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Abstract: Introduction: Pedestrian road injuries are a significant public health issue in Georgia,
Syria, and Tajikistan. This study investigates the trends in mortality, Years of Life Lost (YLLs), and
incidence rates of pedestrian road injuries from 1990 to 2021, with a focus on sex-specific differences,
using age-standardized data from the Global Burden of Disease (GBD) database. Methods: The data
for this analysis were obtained from the GBD database, emphasizing age-standardized rates of
mortality, YLLs, and incidence of pedestrian-related road injuries in Georgia, Syria, and Tajikistan.
The population was divided into male and female cohorts for comparison. Statistical methods
included descriptive statistics, independent samples t-tests, and effect size calculations to evaluate
the differences between sexes. Temporal trends were analyzed to observe changes over the study
period. Results: Mortality: The analysis revealed that males had a significantly higher mean
mortality rate (7.18, SD = 2.94) compared to females (2.26, SD = 0.78). The independent samples t-
test confirmed a significant difference (t(62) = 9.141, p <0.001). The effect sizes were substantial, with
Cohen's d at 2.285, Hedges' g at 2.257, and Glass's A at 6.281. Over time, the mortality rates exhibited
peaks in the early 1990s and mid-2000s, with a general decline afterward. Males consistently showed
higher mortality rates than females throughout the period. YLLs (Years of Life Lost): For YLLs,
males had a significantly higher mean rate (332.59, SD = 132.31) compared to females (103.35, SD =
32.57), with the t-test indicating a significant difference (t(62) = 9.515, p < 0.001). Effect sizes
supported the significance of this difference, with Cohen's d at 2.379, Hedges' g at 2.350, and Glass's
A at 7.308. The YLL rates showed notable peaks in the early 1990s and mid-2000s, followed by a
decline, with males maintaining higher rates than females. Incidence: Regarding incidence, males
had a higher mean rate (235.90, SD = 36.09) compared to females (89.53, SD = 15.29). The t-test results
(t(62) =21.125, p <0.001) and effect sizes (Cohen's d =5.281, Hedges' g =5.217, and Glass's A = 9.574)
confirmed a significant difference between the sexes. Incidence rates demonstrated a significant
decline from 1990 to 2000, followed by fluctuations, with males consistently experiencing higher
rates than females. Conclusion: This study underscores significant sex differences in mortality,
YLLs, and incidence rates due to pedestrian road injuries in Georgia from 1990 to 2021, with males
consistently showing higher rates. These findings emphasize the need for targeted interventions to
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address the specific vulnerabilities of male pedestrians in Georgia. The data and analysis were
facilitated through collaboration with the Global Burden of Disease Study, whose contributions
were invaluable.

Keywords: pedestrian road injuries; Georgia; mortality rates; Years of Life Lost; YLLs; incidence
rates; sex differences; Global Burden of Disease Study

1. Introduction

Road-related injuries (RTIs) account for a substantial global burden of disease —resulting in 1.19
million deaths yearly [1]. Despite the significant economic and societal toll posed by RTIs across the
world, existing research has primarily focused on epidemiologic investigations of high-income
countries while neglecting low- and middle-income countries that have undergone significant
transition towards urbanization and motorization [2]. Though many middle and low-income
countries have quickly embraced motorization, their infrastructure fails to keep pace resulting in
poorly maintained roads, insufficient pedestrian walkways, and inadequate traffic systems, all
contributing to heightened orthopedic injury risks. These issues hold especially true for low-income
countries that have previously had war destroy much of the infrastructure, such as Syria. As this
discrepancy continues to widen, our study aims to uncover the current epidemiologic trends of
pedestrian RTIs to identify areas for reform disease prevention initiatives and advocate for health
promotion. More specifically, we are exploring how the burden of disease changes over time,
comparing these three major low-income countries with a combined population of 35.796 million as
of 2022. Finally, we are exploring the Human Development Index (Table S1-56) and determining
whether differences between the countries in HDI—and over time—is related to the incidence,
deaths, and years of life lost. Crucially, we posit that improved HDI correlates with more substantial
infrastructure, both in trauma and orthopedics care, and with safety and prevention guidelines
upstream of the operating room that improve road safety for pedestrians. Indeed, more regional
economic productivity can afford citizens newer vehicles with improved safety features like traffic
lights, side rails on elevated roads, and pothole filling crews to help cars stay on the roads and
improve the safety of pedestrians.

