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Introduction
▼
One of the leading causes of a visit to a general 
practitioner is upper respiratory tract infections 
(URTI), such as coughs, colds, pharyngitis and 
laryngitis [11]. It has also been demonstrated 
that every adult will suffer, on average, between 
2 and 5 colds every year [17] with a large eco-
nomic cost in lost work days and medical 
expenses. Several factors can alter the incidence 
of URTI with periods of high intensity/duration 
exercise training being shown to result in an 
approximately 2 fold increase in URTI incidence 
[21, 22]. This increase in URTI incidence has long 
been thought to be the result of perturbations in 
the function of the immune system, with many 
changes to immune function after both acute and 
chronic exercise [28]. What has remained chal-
lenging, however, has been establishing a clear 
link between individuals with the greatest per-
turbations of the immune system and URTI inci-
dence. In this regard one of the most promising 
markers associated with URTI incidence is the 
levels of salivary immunoglobin A (sIgA), with 
reduced sIgA having been demonstrated to be 

associated with URTI incidence in athletic groups 
[10]. It is of clear importance, therefore, to 
uncover strategies for reducing URTI incidence in 
athletic populations with nutrition often being 
an area of focus.
In recent work, vitamin D has been shown to be 
crucial in the regulation of the immune system 
[1], with lower levels of vitamin D being associ-
ated with an increase in respiratory infections 
and decrease in lung function in a middle-aged 
British population [3]. Similar investigations 
have been carried out in athletic populations, 
with athletes with low vitamin D status having a 
higher risk of URTI and suffering more symptoms 
when a URTI bout is present [15]. There are as yet 
no vitamin D supplementation studies to investi-
gate whether such a strategy may reduce URTI 
incidence in such a population. In a similar vein it 
is known that fish oil can improve immune func-
tion in the recovery period after exercise [13], 
suggesting that fish oil supplementation may 
reduce URTI incidence although, as with vitamin 
D, there are no studies investigating this at pre-
sent. One method which has successfully been 
shown to reduce URTI incidence is through an 
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Abstract
▼
Upper respiratory tract infections (URTI) are a 
frequent illness among athletes. We investigated 
the effect of a multi-nutrient supplement (vita-
min D, fish oil and protein) on the occurrence of 
URTI in young active people. 42 young recrea-
tional athletes were randomly assigned to receive 
either supplementation (550 mg DHA, 550 mg 
EPA, 10 µg vitamin D3 and 8 g whey protein) or 
placebo for 16 weeks. Unstimulated saliva sam-
ples were collected by passive drool. Samples 
were analysed for IgA (sIgA) concentration and 
the secretion rate extrapolated by multiplying 
concentration by saliva flow rate. Physical activ-

ity levels and URTI incidence were monitored by 
questionnaire. Training status was not different 
between the 2 groups. There were no differences 
in the incidence, severity and duration of URTI. 
However the number of symptom days was lower 
in the supplemented compared to the control 
group (1.72 ± 1.67 vs. 2.79 ± 1.76; P < 0.05). sIgA 
concentration and secretion rate did not differ 
between groups. This study demonstrates that 
16 weeks of supplementation with fish oil, vita-
min D and protein did not modify the incidence, 
severity and duration of URTI, although the total 
number of symptom days was reduced, in a 
healthy active population.

D
ow

nl
oa

de
d 

by
: K

ar
ol

in
sk

a 
In

st
itu

te
t. 

C
op

yr
ig

ht
ed

 m
at

er
ia

l.

http://dx.doi.org/  10.1055/s-0034-1394464  
http://dx.doi.org/  10.1055/s-0034-1394464  
mailto:s.r.gray@abdn.ac.uk


427Immunology

Da Boit M et al. The Effect of Fish … Int J Sports Med 2015; 36: 426–430

increase in dietary protein intake [29]. In this study, with a coun-
terbalanced design, participants performed 7 days of high-
intensity exercise training on either a normal (1.5 g/kg body 
mass/day) or high-protein diet (3.0 g/kg body mass/day). The 
high protein diet attenuated the training-induced rise in URTI 
incidence and restored leukocyte trafficking. Although showing 
clear potential, this study was of short duration (7 days) and 
involved relatively small subject numbers (n = 8) in a lab-based 
induction of an overreached state. Longer-term studies among 
larger athletic populations during their normal training regimen 
are therefore required.
The aim of the current study was to investigate the effects of 
supplementation with fish oil, vitamin D and protein on URTI 
incidence over a 16-week period in an athletic population and to 
determine whether such changes were associated with increases 
in sIgA.

