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Health-related factors can impact aviation safety. This study investigated the published, historical aviation accidents that
have been investigated by the U.S. National Transportation Safety Board (NTSB) to understand medical conditions and
medication use that have been determined to be causal to mishaps.

METHODS:

A two-part approach was adopted for this study: 1) a scoping review was conducted to provide an overview of the

current medical literature addressing medical factors and flight safety; and 2) a comprehensive review of aviation
accident reports from the NTSB database from January 2013 to October 2022.

RESULTS:

The literature review demonstrated that psychiatric, cardiovascular, and neurological medications were the major

categories of medications reported in fatal aircraft accidents. Age was not found to be a risk factor. Review of the NTSB
database demonstrated that, among 15,654 mishaps, medical factors were associated in 703 (4.5%) accidents. NTSB
data showed that cardiovascular (1.3%), psychiatric (0.23%), and endocrine diseases (0.17%) were the most commonly
reported diseases among pilots. In accident reports, cardiovascular medications (1.49%), sedating antihistamines
(0.91%), and alcohol (0.70%) were the most commonly used medications at the time of the accidents.

DISCUSSION:

Health-related factors were a small yet likely underestimated proportion of the factors associated with accidents.

Cardiovascular diseases and treatment were the most important factors. It is important to continue to investigate the
association between health-related factors and the commission of mishaps.
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ealth-related factors can contribute to aviation acci-

dents. Research has shown that while these factors are

less common than mechanical failures, they can still
significantly impact aviation safety. The U.S. Code of Federal
Regulations, Chapter 14, §67 requires the pilot to be examined
by an Aviation Medical Examiner (AME) and issued an airman
medical certificate to qualify for flight. Additionally, 14 CFR
§61.53 prohibited pilots from carrying out any flying duties
when they have or suspect certain medical conditions. The Fed-
eral Aviation Administration (FAA) summarized the AME’s
responsibilities and provided clarifying information within the
AME Guide.® This Guide provides information regarding spe-
cific treatments and medications that may pose a risk for pilots
and how to proceed with the medical treatment and workup to
apply for medical recertification. It facilitates the AME’s perfor-
mance of medical duties.

aviation accidents, health-related factors, aviation safety.

g pilots in aviation

In recent years, the importance of health factors on aviation
safety has gained more attention in the aviation industry with
notable mental-health-related fatal commercial aircraft acci-
dents (e.g., Germanwings Flight 9525), particularly due to the
ongoing pandemic. Despite increased awareness, symptoms or
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medications have continued to be reported as impacting safety.
There has been published literature examining health-related
factors and their impact on aviation safety. However, further
efforts were needed to link the literature to real-world accidents
and to establish causality with respect to these factors. To better
understand the current situation and promote aviation safety,
this study investigated the medical conditions and medication
use among pilots who had been determined to be causal to avi-
ation accidents.

METHODS

This study adopted a two-part approach: 1) a scoping review
was conducted to provide an overview of the current medical
literature, using PubMed and Scopus; and 2) aviation accident
reports from the National Transportation Safety Board (NTSB)
database were comprehensively reviewed from the period of
January 2013 to October 2022.

In the first part of the study, a literature review was con-
ducted to identify all relevant papers on health-related factors
in aviation accidents from the inception of each database.
Papers discussing health conditions or symptoms in aviation
accidents were included. At the same time, those that did not
focus on human factors, did not involve aviation traffic, or were
not in English were excluded. Potential health-related factors
were reviewed and extracted from the papers, and a descriptive
overview and comparison were generated from the studies.

In the second part of the study, online reports from January
2013 to October 2022 from the NTSB Monthly List of Aviation
Accidents were reviewed. Health-related information, includ-
ing chronic health conditions reported by the FAA or accident
investigators, symptoms before or during flight, medications
used by the pilot as reported, and medication levels detected
by autopsy after the accidents, was extracted. A descriptive
summary of the symptoms, conditions, and medications was
compiled.

