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ABSTRACT

Introduction: Children that are left unattended in the vehicle will lead to fatality due to heat stroke. However, the 
cases of children left unattended in vehicles are less well described and garner less attention than other children-re-
lated incidents. This research aimed to provide a descriptive analysis of journal articles documenting cases world-
wide involving children left unattended in parked vehicles and to identify the contributing factors associated with 
such incidents. Methods: This systematic review was conducted in accordance with the PRISMA guidelines. Studies 
were identified by searching Scopus, Web of Science, PubMed, Cochrane Library, and PsycInfo from inception to 
December 2024. Two reviewers independently assessed the eligibility of records in a blinded, standardised manner.  
Results: A total of 226 records were retrieved, and 11 studies were included in the final version of the study. The 
number of cases ranging from one case to 231 cases where most of the cases lead to fatality. Children were either 
intentionally left behind, unintentionally left behind, or accidentally got locked in the car. The risk factors stated are 
older age, lower educational background, number of children, change of routine, fatigue, and sleep apnoea among 
the caretakers. Conclusion: This review highlights the need for future research on cases of children left unattended 
in vehicles and the prevention of the cases including technology that can be created to prevent such accidents from 
occurring again.
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INTRODUCTION

Studies on the dramatic incident involving children left 
unattended in the parked vehicle are poorly described 
and receive less interest when compared with other 
vehicle-related studies. Previous studies showed that 
most of the injuries happened due to high temperatures 
inside the car, but the specific causation of these injuries is 
still unexplained (1). The forgotten baby syndrome (FBS) 
is the term phrase when the caretaker forgets the child 
in the unattended vehicle. This situation is speculated 
to happen more often than anticipated especially when 
carrying the child is a departure from routine activity 
(2). FBS, a term coined by the media for the cases where 

caretaker forget their children in a parked vehicle is one of 
the leading causes of paediatric vehicular hyperthermia 
(3). Many fatalities that happen when children are left 
unattended in a parked vehicle are due to heat stroke as 
children have larger body surface area and less efficient 
thermoregulation that made them more susceptible to 
hyperthermia (4). Children left unattended in a parked 
vehicle may face a life-threatening environment as the 
temperatures can reach dangerously high up to 70oC. As 
children are particularly at risk of heat when compared 
to adults due to their inefficient thermoregulation and 
incapacity to modify the cloth when fasten to a car seat 
(5). Children can reach critical heat thresholds, such as 
uncompensable heating and heat stroke, within a short 
time frame, sometimes as quickly as 15 to 55 minutes 
depending on initial conditions (6).

Leaving children unattended in a parked vehicle could 
happen to anybody as FBS can just happen at any time 



Mal J Med Health Sci 22(SUPP8):383-389, August 2026384

Malaysian Journal of Medicine and Health Sciences (eISSN 2636-9346)

and most of the incidents happened due to changes in 
the daily routine, distractions, and misjudgements. In 
the incident, parents or guardians mostly overlooked 
the risk of leaving a child unattended in a vehicle and 
leaving the child longer than the initial planning (7). 
One of the documented causes of children being left in 
a parked vehicle is due to the tendency of children to 
play in unlocked parked vehicles that posed significant 
hazards to the children (8). FBS cases is related to working 
memory which can be explained as the mental system 
that keeps the mind in order while performing complex 
activities such as the ability to understand, learn, and 
reason (9). Chronic stress can lead to structural and 
functional changes in brain areas like the hippocampus 
and prefrontal cortex, which are crucial for working 
memory (10). This can result in persistent cognitive 
impairments that affect daily functioning and decision-
making including leaving children left unattended in a 
parked vehicle.

