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Abstract

This research study aims to explore whether urban green spaces (UGS) correlate with the quality of life (QOL) and whether
loneliness (LL) can influence this relationship among young adults in the Monterrey metropolitan area of Mexico. The study
employed quantitative methods, using both online and paper surveys in Spanish and English to collect 182 valid responses,
which were analyzed through statistical techniques such as reliability, validity, correlation, and moderation analysis. The
results indicated that UGS are significantly and positively related to QOL (f=0.20, p<0.01). Furthermore, the study found
that LL has a significant negative related to QOL ($=-0.09, p<0.05). Results also demonstrate a significant negative
moderation effect of LL on UGS and QOL (B=-0.13, p<0.05). With the findings, we propose that urban planners and
policymakers prioritize developing and maintaining UGS to enhance citizens' QOL. Furthermore, efforts should be made to
reduce LL by involving citizens in community participation to increase a sense of community and place attachment. This
study offers new insights into the relationship between UGS, LL, and QOL, highlighting the significance of social
connections in maximizing the benefits of green spaces on quality of life.
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1. Introduction

The world's population reached 8.0 billion in 2022 [1], with 56% residing in urban settlements. This trend is
expected to continue, with an estimated doubling by 2050, when 7 out of 10 people are expected to live in urban areas
[2]. This research, like the work of Elmqvist et al. [3], considers urbanization a multidimensional process that
manifests rapidly changing human populations and land cover. Work opportunities and leisure comprise essential
patterns for understanding urban development in cities because of their variety, eventfulness, the possibility of choice,
and stimulation [4]. However, these patterns have complex dynamics, including traffic jams, pollution, health impacts,
diseases, crime, inequality, and informal settlements. Still, cities remain attractive to people despite these downsides
[5]. In 2015, the United Nations published seventeen Sustainable Development Goals (SDGs) to address the adverse
effects of urban growth, calling for collective efforts to create an inclusive, sustainable, and resilient future for people
and the planet [6]. SDG-11, “Sustainable cities and communities,” aims to make cities more “inclusive,” “safe,”
“resilient,” and “sustainable.” Latin America's urban transition relies on diverse metropolitan and regional
development plans that expand public policies and urban planning tools to support sustainable growth. However, these
development plans are generally not integrated [7]. In Mexico, urban development has continued to expand since

* Corresponding author: asad.abbas@tec.mx
d-'} http://dx.doi.org/10.28991/HEF-2025-06-03-012
» This is an open access article under the CC-BY license (https://creativecommons.org/licenses/by/4.0/).

© Authors retain all copyrights.

663


https://creativecommons.org/licenses/by/4.0/
https://orcid.org/0009-0008-6724-3345
https://orcid.org/0000-0003-1395-4009

Journal of Human, Earth, and Future Vol. 6, No. 3, September, 2025

1950, when only 49% of the population resided in urban areas. By the 1990s, this percentage had risen to 71%, and the
latest reports from 2020 indicated that 79% of the population lived in urban areas [8]. Thus, Mexico’s National Plan
focuses on improving city conditions through several objectives and actions. The Urban Improvement and Housing
Program (Programa de mejoramiento urbano y Vivienda) aims to bridge the gaps between high-luxury areas and
exclusive urban developments with marginalized neighborhoods through rehabilitation and improvement projects for
public spaces [9]. Moreover, Article 115 of Mexico’s Constitution establishes that municipalities are primarily
responsible for urban development [10]. As a result of the decentralization policies, direct community involvement in
planning and development programs has become a central concern at the local level for achieving both national and
global urban goals. At the local level, community participation most effectively contributes to improving the overall
quality of life (QOL) in urban areas [11]. One notable example of community participation in the Global South is the
2001 initiative by the World Bank, which adopted a community-based poverty reduction strategy to enhance the
quality of life in impoverished communities. The initiative aimed to build the capacity of communities to develop and
maintain microprojects that would identify problems and propose and implement sustainable solutions. At the end of
the initiative, significant improvements in the quality of life were evident, as reflected in the increased number of
educational and healthcare facilities [12].

