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Background: Participation in collegiate American football is physically demanding and may have long-term health
implications, particularly in relation to cardiovascular and neurological health. National Collegiate Athletic Association
(NCAA) Division Il (DIll) football players are a relatively unstudied population, particularly in terms of their dietary habits
and knowledge. The aim of the present study was to descriptively evaluate the dietary intake of DIl football players
including a subset of linemen and assess the nutritional knowledge and sources of information of these athletes.

Methods: The study sample was 88 DIl football players including a subset of nine linemen. All participants completed
a food frequency questionnaire, and a nutritional knowledge questionnaire that included a quiz and questions about
their main sources of nutrition information. Heights and body masses were also recorded. The linemen submitted
written 3-day diet records for assessment of their dietary intake.

Results: Of the 88 participants, >50% reported consuming starches/grains, meat and dairy daily, but <50% reported
consuming fruits and vegetables daily. Protein powders were the most commonly used supplements (33% reported
daily use). Compared to dietary recommendations, linemen consumed high amounts of total fat, saturated fat, dietary
cholesterol, sodium, and potassium, but were low in carbohydrates, fiber, and essential fats. The mean nutrition
knowledge quiz score for the 88 participants was 55.2%. Those who had taken a nutrition or health course in college
scored significantly higher on the quiz than those who had not. Participants reported relying primarily on coaches,
websites, and athletic trainers (ATs) for nutritional guidance; ATs were the most trusted source.

Conclusions: Dlll football players had dietary habits that may both mitigate and increase their risk of chronic diseases.
These athletes have room to improve their nutrition knowledge. Their reliance on athletic team staff for nutrition
guidance highlights the importance of nutrition education for both athletes and staff and the potential role of a
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Background

The long-term health of collegiate American football
players, especially in relation to cardiovascular and neuro-
logical health, has received increasing attention from
athletes, their families, coaches, and administrators. Previ-
ous studies involving former football players have shown
that they have an increased risk of developing cardiovascu-
lar disease (CVD), neurodegenerative diseases, and a de-
creased health-related quality of life [1-4]. Since 1950,
football players (particularly linemen) have had the largest
increases in height, weight, and body mass index (BMI) for
any collegiate sport [5]. Regardless of the level of collegiate
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competition, football linemen have higher body masses,
waist circumferences, and BMIs than other position players
[6-9]. Over time, increases in body composition measures
may put linemen at a greater risk of developing metabolic
syndrome, which can then lead to other diseases such as
CVD and type two diabetes [6, 9-11].

While physical training plays a major role in alterations
to body composition, the dietary practices of collegiate
football players are a key component as well. There has
been some research on the dietary intake and nutritional
knowledge of NCAA Division I (DI) and Division II (DII)
football players [8, 11-14] but little published research
specific to NCAA Division III (DIII) athletes besides atti-
tudes about nutrition [6]. Not only does nutrition have an
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impact on the cardiometabolic health of these athletes,
but there is emerging evidence that it may be beneficial
for neurological health as well [15-18]. This is of increas-
ing concern in contact sports such as football.

Compared to DI and DII schools, DIII athletic programs
tend to have limited nutrition-related resources available
to their athletes (e.g. registered dietitian nutritionists) for
both their acute and long-term needs. Even amongst
larger collegiate programs, athletes tend to consult those
with whom they have the most frequent contact (e.g.
coaches, athletic trainers, and strength and conditioning
specialists) [19]. Very few DIII football players will con-
tinue to play competitively past their collegiate careers
and could potentially benefit from nutrition-related
programming to help them transition out of competitive
athletics. Before specific recommendations can be made, it
is important to gain a background understanding of the
nutritional practices and knowledge of this specific popu-
lation. The objectives of this study were to 1) descriptively
evaluate the dietary intake of NCAA DIII football players
including a subset of the players at higher risk for cardio-
metabolic diseases (linemen), and 2) assess the nutritional
knowledge and sources of information of these athletes.

Methods

Participants

Following approval of this study by the institutional review
board of Whitworth University, a convenient sample of 88
NCAA DIII football players were recruited at either an in-
formational session for returners held during the spring
2014 football season or via an e-mail sent to all new
players prior to arrival at training camp in August of 2014.
All participants provided written consent prior to their
participation in the study. Due to resource and scheduling
constraints, diet records could not be collected for all 88
study participants. Thus, due to their increased cardiomet-
abolic disease risk, only linemen (n = 21) were invited to
submit diet records for assessment of dietary intake, and
43% (n=9) chose to participate in this additional data
collection.

