S

%

Scientific
Research
Publishing

<
X8

%

Journal of Biosciences and Medicines, 2026, 14(2), 362-382
https://www.scirp.org/journal/jbm

ISSN Online: 2327-509X
ISSN Print: 2327-5081

The Paradox of Pre-Crash Determinants:
Analyzing the Disconnect between
Ambulance Response Times and

Traffic Fatality Rates in Saudi Arabia

Md. Mazharul Hoque

Emergency Medical Services Program/Department, College of Nursing and Health Sciences, Jazan University, Jazan, Saudi Arabia

Email: mazharulhaque@jazanu.edu.sa

How to cite this paper: Hoque, Md.M.
(2026) The Paradox of Pre-Crash Determi-
nants: Analyzing the Disconnect between
Ambulance Response Times and Traffic
Fatality Rates in Saudi Arabia. Journal of
Biosciences and Medicines, 14, 362-382.
https://doi.org/10.4236/jbm.2026.142027

Received: December 4, 2025
Accepted: February 8, 2026
Published: February 11, 2026

Copyright © 2026 by author(s) and
Scientific Research Publishing Inc.

This work is licensed under the Creative
Commons Attribution International
License (CC BY 4.0).
http://creativecommons.org/licenses/by/4.0/

Abstract

This study investigates the paradoxical relationship between ambulance re-
sponse times and traffic fatality rates across Saudi Arabia’s 13 administrative
regions in 2024. Contrary to conventional expectations of a positive correla-
tion, the analysis reveals a weak to moderate negative association, indicating
that faster emergency medical services (EMS) responses do not necessarily
translate into lower mortality from road traffic collisions. The “Aseer-Tabuk
Paradox” exemplifies this disconnect: regions with rapid ambulance responses
(e.g., Aseer) recorded among the highest fatality rates, while slower-response
regions (e.g., Tabuk) also exhibited elevated mortality. Instead, the findings
underscore the dominant role of pre-crash determinants—such as road de-
sign, driver behavior, and accident severity—in shaping fatality outcomes. Ad-
ditionally, a strong positive correlation was observed between investment in
internal road safety infrastructure and faster in-city ambulance response times,
highlighting infrastructure’s dual function in accident prevention and emer-
gency access facilitation. The study advocates for a holistic, two-pronged road
safety strategy that equally prioritizes primary prevention (pre-crash interven-
tions) and secondary response (post-crash care optimization). By shifting policy
focus from EMS-centric approaches to integrated, regionally tailored measures,
this research provides evidence-based insights for enhancing national traffic
safety frameworks in Saudi Arabia and similar contexts.
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Secondary Prevention

1. Introduction

Road traffic injuries represent a critical global public health challenge, with sig-
nificant social, economic, and healthcare burdens [1]. In Saudi Arabia, a nation
characterized by rapid urbanization, extensive road networks, and diverse geo-
graphic landscapes, traffic safety remains a paramount concern for national devel-
opment goals [2]. Traditional road safety models often emphasize the importance
of rapid emergency medical services (EMS), particularly ambulance response times,
as a key factor in reducing mortality following traffic collisions [3]. The underly-
ing assumption is that longer response times directly correlate with higher fatality
rates due to delays in providing life-saving care [4].

This study challenges that conventional hypothesis through a detailed analysis
of regional-level data from Saudi Arabia for the year 2024. Contrary to expecta-
tions, our investigation reveals a weak to moderate negative correlation between
ambulance response times and traffic fatality rates, both inside and outside urban
centers. This counter-intuitive finding suggests that the relationship between EMS
performance and traffic mortality is not straightforward but is significantly mod-
erated, and perhaps overshadowed, by other pre-crash and contextual factors.

The analysis identifies stark regional disparities, exemplified by the “Aseer-
Tabuk Paradox”, where regions with some of the fastest ambulance responses also
report the highest death rates. This underscores the potential dominance of fac-
tors such as road design, traffic law enforcement, driver behavior, and accident
severity over post-crash care logistics in determining ultimate fatality outcomes
[5]. Furthermore, the data reveals a strong positive correlation between invest-
ments in internal road safety infrastructure and faster in-cityambulance response
times, highlighting the dual role of such infrastructure in both accident prevention
and emergency response facilitation.

Figure 1 depicts the central paradox of the Saudi Arabian traffic fatality analysis
by introducing a strong, counter-intuitive correlation (R = 0.74) between faster
ambulance response times in urban areas and higher regional fatality rates. The
graphic visually presents this unexpected relationship with the label “PARADOX-
ICAL CORRELATION” prominently featured, suggesting that simply improving
urban emergency medical logistics does not, in itself, guarantee lower death tolls.
It highlights the case of the Tabuk Region as a specific example of this trend and
frames this finding within the broader context of “REGIONAL HETEROGENE-
ITY?”, implying that underlying factors—such as rural response delays, infrastruc-
ture, or driving behaviors—vary significantly across regions and critically influence
overall traffic safety outcomes beyond urban emergency response capabilities.