Existing literature on RTIs in these countries have primarily focused on specific populations
without comprehensively examining trends over time. The TEPHINET assessment of 2014
pedestrian-related injuries focused exclusively on three major urban cities in Georgia: Tbilisi, Batumi,
and Rustavi [3]. Though valuable, this urban-centric inquiry overlooks significant rural disparities in
road infrastructure [4], inadequate pedestrian crosswalks [5] or roadway lighting [6], and adverse
socioeconomic determinants of health [7] that can result in the evidenced increase in fatal RTIs in
rural regions of Georgia compared to its urban capital [8]. More crucially, rural neighborhoods suffer
from limited access to orthopedic emergency services thereby contributing to exacerbated risks to
mortality in affected pedestrians [9].

Insights from the 2014 Georgia National Reproductive Age Mortality Survey further detail the
gravity of RTIs with 85.9% of all RTIs resulting in death at the scene of the collision [10] However,
this survey notably only examined road traffic fatalities in women of reproductive age —raising the
question of how sex-specific differences may affect outcomes of pedestrian RTIs in Georgia.

More concerningly, very little is reported in the literature regarding Syrian population-based
estimates of different injuries, let alone regarding Syrian road injuries [11,12]. This ongoing problem
has resulted in substantial obstacles in nuanced public health planning and prevents the ability to
effectively promote health and prevent disease in the Syrian population.

The limited scope of current Georgian and Syrian RTI-related research has ultimately prevented
a holistic understanding of the evolving dynamics and persistent challenges associated with road
safety on orthopedic health across diverse demographic groups nationwide. To address this gap, our
study conducted a comprehensive analysis using the Global Burden of Disease database, uniquely
analyzing longitudinal, sex-specific trends of pedestrian RTIs in mortality rates, years of life lost


https://doi.org/10.20944/preprints202408.0298.v1

Preprints.org (www.preprints.org) | NOT PEER-REVIEWED | Posted: 6 August 2024 d0i:10.20944/preprints202408.0298.v1

(YLLs), and incidence rates over time. This approach aims to shape interventions and policies tailored
to the regional needs of Georgia and Syria, and further explore differences in pedestrian-related
health outcomes stemming from their variations in Human Development Index (HDI), gross national
income (GNI) per capita, and gender inequality, despite their geographic proximity.

2. Materials and Methods

Our epidemiological study utilized the 2021 Global Burden of Diseases, Injuries, and Risk
Factors Study (GBD) database from the University of Washington’s Institute for Health Metrics and
Evaluation—unique for its comprehensive investigation of 371 diseases and injuries across 204
countries and territories from 1980 to 2021 [13]. Our primary measures of interest using the GBD
database were our age-standardized rates of mortality, YLLs, and incidence of pedestrian RTIs in the
Republic of Georgia and Syria over time, capturing both temporal and demographic trends.
Moreover, trends in Georgia and Syria’s HDI and Gender Inequality Index were analyzed to
determine regional socioeconomic impacts on pedestrian RTI health outcomes (see Table S1-58). To
investigate sex-specific trends in pedestrian RTIs, our population was split into male and female
cohorts.

Statistical analysis of the GBD database involved descriptive statistics to elucidate overarching
trends in pedestrian injury-related age-adjusted mortality, YLLs, and incidence across male and
female cohorts in Georgia across time. Calculations included measures of central tendency (mean)
and dispersion (standard deviation (SD) and standard error mean (SEM)).

Further analysis was performed with independent samples t-tests to determine if observed sex-
specific differences were indeed statistically significant or a cause of random sampling variability.
Prior to t-test analysis, Levene’s Test for Equality of Variances was employed to assess whether the
samples to be compared were derived from a population with equal variance. Independent samples
t-tests for Equality of Means were then utilized to determine a significant sex-specific difference when
equal variances are assumed and when equal variances are not assumed. Key statistical measures
included t-values, degrees of freedom (df), one-sided and two sided p-values, mean differences,
standard error of the difference (SED), and 95% confidence interval (CI).

Effect size calculations were also calculated to quantify the strength of sex-specific differences
found by our t-tests independent of sample size. Effect size calculations included Cohen’s d (using
the pooled standard deviation), Hedges’ g (using the pooled standard deviation and a correction
factor), and Glass’s A (using the sample standard deviation of the control group)—essential to
determining the practical significance of our observed findings beyond mere statistical significance.
All effect size calculations were accompanied by standard error estimates and 95% CI.

Temporal trends analysis identified fluctuations in pedestrian road injury-related mortality rates
and YLLs over the course of the study period, 1980 to 2021, and in incidence from 1990 to 2021 —
attributed to delayed GBD incidence data collection. By analyzing this, we recognized patterns crucial
to comprehending the changing landscape of pedestrian RTIs and were able to identify potential
factors that may have contributed to increases, decreases, and stagnations in pedestrian injuries to
better inform targeted public health interventions.

By utilizing these statistical methods, we were allowed a comprehensive framework for
uncovering disparities and trends in pedestrian road injuries across sexes to ultimately guide
evidence-based interventions and policy decisions.

