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Abstract
A high prevalence of obesity exists among National Football League (NFL) players as determined
by body mass index (BMI). It is not established whether elevated BMI is associated with a greater
prevalence of CV risk factors or coronary atherosclerosis in former NFL players as in non-
athletes. This study compared cardiovascular (CV) risk factors and coronary atherosclerosis
among retired NFL players and two groups of community controls, the population-based Dallas
Heart Study and the preventive medicine cohort, the Aerobics Center Longitudinal Study. Retired
NFL players (n=201) were matched for ethnicity, age and BMI (Aerobics Center Longitudinal
Study, age only). CV risk factors were assessed by survey and screening visit. Coronary
atherosclerosis was measured by computed tomography as coronary artery calcium (CAC).
Compared to population-based controls, retired NFL players had a significantly lower prevalence
of diabetes, hypertension, sedentary lifestyle and the metabolic syndrome, yet a higher prevalence
of impaired fasting glucose and hyperlipidemia. However, there was no significant difference in
the prevalence of detectable CAC (46 v 48.3%, p=0.69) or distribution of CAC (0-10, 10-100,
100-400, 400+, p=0.11). Comparing retired NFL players to the physically active preventive
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medicine controls, there was no difference in the amount of CAC. Among retired NFL players,
age and hyperlipidemia, not body size, were the most significant predictors of CAC. In
conclusion, despite their large body size, retired NFL players do not have a greater prevalence of
CV risk factors or amount of CAC than community controls.
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The large body size of professional football players is increasingly a concern given the
established risks of obesity and recent cardiovascular (CV) deaths of young players like
Thomas Herrion.1 Over 50% of players meet body mass index (BMI) criteria for overweight
and obesity in the National Football League (NFL).2 Of greater concern is the growing size
of high school athletes with more than 60% of linemen, generally the largest players,
characterized as being overweight and obese.3 It is well-established that obesity, as
classified by BMI criteria, increases the risk for CV disease and death from all causes.4,5 In
large muscular athletes, population BMI cut-offs may overestimate body fat.6 Therefore, it is
not known whether the CV risks associated with higher BMI in non-athletes are relevant for
the majority of professional football players, even after retirement. This study was designed
to compare CV risk factors and coronary atherosclerosis among retired NFL players and
community controls. Coronary atherosclerosis was assessed non-invasively with computed
tomography to measure coronary artery calcium (CAC) - a very sensitive, validated
surrogate biomarker for CV disease that can predict risk for events.7-9 The primary
hypothesis tested was whether retired NFL players would have more CV risk factors and
coronary calcium than controls matched by BMI and age. Two control groups were selected
for this study: (1) a multi-ethnic, population-based sample from the Dallas Heart Study; and
(2) a physically active, preventive medicine clinic sample from the Aerobics Center
Longitudinal Study.

Methods
The Living Heart Foundation is a nonprofit organization conducting health screening for
retired NFL players since 2004. The data for this study were obtained from screening visits
at Miami, Dallas, Atlanta and San Francisco in 2007. Retired NFL players living around the
screening city were invited to participate through direct mailing or local NFL Players
Association chapter meetings. The study was approved by a centralized Institutional Review
Board organized through the Pennsylvania State University. Players provided informed
consent before undergoing screening. Prior to imaging, each participant provided informed
consent approved by the local Institutional Review Board.

Participants provided demographic, medical and professional career information through a
self-administered health survey. Players categorized as linemen reported playing on the
offensive or defensive line. At the screening visit, height, weight, and cuff blood pressure
readings using the CardioVision automated cuff system were measured. Two consecutive
seated blood pressure readings were obtained and averaged.

The first control group was selected from the Dallas Heart Study (DHS), a probability-based
cohort of Dallas County adults, oversampled for African Americans (n = 6,101). Details of
the DHS design, characteristics and data collection have been previously described.10 The
study protocol was approved by the University of Texas Southwestern Medical Center
Institutional Review Board, and all participants provided written informed consent prior to
participation in the study. For each retired NFL player, one male participant was randomly
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selected from those individuals of the same self-identified ethnic group, age ± 2 years and
BMI ± 2 kg/m2.