The primary objective of this paper is to dissect this complex interplay and shift

the policy discourse from a singular focus on EMS response optimization to a
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Figure 1. Saudi Arabian traffic fatality analysis: the counter-intuitive connection.

more holistic, two-pronged strategy that equally prioritizes primary prevention
and secondary response. By doing so, this research aims to contribute evidence-
based insights for designing more effective national road safety strategies in Saudi

Arabia and similar contexts.

2. Review of Literature

The literature on road traffic fatalities has evolved from focusing on single factors
to adopting integrated systems approaches, such as the Safe System model, which
acknowledges the shared responsibility of road designers, vehicle manufacturers,

and users.

2.1. The Role of Emergency Response Time

A substantial body of international research supports the “golden hour” concept,
positing that rapid trauma care significantly improves survival odds [6]. Studies
in various settings have found correlations between reduced EMS response times
and lower mortality for time-sensitive conditions like cardiac arrest and major
trauma. Consequently, EMS response time is a well-established Key Performance
Indicator (KPI) in health systems worldwide, and much policy effort is dedicated

to its improvement.
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2.2. Limitations of the Response-Time Paradigm

However, recent scholarly work has begun to critique an over-reliance on re-
sponse time as a sole metric. Research indicates that the c/inical capability of first
responders and the severity of the initial injury are often more critical determi-
nants of survival than mere speed of arrival [7]. Furthermore, studies in rural and
geographically challenging areas show that despite longer response times, fatality
rates can be moderated by other factors, such as road safety campaigns or vehicle

safety standards, highlighting the multifactorial nature of traffic mortality [8].

2.3. The Primacy of Primary Prevention

Epidemiological research consistently identifies pre-crash factors—including speed-
ing, non-use of seatbelts and helmets, poor road design, and inadequate signage—
as the principal determinants of both crash occurrence and severity [9]. The
World Health Organization’s (WHO) recommendations for road safety heavily
emphasize legislation, enforcement, and infrastructural improvements (like traf-
fic calming and dedicated pedestrian facilities) as the most effective interventions
for saving lives [10]. The literature suggests that while efficient EMS is crucial, its
impact is maximized when the number and severity of crashes are first reduced

through preventive measures.

2.4. Infrastructure as an Enabler for Safety and Response

A growing area of study explores the dual function of road infrastructure. Well-
designed roads not only prevent accidents but also facilitate smoother traffic flow,
which directly benefits emergency vehicle access. Research has shown that features
like emergency lanes, coordinated traffic signals, and road geometry improvements
can substantially reduce EMS travel times within cities [11]. This aligns with the
“whole journey” safety approach, integrating planning and design with emergency

management.

2.5. Geographic and Contextual Disparities in Road Safety

Studies highlight that national averages often mask significant sub-national ine-
qualities in road safety outcomes. Regional variations in terrain, population den-
sity, road quality, and enforcement capacity can lead to disparate fatality rates and
EMS performance [12]. The Saudi context, with its unique combination of vast
deserts, high-speed highways, and dense urban centers, presents a distinct case

study for such disparities, which have been underexplored in the literature [13].

2.6. Gap in Literature

While the separate strands of EMS effectiveness and road safety prevention are
well-documented, there is a scarcity of empirical, regionally-disaggregated studies
that statistically examine the relative weight and potential disconnect between
these factors in determining fatality rates, particularly in the Gulf Cooperation

Council (GCC) context. This study addresses this gap by quantitatively analyzing
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the non-intuitive relationship between ambulance response times and death rates
across Saudi regions, thereby offering a nuanced perspective that can inform more

targeted and effective policy interventions.

3. Materials and Methods

This study employs a quantitative, cross-sectional, and observational research de-
sign to analyze the relationship between ambulance response times, road safety
infrastructure, and traffic fatality rates across the administrative regions of Saudi
Arabia for the year 2024 [14]. The methodological framework is structured
around data acquisition, variable definition, and statistical analysis.

3.1. Data Sources

The analysis is based on two primary, officially sanctioned data sources.

Data Sources for Traffic Safety Analysis

Traffic fatality/and
injury,rates,
General Secretariat ambulanceiresponse

2024 Annual Traffic Safety, oithcvinistedal times, infrastructure

Reporit

Supplementary/Master/Dataset datajunderlying the

Committee|for, safety.metrics, public
Traffic/Safety/of facility safety,
Saudi/Arabia enhancements;
strategic national
targets

Completeinumerical
records forall'13
regions on\variables
N EES

Derived from/raw,

Annual|Report

Figure 2. Overview of the primary data sources used in the analysis.

