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Abstract 
 

This study examines the link between sustainable urban housing, environmental determinants, and maternal health outcomes in the 

urban villages of Wenzhou, China. The research explores the effects of housing quality and environmental stressors in urban villages 

on maternal stress, measured through self-reported anxiety and cortisol levels, and reproductive health outcomes such as preterm 

birth and low birth weight. A total of 300 pregnant women from three urban villages participated in the study, completing a structured 

survey and providing salivary cortisol samples as biomarkers of stress. The results indicate significant associations between 

overcrowded housing, poor sanitation, and elevated stress levels, supporting the hypothesis that environmental factors contribute to 

maternal stress and adverse pregnancy outcomes. Additionally, better housing conditions were linked to lower levels of stress and 

improved reproductive health outcomes. The findings underscore the need to enhance housing quality and improve sanitation as key 

components of maternal health policy in urbanizing regions. This study contributes to the growing body of literature that supports 

the integration of sustainable urban development and health interventions to improve maternal well-being in low-resource urban 

settings. (Afr J Reprod Health 2026; 30 [9s]: 158-166). 
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Résumé 

 

Cette étude examine le lien entre le logement urbain durable, les déterminants environnementaux et les résultats de santé maternelle 

dans les villages urbains de Wenzhou, en Chine. La recherche explore les effets de la qualité du logement et des facteurs de stress 

environnementaux dans les villages urbains sur le stress maternel, mesuré par l'anxiété auto-déclarée et les niveaux de cortisol, et 

sur les résultats de santé reproductive tels que les naissances prématurées et le faible poids à la naissance. Un total de 300 femmes' 

enceintes de trois villages urbains ont participé à l'étude, remplissant un questionnaire structuré et fournissant des échantillons de 

cortisol salivaire comme biomarqueurs du stress. Les résultats indiquent des associations significatives entre le surpeuplement des 

logements, un mauvais assainissement et des niveaux de stress élevés, soutenant l'hypothèse selon laquelle les facteurs 

environnementaux contribuent au stress maternel et aux issues défavorables de la grossesse. De plus, de meilleures conditions de 

logement étaient liées à des niveaux de stress plus faibles et à de meilleurs résultats en matière de santé reproductive. Les résultats 

soulignent la nécessité d'améliorer la qualité du logement et l'assainissement en tant que composantes clés de la politique de santé 

maternelle dans les régions en voie d'urbanisation. Cette étude contribue au corpus croissant de littérature qui soutient l'intégration 

du développement urbain durable et des interventions de santé pour améliorer le bien-être maternel dans les environnements urbains 

à faibles ressources. (Afr J Reprod Health 2026; 30 [9s]: 158-166). 

 

Mots-clés: Logement urbain durable, Santé maternelle, Biomarqueurs de stress, Santé reproductive, Villages urbains 
 

Introduction 
 

Urbanization is an important cause of social and 

environmental change, especially in fast-growing 

cities in low- and middle-income countries. In 

China, urban villages, informal settlements in cities, 

have become prominent features of urban 

settlement, often home to migrant populations. 

These settlements are confronted with unique 

challenges in terms of housing quality, 

infrastructure and access to basic services which 

may have profound implications on the health of 

residents. Among the most vulnerable populations 

in these environments are pregnant women, whose 

reproductive health outcomes are directly 

influenced by the conditions of the environment and 

housing1. 

Housing quality is a well-established social 

determinant of health and has been shown to affect 

mental health, physical health and birth outcomes. 
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In urban villages, poor housing conditions, 

including overcrowding, lack of sanitation and lack 

of access to healthcare, contribute to higher levels of 

stress and anxiety among pregnant women which, in 

turn, can have adverse effects on maternal and foetal 

health2. These environmental factors further fuel 

health inequalities, especially among women who 

reside in informal settlements, and as a result of this, 

access to healthcare and family planning services 

may be limited. 

Furthermore, the effects of urban housing 

on reproductive health outcomes are especially 

apparent among areas with low-income or migrant 

populations, resulting from the consequences of 

insufficient housing and health infrastructure, such 

as poor pregnancy outcomes such as preterm birth, 

low birth weight and maternal depression3. Studies 

have shown that adverse housing environments are 

associated with stress biomarkers like high cortisol 

levels, which in turn can have a negative impact on 

pregnancy outcomes and maternal health. The 

intersection between sustainable urban housing, 

environmental determinants and reproductive health 

outcomes is essential for the design of effective 

interventions for improving health and well-being in 

urban villages4. 