RESULTS

The study identified 20 eligible medical manuscripts on
health-related factors in aviation accidents, ranging from 1968
to 2022 from PubMed and Scopus. There were seven cross-
sectional studies, four narratives reviews, four machine learning
methodology manuscripts, two retrospective cohort analyses,
one case-control study, one legal discussion,'” one systematic
review, and one technical note. These studies discussed health-
related information found in aircraft accidents or methods to
predict accidents. These results are summarized in Table I and
the details of the studies are available upon request.

Chronic conditions, such as cardiovascular diseases, neu-
rological conditions, psychological conditions, severe gastro-
intestinal disorders, young age, hypoxia, and fatigue, were
identified in the published medical reports as factors during

in-flight incapacitations by Bennett et al,! Canfield et al.,’
Froom et al.,” Mohler and Booze,' Siegel et al.,'” and Mason
et al.’* Coronary artery disease and acute myocardial isch-
emia were the most frequently identified cardiovascular
diseases, and acute myocardial ischemia can result from cor-
onary artery disease or hypoxic conditions.>® Psychiatric
history associated with active psychological conditions, emo-
tions, acute mental shock following adverse life events, and
suicides were the most commonly identified psychological
conditions. A study reported that severe gastrointestinal dis-
orders accounted for 59% of cases that jeopardized flight
safety but were less concerning to investigators because, in
the majority of cases, pilots had time to warn other crew-
members. Young age, particularly under 26 yr, was consid-
ered a risk factor. Hypoxia was considered a risk factor that
might not be related to chronic health conditions (more likely
due to environmental factors at altitude). Fatigue of pilots
was also considered a risk factor that could impair judgement.

There were three major categories of medications found in
fatal aircraft accidents: psychotropic, cardiovascular, and neu-
rological medications.>'® Substances such as alcohol, carbon
monoxide, and other toxic gases were also found to be causes of
fatal aircraft accidents.>!*

The two studies interested in older age of the pilots found
that aging was not considered a risk factor in aviation acci-
dents."? Studies have shown that pilots between 30-33yr old
have the lowest accident rates, while pilots under 26 yr old have
the highest.! In general, pilots of older age tend to have lower
accident rates compared to younger pilots. However, this may
be influenced by the mandatory retirement age of 65 for pilots
flying under 14 CFR Part 121 (Commercial Airline Carriers).
Other factors such as physical lab results (e.g., liver function,
kidney function) and the degree of atherosclerosis found at
autopsy were not related to accidents.'®

Pilots lacking knowledge due to a lack of training and inex-
perience was a major human factor contributing to accidents
that occurred more frequently than health-related factors.*!!
However, health-related factors were also found to be very
important in triggering human errors.%’

Recently, there have been studies that have explored the use
of machine learning techniques to predict aviation accidents by
analyzing human factors and other flight conditions.!*'>%
These methods allow a computer to learn and identify risk fac-
tors without requiring the explicit specification of those factors.
In addition, some studies have employed virtual reality simula-
tions of flight tasks and cognitive dysfunction screening to
identify potential risks among pilots. These approaches hold
promise for improving aviation safety by identifying and miti-
gating potential risks proactively.

Opverall, 15,654 N'TSB reports were reviewed from January
2013 to October 2022. The average age of the pilots involved in
the accidents was 51.9yr old and 92.2% were men. There were
703 (4.5%) reported health-related factors the pilots carried at
the time of the accidents. The top 10 conditions are listed in
Fig. 1. Cardiovascular diseases (1.33%) were the top diseases
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Table I. Health-Related Factors Involved in Aviation Accidents.
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CATEGORY HEALTH-RELATED OR HUMAN FACTORS REFERENCES
Chronic condition Cardiovascular diseases: severe coronary artery disease, acute myocardial ischemia Canfield et al?
Neurological conditions Bennett'
Psychological conditions: psychiatric history, emotion, acute mental shock following life events, Booze et al?
suicides Froom et al.’
Severe gastrointestinal disorders (considered not concerning)*: appendicitis Mohler et al.'*
Young age (<26yr old) Siegel et al."”
Hypoxia Mason et al.”?
Fatigue
Medications Psychotropic medications: alprazolam, amitriptyline, bupropion, buspirone, chlordiazepoxide, Canfield et al
citalopram, clomipramine, diazepam, doxepin, fluoxetine, imipramine, lorazepam, mirtazapine, Senetal.'®
nefazodone, nordiazepam, norfluoxetine, oxazepam, paroxetine, sertraline, temazepam, trazodone,
venlafaxine, zolpidem, desalkylflurazepam cardiovascular medications: amlodipine, atenolol,
bisoprolol, clonidine, diltiazem, doxazosin, flecainide, labetalol, metoprolol, moricizine, nadolol
Neurological medications: carbamazepine, phenytoin
Substance High blood alcohol concentration Siegel et al."”
Carbon monoxide Mason et al."?
Smoke and toxic substances Bennett'

