m range 
NDVI significantly affect anxiety levels in college students. (2) 
Campus perception, nature relatedness, and the frequency of using GS 
are the three pathways through which campus GSs influence students’ 
anxiety level; campus perception and nature relatedness are the two 
pathways through which individual 300-m GSs influence student 
anxiety. (3) Subjective perceptions are more important than objective 
factors in influencing mental health. We suggest that future research 
could focus more on the detailed characterization of green spaces and 
also pay more attention to the subjective perceptions of the research 
participants. We also hope this study will have a positive effect on the 
construction of campus GSs through a health-oriented approach.

Data availability statement

The raw data supporting the conclusions of this article will 
be made available by the authors, without undue reservation.

Ethics statement

The studies involving humans were approved by Ethics Committee 
of Nanjing Forestry University. The studies were conducted in 
accordance with the local legislation and institutional requirements. 
The participants provided their written informed consent to 
participate in this study.

Author contributions

WD: Writing – original draft, Software, Methodology, Data 
curation. SL: Writing – review & editing, Software, Methodology, Data 
curation, Conceptualization. BZ: Writing – review & editing, 
Supervision, Funding acquisition, Conceptualization. FZ: Writing – 
review & editing, Supervision, Funding acquisition.

Funding

The author(s) declare that financial support was received for the 
research, authorship, and/or publication of this article. This study was 

https://doi.org/10.3389/fpsyg.2024.1396548
https://www.frontiersin.org/journals/psychology
https://www.frontiersin.org


Diao et al.� 10.3389/fpsyg.2024.1396548

Frontiers in Psychology 09 frontiersin.org

funded by the National Natural Science Foundation of China (NSFC) 
General Project (31971721) and the Priority Academic Program 
Development of Jiangsu Higher Education Institutions (PAPD).

Acknowledgments

We thank the journal’s editors and reviewers for their valuable 
suggestions to improve the study.

Conflict of interest

The authors declare that the research was conducted in the 
absence of any commercial or financial relationships that could 
be construed as a potential conflict of interest.

Publisher’s note

All claims expressed in this article are solely those of the authors 
and do not necessarily represent those of their affiliated 
organizations, or those of the publisher, the editors and the 
reviewers. Any product that may be evaluated in this article, or 
claim that may be made by its manufacturer, is not guaranteed or 
endorsed by the publisher.

Supplementary material

The Supplementary material for this article can be found online 
at: https://www.frontiersin.org/articles/10.3389/fpsyg.2024.1396548/
full#supplementary-material

References
Adler, J., and Parmryd, I. (2010). Quantifying Colocalization by correlation: the 

Pearson correlation coefficient is superior to the Mander's overlap coefficient. Cytometry 
A 77A, 733–742. doi: 10.1002/cyto.a.20896

Aghabozorgi, K., Van Der Jagt, A., Bell, S., and Smith, H. (2024). How university blue 
and green space affect students' mental health: a scoping review. Urban For. Urban 
Green. 97:128394. doi: 10.1016/j.ufug.2024.128394

Akpinar, A. (2016). How is quality of urban green spaces associated with physical 
activity and health? Urban For. Urban Green. 16, 76–83. doi: 10.1016/j.ufug.2016.01.011

Bai, Y. H., Wang, R. Y., Yang, L. C., Ling, Y. T., and Cao, M. Q. (2024). The impacts of 
visible green spaces on the mental well-being of university students. Appl. Spat. Anal. 
Policy 17, 1105–1127. doi: 10.1007/s12061-024-09578-7

Bi, W., Jiang, X., Li, H., Cheng, Y., Jia, X., Mao, Y., et al. (2022). The more natural the 
window, the healthier the isolated people-a pathway analysis in Xi'an, China, during the 
COVID-19 pandemic. Int. J. Environ. Res. Public Health 19:10165. doi: 10.3390/
ijerph191610165

Bratman, G. N., Anderson, C. B., Berman, M. G., Cochran, B., De Vries, S., Flanders, J., 
et al. (2019). Nature and mental health: an ecosystem service perspective. Sci. Adv. 
5:eaax0903. doi: 10.1126/sciadv.aax0903