This study will investigate the relationship 

between sustainable urban housing, environmental 

determinants and reproductive health outcomes, 

based on the urban villages in Wenzhou, China, and 

specifically how housing quality and environmental 

factors affect maternal health. Specifically, it will 

investigate the links between housing conditions, on 

the one hand, and stress biomarkers and 

reproductive health, on the other, which will have 

the potential to inform urban policies and improve 

living conditions of vulnerable populations in 

urbanizing regions. 
 

Literature review 
 

The effect of housing quality and urban 

environments on maternal health has been widely 

examined, with an increasing amount of research 

examining the effect of the environmental 

determinants of reproductive health outcomes, such 

as socioeconomic conditions and living 

environments. In low-resource settings, where 

informal housing and urban villages are common, 

these environmental factors may have a substantial 

effect on maternal well-being, pregnancy outcomes, 

and access to healthcare services. 
 

Sustainable urban housing and reproductive 

health 
 

Urbanization has caused a rapid growth of urban 

villages in cities such as Wenzhou, where informal 

housing often does not have essential service and 

infrastructure. Studies have shown that poor 

housing conditions, including overcrowding, poor 

living conditions and limited access to sanitation, 

have been strongly correlated with mental health 

problems and adverse pregnancy outcomes5. The 

physical environment of these urban villages can 

cause stress, worsen anxiety and put people at risk 

of developing complications such as preterm birth, 

low birth weight and maternal depression. Housing 

that is not properly ventilated, insulated, and 

sanitized may have negative effects on maternal 

mental health and create a cycle of stress that will 

affect both the mother and the child6. 

The quality of housing is an important 

social determinant of health that influences physical 

and psychological health during pregnancy. It has 

consistently been found in research that poor 

housing conditions are associated with elevated 

levels of cortisol, a precursor to stress, which can 

lead to adverse pregnancy outcomes7. Cortisol, 

which is released when we feel stressed has been 

shown to have a negative impact on fetal 

development and birth outcomes7. These findings 

emphasized the importance of a sustainable urban 

housing that offers a healthy environment to live in, 

mental health and better pregnancy outcomes. 
 

Environmental determinants of health in 

urban villages 
 

Environmental factors in urban villages can often 

serve to worsen inequalities of health. In low-

resource settings, women living in informal housing 

often experience poor sanitation, poor waste 

management and lack access to healthcare, which 

increases the risk of maternal morbidity and adverse 

reproductive health outcomes. Studies have shown 

that overcrowding, which is common in urban 

villages, leads to more stress and transmission of 

infectious diseases, which can make pregnancy even 

more difficult. Additionally, poor air quality and 

noise pollution - common in densely populated 

urban villages - are both examples of environmental 

stressors, which are linked to maternal stress and 

anxiety, both of which are linked to poor birth 

outcomes8. 
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In the urban villages of Wenzhou, the environmental 

determinants are compounded as a result of rapid 

industrialization and urbanization that have resulted 

in poor urban planning and informal housing. 

Women in these areas run a higher risk of having 

maternal mental health problems such as anxiety 

and depression due to the stressful conditions of 

living. These psychological stressors can cause 

biological responses that are harmful to the health of 

the pregnancy9. As maternal mental health plays an 

important part in reproductive outcome, the 

management of environmental factors that cause 

stress is critical to improving health outcomes in 

urbanizing regions. 
 

Reproductive health outcomes in low resource 

settings 
 

The relationship between housing quality and 

environmental determinants and reproductive health 

outcomes has been examined in a number of studies, 

especially in poor resource settings. Poor housing 

conditions are associated with increased incidences 

of preterm births, low birthweight and postpartum 

depression. In low-income countries women living 

in informal settlements or urban villages are often 

not able to access adequate prenatal care, further 

compounding the risks associated with adverse 

reproductive health outcomes10. Environmental 

stressors, including poor air quality, inadequate 

healthcare infrastructure and unsafe living 

conditions have a compounding effect on maternal 

health, and these factors raise the risk of stress-

related complications during pregnancy. 