Methods
▼
Participants
42 participants (age 26.8 ± 4.4 years; height 171.6 ± 29.6 cm; 
body mass 68.2 ± 14.8 kg and percentage body fat 15.4 ± 6.9 %; 
sex: 26 male, 16 female) were recruited to the study. 2 cohorts 
were recruited beginning in March 2013 (n = 36) and September 
2013 (n = 6). All participants reported participating at least 3 h of 
moderate/high intensity exercise training per week. For the 
16-week study period participants were asked to maintain their 
habitual exercise training and nutritional intake. The study was 
approved by the University of Aberdeen College of Life Sciences 
and Medicine Ethics Review Board, and participants were made 
aware of the aims, risk and discomfort associated with the study 
before providing written informed consent [14]. Participants 
were free to withdraw at any time.

Supplementation
Participants were randomly assigned to either control (n = 20; 9 
females) or supplementation (n = 22; 7 females) groups. Supple-
ments consisted of drinks provided in unlabelled cartons, with 
participants being blinded as to which group they were assigned 
to. Following their initial visit, participants in the control group 
consumed 2 drinks per day, at a time of their choosing, contain-
ing water, sugar, lingonberry juice (6.2 %), red grape juice (3.9 %), 
ascorbic acid, citric acid and lingonberry aroma. Each drink was 
200 ml with 100 kcal of energy (25 g carbohydrate, 0 g fat and 0 g 
protein). The supplement group consumed 2 drinks per day 
with the same ingredients, and each drink supplemented by 
550 mg DHA, 550 mg EPA, 8 g whey protein isolate and 10 µg 
vitamin D3. Each drink was 200 ml with 200 kcal energy (28.5 g 
carbohydrate, 5.8 g fat and 8 g protein). Drinks were provided by 
Smartfish (Norway).

Experimental protocol
Participants visited the laboratory in the morning at baseline and 
upon completion of the study. On both of these visits body mass 
was recorded to the nearest 0.1 kg using a weighing scale, and 
height was measured to the nearest 0.5 cm using a stadiometer. 
Skinfold thickness was measured with callipers at 4 sites (bicep, 
triceps, subscapular and suprailiac) to the nearest 0.1 mm on the 
right side of the body. Body fat percentage was calculated using 
standard equations [7]. During these visits, unstimulated saliva 
samples were also collected from 3 min of passive salivation.

Training load was monitored throughout the study period by 
asking participants to complete the standard short form of the 
International Physical Activity Questionnaire (IPAQ) every week. 
From this questionnaire, training load was calculated every 
week in metabolic equivalents (MET) min/week. Participants 
were also asked to complete a questionnaire to record URTI 
symptoms on a daily basis [8]. Participants were asked to take 
any medication, or visit their GP as normal when symptoms 
were present, with these events being recorded in their illness 
log. The illness log listed the following symptoms: sore throat, 
catarrh, runny nose, cough, fever, repetitive sneezing, joint aches 
and pains, general weakness, headache and loss of sleep. Sever-
ity ratings of mild, moderate and severe were given with the fol-
lowing guidance: mild = normal training, moderate = modified/
reduced training and severe = discontinued training; and these 
were scored as 1, 2 and 3, respectively, providing a quantitative 
total symptom score for each day (calculated as symptoms mul-
tiplied by severity score). In any given week a symptom score 
of  ≥ 12, and separated by at least one week from another week 
with a score ≥ 12, was taken as a single URTI episode. The total 
number of URTI symptom days was calculated as the number of 
days with a symptom score of  ≥ 5 [23].

Saliva IgA
The volume of saliva collected in 3 min was estimated by weigh-
ing, and the salivary flow rate was subsequently calculated. 
Saliva was analysed for IgA using a commercially available ELISA 
kit (Salimetrics, USA) according to the manufacturer’s instruc-
tions. Samples and standards were analysed in duplicate with 
the intra-assay coefficient of variation being 7.9 %. Secretion rate 
for IgA was calculated by multiplying the salivary flow rate by 
the saliva IgA concentration.

