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ABSTRACT

LUST, C. A. C., J. L. BURNS, M. T. JONES, S. B. SMITH, S. H. CHOI, M. KRK, D. A. GABLE, J. M. OLIVER, and D. W. MA. The Dose–

Response Effect of Docosahexaenoic Acid on the Omega-3 Index in American Football Athletes. Med. Sci. Sports Exerc.,

Vol. 55, No. 5, pp. 865-872, 2023. Purpose: American-style football (ASF) players are at increased risk for head injuries and cardiovascular

disease. n-3 polyunsaturated fatty acids are cardioprotective, and emerging evidence suggests benefits for protection against head injuries.

However, fundamental knowledge of n-3 polyunsaturated fatty acid dosing in athletes such as ASF players remains poorly understood. There-

fore, this study investigated the dose–response effect of docosahexaenoic acid (DHA) supplementation in red blood cells (RBC) and as the

Omega-3 Index (O3I), in collegiate ASF players throughout a competitive season.Methods: Sixty-nine ASF players were randomly assigned

placebo (corn oil), or 2, 4, or 6 g·d−1 of DHA supplement. Blood samples were collected at eight time points (T1–T8) over 27 wk. RBC were

extracted and analyzed by gas–liquid chromatography. Compliant players who had samples collected at all time points were analyzed. A

repeated-measures ANOVAwas conducted to assess the dose–response effect of DHA over time, and between-group differences at individual

time points were assessed by one-way ANOVA followed by Tukey post hoc test.Results:A significant dose and time interaction was found,

and all supplement groups had significantly greater DHA in RBC compared with placebo from T2–T8 (P < 0.05). Athletes receiving 6 g·d−1

of DHA had the greatest O3I, relative to other groups, and theO3I reached steady state by 15 wk. The 6 g·d−1 group surpassed >8%on the O3I

at approximately twice the rate of the 4 g·d−1 group (8 vs 15 wk).Conclusions:Our findings provide important fundamental knowledge dem-

onstrating a dose–response incorporation of DHA into RBC membranes up to 6 g·d−1. Furthermore, 6 g·d−1 of DHA can be used to rapidly

achieve a desired O3I (>8%) in athletes in only 8 wk.KeyWords:OMEGA-3 FATTYACID, RED BLOOD CELL, PLASMA, OMEGA-3

INDEX, CARDIOVASCULAR DISEASE, EXERCISE
American-style football (ASF) athletes have unique health
concerns and nutritional requirements. ASF athletes
have been found to consume an inadequate amount
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of omega-3 polyunsaturated fatty acids (n-3 PUFA) (1). How-
ever, there is currently a lack of studies assessing the dose–
response supplementation of n-3 PUFA in ASF athletes. In-
creasing docosahexaenoic acid (DHA), a long-chain n-3 PUFA,
consumption in nonathletes, up to 2 g·d−1, results in an increase
of plasma DHA concentration in a dose-dependent manner,
whereas quantities greater than 2 g·d−1 have shown minimal in-
creases beyond that point (2). As previously shown, nonathletes
with a greater body mass require greater intake of n-3 PUFA to
raise tissue levels to similar values when compared with those
with a lower body mass (3). Because of the greater size of ASF
athletes compared with the general population (4) and potential
for physical activity to modify lipid profiles (5,6), we posit that
they will require larger quantities of n-3 PUFA to see a similar
response to those with a lower body mass.