Despite ongoing efforts to improve urban development, current urbanization practices, driven by the
prioritization of land value, have led governments to reduce further the quantity and size of urban green spaces
(UGS), progressively deepening the disconnection between people and the natural environment [13, 14].
Moreover, UGS also faces serious issues of inequitable distribution, which disproportionately affect marginalized
communities and limit their access to social and environmental benefits [15]. Previous research has revealed that
some of the predominant benefits of UGS, besides physical and mental health benefits [16], are community
participation, place attachment, and a sense of community [17, 18]; those with strong correlations are social
constructs that develop through social interactions [19-21]. However, the decline or lack of UGS means that social
interactions and entertainment occur through social media [22]. In this context, Hatamleh [23] noted that young
adults often feel obligated to sustain their social connections through platforms like Facebook and Twitter. This
practice can inadvertently weaken the depth and authenticity of those relationships. Supporting this conclusion,
several studies have indicated that an increased dependence on social media is associated with a decline in face-
to-face interactions, particularly in urban environments where social infrastructure is already under pressure,
negatively impacting overall QOL [24, 25].

One of the central challenges to fostering QOL in such contexts is the growing prevalence of loneliness (LL),
which disproportionately affects adolescents and adults in urban areas [26, 27]. This issue becomes even more
concerning when estimates suggest that nearly one-third of individuals in industrialized cities report feeling lonely,
with one in twelve experiencing loneliness at a clinically significant level [28]. Loneliness emerged as a growing
concern during the early stages of the COVID-19 pandemic and was identified as part of a broader behavioral
epidemic [29]. The global disruption during COVID-19 exposed the fragility of social bonds, as the widespread
reduction in in-person interactions intensified psychological stress and feelings of loneliness, even in contexts where
the direct health impacts of the pandemic were relatively limited [30, 31].

This study examined the growing concern about LL and its impact on social interactions. Specifically, we aimed to
explore how this issue reshapes urban green spaces (UGS) and influences the overall QOL among young adults. Our
primary objective was to provide new insights into LL and its attenuation among adults, specifically examining the
correlation between urban green spaces and quality of life. We focused our investigation on the Monterrey, Mexico
metropolitan area. This city has experienced rapid urban growth over the past three decades, driven by its economic
development and industrial activity. The city's size increased by 2.6 times from 1990 to 2019, while the population
grew 1.8 times, from 2.6 million to approximately 4.8 million in 2019, resulting in a decrease in population density by
more than 30% per hectare [32]. To achieve the study’s objective, we conducted an online and paper-pencil survey
among adults living in the metropolitan area of Monterrey; after data collection, we statistically analyzed the data and
concluded the study.

This paper is structured as follows: The next section presents the theoretical background, conceptual framework,
and development of hypotheses, which describe findings from key literature on UGS, LL, and QOL. It thoroughly
presents the conceptual framework and hypotheses to demonstrate the moderating role of loneliness in the relationship
between green spaces and quality of life. The Methodology section covers research design, data collection procedures,
instruments, and statistical analyses. The Results section presents statistical findings, including demographic
characteristics, reliability, validity, correlation matrix, and moderation effects. The Discussion section interprets the
findings, supported by state-of-the-art literature. Finally, the paper outlines the research’s theoretical contributions and
practical implications, addresses the study's limitations, suggests future research directions, and states the study’s
findings in the Conclusion section.
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2. Theoretical Background, Conceptual Framework, and Hypotheses Development
2.1. Theoretical Background

