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Section 1

Risk factors to respiratory health in
Nordic skiers
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Are healthy athletes better performers?
Do healthy lungs lead to better performances in Nordic skiing?
Do healthy lungs equal better quallty of Ilfe’P

o
L Jlf

\We as coaches and as a sport have a responsmlllty
to ensure respiratory health in the Nordic skiers
we work with...



Nordic skiers are high ventilation athletes...

 High-ventilation sports are defined as endurance
sports in which ventilation is increased for
prolonged periods (Rundell and Slee, 2008)

* Physiology tutorial:
— Ventilation (VE) is: Breath frequency (br/min) x Tidal Volume (L)

 Thus the magnitude of the VE and the length of time that VE is
elevated both increase risk to respiratory health...

And put this in perspective a 500 hour training year =
~2.5 million litres of air ventilated...
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Environmental exposures:

— Ambient temperature
— Ambient relative humidity
— Airborne pollutants
 Wax fumes and particulate
* High emission pollutants from fossil fuels
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Nordic skiers have such a good ability to utilize oxygen it
creates incredible stress on the airways of the lung...

Coordinated Adaptation of Oxvgen Transport in
Cardiopulmonary Disease
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But you can’t think of these factors independently....

e The distance swimmer:

— High ventilation, chloramines

e The speed skater:

— High ventilation, cold air, high emission pollutants
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The Nordic skier:
High ventilation, (extreme) cold air, dry air and competition
(excessive ventilation)

With a face-numbing breeze blowing across
the trails of the Gatineau Loppet on Sunday,
it was the kind of cold, -35C with windchill,

The temperature showed as an already frigid -
20 C, but in reality, it really felt like -28 C out where you can hear the snow snapping with
at the annual Birkebeiner Ski Festival and races each step you take.

at the Cooking Lake-Blackfoot Provincial

Recreation Area
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Section 2

Anatomy and Physiology of the
Respiratory system
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A brief review of anatomy and physiology

* Anatomy:

— Our lungs are incredibly intricate
structures...
* With lots of branching...

— This branching allows for 75m? of surface
area:

e Spreading saran wrap across a racquetball
court...

* stuffed into a 3 Litre soft drink bottle...

 Physiology
— Four primary purposes to the respiratory
system...

* Air exchange between atmosphere and blood
e Regulation of body pH

e Protection from pathogens and irritating
substances

e Vocalization
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A brief review of anatomy and physiology

053 :
<= ¢ The airways all have smooth muscle

. Cartllage ;?= . I
1 "‘% which control the diameter and
-~ length of the airways

% Lumen of 'i‘ernaryr ;:::..,
¢/ * The special cells called epithelial
cells line all the airways

Bronchus
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A brief review of anatomy and physiology

e Warm air to body temperature
e Humidify air to 100 % humidity

 Because only in those conditions can gas exchange occur
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And in Nordic skiers this warming and humidification
does not always happen and this leads to

acute and chronic dysfunction...
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Section 3

Dysfunction and Symptoms of the
respiratory system in Nordic sports
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Is respiratory dysfunction a big issue?

e Respiratory dysfunction and symptoms are the most
common chronic medical conditions

o 7 to 8% of Olympic athletes have respiratory dysfunction

* Large variations in prevalence exist between sports
(Kippelen 2012)
— B2 agonist usage at 2010 Winter Olympics

17.2%

5207 Swimmers 17 %, Divers 4 %
=" 12.0% And why do you think this difference exists?
8.2%
I 3-7.% 34% 3.1% 279
| Nordic | | | I | |
bined

Speed Biathlon Bob/skeleton  Figure  Ski jumping Luge
skating skating

Cross
country ski  combine:
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Respiratory symptoms:
clinical/general population

— Cough:
e 86 % of winter sport athletes report cough
— Wheeze
— Chest tightness
— Trouble breathing (dyspnea)
— Excessive mucus formation (Rundell et al. 2001)

However do these symptoms adequately describe
Nordic skiers?
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Other symptoms reported in elite female Nordic skiers:

Sore throat Burning throat or lungs

Sore throat

Phlegm

Sore throat Phlegm
_ Chest pain Vomiting Hoarse voice -
Sore throat Phlegm Taste of blood
Sore throat Taste of blood Wheezing
Phlegm

Taste of blood

Taste of blood

Chest pain / bruised lung

Taste of blood

Taste of blood

Sore throat Burning throat or lungs

Taste of blood

Chest pain / bruised lung

Taste of blood

Phlegm

e Certainly the main symptoms are all identified

e However there are many other symptoms that our Nordic skiers deal and

live with..
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Airway dysfunction related to training and racing (in athletes):

