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Objective: To determine the risk of mortality from mental disorders and suicide 
in professional sports associated with repeated head impacts.
Methods: A systematic search was performed in PubMed, Web of Science, 
Scopus, and SPORTDiscus (since inception to June 8, 2021) to find studies com-
paring the incidence of mortality from mental disorders or suicide in former or 
active professional athletes of sports characterized by repeated head impacts vs 
athletes with no such exposure or the general non-athletic population.
Results: Seven retrospective studies of moderate-to-high quality that included 
data from boxers and from basketball, ice hockey, soccer, and National Football 
League (NFL) players, respectively (total = 27 477 athletes, 100% male) met all 
inclusion criteria. Former male NFL players (n = 13 217) had a lower risk of mor-
tality from mental disorders (standard mortality rate [SMR]  =  0.30; 0.12–0.77; 
p = 0.012) and suicide (SMR = 0.54; 0.37–0.78; p < 0.001) than the general pop-
ulation. This finding was also corroborated in male soccer players (n = 13,065; 
SMR = 0.55; 0.46–0.67; p < 0.001). Male athletes participating in sports associ-
ated with repeated head impacts (n = 18,606) had also a lower risk of all-cause, 
cardiovascular disease (CVD), and cancer mortality (all p < 0.01) than the general 
population.
Conclusions: Participation of male athletes in American football or soccer at the 
professional level might confer a certain protective effect against mortality from 
mental disorders or suicide, besides its association with a lower risk of all-cause, 
CVD, or cancer-related mortality.
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1   |   INTRODUCTION

Participation in top-level sports is associated with a 
lower risk of all-cause mortality and of mortality from 
major noncommunicable conditions (cardiovascular 
disease (CVD) and cancer).1 Indeed, elite athletes seem 
to live on average 3–5 years longer than the general pop-
ulation.2,3 Further, regular exercise is also associated 
with improved mental health. Meta-analytical evidence 
supports implementation of exercise intervention as an 
adjuvant treatment against depression, anxiety, schizo-
phrenia, or substance use disorders.4-9 Notably, a large 
cross-sectional study conducted on more than 1.2 mil-
lion adults found that those who exercised had better 
mental health than those who did not.10

In addition to the benefits of exercise on men-
tal health, athletes might have a lower risk of death 
from mental disorders than the general population. 
Duncombe et al.11 recently analyzed a cohort of former 
athletes who had participated in the Olympics between 
1912 and 2012. Although there were some exceptions 
(notably shooters, who actually showed a trend toward 
a higher risk), this study found a 32% lower risk of death 
attributable to mental and eating disorders or to suicide 
in former athletes than in the general population. The 
finding of a lower risk of death from these conditions or 
from suicide in athletes was corroborated in subgroup 
analyses for individual sports such as athletics, rowing, 
or swimming (as well as for “all other sports” combined 
as a single category).11

Whether the abovementioned benefits on mental 
health are generalizable to top-level sports, particularly 
those associated with repeated head impacts (eg, boxing, 
American football) is, however, less clear. In fact, indi-
viduals with a previous history of repeated head impacts 
have more depression symptoms and an impaired cogni-
tive function compared with people without this history.12 
For example, a systematic review suggested an association 
between sports-related concussion and impaired mental 
health (particularly depression symptoms) in elite ath-
letes.13 Further, multiple concussions in retired athletes 
appear to be a risk factor for mental health problems,14 re-
sulting in a “disproportionate” number of suicides among 
current and former National Football League (NFL) play-
ers (ie, 11 suicides between 2009 and the end of 2015).15 
By contrast, a recent review concluded that former NFL 
players were not at greater risk of suicide than the general 
non-athletic population.16

The aim of the present systematic review and meta-
analysis was to compare the risk of mortality from mental 
disorders or suicide between athletes participating (or hav-
ing participated) in professional sports characterized by 
repeated head impacts and athletes with no such exposure 

or the general (non-athletic) population—of note, based 
on the International Classification of Diseases codes for 
mental disorders it is possible to identify whether the 
deaths reported in a given study were caused by several 
specific mental conditions such as anxiety, depression, 
and drug/alcohol use, bipolar or affective mood disorders, 
respectively. In addition, we also compared the risk of 
all-cause, CVD, and cancer-related mortality between the 
aforementioned groups.