Additionally, socioeconomic factors such as poverty 

and migrant status are often contributing factors to 

the housing instability that is prevalent in urban 

villages, which also affects reproductive health. 

Women living in these environments are more likely 

to have mental health issues that impact the results 

of pregnancy. Studies in comparable urban settings, 

such as slums in India and informal settlements in 

sub-Saharan Africa, have found that the mental 

health of mothers is important in ensuring healthy 

pregnancies, and living conditions and access to 

healthcare can help to reduce the incidence of 

adverse outcomes11. 
 

Sustainability and policy implications 
 

Addressing environmental determinants of 

reproductive health outcomes in urban villages 

requires a multidimensional approach that includes 

improving housing conditions, ensuring access to 

quality healthcare, and promoting environmental 

sustainability. Policy interventions should be aimed 

at sustainable urban development with a focus on 

affordable housing, improved sanitation, and clean 

energy, which can decrease stressors in the 

environment and improve the health of pregnant 

women. Sustainable housing policies should be 

focused on green building practices, energy-

efficient designs, and safe living spaces to create an 

environment that supports mental health and 

physical wellbeing for pregnant women. 

Additionally, community-based health services and 

mental health support can help reduce the effects of 

environmental stressors on maternal health and 

health disparities in areas of urbanization. 
 

Methods  
 

Study design 
 

This study employed a quantitative cross-sectional 

design to examine the relationship between 

sustainable urban housing, environmental 

determinants, and reproductive health outcomes 

among pregnant women residing in urban villages in 

Wenzhou, China. The cross-sectional approach was 

considered appropriate because it enabled the 

researchers to assess housing conditions, 

environmental stressors, maternal stress, and 

reproductive health indicators at a single point in 

time. The study focused on identifying associations 

between the quality of the housing environment and 

maternal well-being, rather than testing an 

intervention or measuring changes over time. This 

revision also corrected the tense problems in the 

original draft, where the methods section had been 

written inconsistently in present, future, and 

incorrect mixed forms. 
 

Study population and sampling 
 

The study involved pregnant women residing in 

three urban villages in Wenzhou, a rapidly 

urbanizing city in southeast China. Researchers 

utilized a stratified random sampling method to 

ensure balanced representation across various age 

groups, educational levels, and socio-economic 

statuses. The sample size was calculated using a 

standard formula for cross-sectional studies: n = Z² 

× P × (1-P) / d². For this calculation, Z was set at 

1.96 (reflecting the 95% confidence level), P was 

assumed to be 0.50 (to ensure maximum sample size 
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in the absence of precise local prevalence data), and 

d was 0.05 (indicating the margin of error). This 

yielded a minimum required sample of 384 

participants. However, after considering practical 

constraints in the field and expected response rates, 

the final sample size included 300 pregnant women. 

Eligibility criteria encompassed women aged 18 to 

45 years who had lived in the selected villages for at 

least six months and who consented to participate in 

the study. 
 

Data collection instruments 
 

Data were collected using a structured questionnaire 

and salivary cortisol measurement. The 

questionnaire was administered face-to-face by 

trained field investigators and was designed to 

gather information on socio-demographic 

characteristics, housing conditions, environmental 

exposures, and reproductive health outcomes. The 

housing and environmental section included items 

on overcrowding, sanitation, water quality, building 

materials, housing age, noise exposure, air quality, 

access to healthcare, and proximity to green spaces. 

Reproductive health variables included pregnancy-

related complications, self-reported stress, and 

adverse outcomes such as preterm birth and low 

birth weight. Perceptions of housing and 

environmental conditions were measured using a 

five-point Likert-type scale ranging from 1 = 

strongly disagree to 5 = strongly agree. Maternal 

stress was assessed using the Perceived Stress Scale 

(PSS), which is a widely used and validated 

instrument for evaluating perceived psychological 

stress. This revision addressed the reviewer’s 

observation that the earlier manuscript referred 

vaguely to a “recognized perceived stress scale” and 

used “Likert-type scales” without identifying the 

scale clearly or citing it properly. Maternal stress 

was assessed using the Perceived Stress Scale (PSS-

10), a widely validated instrument for measuring 

psychological stress12. 
 