Procedures

The study design was cross-sectional. Data was collected
during sport physicals at the beginning of fall training
camp. Athletic training students measured participant
height using a measuring tape mounted on a wall to +0.5
inches and converted to centimeters (cm). Weight was
measured on a bathroom scale to +0.5 lbs and converted
to kilograms (kg). The participants then completed three
questionnaires: a health history screening form, a food
frequency questionnaire, and a nutrition knowledge ques-
tionnaire [19]. The food frequency questionnaire was de-
veloped for this study. Participants indicated the
frequency with which they consumed 66 different foods
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and beverages, as well as four categories of supplements
(i.e. protein powder, multivitamin/mineral, creatine, and
other). The nutrition knowledge questionnaire was a 17-
question, multiple-choice nutrition knowledge quiz based
on one developed by Torres-McGehee et al. [19]. Ques-
tion topics were related to macro- and micronutrients,
supplements, weight management, and hydration [see
Additional file 1]. The nutrition knowledge questionnaire
also included questions on the participants’ top three
sources of nutrition information, their comfort level with
those sources, and the perceived adequacy of those
sources. Finally, all participants reported whether they had
taken a college nutrition and/or health course.

The linemen who agreed to submit three-day diet
records met with a registered dietitian nutritionist the
following morning to review diet record procedures and
portion size estimations. Participants completed the
records on consecutive days during training camp and
were encouraged to consume their typical diets, record-
ing everything that they ate and drank, including
supplements.

Data analysis

Food records were analyzed using Food Processor soft-
ware (ESHA Research, Salem, OR). When a specific
brand was not specified or available, the USDA Standard
Reference was used. Dietary intake was assessed for en-
ergy, macronutrient, and micronutrient (sodium and po-
tassium) content. These data were compared to the U.S.
Dietary Reference Intake (DRI) standards and MyPlate
recommendations. DRI and MyPlate recommendations
were calculated using the mean height, body mass, age,
and activity level (very active) of the linemen. The excep-
tions to this were the DRIs for carbohydrate and protein,
which are widely recognized, athlete-specific recommen-
dations. Recommended intakes of carbohydrate and
protein were based on the guidelines outlined in the
American College of Sports Medicine, Academy of
Nutrition and Dietetics, and Dietitians of Canada Joint
Position Statement on Nutrition and Athletic Perform-
ance [20]. Athletes who engage in moderate-to-high in-
tensity exercise 1 — 3 h/day are advised to consume
between 6 — 10 g/kg of carbohydrate per day. We set
the recommended intake for the average linemen in our
study at the mean of this range (8 g/kg/day). The
amount of dietary protein believed to be necessary to
support metabolic adaptations, repair, remodeling, and
protein turnover is between 1.2 — 2.0 g/kg/day, spread
throughout the day. The DRI for protein for the average
lineman was set at the mean of this range (1.6 g/kg/day).
MyPlate was released in 2011 by the U.S. Department of
Agriculture (USDA) to replace the Food Pyramid.
MyPlate recommendations use English measurements
and are reported as such.
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Statistical analyses were performed using SPSS v.20
(IBM, Armonk, NY). One-sample ¢-tests were used to
compare nutrient levels to DRI standards and MyPlate
recommendations. Differences in nutritional knowledge
were investigated using independent ¢-tests comparing
(a) individuals who reported taking a college nutrition
course vs. those not taking a nutrition course, and (b)
individuals who reported taking a college health course
vs. those not taking a health course.

Results

Anthropometrics of the entire sample

Participant anthropometrics and demographics are re-
ported in Table 1. Using the World Health Organization
guidelines for body composition [21], the mean BMI for
all subjects fell within the “overweight” category (BMI of
25 — 29.9 kg/m?) and the linemen subgroup within the
“obese” category (BMI =30 kg/m?).