2   |   METHODS

This systematic review and meta-analysis (Prospero 
registration#CRD42020200923) followed the Preferred 
Reporting Items for Systematic Reviews and Meta-
Analyses (PRISMA) (Supplementary file 1).17

2.1  |  Systematic search

Two authors (GSL and JSM) independently conducted 
the systematic search on the electronic databases 
PubMed, Web of Science, Scopus, and SPORTDiscus for 
relevant articles written in English (with no restriction 
on the starting date and up to June 8th, 2021). Details of 
the full search strategy can be found in Supplementary 
File 2. In addition, the reference list of all relevant stud-
ies and reviews identified were checked to avoid missing 
relevant studies. We eliminated the following types of 
articles: letters, case reports, abstracts, expert opinions, 
and reviews.

2.2  |  Study selection and data extraction

Studies were included if they met the following criteria: 
(A) evaluated professional athletes (whether retired or 
not, both sexes) of sports associated with repeated head 
impacts; and (B) compared mortality risk from mental 
disorders or suicide in these athletes vs the general non-
athletic population, a control group representing the 
general population, or athletes not exposed to repeated 
head impacts. Citations were independently screened by 
title and abstract, and the full texts of the studies that met 
the inclusion criteria were assessed by two authors (GSL 
and JSM). Disagreements between authors were resolved 
through consensus or after consultation with a third re-
viewer (PLV).

Two authors (GSL and JSM) extracted the main out-
come data from each study, when available, as standard 
mortality rate (SMR = observed deaths/expected deaths) 
and 95% confidence interval (CI). This information was 
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reviewed by a third author (ACG) to ensure accuracy and 
completeness.

2.3  |  Quality assessment

The quality of each included study was independently 
rated by two authors (ACG and JSM) using the Newcastle-
Ottawa Scale (NOS) for cohort studies,18 with eventual 
disagreements resolved through discussion with a third 
author (PLV). We chose the NOS scale for practical rea-
sons (ie, the NOS scale is a widely used too, it is easy to 
apply, and our group is highly familiarized with it). For 
the selection, comparability, and exposure categories, a 
maximum score of 4, 2, and 3 stars, respectively, can be 
awarded for each study. Thus, the NOS has a score range 
of 0 to 9 (0 = minimum and 9 = maximum), with a score 
of 7–9 indicating high quality and low risk of bias, a score 
of 4–6 points moderate quality and moderate risk of bias, 
and 0–3 points low quality and high risk of bias.18

2.4  |  Statistical analysis

A random-effects meta-analysis was performed to com-
pare the pooled mortality risk (expressed as SMR and 95% 

CI) when ≥2 studies analyzed a given outcome. The Begg's 
test was used to assess publication bias and the Q and I2 
statistics were used to determine heterogeneity across 
studies when ≥3  studies analyzed a given outcome. The 
level of significance was set at 0.05. All statistical analyses 
were performed using MIX 2.0 Pro for Excel software.19

3   |   RESULTS

3.1  |  Studies’ characteristics

From the retrieved articles, seven retrospective studies 
(total n = 27 477 athletes, 100% male) met all the inclu-
sion criteria (Figure 1, Table 1).20–26 Three studies shared 
the same sample,20,22,24 and thus, we used only one to cal-
culate the total number of participants. Five studies had a 
quality score of 8,20,22–25 and the other two had a score of 
726 and 6,21 respectively. Thus, all included studies were 
considered to have a moderate-high quality. The partici-
pants were active or retired male athletes participating or 
having participated in boxing, basketball, ice hockey, soc-
cer, or American football (NFL). The average age at death 
of the athletes who died due to mental disorders or suicide 
ranged from 36 to 68 years. The methods used by the stud-
ies for identifying participants’ vital status and cause of 