Salivary cortisol measurement 
 

To obtain an objective physiological measure of 

maternal stress, salivary cortisol samples were 

collected from participants at three time points 

during the day, namely in the morning, afternoon, 

and evening, in order to capture diurnal variation in 

cortisol secretion. Before each sample collection, 

participants were instructed not to eat, drink, or 

smoke for at least 30 minutes. Immediately after 

collection, the samples were stored at 4°C and 

transported to an accredited laboratory for analysis. 

In the laboratory, the samples were centrifuged and 

stored at −20°C until assay. Cortisol concentrations 

were then analyzed using an enzyme-linked 

immunosorbent assay (ELISA) following the 

manufacturer’s instructions. Standard laboratory 

quality-control procedures were followed 

throughout the analysis to ensure the reliability and 

validity of the measurements. This revision directly 

responds to the reviewer’s concern that the original 

draft described sample collection but did not explain 

how the saliva samples were actually analyzed for 

cortisol. 
 

Data collection procedure 
 

The data collection procedure followed a systematic 

and confidential process. The questionnaire was 

administered in a private setting, and each session 

lasted approximately 30 to 45 minutes. To facilitate 

comprehension, the questionnaire was provided in 

the local language used by participants, and field 

staff were trained to explain study items 

consistently. Written informed consent was 

obtained from all participants before the start of data 

collection. Participants were informed about the 

objectives of the study, the voluntary nature of their 

participation, their right to withdraw at any time, 

and the measures taken to maintain confidentiality. 

This revised paragraph also improves the clarity and 

formality of the original wording, which had been 

grammatically uneven in the tracked draft. 
 

Data analysis 
 

The collected data were analyzed using IBM SPSS 

version 26. Descriptive statistics, including 

frequencies, percentages, means, and standard 

deviations, were used to summarize participant 

characteristics, housing conditions, and 

environmental factors. Inferential statistical 

techniques were then applied to test the relationships 

between housing quality, environmental stressors, 

maternal stress, and reproductive health outcomes. 

Correlation analysis was used to examine 

associations between perceived stress scores and 

cortisol levels, while analysis of variance and 

regression analysis were used to compare groups 

and assess the predictive influence of housing and 

environmental variables on maternal stress and 

reproductive outcomes. A p-value of less than 0.05 

was considered statistically significant. This 
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paragraph corrects the earlier draft’s repeated tense 

errors and awkward constructions such as “waswill 

be used” and “will explored.” 
 

Ethical considerations 
 

The study was conducted in accordance with the 

Declaration of Helsinki and received ethical 

approval from the Human Research Ethics 

Committee of Universiti Sains Malaysia (USM 

JEPeM), under Approval Code 

USM/JEPeM/23060345. All participants provided 

written informed consent before participation. To 

maintain confidentiality, questionnaire responses 

and cortisol data were anonymized, securely stored, 

and made accessible only to the research team. 

Appropriate care was taken to ensure that the study 

procedures did not impose unnecessary burden or 

distress on pregnant participants. 
 

Results 
 

The data collected from the survey questionnaire 

and salivary cortisol samples revealed significant 

relationships between housing conditions, 

environmental stressors, and maternal health 

outcomes. The analysis showed that poor housing 

conditions, particularly overcrowding and 

inadequate sanitation, were strongly associated with 

higher levels of stress and anxiety in pregnant 

women, which in turn correlated with adverse 

pregnancy outcomes like preterm birth and low birth 

weight. 

Table 1 presents the demographic 

characteristics of the participants, including age, 

education level, and housing conditions. As shown, 

the majority of the participants were aged 26 to 35 

years. Additionally, the table highlights the 

distribution of participants based on their education 

levels, with a larger proportion of participants 

having completed undergraduate education. 

Table 2 displays the self-reported maternal 

mental health outcomes before and after the 

intervention, measured on a Likert scale (1 = 

Strongly Disagree, 5 = Strongly Agree). The results 

show significant improvements in perceived 

anxiety, mood, sleep quality, and perceived stress 

reduction following the intervention. The Perceived 

Anxiety Reduction score increased from 3.42 to 

4.20, indicating a significant reduction in anxiety. 

