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REVIEW ARTICLE

                       V UORIO  A, L AUKKALA  T, N AVATHE  P, B UDOWLE  B, E YRE  A, S AJANTILA  
A.  Aircraft-assisted pilot suicides: lessons to be learned.  Aviat Space 
Environ Med 2014; 85:841 – 6.  

 Aircraft assisted suicides were studied in the United States, United 
Kingdom, Germany, and Finland during 1956-2012 by means of litera-
ture search and accident case analysis. According to our study the fre-
quency varied slightly between the studies. Overall, the new estimate of 
aircraft assisted suicides in the United States in a 20-yr period (1993-
2012) is 0.33% (95% CI 0.21-0.49) (24/7244). In the detailed accident 
case analysis, it was found that in fi ve out of the eight cases from the 
United States, someone knew of prior suicidal ideation before the air-
craft assisted fatality. The caveats of standard medico-legal autopsy and 
accident investigation methods in investigation of suspected aircraft as-
sisted suicides are discussed. It is suggested that a psychological autopsy 
should be performed in all such cases. Also the social context and pos-
sibilities of the prevention of aviation-related suicides were analyzed. In 
addition, some recent aircraft assisted suicides carried out using com-
mercial aircraft during scheduled services and causing many casualties 
are discussed.   
 Keywords:   suicide  ,   aircraft  ,   aviation  ,   forensic  ,   fatal  ,   pilot  .     

 THERE HAVE BEEN only a few recent studies on 
completed suicides in aviation in the United States 

( 4 , 25 , 40 ), Germany ( 34 ), and the United Kingdom ( 8 ). To 
reduce pilot-related aviation risks, aviators must fulfi ll 
high health requirements, which are evaluated in detail 
in initial and periodic health care examinations. When 
established suicide risk factors, such as an earlier suicide 
attempt, a major depressive episode, and alcohol abuse 
are observed, aviators ’  fi tness to fl y is limited ( 9 , 10 , 39 ). 

 A likely reason for the relatively low number of stud-
ies related to the use of aircraft as a method for com-
pleted suicide is the diffi culty in classifying the manner 
of death (MoD), defi ned as  “ the way in which the death 
was caused, ”  in aviation fatalities. Investigations of sud-
den and unexpected or suspicious deaths in general, 
and deaths related to accidents or suicides in particular, 
belong to the realm of forensic pathologists ’  and medi-
cal examiners ’  daily work. However, when determining 
the cause of death (CoD), defi ned as  “ an injury or dis-
ease that ultimately leads to death, ”  they may have lim-
ited external information prior to autopsy and are not 
always in an optimal position to establish the MoD, i.e., 
whether the case was suicidal or accidental in nature. 
Therefore, depending on national CoD investigation and 
classifi cation systems, it may not be possible to have ac-
cess to the most accurate data on rare and sensitive inci-
dences. This limitation means that situations, such as 
aircraft assisted pilot suicides, are even more diffi cult 

to identify. Just as importantly, available offi cial data 
should be critically assessed. 

 The most accurate data can be obtained only by com-
bining the information derived from medico-legal autop-
sies with pilots ’  lifetime mental and physical health care 
records, and by assessing risk and protective factors for 
suicide ( 14 , 36 ). The information used in such investiga-
tions may include personal letters, e-mails, notes, and 
detailed interviews with relatives, close friends, and col-
leagues. Therefore, psychological autopsy ( 20 , 33 ) should 
be considered critical in assessing CoD and MoD. This 
specifi c method can be used to establish the cause and 
circumstances of someone ’ s death based on all available 
information gathered on the deceased from personal 
documents, police reports, medical and coroner’s records, 
and structured face-to-face interviews with attending 
health care personnel, families, friends, and others who 
had contact with the person before death ( 17 , 35 ). 