Statistical analysis
Differences in the number of participants who suffered an URTI 
episode between control and supplemented groups were 
assessed by a chi-square test. To compare the number of URTI 
episodes and total number of symptom days, and, when a URTI 
was present, to compare URTI duration and symptom severity 
score, independent t-tests were performed. Changes in saliva 
IgA were compared using a two-way repeated measures ANOVA. 
Significance was accepted at p < 0.05, and data are presented as 
mean ± SD.

Results
▼
Participants
42 participants were recruited to the study, with 6 participants 
fully withdrawing for a variety of reasons (e. g. injury, did not 
like the supplements, undisclosed reasons). A further 6 partici-
pants completed 12 weeks of the study, with 30 participants 
completing the full 16 weeks of the study and saliva samples and 
questionnaires being completed for all 36 of these participants. 
Body mass increased slightly in the control group during the 
intervention (68.2 ± 14.5 kg at baseline to 69.2 ± 14.4 kg upon 
completion) with a slight decrease in the supplemented group 
(71.1 ± 9.8 kg at baseline to 69.2 ± 14.4 kg upon completion). Sim-
ilarly, percentage body fat increased slightly in the control group 
during the intervention (17.3 ± 5.0 % at baseline to 18.5 ± 5.0 % 
upon completion) with a slight decrease in the supplemented 
group (14.6 ± 7.8 % at baseline to 14.2 ± 7.1 % upon completion). 
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These small changes were not significant with the repeated 
measures ANOVA, revealing no group, interaction or time effects 
in either body mass or percentage body fat ( ●▶  Table 1).

Training loads
The weekly training load, estimated via the IPAQ, was not differ-
ent between the 2 groups with an average weekly load of 
3 814 ± 2 108 METmin/week in the control group and 3 893 ± 2 194 
METmin/week in the supplemented group ( ●▶  Fig. 1).

URTI incidence and severity
Data on URTI incidence and severity is presented in  ●▶  Fig. 2. 
There were no differences in the number of URTI episodes 
between groups. There were no differences in the percentage of 
participants reporting URTIs during the study period, with 49 % 
of participants in the control group and 45 % of participants in 
the supplemented group reporting a URTI episode. When a URTI 
was present there were no differences in either the severity or 
the duration of the episode. There were also no differences in 
the number of visits to a GP (1 participant in control and 2 in the 
supplemented group) or number of times medication was taken 
(medication taken 7 times in the control group and 5 in the sup-
plemented group). However, the total number of symptom days 
reports was significantly lower in the supplement group com-
pared to the control group (1.72 ± 1.67 in the supplemented 
group vs. 2.79 ± 1.76 in the control group;  < 0.05).

Salivary IgA
 ●▶  Fig. 3 shows the sIgA concentration and secretion rate in con-
trol and supplemented groups upon entry to the study and upon 
completion of the intervention. There were no differences in 

sIgA between visits or between the control and supplemented 
groups.

Discussion
▼
This 16-week study investigated the effects of a supplement 
containing fish oil, vitamin D and protein on self-reported URTI 
symptoms in a cohort of young active people. Throughout the 
trial, participants engaged in their normal training and competi-
tion schedule and were instructed to maintain their normal 
dietary habits. The main finding of the current study was that 
the supplement had no effect on the incidence and duration of 
URTI episodes, or the severity of symptoms when an URTI was 
present. Furthermore, sIgA concentration and secretion rate did 
not differ between groups. However, the supplemented group 
did report a lower number of symptom days compared to the 
control group. Taken together, this indicates that, while this sup-
plement has no effect on URTI, the number of days with lower 
level symptoms, such as runny nose, cough, fever, catarrh, is 
reduced. As the guidance given to participants for scoring symp-
toms was related to the subsequent effect on training, this would 
still indicate that the supplement may be of use in maintaining 
training adherence in this population. Further work is clearly 
required to test this directly.
In the current study, these observed changes in symptom days 
were not associated with changes in sIgA, with no differences 
existing between groups either before or after the intervention. 
There is currently very little information on the effects of EPA, 
DHA, protein or vitamin D on sIgA levels, and, as the current 
study did not find any changes in URTI incidence, duration or 
severity, the lack of change in sIgA is perhaps not surprising. It 
has previously been shown that sIgA secretion rate does decrease 
from “optimal” to “inadequate” according to vitamin D status 
[15], although to our knowledge there have been no previous 
supplementation studies. With regard to protein supplementa-
tion, one study has demonstrated that glutamine supplementa-
tion is unable to attenuate the acute exercise-induced decrease 
in sIgA levels [18]. This, however, is the effect of a single amino 
acid on acute exercise responses. As such, the effect of chronic 
protein supplementation on sIgA levels remains to be tested. On 
the basis of the current study it appears unlikely that a very 
modest increase in protein would have any effect. Previous work 
has shown that in mice, fish oil supplementation can preserve 
bronchoalveolar IgA levels in response to infusion with 5-fluoro-
uracil, an anticancer drug known to reduce mucosal immunity 
[9]. However, in a similar vein to protein it would appear likely 
that fish oil supplementation has very little effect on sIgA levels 
in humans.
The supplement investigated in the current study was chosen on 
the basis of the immunomodulatory effects of the individual 
components. While the current study is unable to determine 