3. Results

3.1. Mortality

Descriptive statistics revealed increased mean pedestrian mortality in males compared to
females in both Georgia (males: 7.17925238; females: 2.25876444; Table 1) and Syria (males:
7.75097855, females: 2.72985709; Table 2). Levene’s test substantiated differences between male and
female mortality in Georgia (F = 43.570, p < 0.001; Table 3) and Syria (F = 33.713, p < 0.001; Table 4).
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Table 1. Descriptive statistics analysis for age-standardized pedestrian road injury-related mortality
for males compared to females in the Republic of Georgia, 1980-2021.

Group Statistics

Std. Error
sex_name N Mean Std. Deviation Mean
val Male 32 7.17025238 2.9426226% 520187109
Female 32 2.25876444 783375040 .138482451

Table 2. Descriptive statistics analysis for age-standardized pedestrian road injury-related mortality
for males compared to females in the Syrian Arab Republic, 1980-2021.

Group Statistics

Std. Error
sex_name N Mean Std. Deviation Mean
val Male 32 7.75097855 1.74067066 .307710006
Female 32 2.72985709 .588424263 .104019697

Table 3. Descriptive independent samples test results for age-standardized pedestrian road injury-
related mortality for males compared to females in the Republic of Georgia, 1980-2021.

Independent Samples Test

Levene's Test for Equality of
Variances t-test for Equality of Means
95% Confidence Interval of the
Significance M ol e Difference
F Sig. t df One-Sided p  Two-Sided p  Difference Difference Lower Upper
val Equal variances assumed 43.570 <.001 9.141 62 <.001 <.001 4.92048794 .538304763 3.84443205 5.99654382
Equal variances not 9.141 35.372 <.001 <.001 4.92048794 538304763 3.82808193 6.01289395

assumed

Table 4. Descriptive independent samples test results for age-standardized pedestrian road injury-
related mortality for males compared to females in the Syrian Arab Republic, 1980-2021.

Independent Samples Test
Levene's Test for Equality of

Variances t-test for Equality of Means
95% Confidence Interval of the
Significance Mean std. Error Difference
F Sig. t df One-Sided p Two-Sided p Difference Difference Lower Upper
val Equal variances assumed 33.713 <.001 15.458 62 <.001 <.001 5.02112146 .324816172 4.37182319 5.67041974
Equalvzriances not 15.458 37.994 <.001 <.001 5.02112146 .324816172 4.36356190 5.67868102
assume

Independent samples t-test, assuming equal variances, revealed sex-specific differences in
pedestrian mortality in Georgia (t(62 ) = 9.141, p < 0.001; Table 3) and Syria (t(62) = 15.458, p < 0.001;
Table 4). Without assuming equal variances, sex-specific differences persisted in Georgia (£(35.372) =
9.141, p < 0.001) and Syria (t(35.372) = 15.458, p < 0.001). Georgian effect sizes included Cohen’s d =
2.285, Hedges’ g =2.257, and Glass’s A =6.281 (Table 5); in Syria, Cohen’s d = 3.865, Hedges’ g =3.818,
and Glass’s A =8.533 (Table 6).
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Table 5. Descriptive independent samples effect sizes for age-standardized pedestrian road injury-
related mortality for males compared to females in the Republic of Georgia, 1980-2021.

Independent Samples Effect Sizes

95% Confidence Interval

Standardizer®  Point Estimate Lower Upper
val Cohen's d 2.15321905 2.285 1.646 2.913
Hedges' correction  2.17971120 2.257 1.626 2.878
Class's delta 783375040 6.281 4.644 7.906

a. The denominator used in estimating the effect sizes.
Cohen's d uses the pooled standard deviation.
Hedges' correction uses the pooled standard deviation, plus a correction factor.
Glass's delta uses the sample standard deviation of the control (i.e., the
second) group

Table 6. Descriptive independent samples effect sizes for age-standardized pedestrian road injury-
related mortality for males compared to females in the Syrian Arab Republic, 1980-2021.

Independent Samples Effect Sizes
95% Confidence Interval

Standardizer® Point Estimate Lower Upper
val Cohen's d 1.29926469 3.865 3.022 4.696
Hedges' correction 1.31525020 3.818 2.985 4.639
Glass's delta .588424263 8.533 6.359 10.697

a. The denominator used in estimating the effect sizes.

Cohen's d uses the pooled standard deviation.

Hedges' correction uses the pooled standard deviation, plus a correction factor.

Glass's delta uses the sample standard deviation of the control (i.e., the

second) group.

