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Abstract

Background. Road Traffic Injuries (RTIs) are the leading cause of injury-related deaths
and hospitalizations among pregnant women. This study aimed to review the
epidemiology of RTIs in this demographic

Methods. This study was conducted as a systematic review and meta-analysis. A
comprehensive search of major databases was performed to identify observational studies
on road traffic injuries during pregnancy. The screening and data extraction were carried
out independently by 2 reviewers based on pre-defined criteria. A random-effects model
was used to analyze the quantitative data in STATA version 16.

Results. Key findings revealed that approximately 30% of RTIs occur in the first
trimester, 30% in the second, and 40% in the third trimester. The rate of RTIs was
estimated to be 2.1 per 1000 maternities (95% CI: 0.1-4.1), with frontal crashes being the
most common (50.3%). The majority of he pregnant women involved were drivers (57%),
and seat belt use was reported in 77.4% of cases, with 43.9% experiencing airbag
deployment. Notably, around 14.2% of RTIs were classified as severe.

Conclusion. It can be concluded that the high rate of RTIs during pregnhancy leads to
numerous adverse maternal and fetal consequences, highlighting a critical need for public
health intervention.

Practical Implications. Road safety interventions should be specifically tailored for
pregnant women, emphasizing correct seat belt use and reduced driving exposure, to
mitigate the high risk of severe maternal and fetal outcomes from traffic injuries.

How to cite this article: Sardareh M, Poorhashemi-Ardakani M H, Mohammaddokht S, Ghanbari A, Soleymani M,
Fatemeh Bakeshloo F, Saber Azami-Aghdash S. Epidemiology of road traffic injuries during pregnancy: A systematic
review and meta-analysis. Med J Tabriz Uni Med Sciences. 2026;48(2):102-118. doi: 10.34172/mj.026.35174. Persian.

Extended Abstract

Background

injury-related death and hospitalization among

Road traffic injuries (RTIs) constitute a significant
yet often overlooked public health challenge,
representing a leading cause of injury-related
mortality and morbidity globally. Pregnant women
represent a particularly wvulnerable demographic
within this context. RTIs are the leading cause of

pregnant women, posing a dual threat to both maternal
and fetal health. Despite the severe potential
consequences, including maternal and fetal mortality,
placental abruption, and preterm birth, the specific
epidemiological patterns of RTIs during pregnancy
have not been comprehensively synthesized. The
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available data are limited and scattered, with a
predominant focus on high-income countries. This
systematic review and meta-analysis aimed to
synthesize the available global evidence to delineate
the epidemiological profile, risk factors, and outcomes
of RTIs in pregnant women, thereby providing a
robust evidence base to inform targeted preventive
interventions and clinical guidelines.

Methods

This study was conducted as a systematic review
and meta-analysis following the PRISMA guidelines.
A comprehensive search strategy was executed across
major electronic databases, including PubMed,
Scopus, Web of Science, SID, and Maglran, and grey
literature sources up to April 2025 to identify relevant
observational studies (cohort, case-control, and cross-
sectional). The study eligibility was defined using the
PCC (Population, Concept, Context) framework:
population (pregnant women of any gestational age),
concept (epidemiological patterns of RTIs including
incidence, distribution, crash characteristics, safety
equipment use, injury severity, and maternal/fetal
outcomes), and context (observational studies from all
geographical regions). Two reviewers independently
performed study screening, data extraction, and
quality assessment using the Newcastle-Ottawa Scale
(NOS). Discrepancies were resolved through
discussion or consultation with a third reviewer.

Quantitative data from studies deemed sufficiently
homogeneous were pooled using a random-effects
meta-analysis model in STATA software version 16.
Heterogeneity was assessed using the 2 statistic and
Cochran’s Q test, with I* >50% and >75% indicating
moderate and high heterogeneity, respectively. For
outcomes with significant heterogeneity or diverse
reporting methods, a descriptive synthesis was
performed. Key extracted data included study
characteristics, RTI incidence per 1000 pregnancies,
trimester distribution of crashes, crash direction,
occupant position, seat belt use and airbag deployment
rates, severity of the injury, and adverse maternal and
fetal outcomes.

Results

Of 2412 initially identified records, 30 studies
comprising data on 879897 pregnant women were
included in the final analysis. The majority of studies
(n=27) were from high-income countries. The meta-
analysis yielded the following key findings.

Incidence and Timing

The incidence of RTIs during pregnhancy was
estimated to be 2.1 per 1000 maternities (95% ClI: 0.1—
4.1). The distribution across trimesters was 30% in the
first, 30% in the second, and 40% in the third
trimester.

Crash and Occupant Characteristics

Frontal collisions were the most common cause of
injury (50.3%), followed by side (29.6%) and rear
impacts (17.4%). The majority of pregnant occupants
were drivers (64.2% of occupants; 57% of all road
users involved). Approximately 90% of injured
preghant women were occupants of motor vehicles.