Worldwide consumption of n-3 PUFA, eicosapentaenoic
acid (EPA; 20:5n-3), and DHA, is low with less than 20% of
individuals consuming a recommended >250 mg·d−1 (7).
However, humans have a limited capacity to synthesize EPA
and DHA from the essential fatty acid alpha-linolenic acid
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(18:3n-3), as typically <1% DHA can be synthesized from
alpha-linolenic acid (8). Thus, EPA and DHAmust be obtained
from the diet, which is predominantly found in marine oils and
seafood. Blood plasma and red blood cells (RBC) are the two
most common fractions used to assess fatty acid status (9). Both
fractions are sensitive to fluctuations in fatty acid consumption
and are known to reflect dietary intake (8,9). We have previ-
ously published work showing an increase of DHA (22:6n-3)
in blood plasma of ASF players after supplementation with
n-3 PUFA but not in RBC (10). The longer half-life of healthy
RBC (~120 d) is thought to reflect long-term n-3 PUFA status,
as it is less sensitive to acute consumption and fasting status, un-
like the plasma fraction (8). The Omega-3 Index (O3I), which is
the sum of EPA and DHA levels in RBCmembranes expressed
as a percentage of total RBC fatty acids, has been proposed as a
clinical biomarker that provides information regarding cardio-
vascular disease (CVD) risk and overall n-3 PUFA status (11).

Understanding the specific nutritional needs of ASF athletes
has important implications for brain health and CVD. Because
of the physical nature of the sport, ASF athletes are consistently
exposed to repetitive head impacts at a higher relative rate than
other sports (12). Emerging evidence suggests that n-3 PUFA
may differentially influence health outcomes and suggests that
DHA can exhibit neuroprotective properties (12). A recent
study conducted in ASF athletes corroborates the neuroprotec-
tive ability of DHA, when administered before insult (13–15),
as measured by neurofilament light, a surrogate marker of
head trauma (10). DHA along with EPA has also been shown
to have important biological roles not only for brain health but
also for cardiovascular health (2). A number of studies and
surveys conducted in ASF athletes at both the collegiate and
professional levels reported greater than 60% of ASF athletes
to be prehypertensive or hypertensive, which was often attrib-
uted to high levels of low-density lipoprotein cholesterol
(16–18). Furthermore, decreasing the n-6/n-3 PUFA ratio by
increasing n-3 PUFA consumption further reduces CVD risk
through anti-inflammatory mechanisms (19). The effects of
n-3 PUFA on CVD risk are mixed but large human trials and
meta-analyses show positive benefits of n-3 PUFA intake
(20,21), particularly for those factors commonly known to
affect ASF athletes—dyslipidemia and hypertension (16).

Given the lack of basic scientific studies regarding the kinetics
and dosing status after n-3 PUFA supplementation in ASF ath-
letes, the current study sought to examine the dose–response
relationship of placebo, and 2, 4, and 6 g·d−1 of DHA supple-
mentation in ASF athletes in RBC. By observing the fatty acid
profile of RBC, we also sought to examine changes in the O3I
over the course of an entire competitive season.
METHODS

Participants. This study is a secondary analysis of biobanked
RBC samples collected in 2014. Further details of the method-
ology can be found in the primary study published by Oliver
et al. (10). In brief, the current study was conducted according
to the Declaration of Helsinki guidelines. All procedures
866 Official Journal of the American College of Sports Medicine
involving human subjects were approved by the institutional
review board (protocol no. 1404-68-1404). Participation was
voluntary, procedures were explained, and written informed
consent was obtained from all subjects. Participants were Na-
tional Collegiate Athletic Association Division I ASF athletes
medically cleared to participate in university athletics as deter-
mined by the team physician. Exclusion criteria included
chronic daily anti-inflammatory (≥20 d) or antihypertensive
medication use, medications for blood lipids, and fish oil or n-3
PUFA supplementation. Participants were advised as to which
foods were high in DHA and asked to limit servings to no more
than two per week. Athletes who sustained an injury and/or
were unable to participate in regularly scheduled conditioning
or competitions were excluded. Those athletes that missed two
or more sample collections were also excluded from analysis.
A consort diagram is provided in Figure 1 outlining specific ex-
clusion criteria. A total of 69 athletes met the requirements for
inclusion in this study.