Figure 2 depicts a robust and hierarchical data foundation for the traffic safety
analysis, centering on the authoritative 2024 Annual Traffic Safety Report pub-
lished by the General Secretariat of the Ministerial Committee for Traffic Safety
of Saudi Arabia. This primary report provides the official metrics on fatality and
injury rates, ambulance response times, and strategic national safety targets. To
enable granular regional analysis, this report is supplemented by a Supplementary
Master Dataset in Excel format, which contains the complete, raw numerical rec-
ords for all 13 regions, thereby allowing for the detailed cross-comparisons of spe-
cific variables like urban versus rural ambulance performance that are visualized
in the subsequent findings.

1) The 2024 Annual Traffic Safety Report (Media Version): Published by the
General Secretariat of the Ministerial Committee for Traffic Safety of Saudi Ara-

bia, this report serves as the authoritative national record [15]. It provides consol-
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idated, regionally disaggregated data on key performance indicators (KPIs), in-

cluding:

o Traffic fatality and injury rates (per 100,000 population).

e Average ambulance response times (within cities and outside cities).

e Infrastructure safety metrics (e.g., length of internal road safety projects, com-
pletion rates of external road projects).

e Data on public facility safety enhancements (schools, mosques, health centers).

e Strategic national targets for 2024-2026.

2) Supplementary Master Dataset (Excel Format): A detailed dataset was con-
structed, likely derived from the raw data underlying the Annual Report. This da-
taset enabled precise statistical calculations and correlation analyses at the re-
gional level. It contains the complete numerical records for all 13 regions of Saudi

Arabia on the variables of interest.

3.2. Study Population and Unit of Analysis

The unit of analysis is the administrative region (Mintagah) of Saudi Arabia. All
13 regions were included: Riyadh, Makkah, Madinah, Eastern, Al Qassim, Aseer,
Hail, Tabuk, Al Baha, Northern Borders, Al Jouf, Jazan, and Najran. This regional-
level analysis allows for the examination of geographic and infrastructural dispar-

ities within the national context.

3.3. Variable Definition and Operationalization

¢ Primary Dependent Variable:

o Traffic Fatality Rate: Operationally defined as the number of deaths from
traffic accidents per 100,000 population in each region for 2024.

o Injury Rate: Operationally defined as the number of non-fatal injuries
from traffic accidents per 100,000 population in each region for 2024. This
metric was sourced from the same 2024 Annual Traffic Safety Report (Me-
dia Version) and the accompanying Supplementary Master Dataset, con-
sistent with the fatality rate variable.

e Primary Independent Variable:
o Ambulance Response Time: Measured in two contexts:
= Outside Cities: Average response time (in minutes) to traffic acci-
dents occurring outside urban boundaries.
= Within Cities: Average response time (in minutes) to traffic accidents
occurring within urban boundaries.
e Moderating and Contextual Variables:

o Road Safety Infrastructure Investment: Quantified as the total length (in
kilometers) of completed internal road projects meeting traffic safety stand-
ards in each region.

o Regional Characteristics: Descriptive data on geography, population den-
sity, and external road project completion rates were used for qualitative

interpretation of disparities.
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3.4. Data Analysis

The analytical process consisted of descriptive, correlational, and interpretive
steps:

1) Descriptive Statistics: For each region, key metrics (death rate, response
times, infrastructure length) were tabulated. National and regional summaries
were generated to highlight disparities (e.g., range and mean of response times).

2) Correlational Analysis: Pearson correlation coefficients (R) were calculated
to assess the strength and direction of linear relationships between variables for
the pooled regional data:

o Death Rate vs. Ambulance Response Time (Outside Cities).

o Death Rate vs. Ambulance Response Time (Within Cities).

o Length of Internal Road Safety Projects vs. Ambulance Response Time
(Within Cities).

3) Comparative Case Analysis: Specific regions were selected as illustrative
cases based on outlier status:

o The “Aseer-Tabuk Paradox™: Aseer (low response time, high death rate)
and Tabuk (high response time, very high death rate) were analyzed in
depth to explore factors beyond response times.

o Slow-Response Regions: Riyadh, Madinah, and Tabuk were examined to
identify common logistical and geographical challenges.

4) Benchmarking Against Targets: Regional performance for 2024 was com-
pared against the national strategic targets for the same year (e.g., target ambu-
lance response time of 11 minutes outside cities, death rate target of 13 per
100,000) to contextualize the findings within the national policy framework.

5) Interpretive Synthesis: Statistical findings were integrated with qualitative
insights from the report (e.g., mentions of terrain challenges, enforcement cam-
paigns, air ambulance use) to develop a nuanced understanding of the mecha-
nisms influencing fatality rates. This synthesis moved beyond correlation to pro-
pose a conceptual model where pre-crash factors are primary determinants, and
response time acts as a critical moderating variable.

Control for Confounding Variables: The reported correlation analyses are bi-
variate and do not control for potential confounding variables such as population
density, traffic volume, or regional crash severity indices. While these factors are
critical to a complete causal understanding, they were not consistently available in
the aggregated regional datasets used for this study. The findings should therefore
be interpreted as revealing associative patterns at the ecological (regional) level,

highlighting the need for more granular, multi-variable data in future research.