NOT a risk factor Age (>60)

Age (less important than inexperience)
Age between 30-33 age is protective.
Physical lab results

Degrees of atherosclerosis

Lack of training

Inexperience

Knowledge

Human error Human error

Accident
detection

Machine learning methodology
V/R-screening of cognitive function

Taneja et al®
Huster et al.”®
Bennett!

Weber et a2
Scheinman et al.'®

Karunakaran et al.4
Kelly et al.”!
Bennett!

Erjavac et al®
Froom et al.’

Wan et al.??

Perboli et al."”
Madeira et al.”

Van Benthem et al.”!

*Severe gastrointestinal disorders accounted for 59% of the cases, but 3% recognized it as concerning because there was time to warn the other pilot.

presenting among the pilots, while psychiatric (0.23%) and
endocrine (0.17%) conditions were the other top three
conditions.

The use of medications was not prevalent among pilots with
accidents (Fig. 2). The most frequently used medications
(1.5%) were cardiovascular medications, such as treatments for

Cardiovascular [N 1.33%
Psychiatric [ 0.23%
Endocrine [ 0.17%
Neurology [l 0.14%
Vision Impairment [l 0.11%
Fatigue [ 0.11%
Neuromuscular [l 0.10%
Respiratory [ 0.10%
Urology M 0.07%
Gastrointestinal | 0.04%

0.0% 0.5% 1.0% 1.5%

Fig. 1. Diseases or conditions presenting at the time of accidents.

hypertension and hyperlipidemia. About 0.9% of pilots were
using sedating antihistamines, 0.7% demonstrated evidence of
alcohol use, 0.5% were using antidepressants, 0.5% were using
opioids, 0.5% were using antipyretics (e.g., NSAIDs and acet-
aminophen), 0.4% were using psychotropic medications (e.g.,
alprazolam, ketamine, clonazepam), 0.4% were using cannabi-
noids (e.g., THC, marijuana, or CBD), and 0.3% were using
stimulant substances (i.e., cocaine, amphetamine). Around 0.2%
of pilots were using medication for benign prostatic hyperplasia
or erectile dysfunction treatments, 0.2% were using sleep aids,
and 0.1% were using acid reducers. Other medications, such as
decongestants and diabetic medications, were used by fewer
than 0.1% of pilots.

DISCUSSION

This study identified significant gaps between the published lit-
erature and existing investigatory data on human aviation fac-
tors deemed contributory to aviation accidents. The results of
our study suggest that while regulations and the FAA provide
guidance on aviation safety, the effects and causality of
health-related factors could be improved. Our scoping review
demonstrated that, while most medical publications reported
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Medication Use Among Pilots
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Fig. 2. The prevalences of medication use among the pilots at the time of the accidents.

descriptive analysis from case series or study cohorts, very few
studies were able to provide evidence on the associations
between health-related factors and aviation risks.