Study design. A randomized, double-blind, placebo-
controlled, parallel-design study was used to examine the dose–
response and time course of supplemental DHA over the course
of an ASF season (189 d). This time frame included off-season
summer conditioning (57 d), preseason camp (23 d), and the
competitive season (109 d). Before the start of summer condi-
tioning, potential participants (n = 130) were randomized using
a random number generator by player position (quarterback, of-
fensive line, running back, tight end, wide receiver, defensive
line, linebacker, cornerback, safety, specialist (i.e., kicker), in-
coming freshmen—no positions assigned) to one of four sup-
plementation groups: 2 g·d−1 DHA (2G), 4 g·d−1 DHA (4G),
or 6 g·d−1 DHA (6G), or a placebo (PLA) consisting of corn oil.
Demographic information, including the breakdown of player
positions per group, is described in Table 1.

Blood was sampled at specific intervals to coincide with
changes in training intensity. A baseline blood sample was
taken when athletes returned from their off-season and reported
for summer conditioning (baseline; T1). A second sample was
obtained at the conclusion of summer training before preseason
training camp (pre-camp; T2). A third sample was collected af-
ter preseason training camp (post-camp; T3). The remaining
blood samples were taken throughout the competitive season
onMondays, 48 h after a Saturday game (T4–T8). All samplings
throughout the season occurred within intervals of 14–28 d as
permitted by scheduling and traveling. The timeline of blood
sample collection is presented in Figure 2.

Supplementation.DHAwas provided via algal oil (DHA-S
oil; DSM Nutritional Products, Columbia, MD) derived from
Schizochytrium sp. containing 35%–45% DHA by weight.
Wesson® corn oil, containing <0.1% DHA, was used as the
placebo and in the 2G and 4G DHA oil mixtures to ensure
equal volume to the 6G mixture. The lower limit (35%) of
DHA content by weight contained in the DHA oil was used
for calculating the proper dose for each supplement group
(10). All mixtures were flavored with artificial flavoring as a
masking agent. The fatty acid composition for both oils is in-
cluded in Oliver et al. (10).
http://www.acsm-msse.org
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FIGURE 1—CONSORT diagram outlining reasoning for exclusion from data analysis.
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Supplement mixtures were given on days participants re-
ported to the training facility (5–7 d·wk−1), and adherence was
monitored daily via visual supervision by the same research
personnel (10). Supplement compliance was set at ≥80% for
each individual over the course of the study. Days when
players were not required to report to the team facility, the sup-
plement was not given and considered for calculating compli-
ance. From the 130 participants, 6 dropped out because of side
effects (gastrointestinal distress, n = 4; poor palatability, n = 1;
and smell, n = 1) (10).
TABLE 1. Mean height and weight of ASF players across supplemental groups.

6G Group
Total N

4G Group
Total N

2G Group
Total

6G 18 4G 15 2G
QB 2 OL 2 QB
OL 5 CB 1 OL
CB 1 LB 2 LB
LB 2 PK 1 DL
PK 3 RB 1 S
RB 1 DL 3 WR
TE 2 S 1
DL 1 WR 4
WR 1

Heighta 74.8 ± 2.7 73.5 ± 3.3 73.7
Weighta 238.7 ± 39.9 228.8 ± 62.1 223.1

aOne-way ANOVA showed no statistical difference between height or weight among groups. Heigh
CB, cornerback; DL, defensive lineman; LB, linebacker; OL, offensive lineman; PK, place kicker; QB

DOSE–RESPONSE OF DHA IN FOOTBALL ATHLETES
Blood collection and fatty acid analysis. The night
before each blood collection, participants were verbally reminded
to ingest only water after 2200 h. On the day of blood sampling,
participants reported to the athletic training facility after an
overnight fast (≥8 h), and blood samples were collected via ve-
nipuncture from the antecubital fossa region using standard,
sterile phlebotomy procedures while the athlete remained su-
pine. Blood samples were collected in spray-coated K2 ethyl-
enediaminetetraacetic acid vacutainer tubes (BD Diagnostics,
Franklin Lakes, NJ). Vacutainer tubes were kept on ice before
N
PLA Group

Total N Group N

18 PLA 18 Total 69
1 OL 5 QB 3
4 CB 4 OL 16
2 LB 1 CB 6
2 TE 2 LB 7
5 S 2 PK 4
4 WR 4 RB 2

TE 4
DL 6
S 8
WR 13

± 2.3 74.0 ± 2.6 74.0 ± 2.7
± 42.0 229.9 ± 55.8 230.02 ± 49.5

t and weight are reported in inches and pounds. Values are mean ± SD.
, quarterback; RB, running back; S, safety; TE, tight end; WR, wide receiver.

