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Abstract

Literature reveals a paradoxical response of the immune and innate host defence

systems to endurance exercise; apparent stimulation following long-term regular
training and suppression in response to acute exposure to exhaustive endurance
exercise. Two epidemiological studies revealed that clinical manifestation of
immunosuppression in the form of increased incidence of upper respiratory tract
infection symptoms (URTI) is greater following competitive ultramarathon running
than in matched sedentary controls and linearly related to running time. These were
followed by three intervention studies in which the efficacy of anti-oxidant
supplementation in reducing the incidence of post-race symptoms of infection was
assessed following participation in the 90 km Comrades Ultramarathon. Vitamin C
alone was found to be more effective than combinations of anti-oxidants in reducing
the post-race incidence of URTI symptoms in a study conducted on 178 runners and

162 matched, sedentary controls.

In order to investigate mechanisms by which vitamin C may act in reducing the
incidence of URTI infection during the two-week post-race period, intervention
studies were conducted at the 1997 and 1999 90 km Comrades Ultramarathons.
Runners were required to keep dietary records and ingest prescribed capsules
containing 500 mg, 1000 mg, 1500 mg vitamin C or placebo for 10 days prior to the
event, complete the 90 km ultramarathon and provide 35 ml blood 14-16 hours
before, immediately on completion of, 24 hours and 48 hours post-race. These
specimens were subsequently assayed for markers of inflammatory and oxidative
stress which included circulating cortisol, adrenaline, vitamin A, vitamin C, vitamin
E, C-reactive protein (CRP), serum amyloid A, creatine kinase, lactate
dehydrogenase, neutrophils and lymphocytes, neutrophil-derived elastase and
myeloperoxidase, the pro-inflammatory-cytokines, interleukin-18, interleukin-6,
interleukin-8 and tumour necrosis factor-alpha, the anti-inflammatory-cytokine,
interleukin-10 (IL-10), and IL-1 receptor antagonist (IL-1Ra), all of which (with the
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exception of vitamins A and E and lymphocytes) were significantly elevated on

completion of the ultramarathon.

Increased daily intake of vitamin C was accompanied by a dose-related attenuation
of the exercise-induced increases in circulating vitamin C, cortisol and neutrophils.
Supplementation with the vitamin at doses of < 1000 mg daily appeared to result in
augmentation of the exercise-induced inflammatory response as evidenced by
significant increases (p<0.05) in circulating levels of the acute phase reactant, CRP
and in the group receiving 1000 mg daily, an increase in creatine kinase. In the
group receiving 1500 mg daily, this apparent pro-inflammatory effect of
supplementation with the vitamin was less evident, but circulating cortisol,
adrenaline, IL-10 and IL-1Ra concentrations were all significantly reduced (p<0.05),
suggesting that at this level of supplementation the vitamin may activate a
counteracting anti-inflammatory cascade, possibly through inhibition of activation

of pro-inflammatory transcription factors.

Although further work involving larger sample sizes is required to confirm these
findings, this is the first evidence that vitamin C supplementation attenuates the
endogenous, biological anti-inflammatory response to intensive exercise, which may
partially explain why the vitamin reduces the incidence of URTI in ultramarathon
athletes. On the downside, however, apparent augmentation of exercise-associated
inflammatory responses at supplementation levels of 500 and 1000 mg daily, is

clearly of concern.

Key Words: Upper respiratory tract infections, ultramarathon running,

vitamin C, oxidative stress, inflammatory stress, cortisol, adrenaline,

interleukin-10, interleukin-1Ra, C-reactive protein, amyloid A.
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Abstrak

Die literatuur toon ‘n teenstrydige reaksie van die immuun en intrinsieke gasheer
weestandsmeganismes ten opsigte van uithouvermoé-oefening; die klaarblyklike
stimulasie daarvan as gevolg van langtermyn, gereelde oefening maar ook die
demping daarvan wat volg na akute blootstelling aan uitputtende uithouvermoé-
oefeninge. Twee epidemiologiese studies het aangedui dat die kliniese manifestasie
van immuunonderdrukking in die vorm van ‘n verhoging in voorkoms van boonste
lugweg infeksie-simptome groter was na mededingende ultramaraton wedlope as in
rustende kontroles. Verder, dat hierdie simptome direk verwant was aan die
hardlooptyd. = Hierdie studie is opgevolg deur drie ander farmakologiese
ingrypingstudies waarin die doeltreffendheid van anti-oksidant aanvullings om ‘n
vermindering in voorkoms van na-wedloopsimptome teweeg te bring, ondersoek is
in deelnemers van die 90 km Comrades Ultramaraton. In ‘n studiegroep bestaande
uit 178 deelnemers en 162 rustende kontroles is gevind dat vitamien C alleen meer
effektief was as kombinasies van anti-oksidante, om die na-wedloop voorkoms van

boonste lugweg infeksie-simptome te verminder.