F I G U R E  1   Preferred Reporting 
Items for Systematic Reviews and 
Meta-Analyses (PRISMA) flow diagram 
detailing the search strategy
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death are detailed in Supplementary file 3. Regarding the 
comparator group, four studies used a dataset represent-
ing the general population,20,22,23,26 one study included a 
control group of non-athletic subjects,25 one used athletes 
not exposed to repeated head impacts (ie, baseball play-
ers),24 and another one combined both non-athletic con-
trols and athletes that were not exposed to repeated head 
impacts.21

Chronic traumatic encephalopathy (CTE) was not as-
sessed as a diagnosis in any of the included studies.

3.2  |  Outcomes

Two studies assessed the risk of mortality from mental 
disorders in retired male NFL players (total n = 13 217) 
compared with the general population.20,23 The pooled 
analysis of these two studies showed a lower risk in the 
former (Figure 2A).

All seven studies20–26 assessed the incidence of mor-
tality from suicide, but only four (conducted in retired 
male NFL players22,23 and in active or retired male soc-
cer players,25,26 total n  =  26  282) were meta-analyzed. 
The reason was that three studies20,22,24 shared the same 
sample (and thus only one22 was meta-analyzed) and 
the other excluded study21 assessed together athletes of 
sports characterized by repeated head impacts and ath-
letes with no such exposure. Pooled analysis of the four 
included studies22,23,25,26 showed a lower risk of mortal-
ity from suicide in male athletes than in the general pop-
ulation (Figure  2B). There were no signs of risk of bias 
(Begg's p  =  0.734) or of heterogeneity between studies 
(I2 = 0%, Q = 1.23). These findings were confirmed in sep-
arate analyses for retired male NFL players (n = 13 217; 
SMR = 0.54; 95% CI 0.37–0.78; p < 0.001)22,23 or for male 
soccer (retired or active) players (n = 13 065; SMR = 0.55; 
95% CI 0.46–0.67; p < 0.001).25,26

Risk of mortality from all-cause, CVD, and cancer was 
assessed in six of the seven studies included in the sys-
tematic review.20–24,26 Because three studies20,22,24 shared 
the same sample, only one of them was included in the 
meta-analysis. Another study was excluded from the 
meta-analysis21 because the authors assessed together 
athletes of sports characterized by repeated head impacts 
and athletes with no such exposure. Although small-to-
large heterogeneity was found, athletes (13  217 former 
male NFL players and 5389 retired/active male soccer 
players) showed a lower risk of all-cause (SMR  =  0.61; 
95% CI 0.44–0.87; p = 0.006; Begg's p = 1.000; I2 = 92%; 
Q = 26.3), CVD (SMR =0.62; 95% CI 0.52–0.74; p < 0.001, 
Begg's p = 0.297; I2 = 27%; Q = 2.752), and cancer-related 
mortality (SMR = 0.46; 95% CI 0.32–0.67; p < 0.001; Begg's 
p = 0.296; I2 = 63%; Q = 5.4).

4   |   DISCUSSION

To the best of our knowledge, this is the first systematic re-
view and meta-analysis to assess the risk of mortality from 
mental health or suicide in professional male athletes of 
sports characterized by a high rate of head impacts. The 
present study suggests that participation of male athletes 
in American football (NFL) or in professional soccer 
might be associated with a lower risk of death from men-
tal disorders (70% reduction) and suicide (46%), or with a 
lower risk of suicide (45%), respectively, compared to the 
general population. Additionally, a lower risk of mortality 
from all-cause, CVD, and cancer-related mortality (39, 38, 
and 54% reduction, respectively) could be confirmed for 
both types of athletes. The latter findings are in line with 
previous findings in professional/Olympic-class, as well 
as soccer athletes.1