3.5. Ethical Considerations and Limitations

o Ethics: This study utilized aggregated, anonymized, and publicly (or officially)
reported data, posing no risk to individual privacy.
e Limitations:

o The ecological study design (regional-level analysis) prevents inference of
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causality at the individual accident level.

o The analysis is cross-sectional for a single year (2024). This design cap-
tures a snapshot of regional relationships but prevents the identification
of temporal trends, causal sequences, or the assessment of whether the
observed paradoxical patterns are stable over time or represent an anom-
aly for the study year. Longitudinal data spanning multiple years is needed
to understand the dynamics of these associations and to evaluate the im-
pact of policy changes.

o Data on potentially crucial confounding variables (e.g., average crash se-
verity index per region, exact driver behavior metrics, detailed terrain
data) were not available in the provided datasets, which is acknowledged

as a constraint in the discussion.

4. Results and Observations

4.1. Executive Summary of Findings

This analysis reveals a complex and counter-intuitive relationship between ambu-
lance response times and traffic fatality rates across Saudi Arabian regions in 2024
[15]. Contrary to conventional expectations, the data demonstrates no statistically
significant positive correlation between extended response times and increased
mortality following traffic collisions.

Figure 3 depicts significant regional disparities in ambulance response times

and a notable inverse relationship with death rates across the Kingdom of Saudi
Comparison of death rate to ambulance response time
within and outside various cities of KSA
[l Death Rate per 100,000 population (2024) [l Avg. Ambulance Response Time - Outside Cities
(min) [ Death Rate per 100,000 population (2024)1 Avg. Ambulance Response Time - Within Cities (min)
Riyadh Region
Makkah Region

14.14
13.07

Madina Region 9.48

Eastern Region

Al Qassim 7.41

Aseer Region 8.25

Hail Region
6.52

Tabuk Region

Al Baha 6.02

Northern Borders

6.09

Al Jouf Region 10.06

Jazan Region

6.47
6.52

Najran

Created with Datawrapper

Figure 3. Regional data for 2024 on death rates and ambulance response times both inside and outside cities.
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Arabia in 2024. While the death rate per 100,000 population remains constant for
each region regardless of location, the data reveals that ambulance response times
are consistently and substantially faster within cities compared to outside cities in
almost every region. For instance, in the Tabuk Region, where the death rate is
the highest at 24.2, the response time outside cities is a critical 18.07 minutes, but
plummets to just 6.52 minutes within the urban center. This pattern suggests that
geographic accessibility to emergency services is a major factor, as regions with
the most challenging response times outside urban areas, like Tabuk, Aseer, and
Riyadh, tend to correlate with higher overall death rates, highlighting a critical

urban-rural divide in emergency healthcare logistics.

Comparison of Injury rate with ambulance response time
within and outside various cities of KSA

[l Injury Rate per 100,000 population (2024) [l Avg. Ambulance Response Time - Outside Cities
(min) [ Injury Rate per 100,000 population (2024)1 Avg. Ambulance Response Time - Within Cities (min)

Riyadh Region
Makkah Region
Madina Region
Eastern Region
Al Qassim
Aseer Region
Hail Region
Tabuk Region
Al Baha
Northern Borders
Al Jouf Region
Jazan Region

Najran

57.67 57.67

93.7
112.88

41.07
63.98
55.77

82.64
152.07 152.07
54.7

©
e

73.23

40.52

Created with Datawrapper

Figure 4. Regional data for 2024 on injury rates and corresponding ambulance response times outside cities.

Figure 4 depicts a distinct pattern where high injury rates in several regions
coincide with critically long ambulance response times outside cities, underscor-
ing a potential vulnerability in pre-hospital emergency care in rural or remote ar-
eas. The data shows that regions with the highest reported injury rates per 100,000
population—such as Al Baha (152.07), Madinah (112.88), and Makkah (93.7)—
are also served by ambulances whose average response times outside urban cen-
ters are substantial, at 10.1, 9.48, and 14.22 minutes respectively. This correlation
suggests that in areas where the frequency of traumatic events is elevated, the lo-
gistical challenge of reaching patients in geographically dispersed locations may
exacerbate outcomes, highlighting a critical pressure point in the emergency med-

ical services infrastructure for non-urban settings across the Kingdom.
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4.2. Key Observations

1) Paradoxical Correlation Patterns: The anticipated positive relationship be-
tween longer ambulance response times and higher fatality rates is not substanti-
ated by the regional data. Instead, weak-to-moderate negative correlations emerge,
suggesting faster response systems may coexist with elevated death rates in certain
contexts.

2) Regional Heterogeneity in EMS Performance: Substantial disparities exist
in emergency response capabilities, particularly for incidents occurring outside
urban centers. Response times for “Outside Cities” show remarkable variation,
ranging from 7.27 to 21.47 minutes across different administrative regions.