Chen, K., Zhang, T., Liu, F., Zhang, Y., and Song, Y. (2021). How does urban green 
space impact Residents' mental health: a literature review of mediators. Int. J. Environ. 
Res. Public Health 18:11746. doi: 10.3390/ijerph182211746

Cheng, Y., Zhang, J., Wei, W., and Zhao, B. (2021). Effects of urban parks on residents' 
expressed happiness before and during the COVID-19 pandemic. Landsc. Urban Plan. 
212:104118. doi: 10.1016/j.landurbplan.2021.104118

Cohen-Cline, H., Turkheimer, E., and Duncan, G. E. (2015). Access to green space, 
physical activity and mental health: a twin study. J. Epidemiol. Community Health 69, 
523–529. doi: 10.1136/jech-2014-204667

Dadvand, P., Bartoll, X., Basagana, X., Dalmau-Bueno, A., Martinez, D., Ambros, A., 
et al. (2016). Green spaces and general health: roles of mental health status, social 
support, and physical activity. Environ. Int. 91, 161–167. doi: 10.1016/j.
envint.2016.02.029

Dean, J. H., Shanahan, D. E., Bush, R., Gaston, K. J., Lin, B. B., Barber, E., et al. (2018). 
Is nature relatedness associated with better mental and physical health? Int. J. Environ. 
Res. Public Health 15:1371. doi: 10.3390/ijerph15071371

Dong, H., and Qin, B. (2017). Exploring the link between neighborhood environment 
and mental wellbeing: a case study in Beijing, China. Landsc. Urban Plan. 164, 71–80. 
doi: 10.1016/j.landurbplan.2017.04.005

Dzhambov, A., Hartig, T., Markevych, I., Tilov, B., and Dimitrova, D. (2018). Urban 
residential greenspace and mental health in youth: different approaches to testing 
multiple pathways yield different conclusions. Environ. Res. 160, 47–59. doi: 10.1016/j.
envres.2017.09.015

Dzhambov, A. M., Hartig, T., Tilov, B., Atanasova, V., Makakova, D. R., and 
Dimitrova, D. D. (2019). Residential greenspace is associated with mental health via 
intertwined capacity-building and capacity-restoring pathways. Environ. Res. 
178:108708. doi: 10.1016/j.envres.2019.108708

Dzhambov, A. M., Markevych, I., Hartig, T., Tilov, B., Arabadzhiev, Z., Stoyanov, D., 
et al. (2018). Multiple pathways link urban green- and bluespace to mental health in 
young adults. Environ. Res. 166, 223–233. doi: 10.1016/j.envres.2018.06.004

Foellmer, J., Kistemann, T., and Anthonj, C. (2021). Academic greenspace and well-
being—can campus landscape be therapeutic? Evidence from a german university: 
Wellbeing, Space and Society. 2:100003. doi: 10.1016/j.wss.2020.100003

Fu, X., Zhang, K., and Chen, X. (2021). The report on the development of China's 
National Mental Health (2019–2020). Beijing, China: Social sciences academic press.

Fu, X., Zhang, K., and Chen, X. (2023). The report on the development of China's 
National Mental Health (2021–2022). Beijing, China: Social Sciences Academic Press.

Gao, W., Ping, S., and Liu, X. (2020). Gender differences in depression, anxiety, and 
stress among college students: a longitudinal study from China. J. Affect. Disord. 263, 
292–300. doi: 10.1016/j.jad.2019.11.121

Grilli, G., Mohan, G., and Curtis, J. (2020). Public park attributes, park visits, and 
associated health status. Landsc. Urban Plan. 199:103814. doi: 10.1016/j.
landurbplan.2020.103814

Gulwadi, G. B., Mishchenko, E. D., Hallowell, G., Alves, S., and Kennedy, M. (2019). 
The restorative potential of a university campus: objective greenness and student 
perceptions in Turkey and the United States. Landsc. Urban Plan. 187, 36–46. doi: 
10.1016/j.landurbplan.2019.03.003