Nutrition practices in the linemen subgroup

Average energy, macronutrient, and micronutrient in-
takes of the linemen compared to the DRIs are reported
in Table 2 and compared to MyPlate guidelines in Fig. 1.
When compared to the DRIs calculated for the average
lineman, participants were low in total carbohydrate,
dietary fiber, and total polyunsaturated fats (PUFAs), in-
cluding omega-3s and omega-6s. They had high intakes
of total fat, saturated fat, dietary cholesterol, sodium,
and potassium. The participants met the requirements
for energy, monounsaturated fatty acids (MUFAs), and
protein for an athlete. Their average protein consump-
tion was 2.0 g/kg/d. The MyPlate daily guidelines for
fruits, vegetables, protein, dairy, and grains for the aver-
age lineman were 2.5 ¢, 4.0 ¢, 7 0z, 3 ¢, and 10 oz. Par-
ticipants met the requirements for fruits (3.1 ¢; t=0.9,
df=8, p=0.375), dairy (3.8 ¢; t=1.0, df=8, p =0.347),
and grains (13.6 oz; t=1.8, df =8, p =0.111). They con-
sumed high amounts of vegetables (11.9 ¢; t=3.7, df =8,
p =0.006) and protein (19.5 oz; t = 4.6, df = 8, p = 0.002).

Nutrition practices of the entire sample

Food frequency questionnaire results for the entire sample
are reported in Table 3. Participants reported eating an
average of 3.4+ 0.7 meals per day and dining out 2.5+ 1.8

Table 1 Subject characteristics

Characteristic Entire Sample (1=88)  Linemen Subgroup (n=9)

Average Age, yrs 196+1.7 204+15
Height, cm 1806+6.5 1828+63
Body Mass, kg 924 £16.1 1139+10.2
BMI, kg/m? 283+42 342443
Years in College 21413 27+14

Average intake numbers are mean + standard deviation
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Table 2 Average nutrient intake of linemen compared to the

DRI
Nutrient Dietary Intake DRI for Average P Value
(M £SD) Lineman®
Energy, kcals 52254+ 1693.6 45529 268
Total carbohydrate, g*P 649.2 +261.5 911.2 0174
Dietary fiber, g 4584185 63.7 020°
Protein, g° 2250+896 182.2 190
Total fat, g 1925 +60.2 1417 035¢
Saturated fat, g 613+173 455 026°
MUFA, g 490+157 50.6 769
PUFA, g 292+93 455 0014
Omega-3 s, g 24+07 46 <0014
Omega-6's, g 255+87 405 0014
Dietary cholesterol, mg 957.6 £ 406.3 3000 0014
Sodium, mg 9404.3 £ 3390.5 2300.0 <0014
Potassium, mg 6298.1 + 1986.5 4700.0 0424

DRI Dietary Reference Intake, MUFA monounsaturated fatty acids, PUFA
polyunsaturated fatty acids

DRI for average lineman was calculated for a standardized individual with the
average body mass, height, age and activity level of the linemen subgroup
PDRI for carbohydrate based off of 8 g/kg

DRI for protein based off 1.6 g/kg

9Significant difference

times per week. Of the restaurants the participants
reported eating at regularly, 71% were either fast food or
fast casual restaurants.

Nutrition knowledge & information sources for the entire
sample

Due to the small sample size of the linemen subgroup,
nutrition knowledge and information sources are re-
ported for the entire sample only. The mean nutrition
quiz score was 55.2+16.3%. Only 11.5% of participants
had taken a nutrition course in college, and their mean
score was significantly higher than those who had not
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Fig. 1 Actual intakes vs. MyPlate recommendations for linemen (n=9).

a, Significantly different than recommendations (p < .05)
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Table 3 Food frequency questionnaire data: % of participants (n = 88) who self-reported foods/beverages/supplements at specified

frequencies

Daily (7 d/wk) Frequently (3—-6 d/wk) Weekly (1-2 d/wk) Monthly (1/mo) Rarely (<1/mo) Never
Foods
Starches/grains 67.0 30.7 23 _ —_ —_
Meat 523 39.8 6.8 1.1 —_ —_
Seafood 6.0 286 226 250 15.5 24
Dairy 82.8 13.8 23 1.1 —_— —_—
Fruits 47.1 264 20.7 1.1 46 —
Vegetables 384 22.1 244 4.7 10.5 _
Desserts/candy 20.2 27.0 28.1 19.1 45 1.1
Beverages
Sports drinks 341 31.8 216 5.7 23 45
Juice 299 195 299 103 6.9 34
Coffee 34 6.8 14.8 8.0 22.7 443
Soda 23 6.8 170 125 295 318
Energy drinks 23 4.6 6.9 11.5 218 529
Supplements
Protein powders 330 239 114 34 136 14.8
Multivitamin/mineral 18.2 10.2 80 34 295 30.7
Creatine 57 5.7 57 4.5 182 60.2
Other 6.9 69 23 1.1 149 67.8

(71.2 vs. 53.6%; t=-7.38, df =85, p <0.001). Participants
who had taken a health course in college (15.3%) had a
significantly higher mean score than those who had not
(68.5 vs. 53.2%; t = -3.39, df = 84, p < 0.001).