3) The Aseer-Tabuk Paradox: A striking pattern emerges wherein regions with
comparatively rapid ambulance response times—notably Aseer and Tabuk—nev-
ertheless report among the highest traffic fatality rates nationally. This observa-
tion challenges the presumed primacy of post-crash medical intervention in de-
termining mortality outcomes.

4) Infrastructure as Response Enabler: A strong positive correlation (R = 0.74)
exists between regional investment in internal road safety projects and faster ur-
ban ambulance response times. This suggests that road network design and traffic
management infrastructure may serve dual functions in both accident prevention
and emergency response facilitation.

Figure 5 depicts a notable relationship between infrastructure investment and

Comparison of Internal road projects that meet the traffic
safety standards with average ambulance response time
within and outside various cities of KSA

M Internal road projects that meet traffic safety standards (kms) [l Avg. Ambulance Response Time - Outside
Cities (min) [Jil] Internal road projects that meet traffic safety standards (kms)1 Avg. Ambulance Response
Time - Within Cities (min)

Riyadh Region
Makkah Region
Madina Region
Eastern Region
Al Qassim
Aseer Region
Hail Region
Tabuk Region
Al Baha
Northern Borders
Al Jouf Region
Jazan Region

Najran

895.33 895.33
420.2 420.2

432.09 432.09
211.98 211.98

323.67 323.67

172 172

336.2 336.2

Created with Datawrapper

Figure 5. Comparison showing the correlation between the length of internal road safety projects and am-
bulance response times.
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emergency service efficiency, revealing that regions with substantial lengths of in-
ternal road projects meeting traffic safety standards, such as Riyadh (895.33 km)
and the Eastern Region (432.09 km), tend to exhibit significantly faster ambulance
response times within their cities. The data suggests a correlation where enhanced,
safety-compliant road networks in urban areas likely facilitate quicker navigation
for emergency vehicles, contributing to reduced intra-city response times. Con-
versely, the absence of such projects in several regions, including Tabuk, Al Baha,
and the Northern Borders, coincides with the previously noted longer response
times outside cities, underscoring how strategic infrastructure development may
be a key factor in improving not only road safety but also the critical performance
metrics of emergency medical services across different geographic contexts in the

Kingdom.

4.3. Detailed Statistical Analysis

4.3.1. Relationship Between Response Times and Fatality Rates

Table 1. Statistical correlation analysis.

Response Context  Correlation Coefficient (R)  Strength & Direction  p-value

Outside Cities —0.094 Very weak negative 0.76

Within Cities —-0.505 Moderate negative 0.08

Interpretation of Table 1:
e The near-zero correlation for responses outside urban areas (R = —0.09, p =
0.76) indicates no statistically significant or meaningful linear relationship...
e The moderate negative correlation within urban settings (R = —0.50, p = 0.08)
does not reach conventional statistical significance (p < 0.05) with N = 13 but

suggests a notable associative pattern that contradicts the initial hypothesis...

4.3.2. Regional Disparities in Emergency Response Performance

Table 2. Extreme values in response times (outside cities).

Performance Region Response Time Corresponding
Category (minutes) Fatality Rate

Fastest Responders Jazan 7.27 7.40
Northern Borders 8.56 11.21
Aseer 9.53 20.93
Slowest Responders Riyadh 21.47 11.33
Madina 20.32 11.33
Tabuk 18.07 24.20

As shown in Table 2, contextual factors influencing Response Disparities are:

¢ Geographical and Demographic Challenges:
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o High-population regions like Riyadh and the Eastern Province exhibit ex-
tended outside-city response times (21.47 and 12.33 minutes respectively),
likely reflecting the logistical complexity of servicing vast metropolitan
hinterlands with dispersed rural settlements.

o Makkah region contends with unique mobility challenges stemming from
year-round pilgrim traffic, potentially impeding emergency vehicle move-

ment both within and beyond urban precincts.

¢ Infrastructure Density and Resource Allocation:

o Regions with dispersed populations (e.g., Northern Borders, Al Jouf) may
achieve faster average response times through strategic placement of lim-
ited ambulance resources along critical transit corridors.

o Urbanized regions with dense but congested road networks may experi-
ence delayed responses despite greater resource investment, particularly

during peak traffic periods.

4.3.3. Case Analysis: High-Fatality Regions with Divergent Response

Profiles
Tabuk Region Analysis:
Response Profile: Slow outside-city response (18.07 minutes, third slowest na-
tionally).
Fatality Outcome: Highest national death rate (24.20 per 100,000).
Potential Explanatory Factors: The combination suggests that factors preced-
ing emergency response—including high-speed collision risk on long desert
highways, limited immediate post-crash care, and potentially elevated accident
severity—dominate mortality outcomes despite suboptimal EMS intervals.
Madina Region Analysis:
Response Profile: Very slow outside-city response (20.32 minutes, second
slowest nationally).
Fatality Outcome: Mid-range death rate (11.33 per 100,000).
Potential Explanatory Factors: The moderate fatality rate despite extended
response times may indicate either: 1) effective post-crash care protocols that
mitigate time delays, 2) lower baseline accident severity, or 3) successful pri-
mary prevention initiatives that reduce collision incidence or severity.
Aseer Region Analysis:
Response Profile: Rapid outside-city response (9.53 minutes, third fastest na-
tionally).
Fatality Outcome: Second highest national death rate (20.93 per 100,000).
Interpretation: This constitutes the clearest evidence of the “response time
paradox”, wherein efficient emergency medical services fail to translate into
reduced mortality, strongly suggesting that pre-crash factors substantially out-

weigh post-crash intervention in determining final outcomes.