Ha, J, and Kim, H J (2021). The restorative effects of campus landscape biodiversity: 
Assessing visual and auditory perceptions among university students. Urban Forest. 
Urban Green., 127259, 64, doi: 10.1016/j.ufug.2021.127259

Hagstromer, M., Oja, P., and Sjostrom, M. (2006). The international physical activity 
questionnaire (IPAQ): a study of concurrent and construct validity. Public Health Nutr. 
9, 755–762. doi: 10.1079/PHN2005898

Hartig, T., Mitchell, R., De Vries, S., and Frumkin, H. (2014). Nature and health. Annu. 
Rev. Public Health 35, 207–228. doi: 10.1146/annurev-publhealth-032013-182443

Hipp, J. A., Gulwadi, G. B., Alves, S., and Sequeira, S. (2016). The relationship between 
perceived greenness and perceived Restorativeness of university campuses and student-
reported quality of life. Environ. Behav. 48, 1292–1308. doi: 10.1177/0013916515598200

Holt, E. W., Lombard, Q. K., Best, N., Smiley-Smith, S., and Quinn, J. E. (2019). Active 
and passive use of green space, health, and well-being amongst university students. Int. 
J. Environ. Res. Public Health 16:424. doi: 10.3390/ijerph16030424

Hubbard, G., Daas, C. D., Johnston, M., Murchie, P., Thompson, C. W., and Dixon, D. 
(2021). Are rurality, area deprivation, access to outside space, and green space associated 
with mental health during the COVID-19 pandemic? A cross sectional study 
(CHARIS-E). Int. J. Environ. Res. Public Health 18, 1–17. doi: 10.3390/ijerph18083869

Igartua, J.-J., and Hayes, A. F. (2021). Mediation, moderation, and conditional process 
analysis: concepts, computations, and some common confusions. Span. J. Psychol. 
24:e49. doi: 10.1017/SJP.2021.46

Jennings, V., and Bamkole, O. (2019). The relationship between social cohesion and 
urban green space: an avenue for health promotion. Int. J. Environ. Res. Public Health 
16, 1–15. doi: 10.3390/ijerph16030452

Kuklina, V., Sizov, O., and Fedorov, R. (2021). Green spaces as an indicator of urban 
sustainability in the Arctic cities: case of Nadym. Pol. Sci. 29:100672. doi: 10.1016/j.
polar.2021.100672

Li, D., and Sullivan, W. C. (2016). Impact of views to school landscapes on recovery 
from stress and mental fatigue. Landsc. Urban Plan. 148, 149–158. doi: 10.1016/j.
landurbplan.2015.12.015

Liu, Y., Cleary, A., Fielding, K. S., Murray, Z., and Roiko, A. (2022). Nature connection, 
pro-environmental behaviours and wellbeing: understanding the mediating role of 
nature contact. Landsc. Urban Plan. 228:104550. doi: 10.1016/j.landurbplan.2022.104550

Liu, Q., Luo, S., Shen, Y., Zhu, Z., Yao, X., Li, Q., et al. (2022). Relationships between 
students' demographic characteristics, perceived naturalness and patterns of use 