Medicine & Science in Sports & Exercise® 867



FIGURE 2—Timeline of blood sample collection over the course of the season.
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blood collection and immediately placed on ice after blood col-
lection. All samples were centrifuged at 2000g for 30 min at 4°C
(Allegra X-15R; Beckman Coulter, Brea, CA) within 30 min of
collection. Aliquots of RBC, collected via sterile pipette from
center of the RBC pack within the EDTA vacutainer tubes, were
immediately transferred to prelabeled polypropylene vials.

Fatty acid measurement. Total lipid was extracted and
methylated according to previously described procedures (3).
Fatty acid methyl esters were analyzed with a Varian gas chro-
matograph (model CP-3800 fixedwith a CP-8200 autosampler;
Varian Inc., Walnut Creek, CA) equipped with a fused silica
capillary column CP-Sil88 (100 m� 0.25 mm i.d.; Chrompack
Inc., Middleburg, the Netherlands). Data are expressed as per-
cent (%) total fatty acids. The O3I was calculated using the for-
mula: %EPA+%DHAof total RBC fatty acids (22). Cut points
that are used for classifying the risk of developing CVD are as
follows: high risk, <4%; intermediate risk, 4%–8%; and low
risk, >8%.

Statistical analyses. The study was originally powered
to examine the effect of supplementation on blood biomarker
associated with concussion injury (10). All available samples
FIGURE 3—A, Dose–response curves of DHA after 27 wk of PLA (n = 14–18),
supplementation. B, Dose–response curve of the O3I. Amixed-model repeated-m
DHA and O3I. Subsequently, a one-way ANOVA was conducted at each time p
(P < 0.05). No significant difference was seen at baseline in either measure. Error
sidered significantly different at each time point (P < 0.05).

868 Official Journal of the American College of Sports Medicine
were used in the present study. The number of participants
for each time point included the following: PLA, n = 14–18;
6G, n = 15–18; 4G, n = 11–15; and 2G, n = 14–18. The number
of participants differs at each time point as anymissing bloodmea-
sures were not included in analysis. A mixed-model repeated-
measures ANOVA was initially used to determine if there was a
dose effect of DHA supplementation over time. Significant
time–treatment (P < 0.05) interaction justified further analysis
of specific time points by one-way ANOVA followed by a Tukey
post hoc test (P < 0.05). All analyses were performed using
SAS University Edition (SAS Institute Inc., Cary, NC).
RESULTS

Dose–response of DHA supplementation on the
composition of DHA. A significant dose (P < 0.05), time
(P < 0.05), and dose–time (P < 0.05) effect was observed for
DHA (Fig. 3A). Post hoc analysis found that all supplement
groups were greater (P > 0.05) than PLA at T2 through to T8.
At the end of preseason training camp and 15 total wk of DHA
supplementation (T4), %DHA in the supplemental groups began
or 6 g·d−1 (n = 15–18), 4 g·d−1 (n = 11–15), or 2 g·d−1 (n = 14–18) of DHA
easures approach showed a significant (P < 0.05) effect of dose and time for
oint followed by Tukey post hoc to determine differences between means
bars represent SD of means. Letters correspond to which groups are con-

http://www.acsm-msse.org
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to plateau. From T3 to T8, 6G fluctuated between being signif-
icantly greater (T4, T7) and not different (T3, T5, T6, T8) to
4G. At no point were 4G and 2G statistically different. All values
for Figure 3 can be found in Supplemental Table 1 (Supple-
mental Digital Content, http://links.lww.com/MSS/C787).