 For this article we collected data for general aviation 
from the United States, the United Kingdom, Germany, 
and Finland. In particular, scientifi c literature and acci-
dent reports relating to aircraft accidents were analyzed. 
The United States, United Kingdom, and Germany were 
selected based on earlier published literature. Finland 
was selected for this analysis as representing a small 
aviation country with a relatively high rate of medico-
legal autopsies ( 26 ) and suicide in the general population 
( 42 ). We analyzed the proportion of aviation suicides in 
relation to the total number of fatal aviation accidents 
in various time series from 1956 to 2012. Additionally, 
we discuss lessons to be learned for future accident 
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investigations and for the prevention of such cases as 
well as briefl y exploring the social and cultural context 
of pilot suicides.  

 METHODS 

 A PubMed search was performed to identify publica-
tions during the period 1990 – March 2013. The following 
search terms were used:  “ aviation ”  OR  “ aviation accident ”  
OR  “ aircraft accident ”  AND  “ suicid* ”  (which includes sui-
cide, suicidal, suicidality, and other suicide-related terms). 
This search provided data for the United States for the 
years 1993-2002, for the United Kingdom for the years 
1956-1995, and for Germany for the years 1974-2007. 

 To identify deaths by suicide caused by aircraft acci-
dents within general aviation operations between the 
years 2003-2012 in the United States, we used the Na-
tional Transportation Safety Board (NTSB) database ( 29 ) 
and the interactive search capability for the NTSB data-
base, which allows inputs with suitable preconditions. 
Those accidents in which suicide was, according to the 
NTSB, a probable CoD were selected for detailed inves-
tigation. To identify aircraft fatalities caused by suicides 
within general aviation operations between the years 
2003-2012 in Finland, statistics available from the Finn-
ish Safety Investigation Authority were used ( 12 ). The 
data were compared for statistical differences using 
Fisher ’ s exact test.   

 RESULTS 

 The PubMed search review revealed 57 articles with 
the keywords  “ aviation ”  OR  “ aviation accident ”  OR 
 “ aircraft accident ”  AND  “ suicid*. ”  These were further 
analyzed to pick data on the pilot suicides. Finally, the 
data for the United States ( 25 ), United Kingdom ( 8 ), and 
Germany ( 34 ), and a negative search from the Finnish 
database ( 12 ) were included in this study. 

 The NTSB aviation accident database and the interac-
tive search capability for the NTSB database revealed 
13 potential accident cases in the United States during 
2003-2012, and they were further analyzed so that only 
those in which an aircraft was used as a possible or cer-
tain method of suicide (for instance intentional fl ight into 
terrain) were included. Finally, 8 cases from 3596 aircraft 
accidents were accepted into our study. In only two of 
those cases health care professionals knew of the victim ’ s 
suicidal ideation according to the NTSB investigation. 
Friends or former friends were aware of suicidal ide-
ation in three more cases. Four of the eight victims were 
intoxicated with alcohol. Two, possibly three, of the vic-
tims had a diagnosed and treated current major de-
pressive episode. Personal, legal, and/or relationship 
problems were mentioned in four investigations. This 
information was limitedly available to those who as-
sessed fi tness to fl y (    Table I  ). Cases included U.S. acci-
dents where the NTSB regarded the probable cause of 
the aircraft accident to be suicide and we did not evalu-
ate cases where the NTSB regarded the probable cause 
of the accident to be anything else than suicide, for in-
stance undetermined.     

 Figures regarding fatal aircraft accidents in the United 
States show that between the years 1993-2002 aircraft 
-assisted pilot suicides totaled 0.44% (16 of 3648 fatal ac-
cidents) ( 25 ), which is somewhat higher compared to 
that found in aircraft assisted suicides in the United 
States between 2003 and 2012 from the NTSB search en-
gine, namely 0.22% (8 of 3596 fatal accidents). Overall, 
the new estimate of aircraft assisted suicides in the 
United States in a 20-yr period (1993-2012) is 0.33% 
(95% CI 0.21-0.49) (24/7244). In Europe, the longest pe-
riod of data collection comes from the United Kingdom, 
where during a 30-yr period (1956 – 1995), aircraft-assisted 
pilot suicide frequency was 0.3% (3 of 1000 fatalities) ( 8 ). 
On the other hand, the largest single data source in our 
study is from Germany, where during 1974 – 2007 the fi g-
ure was 0.29% ( 34 ). In Finland, between the years 2003 
and 2012, none of the 19 fatal accidents was classifi ed as 
suicidal.   