https://doi.org/10.3389/fpsyg.2024.1396548
https://www.frontiersin.org/journals/psychology
https://www.frontiersin.org
https://www.frontiersin.org/articles/10.3389/fpsyg.2024.1396548/full#supplementary-material
https://www.frontiersin.org/articles/10.3389/fpsyg.2024.1396548/full#supplementary-material
https://doi.org/10.1002/cyto.a.20896
https://doi.org/10.1016/j.ufug.2024.128394
https://doi.org/10.1016/j.ufug.2016.01.011
https://doi.org/10.1007/s12061-024-09578-7
https://doi.org/10.3390/ijerph191610165
https://doi.org/10.3390/ijerph191610165
https://doi.org/10.1126/sciadv.aax0903
https://doi.org/10.3390/ijerph182211746
https://doi.org/10.1016/j.landurbplan.2021.104118
https://doi.org/10.1136/jech-2014-204667
https://doi.org/10.1016/j.envint.2016.02.029
https://doi.org/10.1016/j.envint.2016.02.029
https://doi.org/10.3390/ijerph15071371
https://doi.org/10.1016/j.landurbplan.2017.04.005
https://doi.org/10.1016/j.envres.2017.09.015
https://doi.org/10.1016/j.envres.2017.09.015
https://doi.org/10.1016/j.envres.2019.108708
https://doi.org/10.1016/j.envres.2018.06.004
https://doi.org/10.1016/j.wss.2020.100003
https://doi.org/10.1016/j.jad.2019.11.121
https://doi.org/10.1016/j.landurbplan.2020.103814
https://doi.org/10.1016/j.landurbplan.2020.103814
https://doi.org/10.1016/j.landurbplan.2019.03.003
https://doi.org/10.1016/j.ufug.2021.127259
https://doi.org/10.1079/PHN2005898
https://doi.org/10.1146/annurev-publhealth-032013-182443
https://doi.org/10.1177/0013916515598200
https://doi.org/10.3390/ijerph16030424
https://doi.org/10.3390/ijerph18083869
https://doi.org/10.1017/SJP.2021.46
https://doi.org/10.3390/ijerph16030452
https://doi.org/10.1016/j.polar.2021.100672
https://doi.org/10.1016/j.polar.2021.100672
https://doi.org/10.1016/j.landurbplan.2015.12.015
https://doi.org/10.1016/j.landurbplan.2015.12.015
https://doi.org/10.1016/j.landurbplan.2022.104550


Diao et al.� 10.3389/fpsyg.2024.1396548

Frontiers in Psychology 10 frontiersin.org

associated with campus green space, and self-rated restoration and health. Urban For. 
Urban Green. 68, 100–115. doi: 10.1016/j.ufug.2022.127474

Liu, W., Sun, N., Guo, J., and Zheng, Z. (2022). Campus green spaces, academic 
achievement and mental health of college students. Int. J. Environ. Res. Public Health 
19:8618. doi: 10.3390/ijerph19148618

Liu, Y., Wang, R., Grekousis, G., Liu, Y., Yuan, Y., and Li, Z. (2019). Neighbourhood 
greenness and mental wellbeing in Guangzhou, China: what are the pathways? Landsc. 
Urban Plan. 190:103602. doi: 10.1016/j.landurbplan.2019.103602

Ma, J., Dong, G., Chen, Y., and Zhang, W. (2018). Does satisfactory neighbourhood 
environment lead to a satisfying life? An investigation of the association between 
neighbourhood environment and life satisfaction in Beijing. Cities 74, 229–239. doi: 
10.1016/j.cities.2017.12.008

Markevych, I., Schoierer, J., Hartig, T., Chudnovsky, A., Hystad, P., Dzhambov, A. M., 
et al. (2017). Exploring pathways linking greenspace to health: theoretical and 
methodological guidance. Environ. Res. 158, 301–317. doi: 10.1016/j.envres.2017.06.028

Martyn, P., and Brymer, E. (2016). The relationship between nature relatedness and 
anxiety. J. Health Psychol. 21, 1436–1445. doi: 10.1177/1359105314555169

Mcfarland, A. L., Waliczek, T. M., and Zajicek, J. M. (2010). Graduate student use of 
campus green spaces and the impact on their perceptions of quality of life. 
HortTechnology 20, 186–192. doi: 10.21273/HORTTECH.20.1.186

Mills, S. D., Fox, R. S., Malcarne, V. L., Roesch, S. C., Champagne, B. R., and 
Sadler, G. R. (2014). The psychometric properties of the generalized anxiety Disorder-7 
scale in Hispanic Americans with English or Spanish language preference. Cultur. Divers. 
Ethnic Minor. Psychol. 20, 463–468. doi: 10.1037/a0036523

Mitchell, R. (2013). Is physical activity in natural environments better for mental 
health than physical activity in other environments? Soc. Sci. Med. 91, 130–134. doi: 
10.1016/j.socscimed.2012.04.012