The Evolutionary Theory of Loneliness (ETL), developed by Cacioppo & Cacioppo [33], conceptualizes loneliness
as an evolved biological alarm system that alerts individuals to threats to their need for social connections, which is
fundamental to survival in social species. According to ETL, the absence or perceived lack of supportive social
relationships triggers loneliness, activating behavioral and neurobiological responses such as heightened vigilance and
stress that promote self-preservation, often through unconscious processes and with long-term consequences for health
and quality of life. In urban contexts, this framework helps explain why individuals may feel lonely even when
surrounded by others. UGS is widely acknowledged for improving mental health and quality of life (QOL), partly by
fostering social interactions [34]. However, from the ETL perspective, loneliness may alter how individuals engage
with UGS. For instance, the Implicit Vigilance Postulate suggests that lonely individuals may perceive green spaces,
especially unfamiliar or crowded ones, as unsafe, thereby limiting their potential benefits, such as fostering
community participation or place attachment. Additionally, the Repair Postulate posits that loneliness may drive
efforts to reconnect to social roles that UGS could support. However, chronic loneliness, as described by the
Selfishness Postulate, may instead foster avoidance or self-protective behaviors that undermine these restorative
opportunities. Thus, ETL provides a valuable lens for examining loneliness as both an outcome and a moderator in the
relationship between UGS and QOL, potentially weakening or reshaping the positive effects typically associated with
access to UGS.

2.2. Urban Green Spaces

Urban areas continue to expand with no pause in the stages of transformation. New UGS are needed due to
these transformations and climate change. UGS are areas within the urban environment that offer greenery, such
as grass, trees, and shrubs, in public or private parks and greenways. These spaces provide numerous benefits to
the environment and society, including serving as meeting and gathering points and providing significant cooling
[35, 36]. However, urbanization’s varied spatiality produces challenges that correlate with historical and
ecological factors [37]. Urban sprawl and densification are the main spatial detriments of urbanization. Habibi &
Asadi [38] note that urban sprawl arises from a lack of centralized planning, leading to unrestricted development
expansion and the exponential growth of low-density residential and commercial settlements, as well as the
dominance of transportation by private automotive vehicles. Thus, urban sprawl destroys and fragments natural or
semi-natural vegetation on the outskirts of cities, preserving or increasing the spatial disparities between rural and
urban areas [39, 40]. Geographical information system simulations demonstrate that these patterns do not
adequately distribute UGS in the intermediate areas of a city [41]. In contrast, urban densification aims for high-
density housing, mixed-use spaces, efficient public transportation, and encourages cycling and walking. However,
a key concern is the insufficient availability of UGS in these areas and the loss of green space during city
densification [39].

UGS are essential in improving the quality of life in cities. Housing and infrastructure close to UGS (e.g.,
public transportation systems and healthcare facilities) increase the benefits to adults, facilitating physical
activities, recreation, and social interactions. They improve air quality and humidity, mitigating climate change by
reducing air temperature and serving as controls during floods and hurricanes in urban areas [37, 42, 43].
Nevertheless, it is essential to recognize that ongoing urban development will continue to present challenges.
Urban and landscape planners must prioritize green spaces in their development plans to enhance the quality of
life in urban areas.

2.3. Loneliness

Developing suitable urban green spaces to improve social interactions yields various advantages in urban
development and should be prioritized. In the book “Life Between Buildings,” Gehl [44] argues the importance of
well-designed spaces for people and social interactions. Additionally, studies have examined how the frequency
of public space usage affects the connection between public spaces and a sense of community [45]. The latter can
enhance face-to-face interactions and community participation in urban development. Improving the shared
emotional connections helps maintain a sense of community and facilitates problem-solving processes [17, 46].
Acknowledging the harmful effects of urbanization is imperative, as traffic congestion, air pollution, and urban
sprawl pose significant challenges to urban planning [47]. The American urban planner Lynch [48], in the 1996
book “The Image of the City,” argued the importance of a semiotic approach to assessing a city. He emphasized
that cities’ denominations, such as streets, buildings, and walls, can be real or perceived. These “edges,” plus the
housing and mobility problems in contemporary cities, create difficult-to-access and isolated areas. The socio-
spatial tendencies of the area are associated with residential living and a high risk of loneliness (LL) among young
adults, where social isolation occurs due to their weak links with the community, friends, and family [49].
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Another factor in the increase in LL is the nature of social relationships [50]. As a subjective issue, some
researchers have found contradictions in different perspectives and typologies, such as social LL, which refers to
connectedness with a small number of people in one’s social network, and emotional LL, resulting from a lack of
understanding and association in relationships [25].