Changes in the O3I after DHA supplementation.
Trends seen in the O3I after 27 wk of DHA supplementation
follow a similar pattern to that of DHAvalues (Fig. 3B). A signif-
icant dose (P < 0.05), time (P < 0.05), and dose–time (P < 0.05)
effect was observed. At baseline, each supplement group had an
O3I slightly higher than 4%, and PLA fell below the 4% cutoff
for high risk of CVD (4). After the first 8 wk (T2) of DHA sup-
plementation, post hoc analysis found that the O3I significantly
increased in 2G, 4G, and 6G compared with PLA (P < 0.05).
At T2, 6G averaged an O3I value of 7.94, reaching the bench-
mark to be in the low-risk classification for CVD of >8% (22),
which remained until T8. Players receiving 4G did not achieve
this benchmark until T3, which was consistent until T8. Players
receiving 2G reached this benchmark at T6 but fell below 8%
at T7 and T8. Similar to the DHA results, players receiving 6G
consistently maintained an O3I at least 1%–2% greater than that
of 4G. Upon completion of the study, PLAwas the only group to
fall into the high-risk classification, and both 6G and 4G achieved
a low-risk classification for CVD based upon the O3I (22).

Dose–response of DHA supplementation on the
composition of EPA. Significant dose effect (P < 0.05)
and dose–time effect (P > 0.05), but no time (P > 0.05) effect,
FIGURE 4—Dose–response of (A) EPA and (B) ARA after DHA supplementat
football season. A mixed-model repeated-measures approach showed a significa
one-way ANOVA was conducted at each time point followed by Tukey post hoc t
statistically significant from each other at that time point (P < 0.05); time points

DOSE–RESPONSE OF DHA IN FOOTBALL ATHLETES
were observed for EPA in Figure 4A. Post hoc analysis found
that the 6G group had significantly higher EPA than all other
groups at T3 and T5 (P < 0.05). 4G was statistically greater
than PLA at T4, and at no point was different from 2G. By T8,
no differences were noted between groups. All values for
Figure 4 can be found in Supplemental Table 1 (Supplemental
Digital Content, http://links.lww.com/MSS/C787).

Dose–response of DHA supplementation on the
composition of arachidonic acid. The effect of supple-
mental DHA on RBC arachidonic acid (ARA) % composition
is presented in Figure 4B. A significant dose (P < 0.05), time
(P<0.05), and dose–time (P< 0.05) effectwas observed.Post hoc
analysis showed that at T3, ARA in PLA was significantly
(P < 0.05) greater than any of the supplement groups and contin-
ued to T8. The lowest RBCARAwas observed in those ingesting
6G, although it was not statistically different from 2G and 4G.

Percent composition of fatty acids in total RBCs.
The percent composition of major fatty acids comprising >80%
of total FA at each time point for seven FA including palmitic
acid (16:0), stearic acid (18:0), oleic acid (18:1n9), linoleic acid
(18:2n6), ARA, EPA, and DHA are found in Supplemental
Table 1 (Supplemental Digital Content, http://links.lww.
com/MSS/C787). The n-6/n-3 ratio was calculated using the
summation of n-6 and n-3 PUFA across all time points. Base-
line values of the n-6/n-3 ratio were all quite similar between
the supplementation and placebo groups. From T2 onward, ra-
tios in 6G, 4G, and 2G saw large declines, whereas PLA ratios
ion between all treatment groups over the course of a competitive college
nt (P < 0.05) effect of dose and time for EPA and ARA. Subsequently, a
o determine differences between means (P < 0.05). Letters indicate groups
without letters indicate no statistical difference. Error bars represent SD.
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stayed consistent. The shift in the ratio of the supplement groups
was driven largely by the increase of n-3 PUFA from DHA be-
ginning at T2, as n-6 PUFA only exhibited modest declines over
the course of the study.
DISCUSSION

The dose–response relationship of DHA supplementation in
RBC fatty acid composition in ASF athletes was investigated
over the course of a competitive season. We show a dose–
response incorporation of DHA into RBC up to a dose of
6 g·d−1. In only 8 wk, 6 g·d−1 of DHA rapidly increased O3I,
an objective marker of n-3 PUFA status, which is correlated
with reduced CVD risk. As each dose resulted in a subsequently
higher plateau, doses greater than 6 g·d−1 may still yield an even
stronger dose–response and potential positive health benefits
for ASF players.