Ten einde die meganismes vas te stel waardeur vitamien C die voorkoms van
boonste lugweg-infeksie gedurende die twee week- periode na die wedloop
verminder, is twee ingrypingstudies onderneem tydens die 1997 en 1999 90 km
Comrades Ultramaratons. Deelnemers is versoek om boek te hou van hul dieet,
voorgeskrewe kapsules van 500 mg, 1000 mg, 1500 mg vitamien C of plasebo te
neem, die 90 km ultramaraton te voltooi en om 35 ml bloed 14-16 uur vooraf,
onmiddellik by voltooiing van, 24 uur en 48 uur na die wedloop te skenk. Die
bloedmonsters is daarna getoets vir merkers van inflammatoriese en oksidatiewe
stres wat insluit: sirkulerende kortisol, adrenalien, vitamien A, vitamien C, vitamien
E, C-reaktiewe proteien {(CRP), serum amiloied A (SAA), kreatien kinase, laktaat
dehidrogenase, neutrofiel-afkomstige elastase en miéloperoksidase (MPO), die pro-
inflammatoriese sitokiene, IL-1B, IL-6, IL-8 TNF-x, die anti-inflammatoriese
sitokien, [L-10 en IL-1 reseptor antagonis (IL-1Ra).
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inflammatoriese sitokiene, IL-1B, IL-6, IL-8, TNF-o, die anti-inflammatoriese
sitokien, IL-10 en IL.-1 reseptor antagonis (IL-1Ra).

Die verhoogde daaglikse inname van vitamien C het gepaard gegaan met ‘n dosis-
verwante vermindering van oefeningsgeinduseerde verhogings in sirkulerende
vitamien C, kortisol en neutrofiele, sowel as ‘n daling in die limfosiete (p<0.05).
Supplementasie met die vitamien by doserings van <1000 mg daagliks het
klaarblyklik tot ‘n verhoging in die oefeningsgeinduseerde inflammatoriese respons
gelei, soos aangedui deur betekenisvolle verhogings (p<0.05) in die sirkulerende
vlakke van die akute fase reagens, CRP, en in die groep wat 1000 mg daagliks
ontvang het, ‘n verhoging in kreatien kinase. In die groep wat daagliks 1500 mg
ontvang het, was die klaarblyklike pro-inflammatoriese uitwerking van die
vitamienaanvulling minder opsigtelik, maar was konsentrasies van sirkulerende
kortisol, adrenalien, IL-10, en IL-1Ra almal betekenisvol minder (p<0.05) wat
aandui dat by hierdie vlak van supplementasie, die vitamien ‘n teenwerkende anti-
inflammatoriese kaskade, waarskynlik deur die demping van aktivering van pro-

inflammatoriese transkripsie-faktore, aktiveer.

Hoewel verdere studies groter studiegroepe vereis om hierdie bevindings te
bevestig, is dit die eerste bewys dat vitamien C aanvullings die endogene, biologiese
anti-inflammatoriese respons ten opsigte van intensiewe oefening demp, wat mag
verklaar waarom die vitamien die voorkoms van boonste lugweginfeksie in ultra-
maraton atlete verminder. In teendeel is die klaarblyklike verhoging van
oefeningsverwante inflammatoriese response by aanvullingsvlakke van 500 en 1000

mg daagliks, kommerwekkend.

Kernwoorde: Boonste lugweg infeksies, ultramaraton wedlope, vitamien C,

oksidatiewe en inflammatoriese stres, kortisol, adrenalien, interleukin-10,

interleukin-1Ra, C-reaktiewe proteien, amiloied A.
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Chapter One

Introduction: early epidemiological work

Physical activity is generally recognised as a therapeutic modality; the beneficial
cardiovascular, respiratory and metabolic adaptations resulting from regular
prolonged exercise are well recognised. However, the possibility that an improved
level of physical conditioning augments immunological function, has only become
the subject of serious scientific enquiry in the last three decades and has yielded

conflicting results.