Definitions

 Asthma: The diagnosis of asthma has traditionally involved a combination
of clinical symptoms and evidence of bronchial obstruction with

reversibility. High probability of asthma
Family history of atopic disorder and/or asthma
e Exercise Induced Asthma: History of atopic disorder
is a thing but not really a thing in athletes..,  despread wheeze on examination
there are more specific and impravement In-yrpontson|ine fnchoniwtienties.

ted with adequate therapy

accurate dEflnltlonS to Maore than one of the following symptoms:
. . . o Wheeze
describe airway dysfunction e Cough
e Difficulty in breathing
e Chest tightness

Above symptoms worse at night and early morning

Symptom triggers may include exercise, exposure to
pets, cold or damp air, emotions or laughter, or after
exposure to aspirin or beta blockers

Unexplained peripheral blood eosinophilia, OR unex-
plained low FEV1 or PEFR
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Airway dysfunction related to training and racing (in athletes):

Definitions
* Airway Hyper-Responsiveness (AHR)

e More accurately describes the phenomenon of airway
narrowing (bronchoconstriction) due to a provocation

* AHR does not as a definition include "why" their is
airway narrowing just that there is narrowing

 Allows clear thresholds to be put in place to indicate
the severity of AHR

e What is the most important provocation to
the airway in skiers?
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Airway dysfunction related to training and racing (in athletes):

Exercise Induced Bronchoconstriction (EIB)diagnosis is
straightforward and clear.

Table 2. Severity of exercise-induced
bronchoconstriction based on decline in forced

expiratory volume in 1 s following a

bronchoprovocation challenge.

Normal airway response

Mild

Moderate

Severe (steroid-naive patients)

Severe (steroid-treated patients)

0 to <10%
210 to <25%
225 to <50%
>50%

>30%

EIB: Exercise-induced bronchoconstriction; FEV,: Forced expiratory volume in 1 s.
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EIB occurs due to airway injury...

WATER LOS5 FROM HUMIDIFYING INSPIRED AIR = Haat Loss Recruitment of small

¥ airways (<1 mmj} into
humldlhllng PIaCass
Dehydration of the alrway surface liguid (AS5L)
¥ .
Airway Cooling Eplthallal ‘damage’,
Increase in [Na*] [C1%] [Ca**] [K1] loss of protective
¥ maediator PGE,
Increased in osmolarity of ASL # Glandular Secretion !
¥ H Microvascular leak &
Sensory Call exudation of plasma
Water mowves from all cells to restore ASL ~ Nerves ®
W Mucus '

Repeated exposure to plagma

Cell shrinkage products aiters properties
followed by release of mediators Cough & of aireay amooth muscle
1 breathlessness / wln

in
e.g. Histamine, Prostaglandins, AHR to ala

Leaukotrienes * Peplides Symploms pharn;amn::qh:al ‘sensitisation’ of
¥ " airway smooth muscle
Ajlreeay Smooth Muscle confraction ® cadama ¥
¥ Amplification of incréased response o
narmal FEWV, acute increase of
Exercise-induced bronchoconstriction response to Leukotrienes, prostaglanding etc

EXErCiSe

Exercise-induced bronchoconstriction

Airway injury as a mechanism for exercise-induced bronchoconstriction in elite athletes
Journal of Allergy and Clinical Immunology, Volume 122, Issue 2, 2008, 225—-235
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EIB causes

reduced exercise tolerance

Exercise-induced bronchoconstriction

- Incrensed respiratory muscle

M

work

Respiratory muscle fatigue
Respiratory muscle metaboreflex

- Fatiguing contractions of the
diaphragm,
expiratory and accessory
muscles
- Increased reflex activating
metabolites
- Increased group NIV phrenic
afferent discharge
- Increased sympathetic efferent
discharge

Increased perception of effort

W
- Increased skeletal muscle
vasocanstriction
- Decreased oxygen transport

k 4

- Increased skeletal muscle fatigue
Peripheral fatigue

Exercise airflow limitation

= Alterations in ventilation mechanics

Ventilation / perfusion mismatch
- Reduced gas exchange
l - Arterial hypoxemia

L 4

-Reduced oxygen kinetics?