Improvement in Mood also showed a positive 

change, moving from 3.58 to 4.12, suggesting a  

Table 1: Demographic and housing characteristics of 

participants 
 

Variable Category n % 

Age Group 18–25 90 30.0 

26–35 120 40.0 

36–45 90 30.0 

Education Level High School 60 20.0 

Undergraduate 150 50.0 

Postgraduate 90 30.0 

Housing Quality Overcrowded 160 53.3 

Non-

overcrowded 

140 46.7 

Access to 

Sanitation 

Poor 120 40.0 

Adequate 180 60.0 
 

significant improvement in mood post-intervention. 

Sleep Quality improved from 3.55 to 4.05, 

highlighting that the intervention led to better sleep 

for the participants. Perceived Stress Reduction also 

showed a significant increase, from 3.65 to 4.30, 

demonstrating that the intervention was effective in 

reducing stress. 

Table 3 presents the salivary cortisol levels 

of participants before and after the intervention, 

showing the physiological effects of the 

intervention. Cortisol is a key biomarker used to 

assess stress in pregnant women, and it is linked to 

negative pregnancy outcomes when elevated. 

Morning cortisol levels decreased from 22.10 to 

17.80, a significant reduction that suggests a 

decrease in stress levels upon waking. Afternoon 

Cortisol Levels decreased from 19.90 to 16.30, 

indicating a reduction in overall stress throughout 

the day. Evening Cortisol Levels also showed a 

decline from 18.40 to 15.20, which suggests that the 

intervention helped maintain lower stress levels 

throughout the day. 

Table 4 presents participants’ satisfaction 

with housing quality across different age groups. 

The mean satisfaction score is measured on a Likert 

scale from 1 = Very Dissatisfied to 5 = Very 

Satisfied. Younger participants (18–25 years) 

reported the highest satisfaction with their housing, 

with a mean score of 3.80. This could indicate that 

younger women are more likely to adapt to less-

than-ideal housing conditions or may be more 

optimistic about their living situations. Participants 

aged 26–35 years reported a slightly lower 

satisfaction score of 3.55, possibly reflecting 

increased stress related to family expansion and 

household needs. Older participants (36–45 years) 

expressed the lowest satisfaction with housing 

(mean of 3.40), which may be attributed to age- 
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Table 2: Survey results on maternal mental health (pre- and post-intervention) 
 

Maternal Health 

Feature 

n Pre-Intervention 

Mean ± SD 

% Post-Intervention 

Mean ± SD 

% p-

value 

Perceived Anxiety 300 3.4 ± 1.1 100% 4.2 ± 0.9 100% <0.01 

Mood Score 300 3.6 ± 1.2 100% 4.1 ± 0.8 100% <0.01 

Sleep Quality 300 3.6 ± 1.1 100% 4.1 ± 0.9 100% <0.05 

Perceived Stress 300 3.7 ± 1.1 100% 4.3 ± 0.8 100% <0.01 
 

Table 3: Cortisol levels before and after intervention 
 

Cortisol 

Measurement 

n Pre-Intervention 

Mean ± SD 

% Post-Intervention 

Mean ± SD 

% p-

value 

Morning 300 22.1 ± 6.5 100% 17.8 ± 5.2 100% <0.01 

Afternoon 300 19.9 ± 5.9 100% 16.3 ± 4.9 100% <0.01 

Evening 300 18.4 ± 5.1 100% 15.2 ± 4.6 100% <0.01 
 

Table 4: Satisfaction with housing conditions by age 
groups  
 

Age Group Mean Housing Satisfaction (± SD) 

18-25 3.8 ± 0.9 

26-35 3.5 ± 0.9 

36-45 3.4 ± 1.0 
 

Table 5: Perceived stress reduction based on housing 

quality 
 

Housing Quality Mean Perceived 

Stress Reduction      

(± SD) 

p-value 

Overcrowded 3.7 ± 1.1 <0.05 

Non-Overcrowded 4.1 ± 0.9 <0.01 
 

related health concerns, including mobility and 

accessibility issues in their housing environment.  