The second control group was selected from a 5322 subset of the 17,967 participants from
the Aerobics Center Longitudinal Study who underwent a complete medical history,
physical examination and measurement of CAC. The Institutional Review Board at The
Cooper Institute approves the study annually, and all participants provided informed consent
prior to enrolling in the study. For each retired NFL player, 2 male participants were
randomly selected with an age ± 3 years.

Venous blood was collected in standard blood collection tubes containing ethylenediamine-
tetraacetic acid for plasma and in serum separator tubes for serum. Samples were
centrifuged on site and transferred to Quest Laboratories the same day for analysis. High-
sensitive C Reactive Protein assay was performed using the nephelometric method, utilizing
latex particles coated with C Reactive Protein monoclonal antibodies [analytical sensitivity
of 1.9 nmol/L (0.2 mg/L)]. All other assays were performed by spectrophotometry.

In the DHS, standard serum chemistries were performed.10 Plasma total and lipoprotein
cholesterol concentrations were determined using commercial enzymatic reagents as
previously described.11 C Reactive Protein was measured using a latex-enhanced
immunoturbidimetric method as previously described.12 In the Aerobics Center
Longitudinal Study, serum samples were analyzed by automated techniques in a laboratory
on site that participates in the Centers for Disease Control and Prevention Lipid
Standardization Program.4

Computed tomography imaging was performed within one week of the screening visit. Each
site used a modified Agatston protocol, and CAC scores were expressed in Agatston units.13

There was one designated reader at the Dallas site. The majority of the images were read by
one reader at the San Francisco, Miami and Atlanta sites. Both the Dallas and San Francisco
sites used a GE Lightspeed V Computed Tomography scanner with 2.5mm slices (Dallas,
100 kV and San Francisco, 120kV). In Atlanta, a Siemens Biograph 64 was employed with
3mm slices at 120 kV. In Miami, a Brilliance 64 was used with 2.5 mm slices at 120kV. At
each site, a torso phantom (from Image Analysis, Columbia, Ky) was imaged over a
calibration phantom using the same protocols.

In the DHS, 3-mm slices were obtained with an Imatron C-150XP Electron Beam Computed
Tomography scanner (Imatron Inc., San Bruno, California), as previously described.14 A
mean CAC score was calculated if 2 consecutive scans were obtained. A score > 10 was
selected as a data-derived threshold to define the presence of detectable calcium to
maximize the signal-to-noise ratio and reproducibility.14 For the Aerobics Center
Longitudinal Study, images were obtained using a Siemens Evolution Electron Beam
Computed Tomography scanner (C-150XP) with 3mm slices and 2mm table increments to
allow slice overlap. This overlap increased confidence in a zero score. Reproducibility of the
CAC measurements was verified as previously described.8

BMI was defined as weight (in kilograms)/height2 (meters). Waist circumference was
measured at the top of the umbilicus in the retired NFL players and Aerobics Center
Longitudinal Study controls and 1 cm above the iliac crest in the DHS. Hip circumference
was measured at the area of the greater trochanters. Hypertension was defined using a
combination of survey information, systolic blood pressure ≥ 140 mm Hg, diastolic blood
pressure ≥ 90 mm Hg or the use of antihypertensive medication. In the DHS, the last 3 of 5
sequential blood pressure readings at visit 1 were averaged.15 The Aerobics Center
Longitudinal Study definition used any one blood pressure measurement (by auscultatory
methods with a mercury sphygmomanometer).4 Diabetes was defined from the survey, a
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fasting serum glucose concentration ≥ 126 mg/dl or the use of any glucose-lowering
medication. Impaired fasting glucose was identified only in individuals without diabetes
who had a glucose ≥ 100 mg/dl.16 Hyperlipidemia was defined as calculated low-density
lipoprotein cholesterol ≥ 160 mg/dl on a fasting sample, from the medical history or the use
of statin medication.17 The National Heart, Lung, and Blood Institute/American Heart
Association consensus statement criteria for metabolic syndrome were used with the updated
impaired fasting glucose definition.16 Positive smoking status was defined as current or past
smoking history. Sedentary activity status was defined as less than 30 min of physical
activity three times per week, corresponding to less than 405 MET*min*week in the DHS.