In the last few years, the situation has worsened due to the impact of the COVID-19 pandemic. According to
Bonsaksen et al. [25], higher levels of LL were observed in mixed population subsets during the COVID-19 pandemic.
Furthermore, LL was considered a significant mental health issue during that time. Lim et al. [50] and Twenge et al.
[51] highlighted that some studies found that the probability of early mortality associated with LL was 26% among
adults, and also a significant risk factor for depression. Furthermore, Khalaf et al. [52] reported that social media could
generate mental health problems, increasing the risks of self-harm, loneliness, and loss of empathy. Urban
policymakers aware of the city's conditions should prioritize the design and creation of new social interaction spaces
(e.g., urban green spaces). Efforts should focus on community-based solutions, with community cooperation to create
local opportunities, leisure activities, and mental health support for people of all ages by sharing ideas and identifying
and mobilizing existing community resources [53].

2.4. Quality of Life

In the contemporary urbanized world, cities must have adaptive capacities to adjust urban plans [54]. As
urbanization increases worldwide, a diverse range of transformations in cities and green spaces plays a role in
maintaining and enhancing the public’s general health, increasing citizen happiness, and providing services that
mitigate the effects of climate change [55, 56]. Planners must consider the two dimensions of QOL, as argued by Das
[57], namely objective and subjective. The subjective dimension refers to an individual's perceived well-being,
primarily based on their satisfaction with their contextual environment. The objective dimension focuses on managing
external life conditions, such as mitigating high summer temperatures and improving air quality [58, 59]. An
individual’s QOL must depend on both objective and subjective dimensions [60]. LL increased during and after the
pandemic due to its impact on interpersonal and community interactions, as well as reduced personal social
interactions among adults. Some authors have also pointed to social media use as a factor contributing to a decrease in
in-person social interactions, which affects the QOL of urban citizens [61, 62]. Consequently, the better quality of life
associated with urban green spaces can attenuate LL.

2.5. The Moderating Role of Loneliness on Urban Green Spaces and Quality of Life

LL plays a significant role in moderating the relationship between UGS and QOL among adults due to associated
parameters. For instance, Shankar et al. [63] found correlations between loneliness and poorer well-being. Although
studies have found that visits to urban green spaces are associated with better mental health, the different urban
patterns can directly and indirectly influence the assessment [64] (See Figure 1).

Hypotheses

H1: UGS have a significant relationship with QOL.

H2: LL has a significant negative relationship with QOL.

H3: LL negatively moderates the relationship between UGS and QOL

[ Loneliness ]
H
Hs ’
[ Urban Green Spaces ] "H { Quality of Life ]
1

Figure 1. Proposed conceptual framework for the hypotheses

3. Materials and Methods
3.1. Flowchart of Research Methodology

Figure 2 illustrates the flowchart of materials and methods utilized to achieve the research objectives of this
empirical study. The research process begins with brainstorming, based on a review of the literature, and ends with
implications and a conclusion.
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Figure 2. Flowchart of the research methodology

3.2. Data Collection Procedure

This project was part of a research stay at a leading private university in Nuevo Leon, Mexico. In late February
2024, the research began with establishing the research hypothesis and the structure of the dependent and moderating
variables. To collect data from adults, we designed online and paper-pencil surveys. The surveys were provided in
English and Spanish because the research instructions were in English, and the students were native Spanish speakers.
According to the university's research guidelines, all participants were required to provide informed consent. The
consent statements explained confidentiality for both types of surveys, emphasizing the privacy and security of
individual respondents. All participating students were anonymous, volunteer respondents. In April and October 2024,
we distributed a Google Forms online survey via WhatsApp to voluntary students enrolled at Tecnologico de
Monterrey (TEC) and Universidad Autonoma de Nuevo Leon (UANL). We also conducted a paper-pencil survey with
students in the Monterrey Metropolitan Area, receiving 215 responses, of which 182 were deemed valid for the
research analysis.

