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Abstract
Background: Air travel during pregnancy has become increasingly common in line with the rising mo-

bility of women of reproductive age. Although generally considered safe for uncomplicated pregnancies, 
potential risks may vary across different trimesters.

Objective: To evaluate trimester-specific health risks associated with air travel in pregnant women by 
reviewing evidence from observational studies.

Methods: This systematic review was conducted following PRISMA guidelines. Literature searches were 
performed in PubMed, Google Scholar, EuropePMC, and ScienceDirect from June 2015 to June 2025 using 
keywords “air travel,” “pregnancy,” “trimester,” and “maternal or fetal outcomes.” Eligible studies were 
observational in design (cohort, case-control, or cross-sectional) and reported the impact of air travel 
according to pregnancy trimester.

Results: Seven studies met the inclusion criteria. First-trimester air travel was associated with an increased 
risk of early miscarriage, particularly among women undertaking flights ≥15 hours with irregular sleep 
schedules. The second trimester was identified as the safest period, with the lowest risk of complications. 
Air travel in the third trimester was generally considered safe, even for high-risk pregnancies, provided 
thorough preparation and adherence to medical recommendations were ensured. Nonetheless, caution 
remains warranted due to potential risks such as venous thromboembolism (VTE), reduced cabin oxygen 
levels, and delayed access to medical care during emergencies.

Conclusion: The risks of air travel during pregnancy vary by trimester. The second trimester appears to 
be the safest period, while additional vigilance is required for first- and third-trimester travel. Individual 
clinical assessment remains essential before granting medical clearance for pregnant women to fly.
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Introduction
Air travel is one of the most widely used meth-

ods of transportation by people around the world, 
including pregnant women. In recent decades, the 
increasing involvement of women in professional and 
social activities has led to more pregnant women tak-
ing domestic and international flights. This situation 
has prompted the need for a deeper understanding 
of the safety of air travel during pregnancy.1

Pregnancy is a complex physiological condition, 
characterized by various adaptive changes in the 
cardiovascular, respiratory, hematological, and meta-
bolic systems. These factors can be exacerbated by 
conditions in the aircraft cabin, such as lower air 
pressure, low humidity, prolonged immobilization, 
and limited access to medical services during flight. 
Therefore, there are concerns that air travel may 
affect the health of both the mother and the fetus, 
especially in pregnancies with certain medical condi-
tions or at certain gestational ages.2

Guidelines from various professional organiza-
tions, including the American College of Obstetricians 
and Gynecologists (ACOG) and the Royal College of 
Obstetricians and Gynaecologists (RCOG), gener-
ally state that air travel is safe for uncomplicated 
pregnancies. However, these guidelines are still 
general in nature and do not explicitly differenti-
ate risks based on the trimester of pregnancy. This 
poses a challenge in clinical practice, given that each 
trimester has different physiological characteristics 
and potential complications, such as the risk of mis-
carriage in the first trimester or premature labor in 
the third trimester.1

The first, second, and third trimesters of preg-
nancy show different biological changes, both in 
the mother and the fetus. Therefore, the risks that 
may arise from exposure to flight conditions also 
vary according to the stage of pregnancy. This can 
make it difficult to make appropriate and evidence-
based clinical decisions, especially when counseling 

pregnant women who are planning to travel by air.3

This systematic review was conducted to evaluate 
the risks of air travel for pregnant women specifically 
based on the trimester of pregnancy, using evidence 
from observational studies. This study is expected 
to be a useful scientific contribution in strengthen-
ing clinical practice guidelines and maternal health 
policies, as well as providing a more appropriate 
basis for consideration in providing air travel rec-
ommendations to pregnant patients.

Methods
This research method was designed as a systematic 

review based on the Preferred Reporting Items for 
Systematic Reviews and Meta-Analyses (PRISMA) 
2020 guidelines as shown in Figure 1. Literature 
was systematically searched in four major electronic 
databases, namely PubMed, Google Scholar, Euro-
pePMC, and ScienceDirect, for publications published 
between June 2015 and June 2025. The search strat-
egy used a combination of Medical Subject Headings 
(MeSH) and related keywords, including the terms 
“pregnancy,” “pregnant women,” “air travel,” “flying,” 
“flight,” “trimester,” and ‘maternal’ and “fetal out-
comes.” Studies that met the inclusion criteria were 
observational studies (prospective or retrospective 
cohorts, case-control, and cross-sectional) involving 
pregnant women at various stages of pregnancy who 
traveled by commercial air and reported maternal 
and fetal risk outcomes such as preterm birth, venous 
thromboembolism, miscarriage, fetal growth restric-
tion, or other obstetric complications. Only full-text 
articles published in English or Indonesian within the 
last 10 years were included. Randomized controlled 
trials (RCTs), narrative reviews, editorials, letters to 
the editor, and studies on non-human populations 
or non-commercial flights were excluded. The study 
selection process was conducted independently 
by two researchers, with data extracted including 
author names, year of publication, study design, 
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number of participants, trimester of pregnancy, 
type of outcome, and main results. Study quality 
was assessed using the Newcastle-Ottawa Scale for 
cohort and case-control studies, and the AXIS tool 
for cross-sectional studies, to ensure the validity and 
reliability of the synthesized findings. 

