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ABSTRACT
Aims: This study investigates the travel patterns of males and females across different age groups, modes of transport, and socio-economic factors influencing access to Primary Health Centres (PHCs) in the rugged terrain of East Khasi Hills District, Meghalaya. 
Study Design: Utilising primary survey data, spatial analysis through GIS tools, and secondary demographic information, the research highlights disparities in healthcare accessibility across age, gender, and socio-economic groups.
Methodology: Overlay techniques were employed to superimpose age-wise and sex-wise buffers, producing detailed maps illustrating travel patterns and service coverage areas. 
Results: Socio-economic variables such as income, education, and household size further influence healthcare-seeking behaviour. Findings reveal that remote villages face significant challenges due to poor road infrastructure and limited transport options, leading to longer travel distances and lower patient satisfaction. Conversely, urbanised areas with better connectivity demonstrate higher accessibility and service satisfaction. Conclusion:The results underscore the urgent need for infrastructural improvements, decentralisation of services, and targeted interventions to promote equitable healthcare access in the district.
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1. INTRODUCTION
Medical geography, a branch of human geography, investigates the complex relationships between health and location, exploring how environmental, spatial, and socio-economic factors shape health outcomes (1,2,3,4). By combining geographical concepts with medical data and quantitative analysis, medical geography provides critical insights into health patterns, disparities, and access to healthcare services (5,6,7). Healthcare access, defined as the ability to receive essential services such as illness management, diagnosis, treatment, and prevention (8,9,10), cannot be adequately explained without considering social, cultural, and geographic determinants such as language barriers, affordability, transportation issues, remoteness, and specific geographic features like mountainous terrain (11,12,13).In this context, Geographic Information Systems (GIS) have emerged as indispensable tools for mapping health services, analysing disease patterns, and evaluating healthcare accessibility, thereby facilitating evidence-based decision-making (14,15,16). Studies in both developing and developed countries highlight how geographic remoteness, infrastructural limitations, and socio-economic disparities constrain access to primary healthcare, especially for vulnerable populations in rural and tribal areas (17,18,19,20).Healthcare utilisation varies significantly across age, gender, and geographic location (21,22). Evidence indicates gendered disparities in healthcare provision, where women, children, and the elderly—despite higher health needs—often receive less or delayed care compared to men (23,24). Healthcare professionals’ decisions regarding diagnosis, treatment, and pain management are also influenced by patient characteristics such as age, gender, and race (25,26,27).In Northeast India, rural and tribal populations face acute shortages of healthcare infrastructure, including primary health centres (PHCs) and medical personnel, adversely affecting maternal and child health services (28,29,30). Studies in regions like Meghalaya report that women often travel long distances under poor road conditions and financial constraints to access maternal healthcare (31,31), while self-medication practices remain prevalent among young and educated rural males.Geographic remoteness, limited transportation, and inadequate infrastructure remain major barriers to primary healthcare access in rural and hilly areas (32,33). Distance to health facilities directly influences service utilisation, with studies emphasising the need for community-based healthcare delivery models to reduce travel burdens and enhance equity (34,35,36).Moreover, healthcare access is mediated by socio-economic determinants such as income, education, occupation, caste, and rural–urban divides (37,38). Evidence from Pakistan, Nigeria, and India shows that low-income groups, marginalised communities, and rural populations experience multiple barriers, including transportation costs, lack of medical personnel, limited medication availability, and long waiting times (39,40,41). Addressing these inequities requires infrastructure expansion, mobile healthcare services, and targeted educational and financial interventions (42,43).Medical geography increasingly integrates GIS to analyse spatial disparities in healthcare access, disease surveillance, and environmental health determinants (44,45,46). Techniques such as buffering analysis help delineate healthcare facility catchment areas, while overlay analysis links population settlements, road networks, and health infrastructure to identify underserved regions (47,48).Studies in India, Nigeria, and other countries demonstrate how GIS-based spatial modelling supports healthcare planning by mapping travel patterns, measuring accessibility gaps, and prioritisinginfrastructure development (49,50). Furthermore, GIS facilitates real-time disease tracking, population mobility analysis, and evaluation of healthcare equity, enabling policymakers to design evidence-based interventions for rural and tribal communities (51).