Cases of fatality among children left unattended in a 
parked vehicle are occurring every year even though 
extensive coverage and campaign in the media including 
social media prompt the caretakers of the danger of 
leaving their children alone in a parked vehicle. Most of 
the cases happened due to the caretaker unintentionally 
leaving their children in their vehicle while the other 
intentionally left their children or the children become 
trapped after climbing into an unlocked vehicle (11). 
The danger of leaving children unattended in a parked 
vehicle is often miscalculated by the caretaker due to 
their lack of understanding of the heatstroke possibility 
inside a vehicle. Other factors like changes in daily life, 
stress, distraction, and sleepiness may also contribute 
to the accident (12). Despite the considerable attention 
given to child safety in various contexts, such as car 
seat regulations, pedestrian safety, and general injury 
prevention, there is a discernible lack of focused 
attention on the specific circumstances surrounding 
children left alone in vehicles. Understanding the 
prevalence and factors associated with children left 
unattended in vehicles is vital for the development of 
targeted interventions and policies aimed at preventing 
such incidents. By conducting a thorough review 
and synthesis of existing literature, this study seeks to 
understand the risks and circumstances associated with 
children being left alone in vehicles.

METHODOLOGY

This systematic review was conducted on the case of 
children left unattended in vehicles around the world 
and its contributing factors in accordance with the 
Preferred Reporting Items for Systematic Review and 
Meta-Analyses (PRISMA) guidelines (13). The review 
addressed the following research questions: 1) What 
are the numbers of cases of children left unattended 
in the vehicle around the world, and 2) What are the 
contributing factors to the case of children left unattended 

in the vehicle. Studies were identified by searching 
Scopus, Web of Science, PubMed, Cochrane Library, 
and PsycInfo from inception to December 2024. Only 
studies that reported cases of children left unattended in 
the vehicle were considered for this review. The search 
terms for published literature included ‘unattended’, 
‘forgetting’, ‘forgotten’, ‘children’, ‘kids’, ‘baby’, 
‘vehicle’, and ‘car’. The terms were chosen according 
to the search phrases derived from the subject and the 
intended study’s outcome. The Boolean operators ‘OR’ 
and ‘AND’ were employed to either expand or restrict 
the outcomes of the database's results.

Two reviewers independently assessed the suitability of 
records in a blinded, standardised manner. Reviewers 
evaluated the records using the title and abstract before 
choosing the relevant full-text documents. Conflicts and 
disagreements were settled through consensus and the 
involvement of the third reviewers. Duplicate studies 
were taken out, then the data was extracted in the 
abstract form on the excel sheet. Information containing 
the publication year, author, design of study, country, 
and year of publication was extracted from the selected 
studies. The Joanna Briggs Institute’s critical appraisal 
tools were used to evaluate the quality of all selected 
papers. Two reviewers individually appraised the 
methodological quality of each paper. For each relevant 
standard from the utilized quality checklist, it was 
indicated as 'yes,' 'no,' 'unclear,' or 'not applicable'. 
Rules of classification were used to categorise the 
quality of the selected articles based on their level of 
bias. High-quality studies with low bias fulfilled more 
than 80% of the quality requirements, moderate-quality 
studies with moderate bias fulfilled 50-80% of the 
quality requirements, and low-quality studies with high 
bias fulfilled less than 50% of the quality requirements 
(14). 

RESULTS

Literature Search
A total of 226 records were acquired in the study, and 
71 records were removed due to duplication. After the 
abstract screening, 104 studies were excluded leaving 
only 51 full-text articles to be assessed. Of these, 35 
studies were excluded due to irrelevant outcomes as 
it does not align with the focus of the study, two were 
excluded as the studies did not document specific 
prevalence or risk factors, two studies were excluded as 
the full-text article cannot be retrieved, and one study 
did not have sufficient data, leaving 11 studies included 
in the final review. The PRISMA Flow Chart with reasons 
for exclusion is illustrated in Fig. 1. 