After 27 wk of DHA supplementation, we found that the 6G
group had the greatest %DHA and O3I increase compared with
all other groups. All three supplementation groups reached differ-
ent plateaus of %DHA and O3I, which can be seen in Figure 3.
This is similar to previous work in which we found three distinct
plateaus when fatty acid profiles were assessed in total plasma
using the same quantities of DHA supplementation in the same
population (10). In contrast, a review by Arterburn et al. (2) sug-
gested that 2 g·d−1 of DHA supplementation results in near satu-
ration of plasma in nonathletes, as there were only marginal in-
creases when doses exceeded 2 g·d−1. However, upon examining
the studies reviewed by Arterburn et al. (2), which used a treat-
ment dose of >2 g·d−1 of DHA, only one published study was
8 wk in duration, whereas the remaining five studies were
6 wk or less in duration. Thus, the longer observation period
of 27wk in our study reveals a significantly higher level of sat-
uration than previous short-term interventions, which has also
been corroborated in one other long-term supplementation
study over 12 months (23). Another potential reason for this
discrepancy may be due to the focus on the plasma phospho-
lipid fraction, which does not account for fatty acids in lipids
pools that are unbound or being carried by lipoproteins or al-
bumin, including triglycerides, free fatty acids, and cholesterol
esters (24). Measures of fatty acid composition in RBC mem-
branes are another relevant lipid fraction and distinct from
plasma lipids, which are commonly used as a biomarker for
long-term dietary fatty acid status (24). The %DHA in RBC
membranes in the 4G and 6G supplementation groups also in-
creased in a dose-dependent manner, which further supports
our previous findings of increased saturation greater than 2 g·d−1

(10). Furthermore, as each supplemental group plateaued at
different levels, it is possible that higher doses of sustained
DHA supplementation may still lead to increased steady-state
concentrations in elite athletes. This dose–response is not sur-
prising even with the overall increased size of ASF players.
We posited that ASF athletes would require larger doses of
n-3 PUFA to elicit similar results compared with the general
population based on their larger body mass (4) and increased
physical activity levels, which can modify lipid profiles (5).
870 Official Journal of the American College of Sports Medicine
Indeed, a small study of 115men demonstrated that supplemen-
tation should be adjusted according to body weight to achieve a
similar O3I response (3). Overall, few studies have examined
the dose–response and health outcomes of n-3 PUFA supple-
mentation and/or fish consumption at values >2 g·d−1. A recent
meta-analysis demonstrated a dose–response reduction in CVD
outcomes at a dose >2 g·d−1 (25). It remains to be determined
how changes observed in blood fatty acid content translates to
the tissue level and further biological changes relevant to human
physiology and health. This warrants further investigation in
functional studies.

Previously, the % composition of n-3 PUFA in total plasma
lipids and RBC has previously been shown to be strongly corre-
lated (7,9). Although there is a strong correlation, the time course
of dietary n-3 PUFA incorporation into plasma has been reported
to occur more rapidly compared with RBC (9). The %DHA in
RBC in this study plateaued at week 15 (Fig. 3A/B). These re-
sults follow a similar time course seen in the general popula-
tion, where % n-3 PUFA in RBC has been reported to plateau
between 8 and 20 wk (2,26). As the dose increased, the dura-
tion of time it took to reach an O3I of 8%, a level associated with
lower CVD risk (9,23), was also reduced (Fig. 3). The 6G group
reached 8% in nearly half the time of the 4G group, 8 wk com-
pared with 15 wk. This finding is beneficial for nutritional plan-
ning, which aligns with practice and game scheduling. However,
future studies that evaluate specific health-related end points are
needed to determine if doses of DHA up to 6 g·d−1 are necessary
to elicit other beneficial effects in this cohort, as 4 g·d−1 also
surpassed >8% on the O3I. A recent novel finding suggests
that cycling DHA supplementation could potentially elicit sim-
ilar tissue and blood concentrations as chronic DHA consump-
tion over 12 wk using half the amount of DHA (27). This novel
approach could allow athletes to maintain increased levels of
supplementation on a more consistent and cost-effective basis;
however, this effect has yet to be confirmed in human trials.