2.Study Area
The study area is the East Khasi Hills district of Meghalaya, situated approximately between 25°07’ and 25°41’ N latitude and 91°21’ and 92°09’ E longitude (Fig 1). Covering about 2,820 square kilometres,roughly 12.57% of Meghalaya’s total area,it extends from southwest to northeast. The district is bordered by Jaintia Hills to the east, Ri Bhoi and West Khasi Hills to the north, West Khasi Hills to the west, and Bangladesh to the south.The district has a well-developed road network and healthcare facilities, including 27 Primary Health Centres strategically located to serve dispersed and often remote communities in this hilly terrain
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Fig 1 Location of the study area: East Khasi Hills
3. OBJECTIVES OF THE STUDY
1. To analyse the travel patterns and modes of transport used by different age and sex groups.
2. To identify geographical and socio-economic barriers that hinder timely and equitable access to primary healthcare services in the district.
4. METHODOLOGY
The study employed a mixed-method approach combining primary and secondary data collection, spatial analysis, and cartographic visualisation to assess travel patterns, modes of transport, and socio-economic factors influencing access to Primary Health Centres (PHCs) in East Khasi Hills District.
4.1Source of Data 
4.1.1Primary Data Collection
Primary data were gathered through a structured questionnaire administered personally to 106 respondents visiting five selected health centers, each representing different blocks within the district. The respondents were chosen using a Stratified Random Sampling technique to ensure representation across age, sex, and geographical location, with approximately 20 samples drawn from each center based on patient visit frequency
4.1.2 Secondary Data Collection
Demographic and social data from the Census of India (2011) and the Statistical Handbook of Meghalaya (2023).Location and distance information for PHCs and patient residences, acquired via Google Earth and Google Maps.
4.2 Techniques 
The collected primary and secondary data were organised and processed using Microsoft Excel.Geospatial analyses were performed in QGIS, where buffer zones (representing different travel distance ranges) were created around each PHC using the Buffer Tool to visualise accessibility zones for different age and sex groups.Overlay techniques were employed to superimpose age-wise and sex-wise buffers, producing detailed maps illustrating travel patterns and service coverage areas.
5. RESULTS 
The analysis of travel patterns and modes of transport to access Primary Health Centres (PHCs) in East Khasi Hills reveals significant variations based on age, gender, location, and socio-economic factors, which influence healthcare accessibility in the district.
5.1 Gender Travel Pattern for Healthcare Access
The buffer analysis map illustrates male and female travel patterns to Primary Health Centres (PHCs) across the study area. Each PHC is surrounded by three buffer zones representing increasing distances from the centre, helping to visualise accessibility levels. Figure 2 shows that male travel patterns generally extend over longer distances compared to female travel patterns, indicating greater male mobility in seeking healthcare services. Females mostly travel shorter distances, likely due to household responsibilities, safety considerations, and a preference for nearby facilities.Primary Health Centres such as Mawkyndew PHC and Smit PHC display the highest number of long-distance travel lines, suggesting they serve larger catchment areas with limited alternative facilities nearby. In contrast, PHCs like Nongspung and Laitkynsew have smaller travel ranges, indicating better local accessibility or lower population density.Overall, the buffer analysis highlights gender differences in healthcare accessibility and the need for improved healthcare infrastructure in areas with longer travel distances, especially for female populations.Table 1 shows the total travel distance segregated by male and female respondents. It helps in understanding gender-based differences in healthcare access. For instance, longer distances for females may indicate limited availability of healthcare services close to residential areas or gendered differences in mobility and healthcare decision-making.
Table 1 Sex-wise Travel Distance
[image: ]
Table 2 Sex-wise Average Travel Distance
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Table 2 provides the average travel distance per individual based on sex, offering a normalised measure that accounts for differences in sample size. A higher average distance for one gender may reflect unequal healthcare accessibility or variations in healthcare-seeking behaviour between males and females.