 DISCUSSION  

    Frequency and Occurrence of Aircraft Assisted Suicides 

 The data collected and analyzed in this study of recent 
aviation fatalities show that aircraft assisted suicide was 
identifi ed and discovered in about 0.33% (24 of 7244) of 
fatal accidents collected from the United States. The fi g-
ure is likely an underestimation and thus represents a 
minimum frequency of aircraft assisted pilot suicides, 
since investigation of aircraft accidents is technically de-
manding, time and man-power consuming, and often 
diffi cult to assess with regard to suicide attempts. A par-
ticular aspect in the investigation is the determination of 
the MoD, particularly in the sensitive case of suspected 
pilot suicide and the possible consequences. The results 
from this study suggest a slightly decreasing trend in 
the United States for pilot suicides by use of aircraft 
(    Table II  ). However, besides the small total number of 
fatalities, our data series were not designed to study the 
trends and there was no statistical support for the differ-
ences between the two study sets from the United States. 
Thus it would be premature to make defi nite conclusions 
about the trends in aircraft assisted pilot suicides in the 
United States.     

 Suicide may occur without previous warning and 
studies show that only 22% of individuals committing 
suicide communicate their intention during their last 
appointment with health personnel ( 19 ). It is, therefore, 
noteworthy that information derived from the NTSB da-
tabase suggests that in fi ve out of the eight (63%) com-
pleted suicides in our series from the United States 
during 2003-2012, someone knew of a victim ’ s suicidal 
ideation ( Table I ). Thus, it is important that indications 
and warnings for suicides be taken seriously, so that ef-
fective interventions can be implemented. It has been 
found that among U.S. Air Force military pilots who 
attempted suicide, a majority (79%) actually returned 
to fl ying duties following aeromedical assessment in 
which the underlying psychiatric diagnosis was care-
fully considered ( 30 ). Similarly, The Civil Aviation Safety 
Authority (Australia) do not consider suicide attempts 
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as disqualifying and holistically include that as an indi-
cation of the severity of psychiatric illness. The vast ma-
jority of pilots with attempted suicides have been able to 
resume fl ying once the underlying psychiatric condition 
was in remission, provided that the condition itself was 
not an impediment to medical certifi cation. 

 Notwithstanding cases of terrorism, passenger air-
craft have rarely been used as a method of suicide in 
commercial fl ying. One possible commercial fl ight pilot 
suicide case is that of Silk Air Flight MI 185, which 
crashed on 19 December 1997; 97 passengers were killed 
when the captain in this fl ight made an extremely rapid 
descent ( 21 ). A particular concern arose after the Indone-
sia ’ s National Transportation Safety Committee investi-
gation had completed their investigation and therefore 
the American NTSB carried out its own investigation. 
The NTSB concluded that the accident could be ex-
plained by intentional pilot action ( 21 ). 

 The latest possible case in commercial civil aviation 
was a recent aircraft accident in Mozambique ( 37 ). The 
captain of a LAM Mozambique Airlines jet put the plane 
into a dangerously steep dive, seemingly on purpose, 
killing all 33 aboard. This recent accident, which is still 

under investigation, adds to the concern of future acci-
dents in commercial civil aviation carried out as aircraft 
assisted suicide. The future growth in aviation will hap-
pen in Asia and Africa and there is a need for accident 
investigators to understand the social context of suicides 
in these cultures when preventive measures are planned.   