Statistical analyses were performed using SAS Version 9.1, (Cary, NC). Differences in
baseline characteristics were analyzed with a t-test for normally distributed variables and
Wilcoxon rank sum tests of significance for variables with non-normal distributions. Chi-
square analysis was employed for categorical variables and grouping of CAC scores (0,
0-100, 100-400 and over 400). For comparisons of ethnic differences and linemen versus
non-linemen group differences, the Cochran-Mantel-Haenszel chi-square statistic and the
Breslow-Day test of homogeneity were performed. Multiple linear regression analysis was
performed with log-transformed CAC as the dependent variable, and independent variables
were selected with a combination of stepwise and known variables that influence CAC
score. Logistic regression was also performed with the dependent variable of detectable
CAC and the same independent variables. With 200 retired NFL players and 400 matching
controls, this study had 95% power (alpha = 0.05) to detect a 15% difference in the
prevalence of detectable CAC between groups.

Results
Of the 240 participants who attended the Miami, Dallas, Atlanta and San Francisco Living
Heart Foundation screenings, 201 consented to additional CAC imaging. There were only 6
participants who did not self-identify as Caucasian or African-American (2 bi-racial -
African-American and American Indian/Alaska native or Hispanic, 1 American Indian/
Alaska native, 2 Hispanic and 1 missing). Therefore, we restricted to Caucasians and
African-Americans for the DHS analysis (n=195). Matching by ethnicity, age, and BMI, 150
DHS participants were matched with 150 retired NFL players. Forty-one retired NFL
players exceeded the upper age limit of the DHS. Three retired players with a BMI > 40 and
1 player with missing BMI could not be matched in the DHS. The second ACLS control
group included the entire age range of retired NFL players and excluded only 1 person with
a missing BMI value (n=200).

Baseline characteristics are shown in Table 1 for the retired NFL players matched to DHS
controls for ethnicity, age and BMI. Retired NFL players had significantly smaller waist
size, lower blood pressure, triglycerides, glucose and C Reactive Protein, and higher high
density lipoprotein cholesterol than DHS controls. Only the total cholesterol and low density
lipoprotein concentrations were higher in the retired NFL players. Looking at the overall
profile of CV risk factors (Figure 1A), there was a significantly lower percentage of retired
NFL players who had ever smoked, were sedentary, had diabetes, hypertension or the
metabolic syndrome. The only CV risk factors that were significantly more prevalent among
the retired NFL players were the diagnoses of hyperlipidemia (treated and untreated) and
impaired fasting glucose. The greater prevalence of hyperlipidemia could not be attributed to
any significant differences in statin use (14.3% retired NFL players and 16.6% among the
DHS controls, p=0.60).

Stratified by ethnic group, the differences in CV risk factor profiles between retired NFL
players and their DHS controls were similar in Caucasians and African-Americans (Figure
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1B and 1C). When stratified by former linemen status, differences in CV risk factor profiles
between former linemen and their matched controls and non-linemen and their controls were
similar with the exception of the prevalence of hypertension (Breslow-Day test for
homogeneity, p = 0.03; chi-square, p=0.83).

The distribution of individual CAC scores among the retired NFL players and DHS controls
are plotted against percentiles for age derived from the Aerobics Center Longitudinal Study
database (Figure 2). The majority of the retired NFL players (81.0%) had CAC scores below
400, with more than 2/3 below the 50th percentile for their age group (Figure 2 inset).
Interestingly, despite the lower prevalence of many CV risk factors, there was no difference
in the prevalence of detectable CAC between the retired NFL players and DHS controls
(46% and 48.3% respectively, p=0.69). Based on previous studies evaluating the use of CAC
score ranges to predict CV events, CAC score ranges of 0-10, 10-100 and 100-400 and over
400 were compared between groups (Figure 3A).8,9 There was no statistically significant
difference across these CAC score ranges (Figure 3A).

Controlling for ethnicity, there was no difference in detectable CAC between retired NFL
players and DHS controls (Caucasians: 67.2% NFL v. 57.4% DHS; African-Americans:
31.5% NFL v. 42.1% DHS; Breslow-Day test for homogeneity, p = 0.07; Cochran-Mantel-
Haenszel statistic, p=0.69). Controlling for lineman position, the result was also the same
(former linemen detectable CAC, 40% and non-linemen detectable CAC, 48.6%, Breslow-
Day Test, p = 0.79, Cochran-Mantel-Haenszel statistic, p=0.68).