Result
The systematic search yielded a total of 941 search 

results, and after removing duplicates and articles 
in foreign languages, 910 articles remained. During 
the title and abstract screening process, we selected 

28 articles for in-depth review. During the in-depth 
review process, we excluded 22 articles for the 
following reasons: 9 articles were reviews of exist-
ing guidelines and research.1,4–11, 5 articles are not 
available in full text.12–16, 4 studies mentioned about 
infection in endemic areas through air travel8,17–19, 
3 articles reported about pregnancy in military air 
travel20–22, and one study mentioned about the psy-
chological aspect of pregnant women regarding air 
travel23. In addition, we also conducted additional 
searches by reviewing the references of 28 articles 
that were included in the systematic search and re-

Figure 1. PRISMA flowchart for literature research.
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lated review articles, and found 1 additional article.24. 
A total of 6 observational studies were eligible for 
inclusion in this systematic review.24–29 

This review covers six observational studies pub-
lished between 2015 and 2024 that met the estab-
lished inclusion criteria. Of these studies, five were 
retrospective cohorts and one was a cross-sectional 
study, with the number of participants ranging from 
16 to more than 600,000 individuals. The studies 
originated from various countries and assessed a 
range of pregnancy-related outcomes associated with 
air travel, including miscarriage, venous thrombo-
embolism (VTE), preterm birth, birth weight, fetal 
movement, and complications in multiple pregnancies 
with Twin-to-Twin Transfusion Syndrome (TTTS). 
The detailed findings are explained in Table 1.

The analysis was further divided by pregnancy 
trimester to explore how the timing of exposure and 
maternal conditions might influence outcomes. By 
categorizing women in their first, second, and third 
trimesters, we were able to see differences in vulner-
ability and potential variations of effect in air travel. 

1. First Trimester
Two studies examined the risks of air travel during 

the first trimester. Grajewski et al. found an increased 
risk of miscarriage among flight attendants who flew 
≥15 hours during local nighttime hours. Heidecker 
et al. reported a higher incidence of miscarriage 
among flight attendants than in the general popula-
tion, but this was not associated with exposure to 
second-hand smoke.

2. Second Trimester
A study with a big population by Ram et al. showed 

that air travel during the second trimester was 
associated with a statistically significant, but not 
clinically significant, increase in gestational age 
and birth weight. This supports the notion that the 
second trimester is a relatively safe period for flying.

3. Third Trimester
Two studies evaluated risks in the third trimester. 

Petrikovsky et al. reported changes in fetal move-
ment during and after flight, but showed no long-
term effects. Tchirikov et al. assessed the safety of 
long-distance medical air travel for TTTS patients 
and concluded that air transport is safe if properly 
prepared.

4. Trimester Not Specified
One study by Ram et al. (2023) did not specify 

a particular trimester, but reported a statistically 
significant increase in the risk of venous throm-
boembolism after flying, even though the absolute 
incidence was low. This highlights the importance 
of paying attention to the risk of VTE in pregnant 
women who travel by plane.

Discussion
This systematic review evaluates the risks of air 

travel in pregnant women based on the trimester of 
pregnancy, using data from six observational studies 
published between 2015 and 2024. The results of this 
review indicate that air travel during pregnancy has 
a varying risk profile depending on the gestational 
age at exposure, with the second trimester gener-
ally considered the safest, while the first and third 
trimesters show certain potential risks, although the 
evidence is still limited and heterogeneous.