 Physical and Psychological Autopsy 

 In cases of fatal intoxication, gunshot or sharp wound, 
or falls from heights, the forensic pathologist or medical 
examiner may be able to reconstruct the circumstances 
and other details for establishing the CoD or MoD with 
reasonable certainty. However, in the case of aircraft fa-
tality, the physical damage to the human body is often 
so extensive that is impossible to deduce the relevant 
information for establishing the MoD (e.g., suicide or ac-
cident) merely from the autopsy fi ndings. Moreover, when 
the aircraft is used as a means of infl icting the trauma 
(crashing the aircraft), even should the damage not be 
that extensive, the only fi nding would be death by 
trauma. To achieve a satisfactory assessment of suicide, 
psychological autopsies must be carried out in addition 

 TABLE I.        MOST COMMON ETIOLOGY OF AIRCRAFT ASSISTED SUICIDAL ACCIDENTS IN GENERAL AVIATION OPERATIONS IN THE UNITED 
STATES BETWEEN 2003-2012.  

  DoA *  (MoLME)  †  Pilot ’ s Age (years) Forensic Toxicology
Current Major 

Depressive Episode Other Remarks
Description of 

Intentional Suicide  

  25/2/2003 (03/2002) 26 None No None Intentional fl ight into 
 trees/ground 

 21/7/2003 (04/2003) 45 Ethanol, AD  ‡  , AH § Yes Earlier suicide attempt 
 3 d before accident

Intentional fl ight into 
 terrain 

 16/9/2003 (05/2002) 69 Ethanol Not known Prior suicidal thoughts Intentional fl ight into 
 the ground 

 6/2/2006 21 Ethanol Not known Relationship issues, 
  suicidal thoughts, 

and note

Unauthorized use of 
  helicopter, fl ight into 

terrain 
 5/3/2007 (11/2006) 47 and Minor child None Not known Legal problems Dive toward the ground 
 26/8/2007 (4/2007) 25 Ethanol, use of AD ¶ , 

 and other ** 
Yes Relationship issues, 

 suicidal thoughts
Impacted an open fi eld 

 27/12/2010 (2/2009) 50 Use of AD ¶ Possible (based on 
 AD use)

None Impacted rolling terrain 

 23/9/2012  †  †   (5/2012) 48 Not analyzed Not known Personal problems, 
 suicidal note

Flight into ocean  

   Based on The National Transportation Safety Board database (cited 20,140,421).  
  *  DoA  5  date of accident;  † MoLME  5  month of last medical examination;  ‡ AD  5  antidepressant (citalopram and fl uoxetine); §AH  5  antihistamine 
(diphenhydramine);  ¶ antidepressant (citalopram); **use of different medications used for seizures, movement disorders, and certain mental conditions; 
 †  † neither pilot nor wreckage was discovered.   

 TABLE II.        FREQUENCY OF AIRCRAFT ASSISTED SUICIDAL ACCIDENTS IN DIFFERENT COUNTRIES.  

  Country Years Analyzed %, (No. of Suicides/Total No. of Fatal Accidents) Reference  

  U.S. 1993-2002 0.44 (16/3648) 0.25-0.71 * Lewis et al. ( 25 ) 
 U.S. 2003-2012 0.22 (8/3596) 0.10-0.44 * this study 
 U.S. 1993-2012 0.33 (24/7244) 0.21-0.49 * this study 
 UK 1956-1995 0.30 (3/1000) 0.06-0.87 * Cullen et al. ( 8 ) 
 Germany 1974-2007 0.59 (18   †   /3058   ‡   ) 0.35-0.98 * Schwark et al. ( 34 ) 
 Finland 2003-2012 0 (0/19) 0-17.6 * this study  

