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eAppendix. Data and Methods 
 
Power Calculations and Sample Size Determination 

We computed power calculations for the number of NFL players given a sample 
size of 879 replacement players. To do so, we used a log-rank test based method,1 which 
allowed us to set the sample size of one group while varying the size of the other. Inputs 
for this procedure included an estimate of the overall probability of death and the hazard 
ratio to be detected. For the former, we used estimates from Baron et al (2012), where the 
median NFL player retired in 1978 and was observed through the end of 2007 (29 years) 
and the overall fraction of individuals dead at endline was roughly 0.1.2 For the latter, we 
used a hazard ratio of 1.4, which is the most conservative estimate of the difference in 
overall mortality risk between NFL players with long vs. short tenures, the closest 
comparison in this population to that in our study.3 We assumed a type I error of 0.05, 
and targeted a sample size that would achieve 80% power. eFigure 1 plots the results of 
this exercise: the points represent the estimated power for each NFL player sample size 
and the horizontal line denotes 80% power.  

These estimates suggest that at least 2,850 NFL players would be needed to 
achieve a power of 80% to detect a differential mortality hazard of 1.4. We then searched 
for a symmetric +/- n year window around 1987, the strike year, and counted the number 
of players debuting in total over this window. We found that a window of +/- 5 years – 
i.e., players debuting in the NFL between 1982 and 1992 - achieved the desired sample 
size. (Of note, the estimate sample was similar even when using methods for exponential 
hazard functions.4) 
 
Search Strategy to Identify Mortality Events and Cause of Death 
Approach 

We then identified and validated NFL and replacement player all-cause mortality 
and date and cause of death using two complementary procedures: 

Web-Based Search: We conducted a web-based search given evidence of the 
relative accuracy of such approaches in populations less publicly recognized as 
professional football players.5 We reasoned that the breadth of information in the PFR 
database (which includes exact dates and location of birth, college attended, NFL team 
player for, games played, etc) would allow us to bring to bear information not typically 
collected in administrative sources such as the National Death Index (see below). First, 
for each player in our sample, we identified mortality events in the PFR data and 
supplemented these data using NFL and the Oldest Living Pro Football Players online 
databases.6,7 Second, a research assistant blinded to the purpose of the study was then 
given the player database (without any of the deaths we identified in the first step) in 
order to verify whether each individual labeled as deceased was in fact deceased and to 
capture any additional deaths that were missed in the initial step. We used information on 
individuals’ names, exact dates and locations of birth, and additional identifying 
information such as college attended or NFL team played for, to conduct high-resolution 
searches on Google, multiple genealogy databases (Ancestry.com and Familysearch.org), 
and the Social Security Death Index (SSDI). If no record of death was found, we 
attempted to verify via additional sources that the player was, in fact, currently alive. 
These searches were again conducted through Google as well as through professional 
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social networks (e.g., Linkedin.com). These searches were conducted twice (i.e., two 
distinct rounds of searches for each player in the sample). The endline for searches (to 
match the availability of National Death Index data – see below) was December 31, 2016.    
 National Death Index Search: We searched the National Death Index (NDI)8 
using information on player last name, full first name, exact date of birth, state of birth, 
and player gender. (Because we used public data sources to identify the census of players, 
we did not have access to social security numbers). Searches for each player were 
conducted for the time period Jan 1, 1982-Dec 31, 2016, as it was not possible to specify 
specific time points (i.e., from time of retirement to endline) in the NDI.  
 
Adjudication 
 We manually adjudicated potential deaths found using each of these strategies. 
Our web-based strategy identified and verified 171 deaths. The NDI search yielded exact 
matches (on all characteristics) for 155 players (who died before December 31, 2016) and 
probable matches for another 2,402 players. Of the probable matches, 10 players were 
found and verified in our web-based search.  

For the remaining probable matches, we followed NDI recommendations and 
implemented a multi-step strategy to separate probable from improbable deaths. First, we 
removed all matches for whom the birth year in the NDI record was greater than +/-5 
years from the actual birth year recorded in the PFR. This is because these matches are 
thought to be less likely to be true matches. (Of note, the NDI recommends using +/- 10 
years in general, and doing so does not change our findings. We chose the 5-year range 
given that >95% of players fell between the tight 1959-1969 birth cohort range, and that 
small changes to birth year also mean changes to the timing of football entry (since the 
bulk of players initiated their NFL career after college at age 22 or 23), which we have 
measurements on from the PFR database. After this step, we were left with 1415 players 
with a potential match. Second, we excluded probable matches that did not match on 
player gender, resulting in a remaining 1,237 players with a match. Third, we removed all 
matches for whom the listed date of death in the NDI occurred before the last year of 
football activity in the PFR database. This resulted in a remaining 1,116 players with a 
potential match. Fourth, we excluded all matches with probable match scores (calculated 
by the NDI using the number of matches with each provided element) below the NDI 
recommended threshold for the specific type of search conducted. After doing so, there 
were zero players remaining with probable matches to adjudicate.  