Risks in the First Trimester
Studies evaluating air travel during the first tri-

mester report an increased risk of miscarriage, 
particularly in women with high exposure duration 
or in occupations involving shift work.26 Grajewski et 
al. (2015) found that exposure to ≥15 hours of flight 
time during local nighttime sleep was associated 
with an increased risk of miscarriage (RR 1.5; 95% 
CI 1.1–2.2). This study highlights the importance of 
considering circadian aspects in early pregnancy 
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Table 1. Overview of the characteristics of the included studies.
No. Study 

(Year)
Study 
Design

Participants 
Size

Trimester Outcome 
Measured

Main Findings

1. Petrikovsky, 
et al. (2018)

Cross-
sectional

112 3 Fetal Movement Increased fetal movement during takeoff was 
reported by 17 people (15%), no change in fetal 
movement by 62 people (35%), and decreased 
fetal movement by 4 people (3.6%). During 
the flight itself, increased fetal movement was 
reported by 6 pregnant passengers (5.4%), no 
change by 70 people (63%), and decreased 
movement by 8 people (7%).
This study shows that although transatlantic 
flights only cause temporary changes in fetal 
behavior and appear to be safe for the fetus, 
these conclusions are limited to third-trimester 
fetuses.

2. Grajewski, et 
al. (2015)

Cohort 
retrospective

673 1 Pregnancy loss The risk of first trimester miscarriage 
was significantly increased among flight 
attendants who flew ≥15 hours during their 
sleep period in their home country, with a 
relative risk (RR) of 1.5 (95% CI: 1.1–2.2), 
compared to the group of teachers who were 
not exposed to such flight durations. This 
finding is new; however, it is consistent with 
previous findings regarding the adverse effects 
on reproductive health associated with night 
work or shift work.

3. Ram, et al. 
(2020)

Cohort 
retrospective

41,677 2 Premature birth 
and reduced 
birth weight

Air travel during pregnancy is associated 
with an increase in birth weight (9 grams; 
95% CI: 4.8 to 14.5 grams) and gestational 
age (0.36 days; 95% CI: 0.24–0.48) that is 
statistically significant (p<0.0001), but not 
clinically significant. The results of this study 
do not show any evidence that air travel during 
pregnancy is associated with adverse effects 
on gestational age or birth weight. These 
findings support the current recommendations 
issued by ACOG.

4. Ram. et al 
(2023)

Cohort 
retrospective

33,674  Not 
mentioned

Risk of vein 
thrombosis 

There were 6 cases of venous thromboembolism 
during the 8-week period after the flight, and 
285 cases of venous thromboembolism in the 
control group (0.05% vs. 0.07%; P = 0.158). 
However, when a Poisson regression analysis 
was performed with propensity weighting 
based on daily risk, a significant increase in 
risk was found between the study group and 
the control group (0.00031% vs. 0.00022%; 
hazard ratio 1.406; P = 0.005). 
Overall, the risk of venous thromboembolism 
after air travel is low; however, this study 
shows that air travel during pregnancy 
increases the risk of venous thromboembolism.
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5. Heidecker, et 
al. (2017)

Cohort 
retrospective

145  1 Miscarriage due 
to exposure to 

secondhand 
smoke on an 

airplane

There were 45 cases of miscarriage (26%) 
among flight attendants exposed to secondhand 
smoke during pregnancy, compared with 
17.1% in the general population. There was 
no difference in secondhand smoke exposure 
between pregnant flight attendants who had 
miscarriages and those who did not (P = 0.93).
This study found an increased incidence of 
miscarriage among flight attendants, which 
was not related to exposure to secondhand 
smoke. Other factors, such as circadian rhythm 
disturbances and radiation exposure, may play 
a role in these reproductive health findings 
and require further research.

6. Tchirikov, et 
al. (2024)

Cohort 
retrospective

16 3 Survival rate 
of TTTS twins 

who underwent 
a 5,668 km 

long flight for 
fetoscopic laser 

coagulation 
and maternal 
complications

The post-operative survival rate for a single 
twin fetus was 100.0% (n=16) in the air 
transport group and 98.3% in the ground 
transport group (n=60). The postoperative 
survival rate for both twins was 81.3% in 
the flight group (n=13) and 75.4% (n=46) 
in the ground transportation group. No 
differences were found in neonatal outcomes 
or the incidence of side effects between 
the two groups. There were no pregnancy 
complications in mothers related to flying. 
Long-distance air travel to a specialized 
tertiary medical center has been proven to 
be sufficiently safe to be recommended for 
pregnant women with TTTS who require 
fetoscopic laser coagulation (FLC).

flight safety. Another study by Heidecker et al. (2017) 
noted a higher incidence of miscarriage among flight 
attendants, although it was not statistically proven to 
be associated with exposure to secondhand smoke.29

These findings are consistent with previous lit-
erature showing that the first trimester is a critical 
phase in embryonic development, with susceptibility 
to implantation disorders, physiological stress, and 
hormonal changes, making pregnant women with 
irregular sleep patterns and heavy workloads more 
prone to miscarriage.30 

Meanwhile, passengers on regular flights during 
the first trimester did not show a significant increase 
in miscarriage rates. There is no consistent evidence 
that regular passengers experience miscarriages as 

a result of occasional flights during the first trimes-
ter, especially in uncomplicated pregnancies.31,32 
Therefore, air travel during the first trimester on 
short-haul flights without complications tends to be 
safe, but long-haul flights or irregular flights should 
be considered carefully.