3.3. Pilot Survey

The initial data collection was conducted through a pilot study involving a single group. To begin, the supervisor
reviewed the survey and approved the layout and survey questions. Subsequently, we verified the survey's layout,
reliability, and readability. In the first week of March 2024, we distributed twenty bilingual surveys to the target
group, comprising university students enrolled in Tecnologico de Monterrey (TEC) and Universidad Autonoma de
Nuevo Leon (UANL). These surveys conformed to the research instructions and were provided in both Spanish and
English. We explicitly asked the students to complete the online and paper-pencil surveys voluntarily. The pilot study
was segmented into five sections: confidentiality notes, demographic information, LL, UGS, and QOL. It is important
to note that we did not include the data from the initial survey in the study's final analysis.

3.4. Instruments
e Control variables and confidentiality note

The first part contained a confidentiality notice and requested volunteer participation. We added this section to
ensure that participants were aware of the research survey process. The second section included information on control
variables. It asked participants for their demographic information (i.e., age, gender, marital status, housing
accompaniment, qualification, and municipality where they lived). It also requested information about the university
where they studied, their economic family support (per month), and their favorite type of green space (i.e., public,
private, or both).
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e Urban green spaces

The second section adapted the work of Conedera et al. [65] and consisted of six items related to urban green
spaces. The adaptation asked about their favorite green space in the Monterrey Metropolitan Area and the municipality
where it is located. (The Monterrey metropolitan area comprises several municipal governments.) It asked for the
degree of agreement with statements containing green space factors, such as getting away from distractions, extent,
fascination, and compatibility (e.g., Do you feel free from daily responsibilities, problems, and routine? Can you easily
adapt to this place?).

e Loneliness

The loneliness section adapted the work of Wang et al. [66]. The scale comprised eleven items measuring the
absence of confidence in social relations and the degree of a social network (e.g., "I often feel rejected,” "There is
always someone | can talk to about my day-to-day problems™).

o Quality of life

The fourth section adapted eight items about the quality of life from the work of Das [57], asking the participants
how satisfied they were with their lives to measure their satisfaction with their physical, economic, and social
environments (e.g., satisfaction with their financial condition, conditions of housing, and availability of parks and
green areas).

3.5. Data Scrutiny and Statistical Analysis

After completing the data collection process, we downloaded the online data from Google Forms into an Excel file
(CSV format). We reviewed the paper-pencil surveys individually to ensure they were correctly completed, and we
removed any incomplete or biased responses from the study. After that, we manually entered the survey data into the
Excel file. Next, we assigned a code to each response, converting them from text to numbers, and then imported the
Excel data file into the IBM SPSS file format (.csv file) for the final analysis.

Once the data were imported into IBM SPSS, we performed demographic analyses. We used descriptive statistics
(frequencies) to summarize the survey data, providing a comprehensive overview of the participants’ demographic
characteristics and responses. We also conducted reliability analyses of each variable to determine their correlations.
The correlation analyses aimed to find a linear approximation of the results. Finally, we used PROCESS Macro
version 4.0 in IBM SPSS to conduct a moderation analysis to determine the research results.

4. Results

4.1. Demographic Information

We sent the online and paper-pencil surveys to 235 young adults. Of the 215 responses, 33 were excluded due to
bias or incompletion, leaving 182 (84.6%) usable responses. Eighty survey participants were male 80 (43.9%), and
102 (56%) were female. Ninety-seven (53.8%) were aged 20 years and under, 67 (36.8%) were 20 to 24 years, and the
remaining 18 (9.9%) were older than 24. Seventeen (9.3%) held high school diplomas, 127 (69.7%) were university
undergraduates, and 38 (20.9%) were postgraduates. Twenty respondents (11%) lived alone, 69 (37.9%) lived with a
roommate, and 93 (51.1%) lived with family (see Table 1).