The most commonly missed questions (<50% answered
correctly) related to acceptable macronutrient distribution
ranges for athletes, micronutrient function and toxicity,
safety and regulation of ergogenic aids, body composition
assessment, and recommended strategies for increasing
muscle mass. Over 75% of participants correctly answered
questions related to pre-exercise fueling, potential
performance benefits of creatine supplementation, post-
exercise rehydration guidelines, and possible side effects of
electrolyte loss.

Figures 2, 3 and 4 display the primary sources of nutri-
tion information for participants, the person with whom
they are most comfortable discussing nutrition topics, and
the perceived adequacy of these sources. When assessing
the perceived adequacy of the source (Fig. 4), participants
selected “cannot judge” if they had not sought out nutrition
information previously and/or did not clearly identify with
the other descriptors (i.e. “adequate” and “inadequate”).

Discussion

Anthropometrics of the entire sample

Compared to NCAA DI and DII athletes, past
researchers have reported that DIII players tend to

have significantly lower body masses (DI=131.3 kg,
DIl =123.4 kg, DIII =108.4 kg) [6]. The range of re-
ported body masses for DIII football players varies
from study to study, and our participants were on the
low end of published data with a mean of 92.4 kg.
Hoffman et al. [7] reported a range of 93.7 -
103.3 kg over five years, though Stuempfle et al. [22]
reported a mean of 88.6 kg. However, when looking
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Fig. 3 Person(s) with whom athletes were most comfortable discussing

nutritional needs (n = 88)
A\ J

at research on body mass in DIII linemen specifically,
our participants were on the higher end of mean
body mass (113.9 kg for our linemen vs. 1058 -
112.3 kg [7] and 96.6 — 101.0 kg [22]). The mean
BMI for the entire sample was comparable to that
reported by Stuempfle et al. [22] (28.3 kg/m2 VS.
27.4 kg/m?), however their offensive linemen had
BMIs within the “overweight” category (29.9 kg/m?), while
ours were considered obese (34.2 kg/m?). BMI has its lim-
itations in athletic populations with muscular builds and
should therefore be considered along with other body
composition measurements such as waist circumference
and percent body fat when assessing cardiometabolic dis-
ease risk. Regardless, the linemen in our study were well
over the BMI cutoff to be classified as “obese” and would
be at a higher cardiometabolic disease risk than their
teammates in other positions.
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Fig. 4 Perceived adequacy of nutrition source (n = 88)
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Nutrition practices in the linemen subgroup

Published studies on the dietary intakes of collegiate foot-
ball players have been limited to DI athletes and have not
been separated by position. To our knowledge, ours is the
only assessment of the nutritional intake of DIII linemen
specifically. Despite the small number of linemen in our
study, the exploratory nature of this research and lack of
information on this population in the literature warrant
inclusion of the collected data.

The energy and macronutrient intakes of our partici-
pants were generally higher than those of other research
groups [8, 13], though a direct comparison is difficult due
to variables such as the time of testing (e.g. off season,
pre-season, post-season), their playing positions, and year
of eligibility (e.g. freshmen vs. all years). The DIII linemen
in our study consumed excessive total fat, saturated fat,
dietary cholesterol, sodium, and potassium, and had low
intakes of carbohydrates, fiber, and PUFAs. Consumption
of a diet high in saturated fat and sodium and low in fiber,
PUFAs and MUFAs, has been associated with an in-
creased risk of chronic diseases such as CVD [23, 24].
Conversely, consumption of fruits and vegetables, whole
grains and foods high in PUFAs (e.g. omega-3 fats) and
MUFASs have been shown to be cardioprotective [25-27].
Saturated fat has been primarily linked to CVD risk due
to its potential to increase blood levels of LDL cholesterol,
an effect that can be mediated by replacement with PUFAs
and MUFAs [24]. PUFAs and MUFAs appear to have a
cardioprotective effect through many potential mecha-
nisms including decreased plasma triglycerides, resting
heart rate, blood pressure, and inflammation, as well as
improved vascular function and myocardial filling [23].
However, the current sample of linemen likely did not
consume sufficient MUFAs or PUFAs to receive this pro-
tective effect. A couple of recommendations for this popu-
lation would be to substitute oils for solid fats (e.g. olive
oil vs. butter) and at least one serving a week of seafood
for other animal products.