Risks in the Second Trimester
A large study by Ram et al. (2020) involving more 

than 41,000 participants found that air travel dur-
ing the second trimester was not associated with a 
clinically significant increase in the risk of obstetric 
complications.27 This study even reported a statisti-
cally significant, albeit small, increase in the average 
gestational age and birth weight. 

Table 1. Overview of the characteristics of the included studies (continued).



204

suhaimi et al

volume 25, issue 3, July - september 2026

These findings support recommendations long 
held by various professional organizations, including 
the American College of Obstetricians and Gynecolo-
gists (ACOG), which states that the second trimester 
is the safest period for air travel, as the risk of mis-
carriage has decreased, the nausea and vomiting 
of early pregnancy have passed, and the size of the 
uterus has not yet caused excessive discomfort.1,33,34

Risks in the Third Trimester
In the third trimester, two studies showed rela-

tively convincing results. A study by Petrikovsky 
et al. noted temporary changes in fetal movement 
during transatlantic flights, but no long-term effects 
on the fetus.25 Meanwhile, Tchirikov et al. evaluated 
the safety of air travel in patients with twin-to-twin 
transfusion syndrome (TTTS) undergoing fetoscopic 
procedures and found no increased maternal or 
neonatal risk compared to ground transportation.24 

These findings suggest that with proper medical 
preparation, even high-risk pregnancies can be safely 
transported by air.

However, air travel during the third trimester 
still needs to be approached with caution due to 
physiological risks such as inferior vena cava com-
pression, increased risk of thromboembolism, and 
the possibility of spontaneous labor.3,35 This is also 
in line with the general restrictions imposed by 
airlines, which often limit flights after 36 weeks of 
pregnancy.2

Risk of Thrombosis and Other Non-Trimester-
Specific Outcomes
A study by Ram et al. (2023), which did not specify 

the trimester, found an increased risk of venous 
thromboembolism (VTE) after air travel, with a haz-
ard ratio of 1.406.28 Although the absolute incidence 
is low, this highlights the importance of preventive 
measures such as wearing compression stockings, 
staying hydrated, and moving around during flights 

— especially for pregnant women with additional 
risk factors such as obesity, a history of thrombosis, 
or multiple pregnancies.4

Strengths and Limitations of the Review
The strength of this review lies in its specific focus 

on trimesters, which are rarely discussed in previous 
literature, as well as its use of observational studies 
that reflect real-world clinical practice. 

However, there are several limitations. First, the 
number of studies that met the inclusion criteria 
was relatively small, and most were retrospective in 
design. Second, the variability of outcomes, measure-
ment methods, and heterogeneous population groups 
made quantitative synthesis (meta-analysis) impos-
sible. Third, some studies used specific populations 
(e.g., flight attendants or referral patients with TTTS) 
that may not be generalizable to all pregnant women.

Conclusion
This systematic review shows that air travel dur-

ing pregnancy has a varying risk profile depending 
on the trimester of pregnancy. The second trimester 
consistently emerges as the period with the lowest 
risk and is considered safe for pregnant women who 
have no medical complications. Conversely, the first 
trimester is associated with an increased risk of 
miscarriage, especially in cases of long flights or jobs 
with irregular working hours, so pregnant women 
in this situation need special attention. In the third 
trimester, although some studies indicate relative 
safety, potential risks such as premature labor, venous 
thromboembolism, and physical discomfort should 
still be considered, especially on long-haul flights.

Overall, air travel can be considered safe for most 
pregnant women, provided that individual clinical 
evaluation is still necessary before traveling, espe-
cially for groups with specific obstetric or medical risk 
factors. Air travel recommendations should consider 
the gestational age, flight duration, health status of 
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the mother and fetus, and appropriate preventive 
measures such as mobilization, hydration, and the 
use of elastic compression.

Further research with prospective designs and 
more in-depth trimester-specific risk analyses is still 
needed to strengthen the evidence base and guide 
more specific clinical recommendations.
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