Table 1. Demographic information

Variables Number Percentage
Gender
Male 80 43.9%
Female 102 56%
Age

20 years and below 97 53.8%

21 to 24 years 67 36.8%

25 years and above 18 9.9%
Academic qualifications

High school 17 9.3%

University undergraduates 127 69.7%

Postgraduates 38 20.9%
Household composition

Lived alone 20 11%

Lived with a roommate 69 37.9%

Lived with family 93 51.1%
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4.2. Reliability and Validity

Before the formal analysis, we verified the reliability of the information. In the LL section, the reliability resulted
in an o (Cronbach's alpha) of 0.93. According to Cronbach [67], a valid reliability for a is greater than 0.7; thus, there
was internal consistency regarding the interrelatedness of the sample test items. The UGS also scored high in validity
with Cronbach's alpha (a) of .91, considered sufficiently reliable for further analysis. The Cronbach's o for the QOL
section was .83. Therefore, the scales used to measure variables in the research model were confirmed as valid and
reliable for testing the hypotheses (see Table 2).

Table 2. Reliability

Instrument Cronbach's Alpha (o) Reliability Range [67]
Loneliness (LL) 0.93 >0.7
Urban Green Spaces (UGS) 091 >0.7
Quality of Life (QOL) 0.83 >0.7

We also performed confirmatory factor analysis to assess the discriminant validity of the measurement model.
Results showed that the three-factors hypothesized model fit the data (x® = 165.77, df = 116, comparative fit index
(CFI) = 0.97, and root mean square error of approximation (RMSEA) = 0.05) better than an alternative single factor
model in which all constructs were added to single factor (x> = 1174.37, df = 119, CFI = 0.39, and RMSEA = 0.22).
These findings provide evidence of discriminant validity and suggest that our data was not affected by common
method bias.

4.3. Correlation Matrix

Correlation coefficients describe the linear relationship between two quantitative variables. We required an
approximately linear relationship based on the form, direction, and variation of the variables. Pearson's correlation
coefficient r describes the strength and direction of an association between two variables [68]. The results show that
the Pearson’s correlation coefficient r=-0.71 for LL correlated with urban green spaces. The quality of life was found
to be more significant than loneliness (LL) in relation to urban green spaces, as indicated by a Pearson’s correlation
coefficient of r=0.26. Additionally, the results of the QOL correlation with LL yielded a Pearson’s correlation
coefficient of r=-0.20 (see Table 3).

Table 3. Correlation matrix

Urban green spaces (UGS)  Loneliness (LL)  Quality of life (QOL)

Urban green spaces (UGS) 091 -
Loneliness (LL) -0.71* 0.93 -
Quality of life (QOL) 0.26** -0.20** 0.83

Note: Level of significance *p<0.05; **p<0.01; Note: Cronbach’s alpha diagonal cells (bold)

4.4. Moderation Effects

Hypothesis H1 proposed that UGS have a statistically significant relationship with QOL. Accordingly, the results
show that UGS significantly affected QOL (p=0.20, p<0.01). These results support H1. H2 suggested that LL has a
significant negative relationship with QOL. Results indicated that LL significantly influenced QOL (p=-0.09, p<0.05).
Thus, the results support H2.

A moderation test was conducted with UGS as the predictor, QOL as the dependent variable, and LL as the
moderator. As predicted, results demonstrate a negative significant interaction effect of LL and UGS on QOL (B=-
0.13, p<0.05), providing support for H3 (see Table 4).

Table 4. Results of moderation analysis

Quality of life (QOL)

Qutcome variable

SE t p
Urban green spaces (UGS) 020 0.07 2.98 0.00
Loneliness (LL) -0.09 0.04 -2.03 0.04
Interaction -0.13 006 -2.10 0.04

Note: Level of significance *p<0.05; **p<0.01; ***p<0.001
Note: Interaction = Urban green spaces (UGS) x Loneliness (LL)
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To further validate the moderation effect, we performed a simple slope analysis. Figure 3 demonstrates the
interaction effect. The slope analysis reveals that at a high level (one standard deviation above the mean) of LL, the
effect of UGS on QOL becomes insignificant (=0.05, SE = ns). Compared with a high level of LL, the effect of UGS
on QOL becomes strongly positive at the mean level of LL [(=0.20, SE=0.07, p<0.05], and at the low level of LL
(one standard deviation below the mean) [(B=0.34, SE = 0.09, p<0.001]. These results further support Hypothesis 3.