Use of Safety Equipment

The rate of seat belt use among pregnant women
involved in crashes was 77.4% (95% CI: 66.9-87.9).
Airbag deployment occurred in 43.9% (95% CI: 19.7—
68.1) of cases.

Injury Severity

An average of 14.2% of RTIs were classified as
severe. The mean Injury Severity Score (ISS) reported
in studies ranged from 1.8 to 4.9.

Maternal and Fetal Outcomes

The study identified numerous adverse outcomes.
The most frequently reported outcomes were fetal
death (17 studies) and placental abruption (13
studies). Based on mean proportions, the most
prevalent outcome was fetal distress (25%), followed
by emergency caesarean section (24.6%) and uterine
contractions (23.5%). The rate of maternal mortality
from RTIs was estimated to be 11.9%, and the rate of
fetal loss (including miscarriage or intrauterine death)
was 5.2%.
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Conclusion

This systematic review confirms that RTIs during
pregnancy represent a significant public health issue
with a relatively high incidence and serious
consequences for both mother and fetus. The findings
highlight that pregnant women are most frequently
involved as drivers in frontal collisions, underscoring
a key area for intervention. While seat belt use was at
a moderate level, there remains a crucial need for
targeted education on its correct use during
pregnancy. The significant burden of adverse
outcomes, including fetal distress, emergency

caesarean delivery, and fetal mortality, calls for
concerted action. Road safety strategies should be
specifically  tailored for  pregnant women,
emphasizing the reduction of driving exposure,
correct and consistent seat belt use, and possibly
preferential seating in the rear. Future research should
focus on low- and middle-income countries, where the
burden is likely higher but evidence is scarce.
Moreover, prospective study designs should be used
to enhance data quality and inform effective life-
saving interventions.
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Trimester ‘Weight

Study with 95% CI (%)
1
Weiss HB,2002 (1) ,0246 -,04525 ,09445  1.99
Manoogian S, 2015 (1) ,0289 ,008363 ,04944 23.03
Weiss HB,2011 (1) . ,035 -,07781 ,1478  0.76
Schiff M, 1997 (1) ,018 -2,548 2,584  0.00
Schiff MA,2005 (1) —_ L0157  -615 ,6464  0.02
Aboutanos MB,2008 (1) —_ L0327 -,3077 3731  0.08
Schiff M,2010 (1) -+ L0261 -,1864 2386  0.22
Weiss HB, 2011 (1) - ,035 -,1035 ,1735  0.51
Soysal S,2021(1) — ,029 1,169 1,227  0.01
Flint ML, 2020(1) . ,0241 -,02953 ,07773  3.38
Heterogeneity: T = 0.00, I = 0.04%, H* = 1.00 ,02831 ,01026 ,04636
Test of 6, = 6;: Q(9) = 0.06, p = 1.00
2
Weiss HB,2002 (2) - ,0391 -,01672 ,09492  3.12
Manoogian S, 2015(2) [ | ,0309 ,01102 ,05078 24.57
Weiss HB,2003(2) . ,034 -,08039 1484  0.74
Schiff M, 1997 (2) 013 -2,999 3,025  0.00
Schiff MA,2005(2) —_ L0184  -565 ,6018  0.03
Aboutanos MB,2008(2) - ,0345 -2972 3662  0.09
Schiff M,2010(2) + L0429 1243 2101  0.35
Weiss HB, 2011(2) - L0347 -,1044 ,1738  0.50
Soysal $,2021(2) — ,038 -1,014 1,09 0.01
Flint ML, 2020(2) . ,0283  -,0213 ,0779  3.95
Heterogeneity: T = 0.00, I' = 0.01%, H* = 1.00 ,03161 ,01454 ,04868
Test of 0; = 0;: Q(9)=0.11, p=1.00
3
Weiss HB,2002(3) - ,0338 -,02608 ,09368  2.71
Manoogian S, 2015(3) [ ] ,0326 ,01323 ,05197 25.88
Weiss HB,2003(3) . ,031 -,08861 ,1506  0.68
Schiff M, 1997 (3) R — ,041  -1,68 1,762  0.00
Schiff MA,2005(3) - L0659 -2501 3819  0.10
Aboutanos MB,2008(3) —_ L0327 -,3077 3731  0.08
Schiff M,2010(3) -+ ,031 -,1644 2264 0.25
Weiss HB, 2011(3) + ,0303  -,1182 ,1788  0.44
Soysal S,2021(3) — ,033  -1,093 1,159  0.01
Flint ML, 2020(3) . ,0475 ,008833 ,08617  6.50
Heterogeneity: T = 0.00, I' = 0.01%, H* = 1.00 | ,03535 ,01907 ,05164
Test of 6, = 6;: Q(9) = 0.51, p = 1.00
Overall ,03199 02214 ,04185
Heterogeneity: T = 0.00, I = 0.00%, H* = 1.00
Test of 6, = 6;: Q(29) = 1.01, p = 1.00
Test of group differences: Qu(2) = 0.33, p = 0.85
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Study