Study Characteristics
Of the 11 studies, two studies included a population 
from the United States of America (4, 15), two studies 
from Italy (16-17), two studies from India (18-19), one 
study from Canada (3), one study from Brazil (5), one 
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forgot to send the children to the daycare centre. The 
other place that was mentioned by only one study were 
hospital, home, school, and going to work. Only three 
studies discuss the risk factors associated with the cases. 
The risk factors stated are older age, lower educational 
background, the high number of children, change of 
routine, fatigue, and sleep apnoea among the caretakers. 
The outcome, the causes, the accountability, the place 
where it happens, and the risk factors for the cases of 
children left unattended in the vehicle were summarised 
in Table II.

DISCUSSION

Every year, cases of children left unattended in vehicles 
or FBS occur, although they are less well described and 
garner less attention than other incidents. This systematic 
literature review was done to describe the incidents of 
children left alone in parked vehicles unattended around 
the world as well as the relevant factors. Only 11 studies 
that discuss the number of cases or associated risk factors 
of children left unattended in vehicles were included 
in this systematic literature review proving the lack of 
articles published on this topic. Most of the cases lead to 
fatality among children as they are more likely to suffer 
from heatstroke when compared with adults. Heatstroke 
is defined by a core body temperature exceeding 
40°C, accompanied by neurological symptoms such 
as delirium, seizures, or coma. The condition can lead 
to multiorgan dysfunction, including renal and liver 
failure, coagulopathy, and cardiovascular instability 
(24). Temperature within a vehicle may surge up to 220C 
above the outside temperature within 30 minutes and 
the body temperature of children left inside the vehicle 
will increase along with the increase of surrounding 

Fig. 1: Data extraction strategy in accordance with PRISMA flow diagram for the study. The flow diagram based on PRISMA guidelines on how 
the final article selected for this systematic literature review.

study from Oman (9), one study from Saudi Arabia 
(21),  and one study from United Kingdom (22). The 
study consists of 6 descriptive studies (4, 5, 16-19), 2 
case studies (15, 22), 2 case series studies (3, 20), and 
1 cross-sectional study (21). As for the quality, only 4 
studies (3, 15, 20, 22) were considered as high-quality 
studies with low risk of bias while the other 7 studies 
(4, 5, 16-19, 21) were considered as medium-quality 
studies with medium risk of bias. The summary of the 
included studies was tabled out in Table I.

Cases and Risk Factors
The number of cases in each study was different 
depending on the type of study, ranging from one 
case for case study to 231 cases for descriptive study 
where most of the cases lead to fatality to the children 
involved. Three reasons were found in all of the studies 
on why the caretakers left the children unattended in 
the vehicle. The three reasons were intentionally left 
behind for a short period or the children are sleeping 
(2.5% to 75%), unintentionally left behind or forgotten 
about the children (7.1% to 75.5%), and lastly, the 
children accidentally got locked in the car (16.7% to 
90%). Nine studies discuss the responsible caretaker 
that is responsible when the cases happened. Most of 
the cases involved both parents (8.7% to 60%), only 
mothers (26.7% to 58.3%), and only fathers (26.3% to 
66.7%). The other responsible person mentioned in only 
one study each were related family members, daycare 
employees, and bus drivers. 

Eight studies stated the place where the children 
were left unattended. Three studies mentioned that a 
grocery store/minimarket was the place where the case 
happened, and two studies stated that the caretaker 
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Table I: Summary of Included Studies

No. Authors Publication 
Years

Population Sample size Type of Study Quality

1. Alowirdi et al. (21) 2020 Saudi Arabia 209 Cross Sectional Moderate

2. Booth et al. (4) 2010 United States 231 Descriptive Moderate

3. Branco et al. (22) 2006 34-month-old girl 
from UK

1 Case Study High

4. Costa & Grundstein (5) 2016 Brazil 31 Descriptive Moderate

5. Ferrara et al. (16) 2013 Italy 16 Descriptive Moderate

6. Ferrara et al. (17) 2018 Italy 38 Descriptive Moderate

7. Ho et al. (3) 2019 Canada 6 Case Series High

8. Koul et al. (20) 2010 Oman 3 Case Series High

9. Mahowald et al. (15) 2002 4-month-old boy 
from USA

1 Case Study High

10. Fatima Siddiqui et al. 
(18)

2020 India 23 Descriptive Moderate

11. Siddiqui et al. (19) 2021 India 16 Descriptive Moderate

Table II: Summary of Outcomes and Risk Factors

No. Authors Outcome Causes Accountability Place Risk Factors

1. Alowirdi et al. 
(21)

24.88% 
unattended 
children (52 
cases)

-	 Intentionally left be-
hind due to short time 
(67.9%).