%EPA also increased significantly over the duration of the
study in a dose-dependent manner because of DHA supplemen-
tation. The DHA supplement given to the ASF players in our
study also contained a small quantity of EPA likely resulting
in the increase seen in our results. On a biological basis, this ef-
fect was modest as the largest change of EPA status in any
group from baseline to the end of the study was only ~0.5%.
Metherel et al. (28) reported that there is limited to no retro con-
version of EPA from DHA found in human plasma, even with
high quantities of supplementation, and could be related instead
to slowed EPAmetabolism. In agreement, our results show that
at increasingly high levels of DHA, ≥4 g·d−1, retro conversion
of DHA to EPA is likely very minimal. Although players were
counseled about their diet, this was not explicitly controlled;
thus, increases of %EPA may have also been detected because
of changes in consumption from dietary sources.

Surprisingly, DHA supplementation only resulted in a mod-
est decrease of %ARA. Our results differ from previous work
in nonathletes that reported DHA supplementation results in a
decrease in ARA and its downstream metabolites (27). The
difference in findings may be explained by the increased
http://www.acsm-msse.org
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physical activity, and chronic injury in ASF compounded by
the metabolic demands of games, practice, and training and
may result in an increased inflammatory profile, which has
been seen in athletes in various sports (29). A notable increase
in %ARA can be seen in the PLA group (Fig. 4B), which cor-
responds to the beginning of training camp and players in-
creasing physical contact and activity. This may be the initial
response due to intense training, which then is maintained at
a chronic level, independent of DHA supplementation.

In complement to the dose–response increase in O3I, a
dose-dependent decrease in the n-6/n-3 ratio was also seen
(Supplemental Table 1, Supplemental Digital Content, http://
links.lww.com/MSS/C787). Decreasing the n-6/n-3 ratio has
been strongly correlated to protect against CVD (19) and low-
ering the ratio to <4:1 has seen up to a 70% reduction in mor-
tality rates (30). Although Division 1 ASF athletes are highly
active, the risk of CVD in this cohort, particularly to offensive
and defensive lineman, has been reported as high (1). Thus, de-
creasing the n-6/n-3 ratio is beneficial for this cohort, who is at
greater risk of CVD.

Limitations. This study is not without limitations. Athlete
diets were not restricted, and although information on what food
sources to avoid was provided (i.e., primarily fish and n-3 PUFA
supplements), there was nomeasure of compliance in this regard.
Specific measures of exercise were not measured. Because of
DOSE–RESPONSE OF DHA IN FOOTBALL ATHLETES
the defined number of players on the team, sample size was
restricted. Outcome measures were limited to the fatty acid pro-
file of RBCs; thus, tissue-specific effects remain to be determined
in future studies. Lastly, n-3 PUFA supplements on the market
are mainly a mixture of EPA + DHA; thus, the dose–response
of such mixtures requires separate investigation.

CONCLUSIONS

This study was the first to assess the dose–response relation-
ship of DHA supplementation on RBC fatty acid composition
over the course of an entire season (27 wk). Supplementing with
DHA in quantities greater than traditionally consumed by the
general population, 2 g·d−1, may be considered in ASF to rapidly
achieve an O3I associated with reduced CVD risk (≥8%) in only
8 wk. Results from this study will help to inform nutritionists
working with athletes and teams considering n-3 PUFA supple-
mentation. Future studies using doses greater than 6 g·d−1 and
evaluating further health outcomes are warranted to determine
a dose that yields the optimal benefits for this cohort.
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