As a sensitivity check, we allowed for a broader mismatch between PFR and NDI 
birth years in the first step and used the lowest listed probable score threshold cutoff in 
the last step. In doing so, we arrived at 26 players with a probable match. We conducted 
web searches on each of these players (using the listed dates and cause of death in the 
NDI record, along with all the information from the PFR), and were unable to verify that 
these deaths did indeed occur. In contrast, for the deaths identified as exact matches in 
the NDI – but not found in web-searches – we were able to locate web records 
confirming these deaths when we used additional information from the NDI record for 
the search. Each of these checks raise confidence in our verification algorithm.  
 Using both strategies, we found a total of 185 deaths in our sample (37 
replacement player deaths and 148 NFL player deaths). Of these 8 players identified as 
dead in web-searches did not have either an exact or probable match in the NDI, and 15 
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deaths were found in the NDI but not in the web-based search. These results are 
consistent with recent research demonstrating how the NDI and web-based searches 
provide complementary information, with their joint use resulting in greater sensitivity 
and specificity in vital status ascertainment.9  
 
Identifying Causes 
 For all deaths with a matched (exact or probable) record in the NDI, we were 
provided with records on the underlying cause of death (ICD-9 codes for all deaths before 
1999; ICD-10 codes for all deaths thereafter). For the eight deaths that were identified as 
part of the web-searches, but for which a record was not available in the NDI, we 
ascertained the cause of death based on obituaries and news articles. Collectively, a 
known cause of death was available for 180 of the 185 players who were ascertained as 
dead at endline (97%) – including 35 of 37 replacement players (95%) and 145 of 148 
NFL players (98%). 
 To descriptively compare patterns in underlying causes of death across NFL and 
replacement players, we grouped causes into one of the 21 categories developed as part 
of the Global Burden of Disease (GBD) project.10,11 We further combined some of these 
categories (e.g., cardiovascular diseases and diabetes, urogenital, and blood were 
combined into cardio-metabolic diseases on the basis of the recorded causes of death). 
The causes of death documented in this study, along with their associated category, are 
presented in eTable 2. We did not separate this table into NFL and replacement players 
here so as to ensure strict confidentiality.  
	
Final Sample 
 To focus on mortality during retirement, we omitted from our sample four NFL 
players who died while actively being employed in an NFL roster. Thus, our final sample 
included 2,933 career NFL players, of which 144 players died by the end of the study 
period, and 879 replacement players, of which 37 died by the end of the study period.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



©	2018	American	Medical	Association.	All	rights	reserved.	

eReferences 
 
1. Freedman L. Tables of the number of patients required in clinical trials using the 

logrank test. Statistics in Medicine. 1982;1:121-129. 
2. Baron SL, Hein MJ, Lehman E, Gersic CM. Body mass index, playing position, 

race, and the cardiovascular mortality of retired professional footbal players. 
American Journal of Cardiology. 2012;109(6):889-896. 

3. Williams T. Long-term mortality effects of an NFL career. Mimeo, Massachusetts 
Institute of Technology. 2012. 

4. Lachin J. Introduction to sample size determination and power analysis for 
clinical trials. Controlled Clinical Trials. 1981;2:93-113. 

5. Sesso HD, Paffenbarger RS, Lee I-M. Comparison of National Death Index and 
World Wide Web death searches. American Journal of Epidemiology. 
2000;152(2):107-111. 

6. Oldest Living Pro Football Players. 2016; 
http://www.oldestlivingprofootball.com. Accessed June 10, 2016. 

7. National Football League. Players. 2016; http://www.nfl.com/players. Accessed 
June 10, 2016. 

8. National Center for Health Statistics. National Center for Health Statistics. 
Hyattsville, MD2013. 

9. Fillenbaum GG, Burchett B, Blazer DG. Identifying a National Death Index 
Match. American Journal of Epidemiology. 2009;170(4):515-518. 

10. Dwyer-Lindgren L, Bertozzi-Villa A, Stubbs RW, et al. US county-level trends in 
mortality rates for major causes of death, 1980-2014. JAMA Internal Medicine. 
2016;316(22):2385-2401. 

11. Wang H, Naghavi M, Allen C, et al. Global, regional, and national life 
expectancy, all-cause mortality, and cause-specific mortality for 249 causes of 
death, 1980-2015: a systematic analysis for the Global Burden of Disease Study 
2015. The Lancet. 2016;388:1459-1544. 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



©	2018	American	Medical	Association.	All	rights	reserved.	