Mukherjee, M., and Takara, K. (2018). Urban green space as a countermeasure to 
increasing urban risk and the UGS-3CC resilience framework. Int. J. Dis. Risk Reduc. 28, 
854–861. doi: 10.1016/j.ijdrr.2018.01.027

Mytton, O. T., Townsend, N., Rutter, H., and Foster, C. (2012). Green space and 
physical activity: an observational study using health survey for England data. Health 
Place 18, 1034–1041. doi: 10.1016/j.healthplace.2012.06.003

Nguyen, T. T., Nguyen, Q. C., Rubinsky, A. D., Tasdizen, T., Deligani, A. H. N., 
Dwivedi, P., et al. (2021). Google street view-derived neighborhood characteristics in 
California associated with coronary heart disease, hypertension, diabetes. Int. J. Environ. 
Res. Public Health 18:10428. doi: 10.3390/ijerph181910428

Nielsen, T. S., and Hansen, K. B. (2007). Do green areas affect health? Results from a 
Danish survey on the use of green areas and health indicators. Health Place 13, 839–850. 
doi: 10.1016/j.healthplace.2007.02.001

Nisbet, E. K., and Zelenski, J. M. (2013). The NR-6: a new brief measure of nature 
relatedness. Front. Psychol. 4:813. doi: 10.3389/fpsyg.2013.00813

Papathanasiou, G., Georgoudis, G., Georgakopoulos, D., Katsouras, C., Kalfakakou, V., 
and Evangelou, A. (2010). Criterion-related validity of the short international physical 
activity questionnaire against exercise capacity in young adults. Eur. J. Cardiovasc. Prev. 
Rehabil. 17, 380–386. doi: 10.1097/HJR.0b013e328333ede6

Robinson, J. M., Brindley, P., Cameron, R., Maccarthy, D., and Jorgensen, A. (2021). 
Nature's role in supporting health during the COVID-19 pandemic: a geospatial and 
socioecological study. Int. J. Environ. Res. Public Health 18:2227. doi: 10.3390/
ijerph18052227

Seo, J.-G., Cho, Y. W., Lee, S.-J., Lee, J.-J., Kim, J.-E., Moon, H.-J., et al. (2014). 
Validation of the generalized anxiety Disorder-7 in people with epilepsy: a MEPSY 
study. Epilepsy Behav. 35, 59–63. doi: 10.1016/j.yebeh.2014.04.005

Spitzer, R. L., Kroenke, K., Williams, J. B. W., and Loewe, B. (2006). A brief measure 
for assessing generalized anxiety disorder -: the GAD-7. Arch. Intern. Med. 166, 
1092–1097. doi: 10.1001/archinte.166.10.1092

Stigsdotter, U. K., Ekholm, O., Schipperijn, J., Toftager, M., Kamper-Jorgensen, F., and 
Randrup, T. B. (2010). Health promoting outdoor environments - associations between 
green space, and health, health-related quality of life and stress based on a Danish national 
representative survey. Scand. J. Public Health 38, 411–417. doi: 10.1177/1403494810367468

Sugiyama, T., Leslie, E., Giles-Corti, B., and Owen, N. (2008). Associations of 
neighbourhood greenness with physical and mental health: do walking, social coherence 

and local social interaction explain the relationships? J. Epidemiol. Community Health 
62:e9. doi: 10.1136/jech.2007.064287

Tian, M. H., Liu, C. R., Xi, J. W., Wang, L. Y., Zhang, P. Y., Liu, C., et al. (2024). Effects 
of greenness in university campuses on test anxiety among Chinese university students 
during COVID-19 lockdowns: a correlational and mediation analysis. Int. J. Environ. 
Health Res. 34, 2605–2617. doi: 10.1080/09603123.2023.2263382

Triguero-Mas, M., Dadvand, P., Cirach, M., Martínez, D., Medina, A., Mompart, A., 
et al. (2015). Natural outdoor environments and mental and physical health: 
relationships and mechanisms. Environ. Int. 77, 35–41. doi: 10.1016/j.envint.2015.01.012