Our results suggest that health-related factors presented in a
very small proportion of accidents and among total flights. For
example, in 2021 FAA air traffic controllers managed 13,028,643
flights and 1646 accidents were reported.” Among all the acci-
dents, there were only 24 (1.5%) accidents (with reports cur-
rently finalized within the NTSB database) that report diseases
and conditions relevant to this investigation. However, the rate
may be underestimated due to the low reporting rate. NTSB
captures medications through postmortem tests and rely on
pilots’ medical information if the accident was not fatal. It was
reported that medication uses were far under-reported among
pilots. A study by DeJohn et al. found that in fatal aircraft acci-
dents, 66% of the pilots truthfully reported cardiovascular med-
ication use, and only 4% of the pilots reported psychiatric
medication.” This suggested that the actual medication use, as
well as the prevalence of medical conditions, could be higher
than what was discovered by this study. Therefore, the authors
call for more efforts in investigation and establishing a reliable
reporting and supportive system for pilots and their providers.
The system should aim to implement measures to support
pilots in the safe use of medications and encourage liberal
reporting of medication use and other medical issues. This
could directly help to aid not only a culture of safety, but the
quality of our data, leading to an improved understanding of
related risk.

DeJohn et al. also identified 189 pilots who had fatal aviation
accidents were using cardiovascular medications during
2009-2014, while this study reported 234 fatally injured pilots
used cardiovascular medication around the time the accidents
occurred between 2013-2022.° The difference can be from time
variation and improved health statuses among pilots as well as
less aviation accidents over the past 10yr.

Among all the human factors presented, cardiovascular dis-
ease in the mishap pilot was the most commonly attributed by
accident investigators as being the medical condition felt to be
causal to a fatal aircraft accident within the review period.
Further studies will, however, be needed to explore the burden
of this chronic disease and the overall risk to other pilots and
the greater airspace. New evidence is needed to provide infor-
mation on which specific cardiovascular conditions and what
physiological degrees increase risk. The clinical management of
these health conditions needs to be studied and pertinent poli-
cies regarding best clinical practices need to be established. The
study results also provided further directions for the reporting
and supportive system regarding how to prepare and allocate
the resources for the pilots and their medical providers.

Rapid onset of symptoms or conditions with an unpredict-
able clinical course (e.g., fatigue or respiratory symptoms, car-
diovascular symptoms) may be missed during periodic medical
examinations. According to the FAA, pilots are required to
report any symptoms to their AMEs that may impair their abil-
ity to operate safely.® The AME will then evaluate and judge
whether the pilot should continue or avoid their duties. These
symptoms could include dizziness, chest pain, or vision impair-
ment. These policy mechanisms ensure that pilots have access
to medical advice when necessary and help them maintain their
ability to fly safely, preventing potential risks to safety.

This study has several limitations. The literature review was
limited to published manuscripts in English. Due to these doc-
uments’ varied quality and focus, it did not include unpublished
reports, white papers, abstracts, or other documentation.
Instead, we reviewed the NTSB reports as a more reliable and
formal source of information, especially for medication use
which was recorded by postmortem test results. As mentioned
previously, studies reported that medical conditions were
under-reported by pilots, so this study, to certain extent, might
underestimate the results by only examining accident data.’

82 AEROSPACE MEDICINE AND HUMAN PERFORMANCE  Vol. 95, No.2  February 2024

SS900E 93l} BIA €1-G0-GZ0g 1e /wod Aioyoeignd-poid-swud-yiewlarem-jpd-awnidy/:sdiy wouy papeojumoq



However, it is important to understand that certain diseases,
such as cardiology and psychiatric, and medications such
as sedating antihistamines are the priority to be considered
from a policy perspective using the existing knowledge base.
Additionally, this study focused on pilots and their health-related
factors, although maintenance personnel also play a significant
role in flight safety. Human factors such as human errors and
knowledge deficiencies can lead to increased stress and fatigue
for pilots, increasing the risk of accidents due to aircraft
malfunctions.”*

In conclusion, this research study found that medical condi-
tions and medication usage had a low rate among pilots involved
in aviation accidents. Among these, cardiovascular diseases and
related treatments were the pathology that most frequently
contributed to accidents. The findings provide valuable insights
into the current state of aviation safety and can be used to
inform efforts to improve the aviation industry. It is crucial to
continue investigating the causal relationships between health-
related factors and aviation accidents and to mitigate risk at
every opportunity.