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Fig  2 Gender wise travel pattern (Buffer Analysis)
5.2 Age & Sex Wise Travel Patterns 
Women, especially in remote locations, tend to travel farther than men, often due to limited local health facilities or social mobility constraints. Maps and buffer analyses highlight that women’s travel zones extend further, emphasising gender disparities in healthcare accessibility.(Fig  2)
Children under 15 and older adults above 45 generally have better physical access, primarily due to the proximity of PHCs like MawlaiMawroh and Laitkynsew.(Fig 3,6) They tend to travel shorter distances, often within 5-16 km, facilitated by nearby settlements and better road connectivity. Conversely, young adults (15–30 years) and middle-aged adults (30–45 years) frequently travel longer distances, especially to PHCs like Mawkynrew and Smit, with some individuals covering over 100 km, indicating poor accessibility in these areas(Fig 3,4,).
Table 3 Age-wise Travel Distance
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Table 3 presents the total travel distance covered by respondents across different age groups. The analysis helps to identify whether younger or older age groups travel longer distances to access healthcare facilities. Typically, younger and middle-aged groups show higher travel distances due to work-related mobility and better physical capability, while older groups may exhibit shorter travel distances, reflecting limited mobility or a preference for nearby facilities
Table 4 Age-wise Average Travel Distance
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Table 4 illustrates the average distance travelled per person in each age group. This indicator smooths out variations in the total distance and provides a fair comparison across age groups of different sizes. Higher average distances in certain age groups may highlight a lack of nearby healthcare infrastructure for that demographic or specific healthcare-seeking behaviour patterns.
5.3 Spatial Accessibility
Buffer and overlay analysis illustrate that PHCs like MawlaiMawroh and Laitkynsew are within proximity to most residents, ensuring easier access. Other centres like Mawkynrew and Nongspung, situated in rugged terrains with poor road connectivity, serve larger catchment areas but at the cost of increased travel distances. Longer travel times and distances directly affect healthcare utilisation, especially for routine or non-emergency visits.
5.4 Influence of Socio-Economic Factors on PHC Services 
This study examines how socio-economic factors such as education, occupation, income, household size, and other challenges influence accessibility to Primary Health Centres (PHCs) in East Khasi Hills District. 
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 Fig 3 Age-wise( Below15 ) travel pattern
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Fig 4 Age-wise(15-30) travel pattern
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Fig 5 Age-wise (30-45 ) travel pattern
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Fig  6 Age-wise(Above 45 ) travel pattern
5.5 Education Profile
Educational attainment varies widely across the five PHCs. MawlaiMawroh PHC has the highest share of respondents with higher secondary education (35%), while Smit PHC shows a balanced distribution across all education levels. Nongspung PHC records the highest proportion of respondents with primary and secondary education (34.78% each). Mawkynrew PHC has the largest below-school-age population (33.33%), whereas Laitkynsew PHC shows the highest share with no formal education (25%). Overall, Mawroh and Nongspung reflect relatively better educational outcomes compared to Smit and Laitkynsew.
5.6 Occupation Profile
Occupational patterns also differ significantly. Nongspung PHC has the highest percentage of farmers (43.48%) and students (30.43%), indicating rural dominance and a young population. Mawkynrew PHC shows the highest proportion of wage labourers (38.10%), highlighting economic vulnerability. Mawroh PHC has more government employees (30%), reflecting access to formal jobs, while Laitkynsew has the highest number of students (45%) but no government employees, suggesting limited formal employment opportunities.
5.7 Household Income Profile
Income levels reveal economic disparities across PHCs. Smit PHC reports the highest share of households earning above ₹20,000 (31.82%), while Nongspung has a stable middle-income group earning between ₹10,001–₹15,000. Mawkynrew and Laitkynsew have the largest proportion of low-income households earning less than ₹10,000, indicating financial constraints. Mawroh shows moderate income distribution with representation across all income ranges.
5.8 Challenges Faced
Access challenges vary across PHCs. Transport and distance issues dominate in Mawkynrew (85%) and Nongspung (44%), while Mawroh reports minimal problems, with 95% of respondents indicating easy access. Patients also cited other concerns, such as high travel costs, lack of public transport, poor road conditions, unawareness about available services, and inadequate medical staff, especially in remote PHCs.
5.9 Satisfaction Level
Patient satisfaction levels differ across centers. MawlaiMawroh records the highest satisfaction (90%), followed by Smit (86%) and Laitkynsew (84%), largely due to consistent services, better facilities, and easier access. Nongspung (79%) and Mawkynrew (68%) have lower satisfaction levels, possibly due to long waiting times, medicine shortages, and staffing issues.