To compare the entire age range of retired NFL players to physically-active community
controls of a similar socioeconomic demographic, a second control group from the Aerobics
Center Longitudinal Study database was obtained. Baseline characteristics are shown in
Table 2. When matched on age only, BMI and all other measurements of body size were
significantly greater in the retired NFL players. Conversely, diastolic blood pressure, total
cholesterol and triglycerides were lower in retired NFL players than the controls, and there
was no difference in the proportion of smokers or individuals who were sedentary, had
diabetes, hypertension, hyperlipidemia or impaired fasting glucose. Only the prevalence of
the metabolic syndrome was greater among retired NFL players compared to Aerobics
Center Longitudinal Study controls (39.5% v. 23.0%, p < 0.001). Again, there was no
difference in the prevalence of detectable CAC (56.0% NFL v. 61.0% ACLS, p = 0.24) or
the distribution of CAC scores of the retired NFL players compared to this more active
control group (Figure 3B).

To evaluate predictors of CAC among the retired NFL players, multivariable linear and
logistic regression models were evaluated using log-transformed CAC and detectable CAC,
respectively. Adjusted for study site and BMI, age and hyperlipidemia were the most
significant predictors of CAC (Table 3).

Discussion
Compared to age and BMI-matched population-based controls, retired NFL players had
significantly fewer CV risk factors. However, there was no difference in the presence or
extent of coronary atherosclerosis, as measured by CAC, when matching the retired NFL
players to either sedentary or physically active control groups. Retired NFL players do not
have significantly greater or lesser amounts of coronary atherosclerosis than expected for
their age. Nevertheless, the higher prevalence of hyperlipidemia and impaired fasting
glucose in the younger retired NFL players demonstrates the need for early CV risk factor
screening and maintenance of a physically active lifestyle.
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This is the first study to systematically evaluate a measurement of coronary atherosclerosis
in retired NFL players compared to matched controls. Importantly, there was no difference
in the amount of detectable CAC or the distribution among clinically meaningful ranges of
CAC scores (0, 0-100, 100-400, 400+) among retired NFL players and age-matched
controls, even when the retired players had a greater BMI than the Aerobics Center
Longitudinal Study controls. Furthermore, it is reassuring that 76 % of the retired NFL
players fell below a CAC score of 100. CAC scores above 100 predict a risk for CV events
several fold higher than a score below 100, above and beyond Framingham scores and the
number of CV risk factors.9 Therefore, although previous reports have raised concern about
the large body size of football players, retired NFL players do not have a greater prevalence
of CV risk factors or an excessive burden of detectable coronary atherosclerosis than
attributable to their age.

This study is consistent with the overall findings of the National Institute of Occupational
Safety and Health that former NFL players had a lower mortality rate than the general
population. While their subgroup data suggested that overall CV disease risk may be 50%
higher in former linemen, this risk is not apparent in our study based on CAC scores or CV
risk factor burden.18 This analysis was not powered to detect smaller (less than 10%)
differences in CV risk factors or CAC prevalence among linemen versus non-lineman. This
study is an important follow-up to initial reports estimating a higher prevalence of the
metabolic syndrome among linemen.19 The previous study could not assess whether linemen
have a higher prevalence of the metabolic syndrome compared to a control group of similar
body size. When matched on BMI, retired NFL players had a significantly lower prevalence
of metabolic syndrome than population-based controls. It is even more striking that matched
by BMI, retired NFL players were taller and heavier, yet still did not necessarily have higher
blood pressure or more CAC. When matched by age only with ACLS controls, greater body
size among the retired players corresponded to a higher prevalence of metabolic syndrome
but no other difference among the individual CV risk factors or the amount of coronary
calcium. Therefore, the metabolic syndrome categorization can overestimate CV risk in
larger former professional athletes who may meet the larger waist or BMI criteria without
necessarily having a higher prevalence of CV risk factors or coronary atherosclerosis. In
these retired NFL players as in other studies,20,21 the metabolic syndrome per se does not
necessarily independently predict CV disease or add information beyond traditional CV risk
factor assessment.