ACKNOWLEDGMENTS

We sincerely thank Stephanie A. McFarland, MLIS, Librarian at Mayo Clinic,
for assisting with the literature search.

Financial Disclosure Statement: The authors have no competing interests to
declare.

Authors and Affiliations: Ye Zhu, M.D., Ph.D., Reem A. Alsibai, M.D., Alzhraa
S. Abbas, M.D., Yahya Alsawaf, M.D., Samer Saadi, M.D., Magdoleen H. Farah,
M.B.B.S., Zhen Wang, Ph.D., and M. Hassan Murad, M.D., M.PH., Robert D.
and Patricia E. Kern Center for the Science of Health Care Delivery, Mayo
Clinic, Rochester, MN, USA; Ye Zhu, Michael E. Wolf, M.D., M.S., Reem A.
Alsibai, Alzhraa S. Abbas, Yahya Alsawaf, Samer Saadi, Magdoleen H. Farah,
and M. Hassan Murad, Division of Public Health, Infectious Diseases and
Occupational Medicine, Mayo Clinic, Rochester, MN, USA; and Ye Zhu,
Department of Pediatrics, Kirk Kerkorian School of Medicine at the University
of Nevada, Las Vegas, NV, USA.

REFERENCES

1. Bennett G. Medical-cause accidents in commercial aviation. Eur Heart J
1992;13(Suppl. H):13-15.

2. Booze CE Pidkowicz JK, Davis AW, Bolding FA. Postmortem coronary
atherosclerosis findings in general aviation accident pilot fatalities:
1975-77. Aviat Space Environ Med. 1981; 52(1):24-27.

3. Canfield DV, Salazar GJ, Lewis RJ, Whinnery JE. Pilot medical history
and medications found in post mortem specimens from aviation acci-
dents. Aviat Space Environ Med. 2006; 77(11):1171-1173.

4. Karunakaran CS, Ashok Babu J. Impact of human factors in aircraft
accident mitigation and aircraft maintenance training needs in post

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

AIR ACCIDENT HEALTH FACTORS—Zhu et al.

COVID-19 aviation. Aircraft Engineering and Aerospace Technology
2022; 94(8):1296-1302.

DeJohn CA, Greenhaw R, Lewis R, Cliburn K. Drug use reported by U.S.
pilots, 2009-2014. Aerosp Med Hum Perform. 2020; 91(7):586-591.
Erjavac AJ, lammartino R, Fossaceca JM. Evaluation of preconditions
affecting symptomatic human error in general aviation and air carrier
aviation accidents. Reliab Eng Syst Saf. 2018; 178:156-163.

Federal Aviation Administration. Air traffic by the numbers. 2022.
[Accessed Nov. 2023]. Available from https://www.faa.gov/sites/faa.gov/
files/air_traffic/by_the_numbers/Air_Traffic_by_the_Numbers_2022.pdf.
Federal Aviation Administration. Guide for aviation medical examiners.
[Accessed Nov. 2023]. Available from https://www.faa.gov/about/office_
org/headquarters_offices/avs/offices/aam/ame/guide/.

Froom P, Benbassat J, Gross M, Ribak J, Lewis BS. Air accidents, pilot
experience, and disease-related inflight sudden incapacitation. Aviat
Space Environ Med. 1988; 59(3):278-281.

Huster KM, Miiller A, Prohn MJ, Nowak D, Herbig B. Medical risks in
older pilots: a systematic review on incapacitation and age. Int Arch
Occup Environ Health. 2014; 87(6):567-578.

Kelly D, Efthymiou M. An analysis of human factors in fifty controlled
flight into terrain aviation accidents from 2007 to 2017. Journal of Safety
Research. 2019; 69:155-165.

Madeira T, Melicio R, Valério D, Santos L. Machine learning and natural
language processing for prediction of human factors in aviation incident
reports. Aerospace 2021; 8(2):1-18.