-	 Intentionally left be-
hind as children sleep 
(13.2%).

-	 Mother (58.3%)
-	 Father (41.7%)

-	 Minimarket 
(69.7%)

-	 Hospital 
(15.2%)

-	 Age (older) 
-	 Parent education 

background (lower)
-	 Number of children 

(higher)

2. Booth et al. (4) 231 Fatalities -	 Unintentionally left 
behind (75.5%).

-	 Intentionally left be-
hind (13%)

-	 Mother (33.3%)
-	 Father (23.4%)
-	 Related family 

(19.1%)
-	 Both parents 

(8.7%)

3. Branco et al. 
(22)

A fatality -	 Intentionally left be-
hind due to short time.

-	 Father -	 Grocery store

4. Costa & Grund-
stein (5)

31 cases with 
21 fatalities

-	 Forgot children (71%).
-	 Intentionally left be-

hind (23%).

-	 Father (42%).
-	 Mother (32%).
-	 Daycare employ-

ees (16%)

-	 Forgot to send 
to daycare 
center (67%).

5. Ferrara et al. 
(16)

2 Fatalities -	 Left intentionally (75%)
-	 Unintentionally left 

behind (18%)

-	 Both parents 
(60%)

-	 Mother (26.7%)
-	 Father (13.3%)

-	 Grocery store 
(38.5%)

-

6. Ferrara et al. 
(17)

38 cases with 
6 fatalities

-	 Left intentionally 
(73.7%)

-	 Left unintentionally 
(23.7%)

-	 Both parents 
(36.8%)

-	 Mother (34.2%)
-	 Father (26.3%)

-	 Grocery store 
(39.4%)

-	 Going to work 
(24.2%)

7. Ho et al. (3) 6 Fatalities -	 Forgotten (50%)
-	 Getting locked acci-

dentally (16.7%)

- - -	 Change of routine
-	 Fatigue

8. Koul et al. (20) 3 cases of 
heat stroke

-	 Getting locked acci-
dentally (66.7%)

-	 Unintentionally left 
(33.3%)

-	 Father (66.7%)
-	 Bus driver (33.3%)

-	 Home (66.7%)
-	 School (33.3%)

-

9. Mahowald et 
al. (15)

Fatality -	 Forgotten -	 Father -	 Forgot to send 
to daycare 
center.

-	 Sleep apnea

10. Fatima Siddiqui 
et al. (18)

23 incidents 
with 40 
fatalities

-	 Getting locked acci-
dentally (90%)

-	 Forgotten (7.5%)
-	 Intentionally left be-

hind (2.5%)

- - -

11. Siddiqui et al. 
(19)

16 incidents 
with 28 
fatalities

-	 Getting locked acci-
dentally (89.3%)

-	 Forgotten (7.1%)
-	 Intentionally left be-

hind (3.6%)

- - -
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been demonstrated in studies to have decreased activity 
in response to such stress hormones, which causes brief 
impairments that can led to cases of leaving children 
unattended in a vehicle (25).