In Georgia, pedestrian mortality (deaths per 100,000 people) peaked in 1990 followed by a

decline until 1999 and consistent increase —peaking in 2013 (Figure 1). In Syria, pedestrian mortality
depicted consistent declines (Figure 2). Male and female age-standardized mortality followed similar

patterns with males displaying consistently higher mortality throughout 1980-2021.
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Figure 1. Age-standardized pedestrian road injury-related mortality. Temporal trends for males
(purple), females (orange), and both sexes (green) in the Republic of Georgia.

Deaths, rate per 100k

T T T T T T T 1
1980 1985 1990 1995 2000 2005 2010 2015 2020

Legend

m Syrian Arab Republic, Males, Age-standardized, Pedestrian road injuries
Syrian Arab Republic, Females, Age-standardized, Pedestrian road injuries

m Syrian Arab Republic, Both sexes, Age-standardized, Pedestrian road injuries

Figure 2. Age-standardized pedestrian road injury-related mortality. Temporal trends for males
(purple), females (orange), and both sexes (green) in the Syrian Arab Republic.

3.2. Years of Life Lost

Mean pedestrian RTI YLLs were also elevated in males compared to females in Georgia (males:
332.549925; females: 103.354992; Table 7) and Syria (males: 335.050333; females: 119.304384; Table 8).
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Levene’s test substantiated these differences in Georgia (F = 40.967, p < 0.001; Table 9) and Syria (F =
24.742, p <0.001; Table 10)

Table 7. Descriptive statistics analysis for age-standardized pedestrian road injury-related years of
life lost for males compared to females in the Republic of Georgia, 1980-2021.

Group Statistics

Std. Error
sex_name N Mean Std. Deviation Mean
val Male 32 332.549925 132.313290 23.3899061
Female 32 103.354992 32.5659106 5.75689406

Table 8. Descriptive statistics analysis for age-standardized pedestrian road injury-related years of
life lost for males compared to females in the Syrian Arab Republic, 1980-2021.

Group Statistics

Std. Error
sex_name N Mean Std. Deviation Mean
val Male 32 335.050333 91.8172485 16.2311498
Female 32 119.304384 36.4257584 6.43922519

Table 9. Descriptive independent samples test results for age-standardized pedestrian road injury-
related years of life lost for males compared to females in the Republic of Georgia, 1980-2021.

Independent Samples Test
Levene's Test for Equality of

Variances t-test for Equality of Means
95% Confidence Interval of the
Significance Mean std, Error .
F Sig. t df Cne-Sided p  Two-Sided p Difference Difference Lower Upper
val Equal variances assumed 40.967 <.001 9.515 62 <.001 <.001 229.194933  24.0879542 181.043798 277.346067
Equal variances not 9.515 34,742 <.001 <.001 229.194933  24.0879542 180.280808 278.109057

assumed

Table 10. Descriptive independent samples test results for age-standardized pedestrian road injury-
related years of life lost for males compared to females in the Syrian Arab Republic, 1980-2021.

Independent Samples Test
Levene's Test for Equality of
Variances t-test for Equality of Means
95% Confidence Interval of the

Significance Std. Error Difference

Mean
F Sig. t df One-Sided p  Two-Sided p Difference Difference Lower Upper
val Equal variances assumed 24.742 <.001 12.355 62 <.001 <.001 215.745949 17.4617824  180.840343  250.651554
Equal variances not 12.355  40.522 <.001 <.001 215.745949 17.4617824  180.468529 251.023368

assumed

Independent samples t-test, assuming equal variances, noted sex-specific differences in
pedestrian RTI YLLs in Georgia (t(62) = 9.515, p < 0.001; Table 9) and Syria (t(62) = 12.355, p < 0.001;
Table 10). Without assuming equal variances, sex-specific differences persisted in Georgia (t(34.742)
=9.515, p <0.001) and Syria (t(40.522) = 12.355, p < 0.001). Georgian effect sizes included Cohen’s d =
2.379, Hedges’ g = 2.350, and Glass’s A = 7.038 (Table 10); in Syria, Cohen’s d = 3.089, Hedges’ g =
3.051, and Glass’s A =5.923 (Table 11).
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Table 10. Descriptive samples effect sizes for age-standardized pedestrian road injury-related years
of life lost for males compared to females in the Republic of Georgia, 1980-2021.

Independent Samples Effect Sizes

95% Confidence Interval

Standardizer®  Point Estimate Lower Upper
val Cohen's d 96.3518168 2.379 1.729 3.017
Hedges' correction 97.5372824 2.350 1.708 2.980
Glass's delta 32.5659106 7.038 5.222 8.843

a. The denominator used in estimating the effect sizes,
Cohen's d uses the peoled standard devation.
Hedges' correction uses the pooled standard deviation, plus a correction factor.
Class's delta uses the sample standard deviation of the control (i.e., the
second) group.