5 - Moderator
—&— ow loneliness
45 A
4 —@— High loneliness
D
= 35 A
s
o
>
2 3 ] A//“.‘
)
© 25 -
2 -
1.5 A1
1 T )
Low perceived urban green High perceived urban green
spaces spaces

Figure 3. Results of slope analysis

5. Discussion

The objective of this empirical study was to investigate the moderating role of LL on UGS and QOL among young
adults. We developed a theoretical research model and proposed hypotheses to achieve this objective. Furthermore,
this paper presents statistical results analyzed in conjunction with the support of published literature.

This study confirms that UGS significantly correlates with perceived QOL. Previous studies found significant and
positive relationships [69] and argued that increases in greenness could substantially improve the lives of urban
citizens. Moreover, Budruk et al. [19] suggested that a strong connection to green spaces is linked to better mental
health and overall well-being. This connection in adults' daily lives is usually developed through regularly
experiencing positive and healthy interactions with green spaces. Therefore, the circumstances in which adults are
raised and the surroundings in which they live and interact are significant factors in forming this attachment.
Regarding environmental and spatial features, Akpinar [70] found that the most essential factor in urban green spaces
is the proximity of the home to green space. In addition, Zhang et al. [71] highlighted that neighborhoods with higher-
quality green spaces did not provide more beneficial affordances to health, quality of life, recreation, and social
interactions. The perceived quality of UGS was more closely related to the proximity and usability of the green space,
rather than its quantity.

This study found a significant negative relation between LL and QOL among young adults. This finding aligns with
existing literature highlighting the detrimental impact of LL on QOL. However, much of the existing literature, as
emphasized by Bartlett et al. [72] and Terkelsen et al. [73], highlights the impact of LL on QOL in adults, focusing on
factors such as declining mobility, retirement, and the loss of close relationships. As a result, Li et al. [74] mention
that QOL appears to be more significantly affected by loneliness in older populations compared to younger adults. Our
findings draw attention to a growing concern among younger adults, where there is comparatively less focus. This
may be due to generational assumptions that younger adults are more socially connected and where relational support
from friends and family plays a key role in alleviating feelings of loneliness [75]. However, traditional ideals of
adulthood, such as stable employment, long-term relationships, and parenthood, are increasingly delayed, contributing
to uncertainty in social roles and a diminished sense of belonging [76]. This prolonged phase of emerging adulthood
can increase vulnerability to loneliness, which in turn undermines emotional well-being and overall quality of life
[77]. Given that approximately 75% of all mental health conditions emerge before the age of 24 [78], addressing
loneliness at this life stage is crucial not only to enhance present QOL but also to prevent longer-term mental health
consequences.

The results confirmed the hypothesis about the negative moderating role of loneliness between UGS and QOL.
Only a few studies have looked into the impact of LL on UGS and QOL using the same approach. LL is often
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accompanied by impairments in vision, hearing, and mobility, which affect social connectedness, limiting the
ability to feel comfortable driving, walking, or engaging in conversations [79]. This informs us about the
importance that LL can represent in this relationship. For example, Bergefurt et al. [80] studied the correlations
between urbanization features, such as mobility and social neighborhood, and their influence on public space use,
life satisfaction, and LL. The findings indicated that a lack of social connectedness is associated with a decrease in
the frequency of visits to green spaces. Additionally, a correlation was found between loneliness and life
satisfaction, suggesting that individuals who feel lonely tend to be less satisfied with their lives.

In addition, van den van den Berg et al. [81] indicated that UGS do not directly facilitate social contact, but they
do enhance the sense of community by fostering feelings of trust, acceptance, and a sense of belonging. According
to Jones & Comfort [82], the connection between a place and a sense of community cannot be established quickly
because it takes time to develop emotional and mental health associations. Additionally, Cacioppo & Cacioppo
[33] mention that LL operates primarily through nonconscious processes and functions as an aversive biological
signal rather than a rational behavior. There is no straightforward way to design environments that directly mitigate
LL. However, Cardinali et al. [83] propose the PRIGSHARE framework, which helps align UGS design with
specific health outcomes by identifying dominant pathways such as restoration, instauration, and mitigation. While
not focused on LL, the framework provides urban planners with spatial tools (e.g., vegetative assessments,
isochrones, buffered service areas) to evaluate and design environments that may indirectly buffer the effects of
loneliness through calm, accessible, and socially supportive settings. Similarly, proximity was found to be more
critical than the availability of UGS in terms of QOL [59].