   *     95% confi dence intervals for the frequency estimates.  
    †       Number of deceased in suicides.  
    ‡       Number of deceased in aircraft accidents.   
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to the physical autopsy. Psychological autopsy is particu-
larly time-consuming and demands multidisciplinary 
expertise. The International Civil Aviation Organization ’ s 
Clinical Practice Guidelines Annex 13 ( 18 ) suggests that 
in accident investigations, pilot information relating to a 
couple of days preceding the accident should be ana-
lyzed. If, however, a suicidal act is suspected, this lim-
ited time frame is insuffi cient. Investigators should 
carry out further interviews with relatives and examine 
medical records going back several years. More rigorous 
explorations will enable a proper psychological autopsy 
to be performed. However, such examinations are not 
always possible in each case of general aviation accidents 
because of the limited time and lack of special skills 
needed to complete psychological autopsies. Therefore, 
estimates of the real frequency of suicidal acts by aircraft 
actually are somewhat limited. Regardless of the accu-
racy of the frequency of airplane suicidal acts, accident 
investigation methods can be improved to be able to 
confi rm as many as possible of these kinds of cases so 
that a better understanding of causes can enable institu-
tion of preventive methods. 

 Research in the United Kingdom into the investiga-
tion of suicide more generally has highlighted problems 
with the use of coroners’ records for the establishment 
of suicide ( 3 ). While coroners tend to be willing to assist 
with studies associated with suicide, there is considerable 
variation among coroners in the extent of information 
that is included in their records. Some relatively impor-
tant items often are not recorded, for example contact 
with psychiatric services, date of last contact with health 
care, blood levels for drug overdoses, etc. ( 13 ). It is sug-
gested that standardization of information recorded by 
coroners would be valuable for investigations of sui-
cide. More explicit information would impact investiga-
tions of aviation-related as well as other circumstances 
of death in suspected suicides.   

 Comparison with Suicides in Road Traffi c 

 There is much more information available on the in-
vestigation of road traffi c fatalities ( 32 ). Especially in 
analysis of car accidents in northern Sweden with spe-
cial emphasis on collisions with heavy vehicles, it was 
noticed that verifying a suspected suicide in road acci-
dents is not always possible ( 5 ). When examining rare 
incidents, a lower classifi cation of suicides (number/
count) may be assumed than is actually the case. Indeed, 
thorough analyses of frequency of suicidal cases in fatal 
traffi c accidents have been estimated to be about two 
times higher than those in the offi cial records ( 44 ). The 
actual frequency of suicidal cases has usually been esti-
mated to be about 2 – 4% of all fatal road traffi c accidents 
( 5 , 32 , 43 ), but in one study the frequency was estimated 
to be 8% ( 16 ). Naturally, caution should be exercised to 
avoid bias with suspicions or assumptions of a suicide, 
for example, information about previous mental health 
problems does not in itself constitute suicide. Interestingly, 
it has been shown that the proportion of suicides in road 
traffi c fatalities in Finland has increased from the 1970s 

to 1990s ( 15 ). There is no explanation for this phenome-
non, but the most common mental state among suicide 
drivers was depression ( 15 ).   

 Aircraft-Assisted Suicide in Social Contexts 

 A social scientifi c approach may contribute to a broader 
understanding of the phenomenon and incidence of pi-
lot suicide. Understanding the factors that contribute to 
suicide generally has benefi tted by being a multidisci-
plinary approach of study, including sociology, psychol-
ogy, medical research, and forensic science. A very good 
example of a multidisciplinary research program is the 
Oxford Centre for Suicide Research ( 38 ). 

 Suicidology highlights the role of societal and cultural 
factors and individual risk factors, such as depression, 
in relation to the causes of suicide. Such research often is 
linked to prevention strategies focusing on the promo-
tion of resilience and the enhancement of protective 
factors such as social support. The role of social and or-
ganizational as well as individual factors and circum-
stances are thus likely to be signifi cant areas to explore 
in further work reviewing and understanding particu-
lar cases of pilot suicide. A unique type of suicide was 
illustrated as a part of collective acts of aggressions, as 
witnessed most dramatically in recent times by the ter-
rorist attacks of September 11, 2001. The study of mar-
tyrdom ( 11 ) offers historical and cultural explanations 
for the motivation and behavior of those involved in 
such extreme and collective acts and also highlights that 
suicidal acts involving planes are not a new phenomenon.   