Table 11. Descriptive samples effect sizes for age-standardized pedestrian road injury-related years
of life lost for males compared to females in the Syrian Arab Republic, 1980-2021.

Independent Samples Effect Sizes
95% Confidence Interval

Standardizer®  Point Estimate Lower Upper
val Cohen's d 69.8471295 3.089 2.352 3.814
Hedges' correction 70.7064944 3.051 2.323 3.768
Glass's delta 36.4257584 5.923 4.370 7.463

a. The denominator used in estimating the effect sizes.
Cohen's d uses the pooled standard deviation.
Hedges' correction uses the pooled standard deviation, plus a correction factor.
Glass's delta uses the sample standard deviation of the control (i.e., the
second) group.

Pedestrian RTI-related YLLs per 100,000 people in Georgia possessed notable peaks in 1990 and
2013 followed by decreasing rates. Contrastingly, Syrian YLLs depict consistent and sharp declines.
Male and female age-standardized pedestrian RTI-related YLLs modeled similar patterns with males
consistently higher throughout 1990-2021 (Figure 3 and Figure 4).
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Figure 3. Age-standardized pedestrian road injury-related years of life lost. Temporal trends for males
(purple), females (orange), and both sexes (green) in the Republic of Georgia.
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Figure 4. Age-standardized pedestrian road injury-related years of life lost. Temporal trends for males
(purple), females (orange), and both sexes (green) in the Syrian Arab Republic.


https://doi.org/10.20944/preprints202408.0298.v1

Preprints.org (www.preprints.org) | NOT PEER-REVIEWED | Posted: 6 August 2024 d0i:10.20944/preprints202408.0298.v1

10

3.3. Incidence

Males suffered elevated mean pedestrian RTI incidence in Georgia (males: 235.900751, females:
89.5330378; Table 12) and Syria (males: 179.094635, females: 83.6737342; Table 13). Levene’s test
confirmed sex-specific significance in Georgia (F =38.517, p <0.001; Table 14) and Syria (F = 15.440, p
<0.001; Table 15).

Table 12. Descriptive statistics analysis for age-standardized pedestrian road injury incidence for
males compared to females in the Republic of Georgia, 1990-2021.

Group Statistics

Std. Error
sex_name N Mean Std. Dewviation Mean
val Valke 32 235.900751 36.0887141 6.37964362
Female 32 89.5330378 15.2886615 2.70267906

Table 13. Descriptive statistics analysis for age-standardized pedestrian road injury incidence for
males compared to females in the Syrian Arab Republic, 1990-2021.

Group Statistics

Std. Error
sex_name N Mean Std. Deviation Mean
val Male 32 179.094635 29.4238756 5.20145549
Female 32 83.6737342 14.2498605 2.51904325

Table 14. Descriptive independent samples test results for age-standardized pedestrian road injury
incidence for males compared to females in the Republic of Georgia, 1990-2021.

Independent Samples Test
Levene's Test for Equality of
Variances t-test for Equality of Means
95% Confidence Interval of the
Difference

Significance Mean Std. Error
F Sig. t df One-Sided p  Two-Sided p Difference Difference Lower Upper
val Equal variances assumed 38.517 <.001 21.125 62 <.001 <.001 146367713  6.92851549 132517808 160.217619
Equal variances not 21.125 41.780 <.001 <.001 146.367713 6.92851549 132.383222 160.352205

assumed

Table 15. Descriptive independent samples test results for age-standardized pedestrian road injury
incidence for males compared to females in the in the Syrian Arab Republic, 1990-2021.

Independent Samples Test
Levene's Test for Equality of

Variances t-test for Equality of Means
95% Confidence Interval of the
Significance Mean Std. Error Difference
F Sig. t df One-Sided p Two-Sided p Difference Difference Lower Upper
val Equal variances assumed 15.440 <.001 16.511 62 <.001 <.001  95.4209012 5.77933544 83.8681742 106.973628
Equal variances not 16.511 44.783 <.001 <.001 95.4209012 5.77933544 83.7791680 107.062634

assumed

Independent samples t-test, assuming equal variances, further revealed sex-specific differences
in pedestrian RTI incidence in Georgia (t(62) = 21.125, p < 0.001; Table 14) and Syria (t(62) = 16.511, p
< 0.001; Table 15). Without assuming equal variances, sex-specific differences persisted in Georgia
(t(41.780) = 21.125, p < 0.001) and Syria (t(44.783) = 12.355, p < 0.001). Georgian effect sizes included
Cohen’s d = 5.281, Hedges’ g = 5.217, and Glass’s A = 9.574 (Table 16); in Syria, Cohen’s d = 4.128,
Hedges’ g =4.078, and Glass’s A =6.696 (Table 17).
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Table 16. Descriptive samples effect sizes for age-standardized pedestrian road injury incidence for
males compared to females in the Republic of Georgia, 1990-2021.