4.3.4. Infrastructure-Response Time Interdependence

Key Finding: A robust positive correlation (R = 0.74) emerges between regional
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investment in internal road safety infrastructure projects and reduced in-city am-
bulance response times.

Implication: Road safety infrastructure—including traffic calming measures,
emergency lane provisions, and optimized intersection design—appears to serve
dual protective functions:

1) Primary Prevention: Reducing collision frequency and severity through im-
proved road environments.

2) Secondary Facilitation: Enhancing emergency vehicle mobility and reduc-

ing time-to-scene intervals.

4.4. Synthesis and Strategic Implications

4.4.1. Reconceptualizing the Response Time-Fatality Relationship
The collected evidence necessitates a fundamental recalibration of conventional
road safety models regarding emergency response:

1) Pre-Crash Factors as Primary Determinants: Accident frequency and se-
verity—modulated by road engineering, traffic law enforcement, driver behavior,
and vehicle safety standards—emerge as dominant predictors of mortality out-
comes, potentially overshadowing post-crash medical response efficiency [16].

2) Response Time as Moderating Variable Rather Than Primary Driver: While
not the principal determinant of fatality rates, ambulance response time functions
as a critical moderating variable that interacts with baseline regional risk profiles
[17].In high-risk regions (e.g., Tabuk), improving suboptimal response times may
yield substantial mortality reductions. In contrast, regions with already efficient
EMS but elevated fatalities (e.g., Aseer) would benefit more from aggressive pri-
mary prevention strategies.

3) Infrastructure’s Dual-Role Revelation: Road safety infrastructure invest-
ments demonstrate compound benefits, simultaneously reducing accident risk
while enhancing emergency response efficacy [18]. This finding identifies a syn-
ergistic intervention point with multiplicative safety returns.

Table 3 provides a strategic, typology-based framework for addressing traffic
fatalities by categorizing regions into three distinct profiles based on their fatality
rates and ambulance response times. For High Fatality, Fast Response regions like
Aseer, where efficient emergency medical services (EMS) are paradoxically paired
with high death tolls, the primary challenge is severe accident occurrence, and
thus interventions focus on prevention through enhanced road engineering, tar-
geted enforcement, and awareness campaigns. Conversely, High Fatality, Slow Re-
sponse regions like Tabuk face a crisis of geographic inaccessibility, making the
recommended priorities revolve around overcoming logistical barriers through
predictive ambulance deployment, air ambulance expansion, and infrastructure
to improve emergency access. For Moderate Fatality, Slow Response regions like
Madina, the challenge centers on operational EMS efficiency; here, the interven-
tions are tactical, aiming to optimize dispatch systems and dynamically allocate

existing resources to reduce response times, building on the proven link between
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infrastructure and improved urban EMS performance.

Table 3. Regionalized strategic recommendations.

Region Type  Primary Challenge Recommended Priority Interventions

High Fatality, Severe accidents 1. Enhanced road engineering in high-risk
Fast Response  despite efficient corridors
(Aseer-type) EMS 2. Targeted traffic law enforcement
3. Public awareness campaigns addressing
regional risk factors
4. Investigation of accident severity determinants

High Fatality, Geographic 1. Strategic ambulance deployment using

Slow Response barriers to timely predictive analytics

(Tabuk-type)  emergency care 2. Expanded air ambulance coverage for remote
areas

3. Road infrastructure improvements to facilitate
emergency access
4. Community-based first responder training

programs

Moderate Extended response 1. Optimization of dispatch and communication
Fatality, Slow  times with systems

Response moderate outcomes 2. Dynamic resource allocation based on temporal
(Madina-type) risk patterns

3. Continued infrastructure investment showing
demonstrated correlation with response
improvement

4.4.2. Holistic Road Safety Framework
Based on the key statistical findings of this study—specifically the weak link be-
tween response times and fatality rates, the primacy of pre-crash factors evidenced
by the Aseer-Tabuk paradox, and the dual benefit of infrastructure investment—
the following integrated, two-pronged strategy is proposed:
Primary Prevention Tier (Pre-Crash) [19]:
o Targeted infrastructure investment in high-risk regions.
e Enhanced traffic law enforcement with evidence-based deployment.
e Public education campaigns addressing region-specific risk factors.
e Vehicle safety standard monitoring and promotion.
Secondary Prevention Tier (Post-Crash) [20]:
o Strategic EMS resource allocation informed by geographic risk analytics.
e Infrastructure investments that simultaneously reduce accidents and improve
response access.
e Advanced trauma care system development with regional specialization.
e Integration of technological solutions for reduced notification and dispatch
intervals.