Van Den Berg, M., Van Poppel, M., Smith, G., Triguero-Mas, M., Andrusaityte, S., Van 
Kamp, I., et al. (2017). Does time spent on visits to green space mediate the associations 
between the level of residential greenness and mental health? Urban For. Urban Green. 
25, 94–102. doi: 10.1016/j.ufug.2017.04.010

Van Den Berg, M., Wendel-Vos, W., Van Poppel, M., Kemper, H., Van Mechelen, W., 
and Maas, J. (2015). Health benefits of green spaces in the living environment: a 
systematic review of epidemiological studies. Urban For. Urban Green. 14, 806–816. doi: 
10.1016/j.ufug.2015.07.008

Van Den Bosch, M., and Sang, A. O. (2017). Urban natural environments as nature 
based solutions for improved public health - a systematic review of reviews. J. Transp. 
Health 5:S79. doi: 10.1016/j.jth.2017.05.230

Van Dillen, S. M. E., De Vries, S., Groenewegen, P. P., and Spreeuwenberg, P. (2012). 
Greenspace in urban neighbourhoods and residents' health: adding quality to quantity. 
J. Epidemiol. Community Health 66:e8. doi: 10.1136/jech.2009.104695

Wang, R., Helbich, M., Yao, Y., Zhang, J., Liu, P., Yuan, Y., et al. (2019). Urban greenery 
and mental wellbeing in adults: cross-sectional mediation analyses on multiple pathways 
across different greenery measures. Environ. Res. 176:108535. doi: 10.1016/j.
envres.2019.108535

Wang, J., Liu, N., Zou, J., Guo, Y., and Chen, H. (2023). The health perception of urban 
green spaces and its emotional impact on young adults: an empirical study from three 
cities in China. Front. Public Health 11:1232216. doi: 10.3389/fpubh.2023.1232216

White, M. P., Elliott, L. R., Grellier, J., Economou, T., Bell, S., Bratman, G. N., et al. 
(2021). Associations between green/blue spaces and mental health across 18 countries. 
Sci. Rep. 11:8903. doi: 10.1038/s41598-021-87675-0

Wolch, J. R., Byrne, J., and Newell, J. P. (2014). Urban green space, public health, and 
environmental justice: the challenge of making cities 'just green enough'. Landsc. Urban 
Plan. 125, 234–244. doi: 10.1016/j.landurbplan.2014.01.017

Xu, J. X., Wang, F. H., Chen, L., and Zhang, W. Z. (2021). Perceived urban green and 
residents' health in Beijing. SSM-Popul. Health 14:100790. doi: 10.1016/j.ssmph.2021.100790

Yang, W., Yang, R., and Li, X. (2023). A canonical correlation analysis study on the 
association between neighborhood green space and Residents' mental health. J. Urban 
Health 100, 696–710. doi: 10.1007/s11524-023-00756-5

Yin, J. D., Fu, P., Cheshmehzangi, A., Li, Z. C., and Dong, J. W. (2022). Investigating 
the changes in urban green-space patterns with urban land-use changes: a case study in 
Hangzhou, China. Remote Sens. 14:5410. doi: 10.3390/rs14215410

Yu, Z., Yang, G., Zuo, S., Jorgensen, G., Koga, M., and Vejre, H. (2020). Critical review 
on the cooling effect of urban blue-green space: a threshold-size perspective. Urban For. 
Urban Green. 49:126630. doi: 10.1016/j.ufug.2020.126630

Zelenski, J. M., and Nisbet, E. K. (2014). Happiness and feeling connected: the distinct 
role of nature relatedness. Environ. Behav. 46, 3–23. doi: 10.1177/0013916512451901

Zhang, J., Browning, M. H. E. M., Liu, J., Cheng, Y., Zhao, B., and Dadvand, P. (2023). 
Is indoor and outdoor greenery associated with fewer depressive symptoms during 
COVID-19 lockdowns? A mechanistic study in Shanghai, China. Build. Environ. 
227:109799. doi: 10.1016/j.buildenv.2022.109799