Independent Samples Effect Sizes

95% Confidence Inmerval

Standardizer" Point Estimate Lower Upper
val Cohen's d 27.7140619 5.281 4.227 b6.325
Hedges' correction 28.0550422 5.217 4.176 6.248
Glass's delta 15.2886615 9.574 7.148 11.989

a. The denominator used in estimating the effect sizes.
Cohen's ¢ uses the pooled standard deviation.
Hedges' correction uses the pooled standard deviation, plus a correction factor,
Glass's delta uses the sample standard dewviation of the contral (i.e., the
second) group.

Table 17. Descriptive samples effect sizes for age-standardized pedestrian road injury incidence for
males compared to females in the Syrian Arab Republic, 1990-2021.

Independent Samples Effect Sizes

95% Confidence Interval

Standardizer® Point Estimate Lower Upper
val Cohen's d 23.1173418 4.128 3.247 4.997
Hedges' correction 23.4017662 4.078 3.208 4.936
Glass's delta 14.2498605 6.696 4.961 8.420

a. The denominator used in estimating the effect sizes.
Cohen's d uses the pooled standard deviation.
Hedges' correction uses the pooled standard deviation, plus a correction factor.
Glass's delta uses the sample standard deviation of the control (i.e., the
second) group.

Georgian pedestrian RTI incidence (cases per 100,000 people) decreased from 1990-2000 and
peaked in 2015 —where it remained until 2021. Syrian incidence consistently decreased until 2010 by
which it remained constant. Male and female age-standardized pedestrian RTI incidence followed
similar trends with males at consistently higher rates throughout 1990-2021 (Figure 5 and Figure 6).

Incidence, rate per 100k
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Figure 5. Age-standardized pedestrian road injury-related incidence. Temporal trends for males
(purple), females (orange), and both sexes (green) in the Republic of Georgia.
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Figure 6. Age-standardized pedestrian road injury-related incidence. Temporal trends for males
(purple), females (orange), and both sexes (green) in the Syrian Arab Republic.

3.4. HDI and Gender Inequality

In 2022, Georgia’s HDI (0.814) was ranked 60th with a GNI per capita at $15,952 (2017 PPP),
positive GNI-HDI disparity of 19, and improved HDI rank by 4 from 2015-2022. Georgia’s gender
inequality index (0.283) ranks 69th with 98.2% and 98.7% of females and males aged 25+ receiving
some secondary education, respectively. Labor force participation was 55.5% for females and 73.5%
for males aged 15+ Georgian expected and mean years of schooling were 16.7 and 12.7 years,
respectively.

2022 Syrian HDI (0.557) was ranked 157th with a GNI per capita at $3,594 (2017 PPP), negative
GNI-HDI disparity of -2, and decreased HDI rank by 1 from 2015-2022. Syria’s gender inequality
index (0.487) ranks 123rd with 24.1% and 32% of females and males aged 25+ receiving secondary
education, respectively, and 14.4% and 68.9% of females and males aged 15+ in the labor force,
respectively. Syrian expected and mean years of schooling were 7.4 and 5.7 years, respectively.

For correlation analysis of HDI and its relationship with mortality, YLLs, incidence, and DALYs
due to pedestrian road injuries, a Shapiro-Wilk's test was initially performed to determine normality.
If normality was assumed, Pearson's correlation analysis was conducted; otherwise, Spearman's rank
correlation was used. In Georgia, significant positive correlations were found between HDI and
mortality (r = 0.435, p <0.001), YLLs (r = 0.333, p = 0.006), incidence (r = 0.371, p = 0.002), and DALYs
(r=10.345, p = 0.005). In contrast, Syria demonstrated significant negative correlations between HDI
and mortality (r =-0.532, p = 0.002), YLLs (r =-0.392, p = 0.026), incidence (r = -0.486, p = 0.005), and
DALYs (r = -0.406, p = 0.021). Tajikistan showed no significant correlations between HDI and the
studied outcomes (p > 0.05 for all). These findings highlight the complex relationship between
socioeconomic development, as measured by HDI, and pedestrian road injury outcomes, indicating
that higher HDI is associated with better outcomes in Georgia but worse outcomes in Syria,
potentially due to differences in infrastructure and healthcare systems.