The observation that certain metabolic risks - hyperlipidemia and impaired fasting glucose -
were greater in retired NFL players suggests that size does matter, particularly in the
younger retired players. Even former elite athletes are susceptible to the associated
metabolic risks of greater mass and accompanying fat. The prevalence of impaired fasting
glucose was almost 3 fold > the NHANES estimates of 6 to 14% in the US or even twice
what was observed in the DHS. This finding is in agreement with previous observations that
BMI may still trump fitness in terms of risk for diabetes, especially at relatively younger
ages.22 Interestingly, in contrast, the prevalence of diabetes was lower than population
estimates of 8% or the DHS control group. While the development of metabolic risks
associated with large body size may not be avoidable, fitness or physical activity may at
least slow the progression of impaired fasting glucose to diabetes 23,24. Furthermore, with no
difference in the extent of CAC, this study supports the concept that activity and/or fitness
can attenuate the CV risks that accompany large body size.4, 25

Ultimately, BMI was not a significant predictor of coronary calcium in the retired NFL
players. The most significant predictors of coronary atherosclerosis were the traditional risk
factors of age and hyperlipidemia. Other studies have also found inconsistent associations of
BMI with coronary atherosclerosis and/or events.26 Especially at larger BMI, other
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measurements of body size may serve as better predictors. In the DHS, waist-hip-ratio
provided better discriminatory value for increasing prevalent CAC than BMI.27

The issue of different CT scanners at multiple sites has been previously addressed by large
multisite cohorts. Despite significant variability among their scanners, adjusted scores
obtained from calibration of all images to a phantom standard were highly correlated to
unadjusted CAC scores, with only 84 of 9533 (0.9%) participants moving from a 0 to non-
zero score and only 3.5% moving between clinical Agatston score categories after
calibration.28 Therefore, site variability in this study is not likely to have affected
categorization of negative or positive scans or score groupings. Variations in CAC scores
were more significantly attributed to individual factors of age and hyperlipidemia than site
factors (Table 3).

One of the strengths of this study is the ability to compare the retired NFL players to the
DHS cohort which has a similar representation of African-Americans. Ethnic differences in
lipids have been previously described29 and might explain the lower cholesterol among
retired NFL players versus the Caucasian sample of Aerobic Center Longitudinal Study.
This difference in lipids was not seen in the ethnically-matched DHS analysis. Controlling
for ethnicity in the NFL-DHS analysis, there was no statistically significant difference in
detectable CAC.

Since the retired NFL players presented for voluntary health screening, there may have
existed a selection bias in either direction. It is also possible that the amount of coronary
atherosclerosis may underestimate or overestimate the risk for future CV events in retired
NFL players. Ongoing follow-up of the LHF cohort will be necessary to determine the
correlation of these findings with risk for CV events. Whether the younger generation of
retired players or current players may be at greater risk for CV events or mortality merits
further study, especially given the larger body sizes now required to be competitive and the
greater metabolic risks observed in the younger players.
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Figure 1.
CV risk factors among A) all NFL v. DHS; B) Caucasians v matched DHS controls; C)
African-Americans v. matched DHS controls. HTN: hypertension; Lipid: hyperlipidemia;
IFG: impaired fasting glucose; Met Syn: metabolic syndrome. *p < 0.01 **p < 0.05.
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Figure 2.
Distribution of CAC scores among retired NFL players (●) and DHS controls (○) along
age-derived percentiles from the ACLS database. Inset: Distribution of retired NFL player
CAC scores < 400 show the majority below the 50th percentile.
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Figure 3.
Distribution of CAC scores among the retired NFL players and (A) DHS controls; (B)
ACLS controls. A CAC cut-off of 10 represents the data-derived definition of a negative
score in the DHS comparison.
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Table 1
Baseline characteristics for retired National Football League (NFL) players and Dallas
Heart Study (DHS) controls*