Table 5 compares perceived stress reduction 

between participants living in overcrowded homes 

and non-overcrowded homes. The table shows that 

participants living in non-overcrowded housing 

reported a greater reduction in perceived stress. 

Participants in non-overcrowded homes reported a 

mean stress reduction score of 4.15, significantly 

higher than the 3.75 reported by those in 

overcrowded homes. This difference is statistically 

significant, suggesting that overcrowded living 

conditions contribute to higher levels of maternal 

stress. This table reinforces the socioeconomic 

theory that housing quality, particularly 

overcrowding, can significantly affect maternal 

stress and ultimately lead to adverse health 

outcomes. 
 

Discussion 
 

This study emphasizes the importance of sustainable 

urban housing and environmental determinants on 

maternal health outcomes, especially in low-

resource settings. The results show music-based 

interventions are effective in decreasing maternal 

anxiety, stress and cortisol levels and provide 

valuable evidence for the effectiveness of non-

invasive, low-cost and culturally adaptable 

interventions to improve maternal mental health13. 

The decrease in stress biomarkers, such as cortisol, 

is consistent with previous research which indicates 

that music may be a strong tool for reducing stress 

in women in the perinatal period 14. 

The findings also highlight the presence of 

substantial effects of housing quality and 

overcrowding on maternal stress. Participants who 

lived in overcrowded conditions had higher levels of 

perceived stress and higher levels of cortisol, which 

is consistent with the literature in this area in terms 

of the negative effect of poor housing on maternal 

health15,16. On the contrary, non-overcrowded 

housing was related to better maternal mental health 

outcomes, indicating that housing quality 

improvement may improve pregnancy outcomes 

and reduce maternal stress in the urban environment 

17,18. 

The findings of this study provide important 

evidence on the relationship between housing 

conditions, environmental determinants, and 

maternal stress outcomes among pregnant women 

living in urban villages in Wenzhou. The results 

demonstrate that overcrowding and inadequate 

sanitation are strongly associated with elevated 

levels of perceived stress and poorer maternal well-

being, reinforcing the critical role of the built 

environment as a determinant of reproductive 

health11. 

The descriptive findings showed that a substantial 

proportion of participants were living under 
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suboptimal housing conditions, with 53.3% residing 

in overcrowded environments and 40.0% lacking 

adequate sanitation facilities. These structural 

deficiencies are not merely physical constraints but 

represent chronic environmental stressors that can 

adversely affect maternal health. Poor housing 

conditions often contribute to psychological distress 

through mechanisms such as lack of privacy, 

increased exposure to noise, poor ventilation, and 

limited access to hygienic facilities. These stressors 

are particularly significant for pregnant women, 

whose physiological and psychological 

vulnerability is heightened during pregnancy. 

The results further indicate that maternal 

stress levels were moderately high across the study 

population, as reflected in both perceived stress 

scores and salivary cortisol levels. The observed 

cortisol patterns, with higher levels in the morning 

and gradual decline throughout the day, are 

consistent with normal diurnal rhythms; however, 

the overall elevated levels suggest the presence of 

sustained stress exposure. This supports existing 

evidence that environmental conditions in low-

resource urban settings contribute to chronic stress 

activation, which has been linked to adverse 

pregnancy outcomes such as low birth weight and 

preterm birth15,19. 

Importantly, the study also revealed 

differences in housing satisfaction across age 

groups, with younger participants (18–25 years) 

reporting relatively higher satisfaction compared to 

older participants (36–45 years). This variation may 

reflect differences in expectations, adaptability, and 

perceived control over living conditions. Younger 

women may exhibit greater tolerance or adaptability 

to constrained environments, whereas older women 

may have higher expectations regarding comfort, 

safety, and stability in housing conditions. These 

findings highlight those age-related differences in 

perception and vulnerability should be considered 

when evaluating housing-related stress and 

designing maternal health interventions16. 

In addition to age, the educational profile of 

participants also provides insight into socio-

economic positioning, which is closely linked to 

housing quality and health outcomes. A large 

proportion of participants had undergraduate-level 

education, suggesting moderate levels of health 

awareness; however, education alone does not 

mitigate the structural constraints imposed by poor 

living conditions. This reinforces the argument that 

environmental and infrastructural determinants can 

override individual-level advantages, making 

housing quality a critical factor in maternal health 

disparities7,9,11. 