RTls- Rate Weight
with 95% Cl (%)

Vivian-Taylor J,2012
Kvarnstrand L, 2008
Vladutiu CJ, 2013
Weiss HB,2002
Manoogian S, 2015
Hyde LK, 2003
Redelmeier DA, 2016
Redelmeier DA, 2014

—t 0,0035 [-0,7127,0,7197] 0.08
0,0021 [-0,9030, 0,9072] 0.05

. 0,0286 [-0,0455, 0,1027]  7.27
0,0130 [-0,0825, 0,1085]  4.38

[ 0,0220 [-0,0014, 0,0455] 72.46
: 0,0276 [-0,0989, 0,1541]  2.49
+ 0,0060 [-0,2785, 0,2905]  0.49

0,0065 [-0,8820, 0,8950]  0.05

Schiff MA,2005
Aboutanos MB,2008

0,0006 [-3,1746, 3,1758] 0.00
0,0050 [-2,2791, 2,2891] 0.01

Orji E,2002

Schiff M,2010
Vladutiu CJ, 2013
Weiss HB, 2011
Weiss HB,2002
Kuo C, 2007
Azar T, 2015

Overall

Heterogeneity: 1° = 0.00, I* = 0.02%, H* = 1.00
Test of 8, = 8;: Q(16) = 0.31, p = 1.00

Testof 6 =0:2=2.07,p=0.04

0,0023 [-4,4913, 4,4958]  0.00
- 0,0103 [-0,3252, 0,3458]  0.35
+ 0,0126 [-0,1543, 0,1795]  1.43
—_— 0,0011 [-0,7668, 0,7690]  0.07
0,0019 [-1,1711, 1,1748]  0.03
. 0,0273 [-0,0650, 0,1196]  4.69
: 0,0038 [-0,0769, 0,0845]  6.14

0,0211[0,0011, 0,0411]
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Rate of seatbelt Weight
Study with 95% CI (%)
Klinich KD, 2008 e .0754[ -9078, 1.059] 0.01
Aitokallio- Tallberg A,1997 - .0857[ -2969, .4683] 0.08
Vladutiu CJ, 2013 098 [ .05645, .1396] 6.37
Weiss HB,2002 .0863 [ .04777, .1248] 7.41
Manoogian S, 2015 0752 .06215, .08825] 64.59
Hyde LK, 2003 + .08 [.003583, .1564] 1.88
Schiff M, 1997 .023[ -2.253, 2.299] 0.00
Chibber R,2015 — 021 -4856, .5276] 0.04
Luley T, 2013 — T .0902[ -.5193, .6997] 0.03
Aboutanos MB,2008 B E— 066 [ -5829, .7149] 0.03
Auriault F, 2016 B .0862[ -2914, .4638] 0.08
Schiff M,2010 T .0916 [ -.02583, .209] 0.80
Vladutiu CJ, 2013 * .0965[ .03346, .1595] 2.77
Weiss HB, 2011 + 0734 -.0242, .171] 1.16
Koh S, 2021 L .07[ .01891, .1211] 4.22
Flint ML, 2020 ] .0694 [ .03704, .1018] 10.51
Brookfield et al, 2013 —_—T .038[ -.6027, .6787] 0.03
Overall .07742 [ .06693, .08791]
Heterogeneity: T = 0.00, I = 0.01%, H’ = 1.00
Test of 0; = 6;: Q(16) =2.06, p=1.00
Test of 6 =0: z=14.46, p=0.00

Random-effects REML model
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air-bag deployment Weight

Study with 95% CI (%)
Klinich KD, 2008 (1) ,0438 [ -1,225, 1,312] 0.04
Vladutiu CJ, 2013 (1) ,082[ ,03697, ,127] 21.21
Weiss HB,2002 (1) ,015[-,07402, ,104] 6.77
Manoogian S, 2015 (1) ,0338 [ ,01476, ,05284] 53.31
Luley T, 2013 (1) ,0138 [ -1,483, 1,511] 0.03
Schiff M,2010 (1) ,0659 [ -,07063, ,2024]  3.03
Vladutiu CJ, 2013 (1) ,0145[ -,1412, ,1702] 235
Weiss HB, 2011 (1) L0171 -,1792, ,2134] 1.49
Koh S, 2021 ,0418 [ -,02333, ,1069] 11.78
Overall ,04396 [ ,01974, ,06818]

Heterogeneity: T = 0.00, I' = 12.95%, H’
Test of 0; = 6;: Q(8) =4.35,p=10.82
Test of 8 =0: z=3.56, p=10.00

=1.15

Random-effects REML model
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