Mason JK. Joint Committee of Aviation Pathology: X. Previous disease in
aircrew killed in flying accidents. Aviat Space Environ Med. 1977;
48(10):944-948.

Mohler SR, Booze CFUS. Fatal general aviation accidents due to cardio-
vascular incapacitation: 1974-75. Aviat Space Environ Med. 1978;
49(10):1225-1228.

Perboli G, Gajetti M, Fedorov S, Giudice SL. Natural language processing
for the identification of human factors in aviation accidents causes: an
application to the SHEL methodology. Expert Systems with Applications.
2021; 186:115694.

Scheinman HZ. Coronary atherosclerosis in military pilots. I. Relation-
ship to flyingand aviation accidents. Aerosp Med. 1968;39(12):1348-1351.
Schuite JM. Aviation safety vs. medical confidentiality: disclosure of
health information for accident prevention and investigation. Aerosp
Med Hum Perform. 2019; 90(10):872-881.

Sen A, Akin A, Canfield DV, Chaturvedi AK. Medical histories of 61 avi-
ation accident pilots with postmortem SSRI antidepressant residues.
Aviat Space Environ Med. 2007; 78(11):1055-1059.

Siegel PV, Mohler SR. Medical factors in U.S. general aviation accidents.
AM 69-2. AM Rep. 1969; Apr:1-6.

Taneja N, Wiegmann DA. Prevalence of cardiovascular abnormalities in
pilots involved in fatal general aviation airplane accidents. Aviat Space
Environ Med. 2002; 73(10):1025-1030.

Van Benthem K, Herdman CM. A virtual reality cognitive health screen-
ing tool for aviation: managing accident risk for older pilots. International
Journal of Industrial Ergonomics. 2021; 85:103169.

Wan M, Liang Y, Yan L, Zhou T. Bibliometric analysis of human factors in
aviation accident using MKD. IET Image Processing. 2021. 2021:12167.
Weber E Kron M. Medical risk factors in fatal military aviation crashes: a
case-control study. Aviat Space Environ Med. 2003; 74(5):560-563.
Zimmermann N, Mendonca FAC. The impact of human factors and
maintenance documentation on aviation safety: an analysis of 15 years of
accident data through the pear framework. Collegiate Aviation Review.
2021; 39(2):100230.

AEROSPACE MEDICINE AND HUMAN PERFORMANCE  Vol. 95,No.2  February 2024 83

SS900E 93l} BIA €1-G0-GZ0g 1e /wod Aioyoeignd-poid-swud-yiewlarem-jpd-awnidy/:sdiy wouy papeojumoq


https://doi.org/10.1093/eurheartj/13.suppl_H.13
https://doi.org/10.1108/AEAT-10-2021-0300
https://doi.org/10.3357/AMHP.5554.2020
https://doi.org/10.1016/j.ress.2018.05.021
https://www.faa.gov/sites/faa.gov/files/air_traffic/by_the_numbers/Air_Traffic_by_the_Numbers_2022.pdf
https://www.faa.gov/sites/faa.gov/files/air_traffic/by_the_numbers/Air_Traffic_by_the_Numbers_2022.pdf
https://www.faa.gov/about/office_org/headquarters_offices/avs/offices/aam/ame/guide/
https://www.faa.gov/about/office_org/headquarters_offices/avs/offices/aam/ame/guide/
https://doi.org/10.1007/s00420-013-0901-x
https://doi.org/10.1016/j.jsr.2019.03.009
https://doi.org/10.3390/aerospace8020047
https://doi.org/10.1016/j.eswa.2021.115694
https://doi.org/10.3357/AMHP.5391.2019
https://doi.org/10.3357/asem.2030.2007
https://doi.org/10.1016/j.ergon.2021.103169
https://doi.org/10.1049/ipr2.12167
https://doi.org/10.22488/okstate.22.100230

	Health-Related Factors Among Pilots in 
Aviation Accidents
	METHODS
	RESULTS
	DISCUSSION
	ACKNOWLEDGMENTS
	REFERENCES