Zhang, Y., Van Den Berg, A. E., Van Dijk, T., and Weitkamp, G. (2017). Quality over 
quantity: contribution of urban green space to neighborhood satisfaction. Int. J. Environ. 
Res. Public Health 14:535. doi: 10.3390/ijerph14050535

Zhang, J., Yu, Z., Zhao, B., Sun, R., and Vejre, H. (2020). Links between green space 
and public health: a bibliometric review of global research trends and future prospects 
from 1901 to 2019. Environ. Res. Lett. 15:063001. doi: 10.1088/1748-9326/ab7f64

Zhang, L., Zhou, S., Kwan, M.-P., Chen, F., and Lin, R. (2018). Impacts of individual 
Daily greenspace exposure on health based on individual activity space and structural 
equation modeling. Int. J. Environ. Res. Public Health 15:2323. doi: 10.3390/ijerph15102323

https://doi.org/10.3389/fpsyg.2024.1396548
https://www.frontiersin.org/journals/psychology
https://www.frontiersin.org
https://doi.org/10.1016/j.ufug.2022.127474
https://doi.org/10.3390/ijerph19148618
https://doi.org/10.1016/j.landurbplan.2019.103602
https://doi.org/10.1016/j.cities.2017.12.008
https://doi.org/10.1016/j.envres.2017.06.028
https://doi.org/10.1177/1359105314555169
https://doi.org/10.21273/HORTTECH.20.1.186
https://doi.org/10.1037/a0036523
https://doi.org/10.1016/j.socscimed.2012.04.012
https://doi.org/10.1016/j.ijdrr.2018.01.027
https://doi.org/10.1016/j.healthplace.2012.06.003
https://doi.org/10.3390/ijerph181910428
https://doi.org/10.1016/j.healthplace.2007.02.001
https://doi.org/10.3389/fpsyg.2013.00813
https://doi.org/10.1097/HJR.0b013e328333ede6
https://doi.org/10.3390/ijerph18052227
https://doi.org/10.3390/ijerph18052227
https://doi.org/10.1016/j.yebeh.2014.04.005
https://doi.org/10.1001/archinte.166.10.1092
https://doi.org/10.1177/1403494810367468
https://doi.org/10.1136/jech.2007.064287
https://doi.org/10.1080/09603123.2023.2263382
https://doi.org/10.1016/j.envint.2015.01.012
https://doi.org/10.1016/j.ufug.2017.04.010
https://doi.org/10.1016/j.ufug.2015.07.008
https://doi.org/10.1016/j.jth.2017.05.230
https://doi.org/10.1136/jech.2009.104695
https://doi.org/10.1016/j.envres.2019.108535
https://doi.org/10.1016/j.envres.2019.108535
https://doi.org/10.3389/fpubh.2023.1232216
https://doi.org/10.1038/s41598-021-87675-0
https://doi.org/10.1016/j.landurbplan.2014.01.017
https://doi.org/10.1016/j.ssmph.2021.100790
https://doi.org/10.1007/s11524-023-00756-5
https://doi.org/10.3390/rs14215410
https://doi.org/10.1016/j.ufug.2020.126630
https://doi.org/10.1177/0013916512451901
https://doi.org/10.1016/j.buildenv.2022.109799
https://doi.org/10.3390/ijerph14050535
https://doi.org/10.1088/1748-9326/ab7f64
https://doi.org/10.3390/ijerph15102323

	Estimation of mediators in the associations between campus green spaces and students’ anxiety: a case study in Nanjing
	1 Introduction
	2 Methods
	2.1 Data resource
	2.1.1 Mental wellbeing outcomes
	2.1.2 Campus GSs and 300-m range individual normalised vegetation index data
	2.2 Variables
	2.2.1 Mediating variables
	2.2.2 Control variables
	2.3 Statistical analyses

	3 Results
	3.1 Descriptive analyses and correlations among the variables
	3.2 Multiple linear regression analyses
	3.3 Serial mediation effect analyses

	4 Discussion
	5 Conclusion

	References