4. Discussion
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4.1. Juxtaposed Neighbors: Comparing Georgia and Syria

When comparing the geographically proximate countries, Georgian mortality and YLLs are
lower than that of Syria. This finding may be influenced by Georgia’s higher HDI reflecting enhanced
longevity, healthcare access, and quality of living [14]. Furthermore, the substantially higher GNI in
Georgia likely contributed to the reduced pedestrian mortality and YLLs as opposed to its
substantially higher incidence when compared to Syria due to its associated with enhanced
pedestrian safety infrastructure such as speed bumps and signaled crosswalks [15,16] Contrary to
previous research associating higher educational attainment with decreased pedestrian RTI incidence
due to decreased likelihood for employment in occupations increasing exposure to roadway hazards
[17], Georgian pedestrian RTI incidence is more than 30% increase compared to Syria—which may
be a cause of Georgia’s stark GNI-HDI disparity of 19. Such a vast difference in GNI and HDI ranking
suggests that despite possessing relatively high income levels, Georgia’s human development has
not advanced as expected, thus suggesting potential areas of improvement in healthcare access,
standard of living, and education.

Most notably, Syrian effect sizes for Cohen’s d and Hedges’ g were consistently higher than that
of Georgia for mortality, YLLs, and incidence. These larger effect sizes are likely a reflection of the
poor gender inequality in Syria—ranking at 123 compared to Georgia’s ranking at 69. Due to
exacerbated gender inequality, Syrian males enter the workforce nearly five times more than females
due to cultural and societal norms restricting female employment. As such, men are at increased risk
of pedestrian RTIs from having to travel to work whereas females are more likely to stay home to
tend to housework and childcare [18] Despite their geographic proximity, Georgian and Syrian
disparities in HDI, GNI, and gender inequality likely influences the substantial differences in their
pedestrian RTI health outcomes, emphasizing the need for targeted regional interventions to address
each country’s unique challenges effectively.

4.2. Understanding Georgian Men's Higher Incidence of Pedestrian RTIs

Examination of mortality, YLLs, and incidence of pedestrian RTIs in Georgia and Syria reveals
staggering sex-linked differences throughout 1980-2021—all nearly 2-3 times greater than their
female counterparts. Notably, the Georgian and Syrian effect sizes for Cohen’s d and Hedges’g are
all larger when analyzing incidence compared to mortality and YLLs. This finding signifies that while
there is a drastically higher number of male pedestrian injuries, disparities in mortality and YLLs are
less pronounced when compared to females.

The markedly increased Georgian and Syrian male pedestrian injury incidence can be explained
by behavioral and physiological sex-related differences placing men at worsened risk for injury.
Existing literature describes behavioral sex differences including male-specific delayed start up times
to begin walking once they have decided to do so and a heightened tendency to cross the street
despite narrower time frames remaining to safely cross—ultimately resulting in higher rates of risky
and unsafe pedestrian street crossing behaviors compared to their female counterparts [19].
Furthermore, studies indicate significantly higher predisposition for thrill seeking [20], aggression
[21], and general risk acceptance [2]1, manifesting in reduced compliance with crosswalk timing rules
[22]. On the contrary, females tend to exhibit more cautious behavior due to perceptions of
heightened probability and severity of risks from road related injuries [23-25] and diminished
enjoyment expected from performing risky behaviors [24].

Beyond behavioral sex differences, male-specific physiological factors have also explained
increased pedestrian RTI risk. When performing sit-to-stand measures to determine sensorimotor,
balance, and psychological capacities, males uniquely exhibited slower sit-to-stand scores with older
age—a strong indicator of decreased mobility and an inability to accurately discern one’s crossing
speed [19] Consequently, future interventions should pursue behavioral and physiological
approaches to increase awareness of the importance of crosswalk traffic light adherence, dangers of
risky pedestrian behaviors, and decline in male mobility with age resulting in inaccurate judgments
of crossing speeds.
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4.3. Sex-Specific Disparities in Orthopedic Trauma Outcomes from Pedestrian Road Injuries

Though significantly increased in males, the smaller diverse effect sizes for Georgian mortality
and YLLs compared to incidence suggests that while males experience more pedestrian RTIs, injury
severity may not be as profound in males compared to females.

While little is known regarding quantitative pedestrian severity differences across sexes,
research has described sex-linked differences in trauma health outcomes including significantly
longer casualty ward stays for females compared to males [26]. Women have also demonstrated
significantly worse functional outcomes, well-being scores, and depression across all follow-up time
points—6, 12, and 18 months after the initial traumatic event [27].

As described in orthopedic studies conducted on pedestrian vs. motor vehicle accident-related
trauma, craniocerebral injuries are the leading type of injury, occurring in 57.1% of all cases [28] These
injuries encompass a spectrum of traumatic brain injuries that have notable sex-related differences in
health outcomes. For instance, menstrual-related hormonal fluctuations have been found to influence
the severity and recovery trajectory of traumatic brain injuries due to variations in
neuroinflammatory responses and potential disparities in symptom presentation and reporting—
explaining the worsened severity of female pedestrian RTIs. As such, future studies should
investigate sex-specific differences in pedestrian trauma outcomes to better tailor clinical decision
making and design sex-specific prevention programs to reduce the severity of female pedestrian
injuries.