A dichotomy of responses has been reported. On the one hand, a high level of
physical conditioning, has, in a few carefully controlled recent studies, provided
evidence of a lower incidence of infection symptoms and beneficial effects on
immune function which may increase resistance to infection (Nieman & Pedersen,
1999). Overtraining, and the combined psycho-physical stress of competitive
endurance events and acute bouts of exhaustive endurance exercise, have, on the
other hand, been associated with transient suppression of immune and host defences
(Konig et al., 2000).

Nieman (1994) initially proposed a "J" shaped model in explaining the paradoxical
relationship between exercise and upper respiratory tract infection (URTT) risk. He

postulated that whereas a moderate intensity and quantity of work over a prolonged

Figure 1.1: The
Infection risk paradoxical
Above d relationship between
average workload, risk of URTI
& immunosurveillance
Average athletes (adapted from
Nieman, 2000)
Below v Immunosurveillancd
Average
low moderate high
Exercise Workload
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period reduces the risk of infection below that of a sedentary individual, once a
critical threshold is reached, the more strenuous the exercise, the greater the risk of
infection. His recent adaptation of what has become a classic “J” shaped model,
incorporates the effect which exercise workload has on immunosurveillance (Figure
1.1).

1.1 Acute effects of competitive prolonged exercise

Already in 1975, Ryan et al. reached the conclusion that “upper respiratory illness
causes more disability among athletes than all other diseases combined.” This was
confirmed by Berglund & Hemmingson (1990) who reported that URTI was the

most common reason for absence from training in elite skiers over a 12 month

period (Figure 1.2)
D URTI Figure 1.2: URTI,
O Other infectious discuses the main medical
B Acute injuries reason for absence
f()licr tajurtes from training in elite

Swedish cross
country skiers. Data
from Berglund &
Hemmingson
(1990).

Several epidemiological surveys have subsequently confirmed clinical manifestation
of immunosuppression in the form of increased incidence of URTI symptoms
following participation in competitive marathon and ultramarathon running events
(Peters & Bateman, 1983; Peters, 1990; Nieman et al., 1989a; 1990a; Peters ef al.,
1992; 1993; 1996) and during overtraining (Ko6nig ef al., 2000).

In the first preliminary investigation (Peters & Bateman, 1983), a simple
epidemiological survey was conducted on 150 successful finishers in the 1982 Two-
Oceans Ultramarathon (56 km) run annually in Cape Town, South Africa, and their
age-matched non-running controls who resided in the same households. Thirty-three
percent of runners completing the race reported URTI symptoms during the two-

week post-race period as opposed to 15.3% in the non-running control group. The
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frequency of URTI symptoms was inversely related to the time taken complete the
race (p>0.01) and almost half of the fastest runners experienced symptoms (Figure
1.3).

i: | [l Symptomatic r=0.995
; p<0.01
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Z 10 - & Bateman, 1983)
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The finding that the fastest runners experienced the highest incidence of symptoms
of infection, was supported by the observation that the runners completing the
highest training weekly distance in preparation for the race, experienced the highest
incidence of symptoms of infection. This greater incidence of symptoms of
infection was attributed to (i) possible drying of the mucosal surfaces resulting from
hyperventilation of cold, dry air and/or (ii) immuno-suppression resulting from

elevated serum cortisol levels experienced during the race.

COLD AIR DRY AIR
Figure 1.4: Possible mechanism
HYPERVENTILATION by which distance running
MOUTHBREATHING predisposes to increased

incidence of URTI infection
(Peters, 1990)

Drying of mucosal secretions
e Reduced effectiveness of mucociliary
clearance mechanism in nose & bronchi

* Reduced quality & effectiveness of secreted

antibodies (IgA’s)
Eemymes( lysozymes, lactoferrin)
intra -bronchial macrophages
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The finding of a significantly higher incidence of URTI symptoms among runners
during the post-race period was confirmed by Peters in 1989 when the study was
repeated at the Milo Korkie Marathon, a 56 km race taking place at an altitude of
1800 km above sea-level, between Pretoria and Johannesburg, South Africa. It was
hypothesized that local mucosal damage resulting from hyperventilation and
mouthbreathing (Figure 1.4) would have been greater at this altitude than at sea
level due to the lower barometric pressure and concomitant reduction in relative
humidity and thus would have resulted in a higher percentage incidence of URTI
symptoms among runners competing over the same distance. This was not found in
this sample of 108 runners surveyed in this study. A significantly higher incidence
of symptoms of infection among the runners during the post-race fortnight than

during matched, non-running controls, was, however, confirmed (Figure 1.5).
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Figure 1.5. The incidence of URTI symptoms during the post- race fortnight in
runners completing 56 km ultramarathons at sea level and moderate altitude and
matched sedentary controls. Data from Peters & Bateman (1983) and Peters (1990).