5.1. Theoretical Contribution and Practical Implication

This study expands the theoretical understanding of loneliness by positioning it as a psychological mechanism
triggered by material and spatial urban conditions. Drawing on the Evolutionary Theory of Loneliness (ETL), it
highlights how urbanization transformed cities during the Industrial Revolution, where access to public transportation
was limited, fragmented, disconnected, or made difficult due to the scarcity of green spaces. This can reduce
individuals' autonomy, safety, and opportunities for social interactions. Loneliness becomes both a result and a filter: it
not only weakens the positive impact of UGS on QOL but also reshapes how individuals perceive and engage with
their environments. These structural limitations can transform material barriers into psychological ones, leading to
feelings of disconnection even in densely populated areas. This conceptualization reframes loneliness not solely as a
mental health outcome but as a moderator of quality of life (QOL), which alters how individuals benefit from UGS,
particularly in highly urbanized metropolitan contexts.

Improving the QOL through green infrastructure requires more than expanding green areas; it demands
understanding who feels welcomed in these spaces and why others avoid them. While this study offers practical
insights, future research should aim for broader and more diverse participation from neighborhoods to capture a wider
range of experiences related to access, safety, and socio-economic conditions. This is particularly critical in
fragmented metropolitan areas like Monterrey in Mexico, where disparities in public transportation, urban safety, and
green space connectivity often limit usage. Policymakers must balance UGS expansion with pressing urban needs such
as housing and mobility by prioritizing integration, not merely addition. UGS should be embedded within walkable,
mixed-use areas, supported by reliable public transportation, and co-designed with communities to ensure they are
safe, inclusive, and context-responsive. Municipal and state governments must begin treating mental health and
loneliness as a fundamental lens for evaluating urban spaces. Digital platforms and social media, which are often
mentioned as contributing to increased loneliness, can instead be strategically repurposed to coordinate community-led
activities, promote the co-creation of green spaces, and engage populations typically excluded from formal
participation processes.

5.2. Limitations and Future Directions

This research has limitations due to its scope and the nature of the study. The first limitation is due to the focus on
young adults. Second, its geographical size and dense population make it the largest metropolitan city in Nuevo Leon,
Mexico. Third, the research design relies on a quantitative survey. To extend this work, we propose possible future
research directions to overcome the current limitations of this research. First, we will expand our scope to include K-
12 students and older adults to gain more insights into loneliness and the roles of UGS and QOL. Furthermore, a
comparative study should be conducted by considering other metropolitan cities in the state of Nuevo Leon or by
comparing different states in Mexico. Finally, the avenue for expansion of this work is a future study to design a
mixed-methods research approach to gather the opinions of individuals in the form of text and conduct text analysis to
highlight the sentiments of the broader population. This will enhance our understanding of the role of LL and its
impact on UGS and QOL across various social and age groups, as well as different patterns of cultural and urban
differences.
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6. Conclusion

Our findings provide a clearer understanding of the interconnectedness between UGS, LL, and QOL.
Understanding related variables, such as urbanization and social interactions, facilitates comprehension and the
identification of correlations. This study suggests that living in urban areas contributes significantly to QOL; this
can help policymakers and city planners update and rethink the spatial features of urbanization and their impact
on mental health, including LL, as a serious concern. Integrating community-building activities within green
spaces to positively impact residents' QOL is vital. Prioritizing the expansion of urban green areas and their
protection is crucial for enhancing adults' social and recreational needs and their responses to climate change. This
study’s statistical analysis concludes that LL negatively moderates individuals' perceptions of UGS and QOL. LL
can be caused by urbanization and its negative spatial consequences (e.g., traffic jams, pollution, health issues,
inequality, as well as a lack of green spaces). These create borders that prevent social interactions among citizens.
Another cause is the decline in social interactions since the COVID-19 pandemic and the increase in social media
usage.
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