Controversy exists as to whether participation in sport-
ing events associated with repeated head impacts could 
increase the risk of mortality from mental disorders or 
suicide.14–16 A recent systematic review concluded that 
repeated head impacts are associated with long-term 
cognitive impairments in athletes.27 In the same line, a 
recent meta-analysis found a twofold higher risk of sui-
cide in individuals who had experienced concussion and/
or mild traumatic brain injury (TBI) compared to controls 
free from these conditions.28 A broad range of psychiat-
ric and psychosocial problems including depression and 
suicidal thinking are common clinical features associated 
with CTE.16 Indeed, previous evidence has revealed a high 
prevalence of depression and other mental health prob-
lems among former professional athletes participating in 
contact sports (notably, American football, ice hockey, soc-
cer, and rugby).29,30 However, a recent study reported that 
former professional soccer players had a lower risk of hos-
pitalization due to mental health disorders (anxiety, de-
pression, or drug/alcohol use, bipolar, and affective mood 
disorders, respectively) compared with non-athletic con-
trols.25 These results support the findings of the current 
study. On the contrary, there appear to be no differences in 
the risk of suicide when comparing athletes participating 
in sports associated with repeated head impacts and ath-
letes with no such exposure.24

As a limitation of the study, it must be noted that al-
though the sports included in our systematic review and 
meta-analysis are associated with repeated head impacts, 
no information on the incidence of concussion was avail-
able, and CTE was not included as a diagnosis. In this 
regard, it has been reported that the number of sports 
career-related concussions is associated with the prev-
alence of symptoms of common mental disorders. For 
instance, former professional athletes reporting a history 
of 4–5 and ≥6 career-related concussions are 1.5 and 2–5 
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times more likely, respectively, to report symptoms of com-
mon mental disorders than former professional athletes 
reporting no concussions.30 Thus, the actual risk of mor-
tality from mental disorders or suicide in those athletes 
with a history of concussions remains to be determined. 
A further limitation of our meta-analysis is the low num-
ber of included studies, which limits the generalizability 
of our results. More research is thus needed to confirm 

whether the present findings can be extrapolated to other 
sports that were not included in the present systematic 
review and meta-analysis but are characterized by repeti-
tive head impacts such as ice hockey, rugby, martial arts, 
or wrestling, among others. In addition, research is war-
ranted to determine the risk of mortality from mental dis-
orders and suicide in people who practice contact sports 
at a recreational or amateur level as well as in female 

F I G U R E  2   Mortality risk from mental disorders in retired national football league (NFL) male players (panel A) and from suicide 
in retired NFL players and active/retired male soccer players (panel B), respectively, compared with the general population. A standard 
mortality rate (SMR) <1 indicates a lower risk in athletes
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athletes. Regarding the latter, there seem to be some sex-
specific trends, with women being at a higher risk of both 
TBI31 and mental disorders than men.32 In turn, a major 
strength of our study is the large number of male profes-
sional athletes (NFL and soccer players) analyzed and the 
overall high quality of the included studies.

In summary, besides decreasing all-cause and noncom-
municable disease-related mortality, professional partici-
pation of male athletes in American football and soccer, 
two sports associated with repeated head impacts, appears 
to be associated with a lower risk of mortality from mental 
disorders and suicide, and a lower risk of mortality from 
suicide, respectively, compared with the general non-
athletic population (Figure 3).

5   |   PERSPECTIVES

Participation of male athletes in American football (NFL) 
or soccer at the professional level might confer a certain 
protective effect against mortality from mental disorders 
or suicide. More research is, however, needed with female 
athletes and other types of sports associated with repeated 
head impacts (such as ice hockey, rugby, martial arts, or 
wrestling, among others) to corroborate the generalizabil-
ity of the present findings.
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