Characteristic Retired NFL (n=150) DHS (n=150) P value

Age (years) 51.2 ± 9.7 51.1 ± 9.5 -

Time since retirement (years) 21.8 ± 10.1 -

African-American 89 (59.3 %) 89 (59.3 %) -

Linemen 44 (29.3 %) - -

Weight (kg) 111.3 ± 18.4 96.3 ± 14.5 < 0.001

Height (cm) 187.4 ± 7.1 175.1 ± 7.6 < 0.001

Body mass index (kg/m2) 31.5 ± 4.2 31.4 ± 4.0 -

Waist (cm) 103.8 ± 11.5 107.4 ± 10.9 0.007

Waist/hip ratio 1.08 ± 0.85 0.98 ± 0.05 < 0.001

Systolic blood pressure (mmHg) 127.6 ± 16.7 135.6 ± 17.0 < 0.001

Diastolic blood pressure, (mmHg) 77.3 ± 11.2 82.5 ± 10.4 < 0.001

Total cholesterol (mg/dL)‡ 197.8 ± 42.1 176.8 ± 40.1 < 0.001

Low density lipoprotein (mg/dL)‡ 128.5 ± 36.0 107.7 ± 37.5 < 0.001

High density lipoprotein (mg/dL)‡ 50.8 ± 16.8 43.7 ± 10.9 < 0.001

Triglyceride (mg/dL)† ‡ 81 [61, 115] 111 [74, 160] < 0.001

Glucose (mg/dL)‡ 101.4 ± 14.1 110.4 ± 47.7 0.03

High sensitive C Reactive Protein (mg/L) † ‡ 0.8 [0.4, 1.8] 2.4 [1.4, 5.2] < 0.001

*
presented as means ± SD, except where otherwise noted

†
presented as median [interquartile range]

‡
SI conversion factors: To convert low-density and high-density lipoprotein and total cholesterol to mmol/L, multiply by 0.0259. To convert

triglycerides to mmol/L, multiply by 0.0113. To convert glucose to mmol/L, multiply by 0.0555. To convert C Reactive Protein to nmol/L,
multiply by 9.524.
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Table 2
Baseline characteristics for retired National Football League (NFL) players and Aerobics
Center Longitudinal Study (ACLS) controls*

Characteristic Retired NFL (n=200) ACLS (n=400) P Value

Age (years) 55.2 ± 11.9 52.5 ± 11.9 0.01

Time since retirement (years) 24.8 ± 12.2 - -

Linemen 115 (57.5 %) - -

Body mass index (kg/m2) 31.7 ± 4.7 28.6 ± 3.1 < 0.001

Weight (kg) 110.6 ± 19.6 94.6 ± 14.7 < 0.001

Height (cm) 186.2 ± 6.9 179.8 ± 7.4 < 0.001

Waist (cm) 105.7 ± 12.7 98.4 ± 8.9 < 0.001

Waist/hip ratio 1.06 ± 0.73 0.93 ± 0.05 < 0.001

Systolic blood pressure (mmHg) 129.2 ± 17.0 129.0 ± 16.0 0.70

Diastolic blood pressure (mmHg) 77.5 ± 11.1 85.0 ± 9.8 < 0.001

Total cholesterol, (mg/dL)‡ 192.9 ± 41.9 204.0 ± 41.6 < 0.001

Low density lipoprotein, (mg/dL)‡ 126 ± 36.2 124.7 ± 37.2 0.37

High density lipoprotein, (mg/dL)‡ 49.4 ± 17.0 46.4 ± 11.5 0.35

Triglyceride, (mg/dL)† ‡ 83.5 [61, 122] 127.5 [92, 177] < 0.001

Glucose, (mg/dL)‡ 102.3 ± 17.0 104.5 ± 20.5 0.08

High sensitive C Reactive Protein, (mg/L) † ‡ 4.2 [0,196.5] 11.0 [0, 186] 0.69

*
presented as means ± SD, except where otherwise noted

†
presented as median [interquartile range]

‡
SI conversion factors: To convert low-density and high-density lipoprotein and total cholesterol
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Table 3
Multivariable logistic regression model of positive (>0) coronary artery calcium score in
retired National Football League Players

Variables* Odds Ratio (95% Confidence Intervals) P value

Age 1.12 (1.08, 1.17) <.001

Hyperlipidemia 1.40 (1.06, 1.84) 0.02

Body Mass Index 1.02 (0.94, 1.10) 0.69

*
Model also adjusted for study site to mmol/L, multiply by 0.0259. To convert triglycerides to mmol/L, multiply by 0.0113. To convert glucose to

mmol/L, multiply by 0.0555. To convert C Reactive Protein to nmol/L, multiply by 9.524.
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