Dietary cholesterol intake for the linemen was over
three times the previous recommended amount. It is im-
portant to note that the most recent Dietary Guidelines
for Americans [28] no longer include the <300 mg/d
recommendation since there is evidence that dietary
cholesterol has less of an impact on blood cholesterol
levels than other types of fats (e.g. saturated and trans
fats). Dietary cholesterol is found only in animal prod-
ucts and is not an essential nutrient (i.e. it does not need
to be consumed in the diet). The liver produces enough
endogenous cholesterol to meet the body’s needs and
will moderate production to balance exogenous choles-
terol. The Dietary Guidelines emphasize that eating pat-
terns that include lower intake of dietary cholesterol are
associated with a lower risk of CVD, which is why we
chose to include the previous DRI in our analysis.
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However, more research needs to be done to determine
whether there is a benefit in isolating this particular as-
pect of the diet.

Athletes, particularly heavy sweaters, need more sodium
than non-athletes [29], though sweat rates and sodium
loss can vary widely among individuals. Godek et al. [30]
observed an average sodium loss of 12.5 g over a 4.5-h
practice in 14 NFL linemen. The range of sodium loss for
players of all positions (n = 44) over that period was 2.5 —
30.2 g. The sodium intake of our subjects was over three
times that of the recommendation for a healthy adult, but
could be appropriate depending on their individual sweat
rates. Guidelines for sodium intake in this active popula-
tion should take into consideration each athlete’s unique
physiology and needs. However, over the long-term, a diet
high in sodium post-competitive athletics could result in
adverse cardiovascular effects through a rise in blood
pressure [31]. Both a dietary reduction in sodium and
increase in potassium have been shown to help moderate
blood pressure. Our participants met the MyPlate recom-
mendations for fruits and exceeded them for vegetables,
which likely helped them meet the DRI for potassium.
Besides being high in potassium, diets rich in fruits and
vegetables may be beneficial for cardiovascular health be-
cause of their high antioxidant content, which may
minimize inflammation and oxidative stress [25, 32].
Fruits and vegetables, along with whole grains, are also ex-
cellent sources of dietary fiber. High-fiber diets appear to
reduce inflammation and oxidative stress, improve blood
lipid profiles and blood pressure, and regulate glucose me-
tabolism. The linemen in our study did not meet the
guidelines for fiber (72% of recommended; 45.8 vs. 63.7 g/
d) despite meeting the MyPlate guidelines for grains and
fruits and exceeding the guideline for vegetables. This
may be because the grains group in MyPlate includes not
only whole grains but refined flours and sugars as well.

When using the carbohydrate recommendation for an
athlete who engages in moderate- to high-intensity exer-
cise, our participants’ average intake (set as the median of
the range from 6 — 10 g/kg body weight) was low (71% of
recommended; 649.2 vs. 911.2 g/d). Depending on their
individual levels of activity, this amount of carbohydrate
intake may be adequate for most football players. For
some athletes, however, a higher amount consumed
throughout the day may be necessary to adequately re-
plenish glycogen stores and provide supplementary fuel
during exercise [33]. This is particularly important during
periods of intense training, such as during training camp.
Consuming carbohydrates throughout the day in the form
of whole grains, fruits and vegetables, could also improve
their dietary fiber intake and therefore their cardiometa-
bolic risk.

The linemen had significantly lower intakes of total
PUFAs and omega-3 fatty acids compared to the
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recommendations. Of the omega-3 fatty acids, docosahex-
aenoic acid (DHA) is the primary structural omega-3 in
the brain [17]. In rodent studies, supplementation with
DHA, either before or after concussions or mild traumatic
brain injuries, has helped improve functional outcomes
such as memory [17, 18, 34]. In the only known study on
the impact of DHA supplementation on traumatic brain
injury in humans, Oliver et al. [15] measured a biomarker
of brain injury among DI football players who consumed
varying doses of a DHA supplement (2 — 6 g/d) over the
course of a competitive season. Irrespective of the dosage,
the DHA-supplemented subjects had attenuated bio-
markers of brain injury compared to the placebo group.
Considering current worry about the long-term effects of
football on brain health, DHA supplementation (on top of
food) seems promising but needs further evidence, espe-
cially for dosing. In light of the importance of omega-3 s
in brain health, the lowered consumption in our group is
concerning, and future nutritional education geared to-
wards this population should consider emphasizing the
potential benefits of consuming foods high in omega-3s
(e.g. fatty fish).