Control (n = 17; 6 females) Supplemented (n = 19; 6 females)

Baseline 16 weeks Baseline 16 weeks

age (years) 28.3 ± 6.4 – 26.7 ± 4.4 –
height (cm) 174 ± 11.9 – 177.9 ± 6.9 –
body mass (kg) 68.2 ± 14.5 69.2 ± 14.4 71.1 ± 9.8 70.7 ± 6.9
body fat ( %) 17.3 ± 5.0 18.5 ± 5.0 14.6 ± 7.8 14.2 ± 7.1
salivary IgA SR (µg/min) 64.5 ± 36.8 69.1 ± 30.2 63.2 ± 31.0 73.1 ± 32.7
SR = Secretion rate

Table 1 Basic demographics 
and salivary IgA of participants at 
baseline and upon completion of 
the intervention.

Fig. 1 Training load monitored via the IPAQ questionnaire on a weekly 
basis during the intervention.
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which of these supplements is responsible for the reduction in 
total symptom days, it is prudent to discuss the literature avail-
able on the effects of the individual supplements on the immune 
system.

Rich in EPA and DHA, fish oil has long been investigated for its 
effects on the immune system and its ability to reduce inflam-
mation [4, 16, 25, 27]. Among exercise studies there are some 
conflicting results on the effects of fish oil consumption on such 
factors. Indeed, in a study by Toft and colleagues [26] it was 
found that fish oil supplementation did not alter plasma IL-6 lev-
els after a marathon, with similar results being found after 3 
days of intensive exercise [20]. However, we have recently dem-
onstrated that fish oil supplementation can improve post-exer-
cise peripheral blood mononuclear cell (PBMC) IL-2 production, 
NK cell activity and markers of oxidative stress [12, 13]. Thus far, 
no studies have investigated the effects of EPA and/or DHA on 
URTI incidence in active populations.
Historically known for its role in the absorption of calcium in the 
intestine, the physiological roles of vitamin D have expanded 
manifold in recent years [2]. For example, vitamin D has been 
demonstrated to promote antibacterial responses in monocytes/
macrophages, altering T helper cell function and viral inactiva-
tion [24]. Consequently, the potential role of vitamin D in URTI 
incidence has been proposed due to the immune role of vitamin 
D. On this basis, He and colleagues [15] investigated the inci-
dence of URTI compared to plasma vitamin D levels. This study 
demonstrated that participants who were deficient in vitamin D 
( < 30 nmol/L 25(O)HD) had an increased number of symptom 
days and symptom severity score, with no significant effect on 
URTI incidence or duration. The findings do partly reflect the 
findings of the current study, indicating that supplementation 
with vitamin D may be contributing to the reduction in symp-
tom days observed. However, a major drawback of the current 
study was that we did not measure plasma 25(O)HD and thus 
have no information as to whether our cohort were vitamin D 
deficient at baseline and it would seem reasonable to assume 
that any beneficial effects of vitamin D supplementation would 
be observed only in a deficient group.
With regard the protein component of the supplement 
employed, it is well established that amino acids are crucial sub-
strates for lymphocytes and an important modulator of their 
function [5]. Indeed it has been shown that increasing dietary 