The analysis shows that socio-economic factors strongly influence healthcare accessibility in East Khasi Hills District. Higher education, better income, smaller household sizes, and improved infrastructure correlate with better access and higher satisfaction levels. Conversely, low-income groups in remote areas face major barriers, underlining the need for better transport, facilities, and staffing in underserved PHCs.
6. DISCUSSION
The study's findings reveal significant variations in travel patterns, modes of transport, and socio-economic factors influencing access to Primary Health Centres (PHCs) in the East Khasi Hills District. Children below 15 years and older adults above 45 years generally have better physical access, often travelling shorter distances to nearby PHCs such as MawlaiMawroh and Laitkynsew. Conversely, young adults (15–30 years) and middle-aged adults (30–45 years) tend to travel longer distances, particularly to Smite and Mawkynrew PHCs, indicating geographical and infrastructural disparities. Women, in particular, travel farther than men, especially in remote areas like Mawkynrew, due to limited local facilities and poor road connectivity. 
The average distances traveled by patients vary widely; for example, children at MawlaiMawroh travel less than 4 km, while those at Mawkynrew traverse over 124 km, highlighting stark accessibility differences. Map analyses with buffer zones further confirm that PHCs such as MawlaiMawroh and Laitkynsew are within close proximity for most patients, whereas Mawkynrew and Nongspung face significant accessibility barriers. Regarding modes of transport, most patients in Smit PHC prefer four-wheelers, reflecting better transport infrastructure. In contrast, residents of Laitkynsew primarily walk (70%), due to proximity or rugged terrain, while patients from Mawkynrew rely exclusively on public transportation, revealing limited private vehicle access. Transport limitations, especially in remote areas, force many patients to walk long distances or wait for weekly market days when transport is available. Socio-economic profiles further influence access: areas near MawlaiMawroh and Nongspung show higher levels of education and formal employment, correlating with better access, while remote villages like Mawkynrew and Laitkynsew have lower income levels, larger household sizes, and higher dependence on informal livelihoods. 
Patients in these areas face challenges such as long distances, poor road conditions, inadequate transport options, and financial constraints. Satisfaction levels mirror these disparities; MawlaiMawroh PHC reports the highest patient satisfaction (90%), owing to better facilities and accessibility, whereas Mawkynrew's satisfaction drops to 68%, mainly due to transport and service gaps.The disparities observed in the study underscore the critical influence of geographical and socio-economic factors on healthcare access in the district.
Remote PHCs like Mawkynrew and Nongspung are hampered by poor road infrastructure, rugged terrain, and limited transport options, resulting in longer travel distances and lower user satisfaction. These challenges disproportionately affect women and the elderly, who often have to undertake arduous journeys on foot or rely on infrequent transport services, which can significantly delay or discourage healthcare seeking 
Socio-economic disparities further intensify these challenges. Higher education and income levels in areas like MawlaiMawroh enable residents to access services more readily, while lower income, larger households, and informal employment in remote villages limit both awareness and ability to seek timely care. Map overlays demonstrate spatial inequities, indicating that strategic placement of additional health facilities and infrastructure improvements are essential to address these gaps. 
7. CONCLUSION
The research clearly indicates that access to Primary Health Centres in East Khasi Hills is shaped by a combination of geographical, infrastructural, and socio-economic factors. Remote villages with poor road networks and limited transport options face considerable barriers, resulting in longer travel distances and lower satisfaction with healthcare services, especially among women and older populations. Socio-economic factors such as income, education, household size, and employment status further influence patients’ ability to seek care, with poorer and larger households experiencing greater challenges. To improve equitable healthcare access, strategic measures are needed, including upgrading rural road infrastructure, establishing additional PHCs closer to underserved communities, and enhancing transportation services, particularly in remote areas. Community-based programs to raise awareness and facilitate affordable transport options can also play a vital role. Addressing both physical and socio-economic barriers is essential for ensuring timely, accessible, and equitable healthcare for all residents, ultimately contributing to better health outcomes and reduced disparities in the district.
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