Our participants met the recommendation for protein
intake for athletes, though they consumed almost three
times the protein recommendation provided by MyPlate
(19.5 vs. 7 oz.). Considering that other food groups on
MyPlate are also significant sources of protein (e.g. dairy
and grains), the overall protein intake of our participants
appears to be very high when compared to the MyPlate
recommendations for a “very active” individual. This calls
into question the utility of using MyPlate for athletes since
the guidelines do not appear to fully account for their
unique nutritional needs during training. MyPlate may be
a more helpful resource for general nutrition information
outside of a training cycle and following an athlete’s com-
petitive collegiate career.

Nutrition practices of the entire sample
Over 80% of our participants reported consuming dairy
products at least daily. The Dietary Guidelines for Amer-
icans 2015 — 2020 recommend that adults consume 3 ¢
of low-fat or fat-free dairy products per day, particularly
to ensure adequate intake of calcium and other nutrients
essential for bone health [28]. Former football players
who remain physically active may actually have a de-
creased risk of developing osteoporosis later in life com-
pared to age- and BMI-matched controls [35]. Not only
are dairy products an excellent source of calcium, they
are commonly consumed as a recovery fuel, especially in
beverage form, due to their mix of protein and carbohy-
drate, and their ability to aid in rehydration [36].

A majority of participants (67%) reported consuming
starches/grains daily, though the amount that they ate is
unknown. Considering that these foods are the primary
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sources of carbohydrate in the diet, some football athletes
may not be consuming adequate amounts. This seems
congruent with the low carbohydrate and fiber intake ob-
served in the linemen in our study (see previous section).

The most widely consumed supplement amongst our
participants was protein powder (68% of subjects re-
ported at least weekly consumption). This is higher than
that reported by Jonnalagadda et al. [11] where 16% of
their participants reported taking protein shakes or
amino acids at the time they were surveyed. In contrast,
while the percentage of participants in our study had
higher protein powder consumption, the percentage of
participants reportedly consuming creatine was lower
compared to Jonnalagadda et al. [11] (17 vs. 36%). In a
study by Burns et al. [37], 40.3% of DI athletes (all
sports) reported using a protein supplement and 31.4%
reported taking creatine. In that study, the frequency of
intake of the supplement (weekly or less often) was not
clear. Considering that our participants consumed a rela-
tively high proportion of animal products in comparison
to fruits and vegetables, they may already be getting ad-
equate amounts of dietary protein and could be com-
promising other aspects of their diets. Encouraging the
adoption of a more balanced eating plan during college
may be an appropriate avenue for disease prevention.

On a positive note, the amount of soda consumed by
our participants was much lower than previous self-
reported daily soda intake among college males (non-ath-
letes) at a university in the southern United States (2 vs.
48%) [38]. Even considering potential regional differences,
the daily consumption of soda amongst our participants
was quite low even though they had unlimited access to it
in the dining hall. If they are consuming sugar-sweetened
beverages, the participants in our study at least seem to be
selecting beverages that they perceive to have a health or
performance benefit (i.e. juices and sports drinks). Besides
contributing extra kcals and few nutrients, sugar-
sweetened beverages are linked to increased risk of cardio-
metabolic diseases [39]. The low intake of soda amongst
our participants aligns with declining trends in sugar-
sweetened beverage consumption in the United States,
which is at a 30-year low [40]. We were not able to assess
our participants’ intake of other added sugars due to limi-
tations in the dietary analysis software used. This is an im-
portant consideration for future research as the newly
revised nutrition facts label will require identification of
added sugars.

Another promising aspect of the participants’ dietary
intake was that 57% of respondents reported consuming
seafood weekly. According to National Health and
Nutrition Examination Survey data on adult males,
84.2% consumed seafood in the past month [41]. As
mentioned in the previous section on the dietary intake
of the linemen, seafood, especially fatty fish and algal oils
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are excellent source of DHA and another omega-3 fatty
acid (eicosapentaenoic acid). In addition to their role in
potentially mitigating the effects of traumatic brain in-
jury, researchers have been exploring how these nutri-
ents may also be involved in the prevention of cognitive
decline [42]. While it is not known whether higher sea-
food intake among football players is neuroprotective,
the increasing evidence of cognitive impairment within
this population warrants further investigation in this
area (3, 4].