 Understanding Individual Pilot Suicide 

 A number of social and cultural factors might be rele-
vant in the consideration of suicidal acts taken by indi-
vidual pilots in general aviation. A relevant area for 
further analysis is an exploration of the interaction be-
tween general risk factors for suicide and the organi-
zational and occupational setting. For example, studies 
reviewing different types of pilots, such as private, com-
mercial, and military pilots, and differing circumstances 
of individual pilots involved in authorized and unau-
thorized use of an aircraft may be informative. Research 
into suicide prevalence among other occupational groups 
such as doctors and farmers, for example, has high-
lighted the signifi cance of contributory factors such as 
availability of method, work patterns, social relation-
ships, and levels of occupational stress ( 13 , 27 , 28 ). 

 A body of research highlighting the sources and ex-
periences of high levels of occupational and non-
occupational stress among commercial pilots, studies 
highlighting pilot testimony regarding stress and fa-
tigue ( 2 , 6 ), and the signifi cance of levels of social and 
spousal support ( 22 , 41 ) offer valuable insight into such 
potentially contributory factors. Indeed, a recent re-
view by a career website in 2011 and 2012 concluded 
that work-related conditions make being a commercial 
airline pilot one of the most stressful jobs in the United 
States ( 23 ).   
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 Prevention of Suicides in Aviation 

 Within military aviation, the U.S. Air Force has a sui-
cide prevention program which aims to reduce stigma 
and encourage early help-seeking behavior by changing 
social norms through education and policy ( 24 ). When 
suicide notes from U.S. Air Force personnel were ana-
lyzed, identifi ed risk factors included hopelessness and 
perceived burdensomeness, while interviews with ac-
quaintances of the deceased revealed that thwarted be-
longingness was most often communicated verbally 
before death ( 7 ). Selection procedures for military pilots 
should play a substantial role in determining the pre-
paredness of pilots for the rigorous training and work 
demands of such careers as well as identifying suicide 
risk and prevention strategies. Among aviators and the 
general population, lowering barriers to care has a role 
in suicide prevention ( 24 , 31 ).   

 Aviation Fatality Investigations and Forensic Suicidology 

 Although the consultation of a range of experts is very 
common in accident investigations, the role played by 
forensic suicidologists in this context is relatively new 
and infrequent. In terms of future successful investiga-
tions in equivocal cases and improving standards there 
has been a move in the United States toward credential-
ing expert witnesses in suicidology. The Accreditation 
Board of Forensic Suicidology was established by the 
American Association of Suicidology in December 2008, 
with a charge to develop minimum professional standards 
for, and a process to provide, certifi cation as a Forensic 
Suicidologist. By establishing policies, procedures, and 
agreed-upon criteria to validate and vet the credentials 
of those seeking such a professional designation, the 
American Association of Suicidology is striving to en-
able the courts and lawyers to better identify expertise 
in the fi eld of suicidology ( 1 ).   

 Conclusion 

 Social, cultural, and occupational aspects, individual 
psychological factors, and contributory and explanatory 
factors all contribute to suicides. All these factors should 
be considered in investigations in suicides in general 
and aviation-related ones in particular. Investigators 
should have a low threshold for getting specialists in-
volved in a suspicious aviation death. Such investigations 
will lay sounder foundations for the identifi cation of the 
most appropriate and effective prevention strategies for 
addressing stress levels of particular pilot groups for the 
settings, opportunities, and mitigation that lead to avia-
tion-related suicide. 

 External data collection and the frequency of medico-
legal autopsies vary among different countries, and perhaps 
even within countries, depending on regional or state/
province practices and among individual investigators. 
Data on pilot suicide, therefore, are variable. Establish-
ing a minimum standard of reporting in investigations 
will enable better estimates of the frequency of pilot sui-
cide and, with better information, there is the opportu-
nity to develop and support preventative programs.      
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