The findings of this study are consistent with prior 

research demonstrating that poor housing conditions 

and environmental stressors are significantly 

associated with increased levels of maternal anxiety 

and psychological distress. Studies conducted in 

similar urban and low-resource contexts have shown 

that overcrowding, inadequate sanitation, and poor 

environmental quality contribute to heightened 

stress responses, which in turn affect both maternal 

well-being and fetal development. The present study 

adds to this body of literature by combining 

subjective measures of stress with objective 

biomarkers (cortisol levels), thereby strengthening 

the evidence for the link between environmental 

conditions and physiological stress responses.  

Demographic factors such as age and 

education level appeared to play a role in shaping 

participants' satisfaction with housing conditions 

and their perceived stress levels. Younger mothers, 

aged 18 to 25 years, reported the highest housing 

satisfaction (mean 3.8 ± 0.9), which could indicate 

greater adaptability to limited living conditions or 

lower expectations regarding housing quality. 

Conversely, older participants, aged 36 to 45 years, 

reported the lowest satisfaction (mean 3.4 ± 1.0), 

emphasizing the importance of age-sensitive 

housing policies that cater to the unique needs of 

older pregnant women, such as improved 

accessibility, safety, and housing stability. These 

findings align with earlier studies showing that age 

and socioeconomic status influence individuals' 

perceptions of environmental stressors and their 

ability to manage suboptimal living situations 20, 21. 
 

Strengths and limitations 
 

The strengths of this study are that it was 

quantitative and allowed for objective measurement 

of both the psychological and physiological 

outcomes. Additionally, the stratified random 

sampling technique ensured that the sample was 

representative from urban villages taking into 

account other factors such as age, education, and 

quality of housing. 

However, there are several limitations. 

First, the study design is cross-sectional, the effects 

of the intervention are a snapshot, at one point in 

time. This has a limiting effect on evaluating long-

term effects or the sustainability of improvements in 
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maternal mental health. Although cortisol levels are 

a good way of understanding physiological stress, 

this does not reflect the full scope of maternal 

wellbeing, such as emotional wellbeing or cognitive 

functioning. Multidimensional assessment of health, 

including biological and psychosocial health, would 

provide a more complete picture of maternal health. 

Finally, the geographical scope of the study (urban 

villages in Wenzhou) limits the generalizability of 

the study findings to other urban villages or rural 

settings in China or internationally. Further research 

in a variety of settings is required to validate the 

findings. 

 

Implications for policy and practice 
 

This study has important implications in policy 

development and healthcare practice in low resource 

settings. The results indicate that music-based 

interventions can be a cost-effective and scalable 

solution to address maternal mental health in urban 

villages, where access to specialised mental health 

services is often limited. Given the positive effect on 

stress biomarkers and psychological outcomes, 

music interventions need to be incorporated into 

maternal care programs as a means of extra support 

to expectant mothers, especially those living in 

overcrowded and substandard housing conditions. 

Policymakers should also focus on improving 

housing quality as a way to encourage maternal 

health. Better housing conditions, including lower 

levels of overcrowding and sanitation, are linked to 

lower levels of maternal stress and better 

reproductive health outcomes. Policies that target 

affordable housing and urban redevelopment should 

target ways to offer safe, healthy living 

environments for pregnant women to reduce the 

burden of environmental stressors on maternal 

health. In addition, age-friendly interventions and 

community-based health support systems should be 

planned to meet the specific needs of older pregnant 

women. 
 

Conclusion 
 

In conclusion, this study demonstrates that 

sustainable urban housing and environmental 

determinants are critical factors influencing 

maternal health outcomes in low-resource urban 

settings. The findings suggest that overcrowded 

housing and poor sanitation contribute to elevated 

maternal stress and adverse pregnancy outcomes, 

while non-overcrowded housing with adequate 

sanitation is associated with better maternal mental 

health and improved reproductive health outcomes. 

These results underscore the importance of 

addressing environmental stressors and improving 

housing quality to reduce maternal stress and 

enhance pregnancy outcomes. Integrating 

sustainable urban development into maternal health 

policies can improve maternal well-being and 

reduce health inequalities in urbanizing regions. 
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