Nutrition knowledge in the entire sample

The mean score of our participants (55.2%) was compar-
able to previous reports (54.9%) [19]. While there is no
single nutrition knowledge quiz that has been used in this
area of research, most include questions relating to
macro- and micronutrient needs, supplement efficacy, and
weight management. In a review of 29 studies assessing
nutrition knowledge among athletes, common misconcep-
tions included: the roles of nutrients and their energy con-
tent; protein acting as a primary energy source for
muscles; vitamin and mineral supplements providing en-
ergy; and supplements being necessary to achieve peak
performance [43]. We found that the majority of our par-
ticipants were misinformed about similar topics. Some
additional education on topics such as the functions of
specific nutrients and the safety and regulation of supple-
ments may prove beneficial. While we did not assess the
relationship between nutrition knowledge and dietary
habits, it is important to note that knowledge does not ne-
cessarily translate to behavior. In reviews on this topic, it
appears that nutrition knowledge may have a slightly posi-
tive impact on healthy nutrition behaviors, though most
correlations are weak [43, 44]. If nothing else, there does
not appear to be a negative effect of increased nutrition
knowledge. We did observe that our subjects who had
taken a nutrition and/or health class in college performed
better on the nutrition knowledge quiz compared to those
who had not taken a class.

Finally, our participants reported that they relied pri-
marily on coaches, websites and athletic trainers for nu-
tritional guidance. Of the athletic team staff, the subjects
appeared to put the most trust in athletic trainers to
provide accurate nutrition information, which aligns
with previous research [37]. Since most DIII schools do
not employ a registered dietitian nutritionist, athletic de-
partments should ensure that athletic trainers and coa-
ches are equipped to provide basic nutritional advice
and are educated on the limits within their scopes of
practice.

Limitations
To begin with, the purpose of this research was to de-
scriptively evaluate the nutritional practices and
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knowledge of DIII football players, so conclusions on the
factors that contributed to our observations (e.g. training
or access to nutritional support) and the potential impli-
cations of these factors cannot be made. Second, all par-
ticipants were from one university, which may not
reflect the habits of DIII football players nationwide.
Third, all data, except for anthropometric measure-
ments, was self-reported by the participants. Since the
participants had a limited amount of time to complete
the questionnaires and were constrained by their tight
schedules during training camp, more direct assessments
(e.g. interviews and observations of food intake) were
not feasible. The linemen were instructed by a registered
dietitian nutritionist on how to estimate portion sizes,
but there may have been inaccuracies in their reporting.
Fourth, the subset of linemen studied was quite small at
just nine participants, and there was a wide range in the
amount of food consumed among participants. Even
though they were instructed to maintain their typical
eating patterns, they were in the midst of their fall train-
ing camp and were practicing more frequently than dur-
ing the school semester. This, and the fact that they
were eating a majority of their meals in a dining hall
where they had unlimited access, may have contributed
to higher daily food intake and a different composition
of foods than they would eat during the rest of the sea-
son. Fifth, while the nutrition knowledge quiz used was
based on a survey that had been determined to have
construct validity, some changes were made to it to ac-
count for the specific population studied (e.g. removal of
a question on the female athlete triad). There are also
difficulties assessing what constitutes adequate nutrition
knowledge and whether knowledge translates into sig-
nificant behavior change. Finally, such quizzes assume
that there is only one correct answer and that nutrition
science and guidelines remain static. While no instru-
ment is perfect, the chosen quiz was deemed the easiest
and most practical way to assess nutrition knowledge in
our sample.

Conclusions

The long-term health of collegiate football players has
received increasing attention, particularly as it relates to
cardiometabolic and neurological health. The NCAA
DIII football players in our study had dietary habits that
may both mitigate and increase their chronic disease risk
later in life. In addition, their overall sport nutrition
knowledge was lacking and could potentially be im-
proved by increased education. The athletes in our study
relied primarily on coaches, the internet, and athletic
trainers for this information, trusting that what they
were receiving was accurate. Athletic staff therefore have
a responsibility to understand the nutritional landscapes
of their teams and encourage healthy eating habits that
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may have long-lasting effects. Increased educational op-
portunities for athletic staff may better equip them to
provide basic nutritional advice and know when to refer
athletes to a registered dietitian nutritionist.

Additional file
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