Fig. 3 Salivary IgA (sIgA) concentrated and secretion rate in control and 
supplemented groups at baseline and after 16 weeks of the intervention.
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protein intake preserved neutrophil degranulation [6], superox-
ide production [19] and also that exercise-induced impairments 
in leukocyte trafficking are restored [29]. In this latter study the 
incidence of URTI was also reduced after increasing dietary pro-
tein intake during a period of high-intensity exercise training, 
suggesting that dietary protein may be of importance in deter-
mining URTI incidence. It is worth pointing out that in the study 
of Witard and colleagues, daily protein intake was increased by 
118 g, which is far in excess of 16 g of protein that was given in 
the current study. It remains to be established whether this 
small increase in protein intake is a contributing factor to the 
reduction in symptom days observed in the current study.
As mentioned above, a major limitation of the current study was 
that baseline and post-interventional plasma levels of EPA, DHA 
and vitamin D were not measured. We are therefore unable to 
determine whether their levels were low at baseline or to moni-
tor the increase post intervention.
In conclusion the current study has shown that a supplement 
containing fish oil, vitamin D and protein has no effect on the 
incidence or severity of URTI in a group of active people, 
although the total number of symptoms days was reduced. The 
current study was not designed to investigate the contributions 
of each of the components of this supplement, and further work 
is needed in this area and also in determining the optimal quan-
tities of each supplement.

Acknowledgements
▼
This study was supported by Smartfish, Oslo, Norway.

Conflict of interest: The authors have no conflict of interest to 
declare.

References
1 Aranow C. Vitamin D and the immune system. J Investig Med 2011; 

59: 881–886
2 Basit S. Vitamin D in health and disease: A literature review. Br J 

Biomed Sci 2013; 70: 161–172
3 Berry DJ, Hesketh K, Power C, Hypponen E. Vitamin D status has a lin-

ear association with seasonal infections and lung function in british 
adults. Br J Nutr 2011; 106: 1433–1440

4 Calder PC, Yaqoob P, Thies F, Wallace FA, Miles EA. Fatty acids and 
lymphocyte functions. Br J Nutr 2002; 87 (Suppl 1): S31–S48

5 Chuang JC, Yu CL, Wang SR. Modulation of lymphocyte proliferation 
by enzymes that degrade amino acids. Clin Exp Immunol 1990; 82: 
469–472

6 Costa RJS, Oliver SJ, Laing SJ, Walters R, Bilzon JLJ, Walsh NP. Influence 
of timing of postexercise carbohydrate-protein ingestion on selected 
immune indices. Int J Sport Nutr Exerc Metab 2009; 19: 366–384

7 Durnin JV, Womersley J. Total body fat, calculated from body density, 
and its relationship to skinfold thickness in 571 people aged 12–72 
years. Proc Nutr Soc 1973; 32: 45A

8 Fricker PA, Pyne DB, Saunders PU, Cox AJ, Gleeson M, Telford RD. Influ-
ence of training loads on patterns of illness in elite distance runners. 
Clin J Sport Med 2005; 15: 246–252

9 Fukatsu K, Nagayoshi H, Maeshima Y, Ueno C, Saitoh D, Mochizuki 
H. Fish oil infusion reverses 5-fluorouracil-induced impairments in 
mucosal immunity in mice. Clinical Nutrition 2008; 27: 269–275

10 Gleeson M, Bishop N, Oliveira M, McCauley T, Tauler P, Muhamad AS. 
Respiratory infection risk in athletes: Association with antigen-stim-
ulated IL-10 production and salivary IgA secretion. Scand J Med Sci 
Sports 2012; 22: 410–417

11 Graham NH. The epidemiology of acute respiratory tract infections 
in children and adults: A global perspective. Epidemiol Rev 1990; 
12: 149–178

12 Gray P, Chappell A, Jenkinson AM, Thies F, Gray SR. Fish oil supple-
mentation reduces markers of oxidative stress but not muscle sore-
ness after eccentric exercise. Int J Sport Nutr Exerc Metab 2014; 24: 
206–214

13 Gray P, Gabriel B, Thies F, Gray SR. Fish oil supplementation augments 
post-exercise immune function in young males. Brain, Behavior, and 
Immunity 2012; 26: 1265–1272

14 Harriss DJ, Atkinson G. Ethical standards in sport and exercise science 
research: 2014 update. Int J Sports Med 2013; 34: 1025–1028