Even though leaving a child in a car appears impossible, 
anyone could conceivably experience it, regardless of 
the background. Due to the number of cases of children 
left unattended in vehicles, it is more important than 
ever to create and implement cutting-edge systems that 
can identify the presence of a child inside an unattended 
car using the correct sensors and inform the driver or 
other potential contacts via various alarms (26). Modern 
automobiles come equipped with a lot of additions 
that help the driver. The driver receives alerts when the 
windscreen washer fluid level is low, the lights are left 
on, or the key is left in the ignition. In terms of safety, 
a lot of cars today include seat belt reminders that let 
the occupants know when they haven't buckled up. 
However, no car can recognise and alert the driver if a 
child is left alone in the vehicle (7). Apart from technology 
adaptation, tragedies involving children left unattended 
in a vehicle can be avoided by increasing awareness 
and training parents and other carers. It is necessary to 
teach and encourage the need for rituals such as always 
checking the back of the car even when the driver is 
aware that he or she did not bring a youngster in the car 
to build the reflexive reflex of checking the car before 
closing it (20).

LIMITATIONS

It's important to be aware of a few limitations 
in this review. The review's generalizability and 
representativeness across various population cohorts 
may be constrained by the fact that there were very few 
articles available for it. Samples drawn from various parts 
of the world and types of studies included in this review, 
provide a global view on unattended child passenger 
cases but potentially leading to wide variances in 
prevalence rates. Despite these limitations, the current 
review was unique in its attempt to gather overall cases, 
causes and risk factors associated with cases of children 
left unattended in a vehicle.

CONCLUSION

This systematic review summarises the current 
knowledge on cases and risk factors for cases of children 
left unattended in vehicles. Most of the cases lead to a 
fatality on the children involved and the children either 
intentionally left behind, unintentionally left behind, or 
get locked in the car by mostly their family members. 
This review highlights the need for future research on 
cases of children left unattended in vehicles and the 
prevention of the cases including technology that can be 
created to prevent such accidents from occurring again.

temperature. It is estimated, if left alone in the morning, 
fatality will occur to the children before noon (24).

Cases of children left unattended in a vehicle or FBS 
were found to occur due to intentionally left behind, 
unintentionally left behind, or children getting locked 
in a vehicle. Irrespective of educational background, 
household income, etc., cases of children left 
unattended in a vehicle may occur to anyone. When 
kids were purposefully left in cars, either the carer failed 
to consider the risk involved or it took them longer than 
expected to return to the car (18). Unlocked parked 
cars are a common place where kids like to play, but 
doing so poses a serious risk to them. These incidents 
have undergone rigorous analysis and are a common 
source of child injuries in the United States (8). The 
carers' ignorance of the circumstances led to people 
frequently underestimate the risks associated with 
leaving a youngster unattended in a secured vehicle 
(12). To avoid kids getting inside to play and getting 
mistakenly trapped, vehicles should be closed as soon 
as you check inside. Parents should be made aware of 
young children's susceptibility to hyperthermia (18).

Parents may be vulnerable to forgetting their children 
because of their tendency to operate automatically when 
performing a typical task like commuting to work along 
the identical route each day. Automatic processing is 
robust even under stress, requires little effort, and has 
the propensity to move forward in a set direction rather 
than readily adjust to new stimuli. When that schedule 
alters like when they have to send their children to the 
kindergarten on the way to work, children may be left 
behind in the vehicle unintentionally. Apart from that, 
stress is also one of the contributing factors for children 
left unintentionally as stress can lead to memory loss 
and attention deficits. Stress and routine changes 
might alter how the brain’s information processing and 
make people more susceptible to lapses in memory 
or attention. Under the right conditions, anyone may 
forget children in the rear seat, regardless of the precise 
mechanisms and contextual factors that result in these 
sad instances (3).

One of the explanations for why cases of unattended 
children in a vehicle are still happening is due to working 
memory. This term refers to the system or mechanisms 
that are thought to be required to maintain memory 
while carrying out difficult activities including thinking, 
comprehension, and learning (9). This working memory 
will greatly be affected when the parents or caregiver is 
under a lot of stress. There is strong evidence that stress 
and elevated glucocorticoid levels can have both good 
and negative effects on memory function. A recent study 
that looked at how stress and cortisol affected different 
memory tasks in male human subjects showed that stress 
can decrease working memory. Glucocorticoids, a stress 
hormone, are released as a result of being under stress. 
The memory retrieval component, the hippocampus, has 
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