Cross-Cutting Enablers:

Comprehensive data integration across traffic, health, and infrastructure do-

mains.
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o Regular regional risk profiling and resource reallocation.

o Legislative frameworks supporting evidence-based intervention prioritization.

5. Discussion

The findings of this study present a critical and counter-intuitive challenge to a
long-standing assumption in road safety management: that faster ambulance re-
sponse times are a primary, direct lever for reducing traffic fatalities. The analysis
of Saudi Arabia’s 2024 regional data reveals a landscape where this relationship is
not only weak but often inverse, necessitating a fundamental re-evaluation of stra-

tegic priorities within a complex systems framework.

Unveiling the Complex Relationship Between Response Times and
Fatalities

The "Aseer-Tabuk

Infrastructure as a
Paradox

Potential Moderator

Fast response times in i
Aseer and Tabuk with high — Urban infrastructure

significantly impacts in-city

death rates. x
response times.

Weak Overall

Cealatiny Significant Regional

Disparities

Statistically weak
correlation between Wide variation in response

response time and death times across different
rate. regions.

Figure 6. Summary of the key findings from the study: the paradoxical correlation, weak
overall link, the moderating role of infrastructure, and significant regional disparities.

Figure 6 depicts the synthesis of the study’s key findings, centering on the core
“Aseer-Tabuk Paradox”, which illustrates that regions like Aseer and Tabuk can
simultaneously have relatively fast ambulance response times and yet experience
high traffic fatality rates, challenging the simplistic assumption that faster EMS
alone reduces deaths. This leads to the broader conclusion of a statistically weak
overall correlation between response times and death rates, indicating that other
critical factors are at play. The analysis identifies urban infrastructure, particularly
the length of safety-standard road projects, as a significant moderator that im-
proves in-city response efficiency but does not fully address rural challenges or
underlying crash causes. Ultimately, the findings underscore the profound and
significant regional disparities across the Kingdom, where a complex interplay of
infrastructure, geography, and possibly behavioral factors dictates traffic safety

outcomes more than any single EMS metric.

5.1. Deconstructing the Response Time Paradox

The weak negative correlation between out-of-city response times and death rates
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(R = —0.09) and the moderate negative correlation within cities (R = —0.50) are
the study’s most salient findings. This directly contradicts the intuitive “golden
hour” logic when applied at a population-health level. The “Aseer-Tabuk Para-
dox” serves as the archetype: Aseer Region boasts the third-fastest out-of-city re-
sponse (9.53 minutes) yet suffers the second-highest death rate (20.93), while
Tabuk has a slow response (18.07 minutes) and the highest death rate (24.20). This
divergence unequivocally demonstrates that factors occurring before the ambulance
is called are the dominant determinants of whether a crash becomes a fatality.

The explanation lies in the nature of the accidents. Regions with fast responses
but high death rates, like Aseer and Jazan, likely experience a high incidence of
high-energy, high-severity crashes [21]. These could be due to mountainous ter-
rain (Aseer), risky driver behavior, poor road design on specific corridors, or ve-
hicle safety standards. Here, even exemplary EMS performance may be insuffi-
cient to overcome the lethality of the initial impact. Conversely, a region like
Jazan, with the fastest response time (7.27 minutes) and the lowest death rate (7.40
per 100,000), may benefit from a combination of better road infrastructure (evi-
denced by high safety project completion rates), lower average speeds, or safer
vehicle fleets, resulting in less severe crashes that are more survivable even with

slightly delayed care.

5.2. The Primacy of Pre-Crash Factors and the “First Second”

This analysis strongly aligns with the World Health Organization’s Safe Systems
approach, which prioritizes the elimination of fatal and serious injury crashes
[22]. Our data suggests that in the Saudi context, the “first second” of a crash—
dictated by speed, seatbelt use, vehicle safety, and road engineering—is far more
consequential than the “golden hour” that follows. The top causes of accidents
cited in the annual report (“not leaving a safe distance”, “sudden swerving”) point
to behavioral and infrastructural roots. Therefore, regions must be prioritized
based on their fatality rate, not just their response time. Aggressive, targeted in-
terventions in engineering (e.g., roadside barriers, improved geometry on high-
fatality corridors), enforcement (targeting speeding and distraction), and educa-
tion are non-negotiable for high-fatality regions like Tabuk, Aseer, and Al Baha,
regardless of their EMS performance [23].