- Decreased efficiency
- Decreased lung capacity
- Dynamic hyperinflation

Increased perception of effort

Afferent feedback W

l Reduced exercise capacity

Symptoms
- Dyspnoea
-Shortness of breath € >
- Chest tightness

&
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Summary

e Airway dysfunction is prevalent in endurance
athletes (especially winter athletes)

 AHR is the better way to describe dysfunction
e EIBis the way we measure AHR

e Direct injury to the airway causes EIB acutely

— Repeated airway injury causes chronic inflammation of
the airway

* Chronic inflammation causes greater sensitivity to
the same stimulus (like temperature) and a greater
response (EIB) and symptoms
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Scard J Med Sci Sports 201 5; == ses
dois TS Fems, 12527

© 2075 Jahn Wiky & Serm AR,
Publithied By John Wiky & Som Lid

Airway inflammation, cough and athlete quality of life in elite
female cross-country skiers: A longitudinal study

M. D. Kennedy', W. J. Davidson®, L. E. Wong?, 8. L. Traves’, R. Leigh®, N. D. Eves?

e How does airway inflammation changes throughout an
annual training cycle in elite female cross-country skiers,

e and to prospectively evaluate relationships between airway
inflammation, cough and the athlete’s quality of life...

Time Point Ambient Air Ambient Humidity | Training Intensity
Summer Warm air More Humid Low Intensity
Fall Warm to Cool Air Less Humid Some Intensity

Winter Cool to Cold Air Low Humidity TEE LU

Race Starts
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Scard J Med Sci Sports 201 5; == ses © 2005 Jahn
dois TS Fems, 12527 Pabliihid By John Viiley & 5 d

Airway inflammation, cough and athlete quality of life in elite
female cross-country skiers: A longitudinal study

M. D. Kennedy', W. J. Davidson®, L. E. Wong?, 8. L. Traves’, R. Leigh®, N. D. Eves?

e All participants had airway inflammation
* Airway inflammation increased:

— 4-fold for sputum eosinophils during the winter months...

— >100-fold increase in sputum lymphocytes during the winter
months...
e Eosinophils are related to asthma and allergic responses
* Lymphocytes are related to airway inflammation

e All participants had at least one respiratory
symptom and 10/15 had cough

[CE] UNIVERSITY OF
sty
CEEEy

FACULTY OF PHYSICAL EDUCATION AND RECREATION « WWW.PHYSEDANDREC.UALBERTA.CA ALBERTA



And when we asked the participants what were the
triggers for their symptoms what do you think they
said?

Sore throat Burning throat or lungs

Sore throat Phlegm

Sore throat
Sore throat

Chest pain Vomiting

Phlegm aste of blood

aste of blood

Cold air Phlegm
Cold air Phlegm
Cold air Long races Taste of blood
Dry air Taste of blood
Cold air Burning throat or lungs _
Cold air Taste of blood Chest pain / bruised lung
Cold air Taste of blood
Phlegm

e Based on this study its clear that cold air, dry air and intensity are all
important triggers in EIB and respiratory symptoms...but there was
one obvious question we did not ask?
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Is there a temperature threshold?

Is EIB and symptoms worse at progressively colder
temperatures?

The guidelines associated with cold weather racing
are limited
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Race pace intensity in cold weather athletes |, fxn

10

% FEV1 Baseline
=

Thus the available evidence tells us that

however it does not tell us where this

E%%%%%%%%g NIRRT |

L

T
I

Rundell et al. 2001

yes EIB occurs at cold temperatures

change occurs significantly...

is there a temperature threshold?

-18 C severe exercise J,fxn

10

5
0
-5 1

-10 1

-15 4

-20

-25 1

-30

-35 1

FEVq (% of baseline)

-40

40 1

FEF50 (% of baseline)

-40 -

-60 -

20 1

0

-20 1

Stensrud et al. 2007

*

I S .
10 -5 0 5 10 15 30
TIME (min)
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The effects of cold air on respiratory functionand M universitat
symptoms post severe intensity exercise in women. . iInnsbruck

UNIVERSITY OF

e Temperatures: 0, -5, -10, -15 and -20 C i ALBERTA
e Exercise protocol:

— Easy warm: 15 min (5 min walking, 10 min running)
— Severe exercise bout: 8 min running at MAS/5 % grade

e Like a sprint but twice as long...
e Aim to induce unrequited hyperventilation

 Healthy females:

— Different sport backgrounds
— 42 — 70 ml/kg/min VO2max range
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* Forced Expiratory Volume in 1 sec (FEV1) Volume (L)
A

e Forced Vital Capacity (FVC)

e Ratio FEV1/FVC (%)

e The mean Forced Expiratory Flow between
25% and 75% of the FVC (FEF 25—-75 %)