4.4. Implications of Temporal Trends in Pedestrian Road Injuries

For mortality, YLLs, and incidence, Georgian temporal trends reveal notable peaks in the early
1990s and early 2010s, with a subsequent decline in mortality and YLLs and a constant incidence rate.
The early 1990s peak can potentially be explained by significant socioeconomic changes in the 1980s
from the “second economy” of the Georgia by which the most common consumer purchase was the
motorcar [29]. This rapid motorization outpaced their now outdated road infrastructure designed
with inadequate safety provisions and struggles to accommodate the unsafe mountainous Georgian
topography [30].

Because of the rapidly rising incidence and mortality from pedestrian RTIs, road safety quickly
became of national priority thereby spurring the introduction of the 2008 National Traffic Safety
Strategy [31], 2010 National Road Safety Action Plan [32], and, most notably, the 2016 Georgia’s
National Road Safety Strategy [33]. Implementation of these road safety initiatives involved multi-
sectoral collaboration to enforce driving speed management, more efficient emergency medical
response, and deterring dangerous risk seeking behaviors through increased police enforcement and
public safety announcements.

Along with improved road safety, as part of the Georgian National Healthcare Strategy, the 2013
Universal Healthcare program was introduced thereby decreasing socioeconomic disparities caused
by financial barriers to healthcare access for the previously uninsured [34]. Strategic initiatives
encompassed a push for improved access to medical facilities and more comprehensive insurance
coverage [35].

Most notably, the lack of change in incidence after 2015 as opposed to the steady decline in
mortality and YLLs during this same period suggests that though the annual amount of pedestrian
RTIs remain consistent, the subsequent health outcomes substantially improved. This disparity
underscores the particularly significant role of improved healthcare in supporting the safety and
health promotion pedestrians. As the leading cause for spinal and orthopedic injuries worldwide
[36], road-related injuries underscore the pivotal role of orthopedic surgeons in the management of
pedestrian RTI patients to facilitate early mobilization, prevent long-term disability, and restore
quality of life.

Though significant strides have been made in healthcare access, a persistent issue remains with
the average ratio of physicians to nurses in Georgia less than 0.8 since 2014 [37], nearly a third of the
average ratio in the WHO European region. Even with improved insurance coverage and medical
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facilities, efforts to address the ongoing nursing shortage, particularly in orthopedic nursing, remains
pivotal to ensuring effective healthcare delivery for pedestrian RTI patients.

Despite consistent declines in pedestrian RTI mortality, YLLs, and incidence over time, little is
described regarding specific Syrian changes or interventions that have contributed to these
improvements. Finally, the correlation analysis between HDI and pedestrian road injury outcomes
reveals significant insights into the socioeconomic factors influencing health disparities in Georgia,
Syria, and Tajikistan. In Georgia, positive correlations between HDI and mortality, YLLs, incidence,
and DALYs suggest that as HDI increases, so do the rates of pedestrian road injuries, potentially
indicating a disparity between economic development and effective public health interventions.
Conversely, Syria's negative correlations highlight that higher HDI is associated with lower injury
rates, suggesting that improvements in socioeconomic conditions contribute to better health
outcomes. Tajikistan, with no significant correlations, reflects the need for further investigation into
other influencing factors. These findings emphasize the importance of tailored public health
strategies that consider the unique socioeconomic contexts of each country. Efforts to improve
infrastructure, healthcare access, and targeted interventions are crucial in mitigating the burden of
pedestrian road injuries, particularly in countries like Georgia where economic growth has not
translated into proportional health benefits.

To further improve the mortality and YLLs of pedestrian RTIs, concerted efforts must be made
towards increasing healthcare access and quality, with particular emphasis on mitigating the
orthopedic nursing shortage in the Republic of Georgia. By integrating comprehensive healthcare
initiatives alongside sex-specific approaches to decrease incidence of pedestrian RTIs, the Georgian
healthcare system can effectively promote the health of their citizens.

5. Conclusion

Our findings shed light on drastic sex-specific differences in pedestrian road injuries in the
Georgia and Syria from 1980-2021 —with nearly 2-3 times higher mortality, YLLs, and incidence rates
in males compared to females. Longitudinal temporal trends highlight the effectiveness of road safety
initiatives and healthcare reform programs. To effectively dismantle these health disparities, our
message remains clear—addressing the orthopedic nursing shortage and implementing sex-specific,
tailored road safety interventions are paramount. Future studies should rigorously develop and
evaluate these interventions and explore trends in other socio-demographic variables critical in
influencing pedestrian road injuries.
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