5.3. Response Time as a Critical Moderator, Not a Driver

To dismiss the importance of EMS would be an erroneous conclusion. Instead,
the study repositions ambulance response time as a critical moderating variable.
In a region with a high baseline risk of severe crashes (like Tabuk), slow response
times exacerbate the fatality outcome, acting as a compounding risk factor [24].
Improving response here through air ambulances or dynamic deployment could
yield significant marginal gains in lives saved [25]. Conversely, in a high-fatality
region with already-fast responses (like Aseer), further incremental improve-

ments in EMS speed may offer diminishing returns compared to the transforma-
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tive potential of crash prevention. Thus, response time optimization is a vital com-
ponent of a secondary prevention strategy, to be deployed strategically where it
can have the greatest impact on mitigating outcomes when primary prevention

fails.

5.4. The Dual Dividend of Infrastructure Investment

The strong positive correlation (R = 0.74) between the length of internal road
safety projects and faster in-city response times is a powerful, actionable insight.
It reveals that investments in traffic-calming measures, dedicated emergency
lanes, and improved road design pay a dual dividend: they directly prevent crashes
(primary prevention) and they enable emergency vehicles to navigate urban grids
more efficiently (secondary prevention) [26]. This creates a virtuous cycle where
safety infrastructure improves the effectiveness of the health response system. The
stark underperformance in addressing internal road hazards in regions like Mak-
kah (3%) and Madinah (3%) highlights a critical area for targeted investment that
could simultaneously reduce crashes and improve EMS efficiency.

5.5. Navigating Geographic and Systemic Disparities

The extreme disparities in out-of-city response times (7.27 to 21.47 minutes) re-
flect Saudi Arabia’s profound geographic and demographic challenges. The slow
times in Riyadh and Madinah are likely a function of vast urban sprawl and com-
plex hinterlands, not necessarily systemic failure [27]. This underscores that a
one-size-fits-all national target (e.g., the 2024 target of 11 minutes) may be im-
practical. Strategy must be regionalized. For dense mega-cities, data-driven dy-
namic deployment of ambulances is key. For vast desert regions like Tabuk and
the Northern Borders, the reported 33.65% increase in air ambulance flights is not
just an achievement but a necessity, representing the most viable path to mean-

ingful response time improvement.

5.6. Integration within a Whole-of-Government System

The study’s findings validate the integrated structure of Saudi Arabia’s Ministerial
Committee for Traffic Safety. The complex interplay observed between health (re-
sponse times), transport (road infrastructure), interior (enforcement), and educa-
tion requires precisely such a multi-sectoral governance model. The data-driven
approach, evidenced by the heat maps and the work of the Data Committee, is
essential for moving beyond assumptions and targeting resources effectively. The
challenge ahead is to ensure that the insights from such analyses—particularly the
limited power of EMS alone to curb fatalities—fully translate into budget alloca-

tions and policy directives that robustly fund primary prevention.

6. Conclusions

This study conclusively demonstrates that the relationship between ambulance

response times and traffic fatality rates in Saudi Arabia is not straightforward but
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is intricately moderated by more powerful pre-crash factors. The initial hypothesis
that slower responses directly cause higher death rates is an oversimplification
that can lead to misallocated resources and missed opportunities to save lives.

The core conclusion is that road traffic fatalities in Saudi Arabia are predomi-
nantly determined in the moments before the crash. Factors such as road design,
speed compliance, seatbelt usage, and vehicle safety set a regional “baseline risk”
of death, which the emergency medical system can only mitigate, not overcome.
The paradoxical cases of Aseer and Tabuk stand as stark evidence that excellent
medical response cannot compensate for fundamentally unsafe road systems or
user behavior.

Therefore, the strategic imperative must shift. A successful national road safety
strategy requires a two-pronged, equally weighted approach:

1) Aggressive Primary Prevention: Unwavering focus on regions with high
fatality rates, irrespective of their EMS performance. Resources must be directed
toward evidence-based interventions in engineering (targeted infrastructure up-
grades on high-risk corridors), enforcement (of speeding, seatbelts, and distrac-
tion), and education (sustained public awareness campaigns). The strong link be-
tween internal road projects and faster response times makes infrastructure in-
vestment a particularly high-leverage strategy.

2) Optimized Secondary Prevention: A strategic, context-sensitive enhance-
ment of the emergency response system. This involves:

o Regionalized Solutions: Deploying air ambulances for vast, remote re-
gions and advanced data analytics for dynamic ambulance placement in
complex urban areas.

o Infrastructure for Access: Prioritizing road projects that include emer-
gency access considerations.

o Targeted Improvement: Focusing EMS enhancement efforts on regions
where slow response times are compounding a high baseline risk of severe
crashes.

In summary, the path to achieving Saudi Vision 2030’s traffic safety targets lies
in recognizing that while a fast ambulance is crucial, it is the last line of defense.
The most effective way to reduce fatalities is to build a road system and foster a
driving culture where severe, life-threatening crashes are increasingly rare. This
study provides the empirical foundation for rebalancing the nation’s road safety
portfolio, ensuring that the vital work of paramedics is supported by an even more

vigorous commitment to preventing the tragedies to which they must respond.
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