In the same year a two-month investigation was conducted into the pre-and post-
event incidence of URTTI in a group of 273 participants in 5,10 and 20 km events in
California (Nieman et al., 1989a). While 25% of the runners training in excess of 25
km.wk™ reported at least one episode of URTI during the two-month period, the
incidence was higher (33,3%; p=0.09) in the less serious recreational runners
completing less than 25 km.wk™ in training. No increase in URTI incidence was
reported in the runners during the 7-day post race period as compared to the

incidence in the week prior to the race.
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This study was followed by an investigation into the URTI symptom incidence in
2311 participants before and after the Los Angeles Marathon (LAM) [Nieman e al.,
1990a] which revealed an increase in odds ratio of infectious episodes (IE) with an
increase in pre-race training distance (p=0.04). Reported incidence of illness was
highest in those runners who completed > 97 km.wk™ while training in preparation
for the event. Of the 1828 competitors in the Los Angeles Marathon without
infectious episodes (IE) before the race, 12.9% reported IE during the week
following the marathon vs. 2.2% in controls (well trained non-participating runners).
These researchers concluded that runners may experience increased odds for IE

during heavy training or following a marathon race.

Collectively, these independently conducted epidemiological surveys undertaken
since 1983 provide consistent evidence of increased infection risk following acute

intensive physical exertion.

1.2 Anti-oxidant intervention studies

Although the exact mechanisms underlying the increased URTI symptoms following
participation in an ultramarathon were not known, 1 used the predictable increase in
infection risk as a model to test the efficacy of anti-oxidant supplements in

enhancing resistance to such infections.

I firstly conducted a double-blind, placebo-controlled study on runners and their
matched non-running controls participating in the 1990 Comrades Marathon (Peters
et al., 1993). Supplementing with 600 mg vitamin C daily for the three-week period
prior to the 90 km race resulted in the incidence of post-race URTI symptoms being
more than halved in this group of Comrades runners when compared to the
incidence amongst the runners receiving placebo. Thirty three percent of the vitamin
C supplemented group reported the development of symptoms of URTI as opposed
to an incidence of 68% in the runners receiving placebo. This supplementation did
not, however, affect the incidence of URTI symptoms in the sedentary controls
although previous findings of a significantly (p<0.01) shorter duration and a
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subjective amelioration of the severity of the symptoms infections (Hemild, 1992)
was confirmed.

Further indirect evidence that the greatest benefit is to be derived from
supplementary anti-oxidants was obtained from my findings at the 1991 Comrades
Marathon. Supplementing with vitamin A, widely recognised for its anti-infective,
rather than anti-oxidant properties (Bloem et al., 1990; Coutsoudis ef al, 1992), had
an insignificant effect (p<0.05) on the incidence of URTI in the sample of runners
studied (Peters et al., 1992). Measures of blood vitamin A status revealed that

neither runners receiving vitamin A supplementation nor runners on placebo were

deficient in vitamin A (Figure 1.6).
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Figure 1.6, Mean (+ SD) serum retinol and serum retinol binding protein
concentrations in runners on placebo (n=11) and vitamin A supplementation (n=9)
before and after the 1992 Comrades Marathon (Peters et al., 1992).

Although both vitamin C and vitamin E have been shown to be of benefit when
taken individually, several studies (Packer, 1986; Alescio et al., 1992; Frei, 1994,
Herbaczynska-Cedro ef al, 1994, 1995) have shown that vitamin E in combination
with Vitamin C is the most effective in terminating self-propagating free radical

chain reactions. 1 therefore conducted another study in which the efficacy of three
different anti-oxidant nutrient combinations were compared with respect to

amelioration of URTI symptoms in ultramarathon athletes (Peters er al., 1996).
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