 
 
 

eFigure 1. Power Calculations 
 

	  
 
Notes: Log-rank power calculation results. Each point (and the curve running through them) 
represents the expected study power for a given sample size of NFL players assuming a hazard 
(relative to replacement players) of 1.4, a Type I error rate of 0.05, and a total sample size of 879 
replacement players. The horizontal line denotes 80% power. The intersection of curve and the 
vertical line indicate a sample size of ~2,850 NFL players to achieve 80% power. See “Data and 
Methods” above for further details.  
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eFigure 2. Test of Proportional Hazards Assumption 
 

 
 

Notes: This graph plots Schoenfeld residuals against time since last NFL activity for the model 
presented in the last column of Table 2 in the main text. The circles indicate the residuals and the 
black line the smoothed slope of their relationship with event time. Failure of the proportional 
hazards assumption would indicate a non-zero slope of these residuals. The graph indicates that 
this is not the case - the estimated slope is -0.11 (χ2(1) = 2.21, p=0.15). 
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eTable 1. Full Estimates for Adjusted Cox Proportional Hazard in Table 2 
 

 
 

Notes: This table presents estimates on each of the covariates in the adjusted model described in 
Table 2. 95% CI, computed using the bootstrap procedure described in the main text, are in 
parentheses. The reference increment for continuous variables were the units listed (e.g., 1 year, 
kg/m2 unit, or cm). See the main text for details on variable descriptions. See notes for Table 2 for 
details on Cox proportional hazard model used to recover these estimates.  There were 2933 career 
NFL players who experienced 144 deaths and contributed 70,561 person-years.  There were 879 
NFL replacement players who experienced 37 deaths and contributed 24,880 person-years. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

Mortality Hazard (95% CI)

Career NFL Player (Ref NFL Replacement) Player 1.38
[0.95, 1.99]

Endline - Birth Year (Attained Years) 1.02
[0.96, 1.07]

BMI (kg/m^2) 1.15
[1.07, 1.24]

Height (cm) 0.94
[0.87, 1.02]

Position Group 2 (Ref Group 1) 0.93
[0.55, 1.55]

Position Group 3 ((Ref Group 1) 0.96
[0.41, 2.23]
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eTable 2. Causes of Death by Group  
	 

 
 
Notes: This table presents the underlying causes of death recovered in death records for each of 
the broader cause of death groups noted in Table 3 of the main text. We focused on groups where 
the underlying cause was not self-explanatory and where there were enough cases and causes to 
ensure privacy (particularly in cases where the cause of death was not discoverable on the web). 
For the same reason, we do not divide this table by NFL and replacement player.   
 
 
 
 
 
 
 
 
 
 

Group Causes 
Other Infections Pneumonia (organism NOS); Other sepsis; Other bacterial intestinal infections

Neoplasms

Malignant neoplasm of anus and anal canal; Malignant neoplasm of brain; Malignant neoplasm 
of bronchus or lung; Malignant neoplasm of colon; Malignant neoplasm of kidney, except 
renal pelvis; Malignant neoplasm of pancreas; Malignant neoplasm of small intestine; 
Malignant neoplasm of testis; Malignant neoplasm without specific of site; Multiple myeloma 
and malignant plasma cell neoplasms; Unspecific Neoplasm

Cardiometabolic Disease

Acute myocardial infarction; Acute pericarditis; Acute pulmonary heart disease; Aortic 
aneursym and dissection; Cardiac arrest; Cardiac dysrhythmias; Cardiomyopathy; Cerebral 
infarction; Chronic ischaemic heart disease; Complications and ill-defined descriptions of heart 
disease; Heart failure; Hypertensive heart disease; Hypertensive renal disease; Other aneursym 
or dissection; Phlebitis or thrombophlebiitis; Peripheral vascular disease; Intracerebral 
hemorrhage; Stroke, not otherwise specified; Subarachnoid hemorrhage; Diabetes mellitus; 
Unspecified diabetes mellitus; Obesity

Other Chronic Diseases

Asthma, Other chronic obstructive pulmonary disease; Other interstitial pulmonary diseases; 
Other respiratory diseases; Cholelithiasis; Other diseases of digestive system; Cholelithiasis; 
Other diseases of digestive system; Alcohol liver disease; Chronic liver disease and cirrhosis; 
Other disease of the liver

Neurological Disorders Amyotrophic lateral sclerosis

Mental and Substance Use Disorders
Mental and behavioural disorders due to use of alcohol; Accidental poisoning by and exposure 
to alcohol