15 He CS, Handzlik M, Fraser WD, Muhamad AS, Preston H, Richardson 
A, Gleeson M. Influence of vitamin D status on respiratory infection 
incidence and immune function during 4 months of winter training 
in endurance sport athletes. Exerc Immunol Rev 2013; 19: 86–101

16 Healy D, Wallace F, Miles E, Calder P, Newsholme P. Effect of low-to-
moderate amounts of dietary fish oil on neutrophil lipid composition 
and function. Lipids 2000; 35: 763–768

17 Heath GW, Macera CA, Nieman DC. Exercise and upper respiratory tract 
infections. is there a relationship?  Sports Med 1992; 14: 353–365

18 Krzywkowski K, Petersen EW, Ostrowski K, Link-Amster H, Boza J, Halk-
jaer-Kristensen J, Pedersen BK. Effect of glutamine and protein sup-
plementation on exercise-induced decreases in salivary IgA. Journal 
of Applied Physiology 2001; 91: 832–838

19 Nelson AR, Jackson L, Clarke J, Stellingwerff T, Broadbent S, Rowlands DS. 
Effect of post-exercise protein-leucine feeding on neutrophil function, 
immunomodulatory plasma metabolites and cortisol during a 6-day 
block of intense cycling. Eur J Appl Physiol 2013; 113: 2211–2222

20 Nieman DC, Henson DA, McAnulty SR, Jin F, Maxwell KR. N-3 polyun-
saturated fatty acids do not alter immune and inflammation measures 
in endurance athletes. Int J Sport Nutr Exerc Metab 2009; 19: 536–546

21 Nieman DC, Johanssen LM, Lee JW, Arabatzis K. Infectious episodes in 
runners before and after the los angeles marathon. J Sports Med Phys 
Fitness 1990; 30: 316–328

22 Peters EM, Bateman ED. Ultramarathon running and upper respira-
tory tract infections. an epidemiological survey. S Afr Med J 1983; 
64: 582–584

23 Predy GN, Goel V, Lovlin R, Donner A, Stitt L, Basu TK. Efficacy of an 
extract of north american ginseng containing poly-furanosyl-pyra-
nosyl-saccharides for preventing upper respiratory tract infections: 
A randomized controlled trial. Canadian Medical Association Journal 
2005; 173: 1043–1048

24 Prietl B, Treiber G, Pieber TR, Amrein K. Vitamin D and immune func-
tion. Nutrients 2013; 5: 2502–2521

25 Rees D, Miles EA, Banerjee T, Wells SJ, Roynette CE, Wahle KW, Calder 
PC. Dose-related effects of eicosapentaenoic acid on innate immune 
function in healthy humans: A comparison of young and older men. 
Am J Clin Nutr 2006; 83: 331–342

26 Toft AD, Thorn M, Ostrowski K, Asp S, Moller K, Iversen S, Hermann C, 
Sondergaard SR, Pedersen BK. N-3 polyunsaturated fatty acids do not 
affect cytokine response to strenuous exercise. J Appl Physiol 2000; 
89: 2401–2406

27 Tull SP, Yates CM, Maskrey BH, O’Donnell VB, Madden J, Grimble RF, 
Calder PC, Nash GB, Rainger GE. Omega-3 fatty acids and inflamma-
tion: Novel interactions reveal a new step in neutrophil recruitment. 
PLoS Biol 2009; 7: e1000177

28 Walsh NP, Gleeson M, Shephard RJ, Gleeson M, Woods JA, Bishop NC, 
Fleshner M, Green C, Pedersen BK, Hoffman-Goetz L, Rogers CJ, Northoff 
H, Abbasi A, Simon P. Position statement. part one: Immune function 
and exercise. Exerc Immunol Rev 2011; 17: 6–63

29 Witard OC, Turner JE, Jackman SR, Kies AK, Jeukendrup AE, Bosch JA, 
Tipton KD. High dietary protein restores overreaching induced impair-
ments in leukocyte trafficking and reduces the incidence of upper 
respiratory tract infection in elite cyclists. Brain Behav Immun 2014; 
39: 211–219

D
ow

nl
oa

de
d 

by
: K

ar
ol

in
sk

a 
In

st
itu

te
t. 

C
op

yr
ig

ht
ed

 m
at

er
ia

l.