Transportation Injuries

Motor vehcile traffic accident NOS; MV collusion with other object; MV traffic accident NOS; 
Loss of control MV accident; Motor- or nonmotor vehicle accident, type of vehicle 
unspecified; Motorcycle rider injured in other and unspecified transport accidents; Pedal 
cyclist injured in other and unspecified transport accidents

Unintentional Injuries

Accidental poisoning by and exposure to narcotics and psychodysleptics; Accidental poisoning 
by and exposure to antiepileptic, sedative-hypnotic, antipsychotics; Accidental poisoning by 
and exposure to other and unspecific drugs medications;  Accidental poisoning-drugs; 
Accidental poisoning-CNS drugs; Undetermined poisoning from solutions/liquids; Exposure to 
excessive natural heat; Handgun discharge; Fall from, out of or through, building or structure; 
War injuries - aircraft destruction

Self-Harm and Interpersonal Violence

Intentional  self-harm by handgun discharge; Intentional self-harm by hanging, strangulation, 
and suffocation; Intensional self harm by rifle, shotgun or larger firearm discharge; Intensional 
self-poisoning by and exposure to other gases and vapours; Intentional self-poisoning by and 
exposure to other gases and vapours; Suicide/self-poisoning with solutions/liquids; Assault by 
other and unspecified firearm discharge; Assault by handgun discharge; Assault by other and 
unspecified firearm discharge; Assault by firearm/discharge
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eTable 3. Estimates Adjusting for Area of Birth Characteristics         
  

  Career NFL 
Players 

NFL 
Replacement 

Players 

Risk Difference 
(95% CI) 

Adjusted Risk 
Difference  
(95% CI) 

Unadjusted 
Hazard Ratio  

(95% CI) 

Adjusted 
Hazard 

Ratio (95% 
CI) 

P-value 
for 

Adjusted 
HR 

No. of Deaths/Total No. 
(%) 
 

142/2862 
(5.0%) 

37/864 
(4.3%) 

0.7% (-1.0 to 2.4) 0.9% (-0.8 to 2.6) - - - 

 
No. of Person-Years at 
Risk 

 
68866 

 
24458 

 
 

 
 

   

 
Deaths/1000 Person-
Years (95% CI) 
 

 
2.06  

(1.75 to 2.43) 

 
1.51 

(1.10 to 2.09) 

 
0.55  

(-0.04 to 1.14) 

 
0.57  

(-0.04 to 1.17) 

 
1.39  

(0.96 to 1.99) 

 
1.36  

(0.94 to 1.96) 

 
0.11 

 

            
 
Notes: Unadjusted and adjusted absolute risk differences and mortality hazard ratios for career NFL players relative to NFL replacement players. Models are 
identical to those reported in the main text (Table 2) except here we additionally adjust for birth county socioeconomic and demographic characteristics from the 
1970 census (% nonwhite, poverty rates, unemployment rates, and rates of high school graduation). Birth county data was not available for 406 individuals (of 
whom 87 were born overseas). Missing cases born in the U.S. were assigned the birth state average of each of the above measures. Those born overseas were 
excluded from the analysis. Estimates on birth county characteristics were small and not statistically significant.     
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eTable 4. Estimates Excluding Replacement Players With Prior Experience   
   
   

  Career NFL 
Players 

NFL 
Replacement 

Players 

Risk 
Difference 
(95% CI) 

Adjusted 
Risk 

Difference 
(95% CI) 

Unadjusted 
Hazard Ratio 

(95% CI) 

Adjusted 
Hazard Ratio 

(95% CI) 

P-value for 
Adjusted 

HR 

No. of Deaths/Total 
No. (%) 
 

144/2933 (4.9%) 32/724 (4.4%) 0.5%  
(-1.3 to 2.3) 

0.8%  
(-1.0 to 2.6) 

- - - 

 
No. of Person-Years 
at Risk 

 
70561 

 
20510 

 
 

 
 

   

 
Deaths/1000 Person-
Years (95% CI) 
 

 
2.04  

(1.73 to 2.40) 

 
1.56  

(1.10 to 2.21) 

 
0.48  

(-0.15 to 1.11) 

 
0.51  

(-0.13 to 1.14) 

 
1.33  

(0.90 to 1.95) 

 
1.33  

(0.90 to 1.96) 

 
0.15 

 

            

 
 
 

Notes: Unadjusted and adjusted absolute risk differences and mortality hazard ratios for career NFL players relative to NFL replacement players. Models are 
identical to those reported in the main text (Table 2) except here we exclude the 155 NFL replacement players (of whom 5 died by end line) who were recorded 
in the Pro Football Reference database as having participated in professional football prior to the strike year (1987).  
 