* Forced Expiratory Flow at 50% of FVC
(FEF50) 1

] | l | |

e Cough

e Wheeze

e Chest tightness

e Mucus formation
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FEV1

GXT 0C -5C -10C  -15C  -20C

1.00
0.00

-1.00

-2.00

-3.00

-4.00

m3 min% memin% ®WM10min% MW15min% @20 min %

-5.00

-6.00
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FEF 50%

B3min% "6mMN% WM10mMin% WB15mMmin% ®B20mMin%
2.00

0.00

-2.00

-4.00

-6.00

-8.00

-10.00

-12.00

(CO] UNIVERSITY OF

FACULTY OF PHYSICAL EDUCATION AND RECREATION « WWW.PHYSEDANDREC.UALBERTA.CA ALBERTA



Preliminary conclusions

exposed to cold air and exercise

post)

the response

20.00

10.00

0.00 -

-10.00

-20.00

-30.00

-40.00

-50.00

-60.00

-70.00
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Participant A

3 min%

E6EmMin%

10 min %

® 15 min %

m 20 min %

20.00

15.00 -

10.00 -

5.00 -

0.00 -

-5.00

-10.00

The decrease in lung function is transient in healthy females

Colder air decreases lung function more (especially immediately

There is much variability and sport background does play a role in

Participant B

E3min%

6 min%

10 min %

m15min %

m 20 min %
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How important is sport background in EIB to cold
air exercise?

* How hard do you think this participant is working?
— Maximal: 10/10 on RPE scale

e How cold do you think it is?
— It was -15C

 What else do you hear in the video?
— You hear her cough

e Lastly if you were to guess what sport do you think she
competesin?
— Nordic Skiing
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Does this research identify a

temperature threshold?

* 2 fold increase in participants with severe flow
limitations at -15 and -20 C

e When asked the participants what temperature
was the hardest to exercise at what do you
think they said?

Prevalence of participants with decrease > 10 %

0C -5C -10C -15C -20C
FEF 25-75 23% 18% 23% 41% 47%
FEF 50 18% 12% 18% 29% 41%
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So is exercise and physical activity in
cold air Risky Business?

 |f you are healthy and participate in
moderate physical activity / exercise your
respiratory health is likely preserved...

e |f you compete in the cold and train many
hours in the cold you will likely have AHR
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Section 4

What can | do as a coach:
screening, prevention and
performance.
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Screening

e | want you to take a moment and think about that
athlete whom you coach(ed) who always seemed
vulnerable/sensitive to environmental conditions....

e What can you do for them?
— Keep track of their respiratory symptoms
— Keep track of what level of intensity induces symptoms
— Keep track of how these symptoms change in fall (dry air)

— Keep track at what temperature induces a large change in
symptoms
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Screening

— Complete a field test (race pace for at least 8 min)

— Complete a Eucapnic Voluntary Hyperpnea test (EVH)

e You Tube video describing EVH Test
https://youtu.be/jDalcmOlHis

— Require a good handheld spirometer to measure
difference in measure from baseline to post challenge

— Measure baseline (pre) and post (3, 5, 10, 20, 30 min)
— FEV1, FVC, FEF 50, FEF 25-75, Ratio FEV1/FVC
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https://youtu.be/jDa1cm0lHis

Treatment

Symptoms Suggestive of EIB

v

Exercise Challenge *

v

No A FEV1 post challenge 210-15%?7?

/"

Consider alternative Dx

J, Yes

EIB Confirmed

-

g Consider Treatment

Pharmacologic

f" \\‘
Prevent symptoms

Treat symptoms

*SABAs 5-20 min before exercise
(consider addition of MCSA and/or
anticholinergic if SABA not working)

.

Used daily or more?

*SABAs

*Consider addition of controller therapy

(daily ICS+/-LABA, and/or LTRA; antihistamines if allergic)

Non-pharmacologic
(prevent symptoms only)

*Warm-up exercise
*Face mask or scarf
*Dietary modification
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Treatment: B2 agonists (inhalers)

e B2 agonist come in Short and Long acting

e Relax the smooth muscle
SABA

 5-20 minutes before exercise, are usually effective for 2—4 hours in protecting
against or attenuating EIB

LABA

l Symptoms Suggestive of EIB |

e Used to maintain stable airway '
° - ¥
La st 1 2 24 h ours ‘No/ | A FEV1 post challenge 210-15%? |
. o . . - - § Yes
* Not to be used in combination with SABA | e e |
4
-~ Consider Treatment -
Non-pharmacologic
- \' (prevent symptoms only)
Treat symptoms *Warm-up exercise
*SABAs 5-20 min before exercise *SABAs *Face mask or scarf
(consider addition of MCSA and/or *Dietary modification
anticholinergic if SABA not working)
v

Used daily or more?

*Consider addition of controller therapy
(daily ICS+/-LABA, and/or LTRA; antihistamines if allergic)

[CE] UNIVERSITY OF
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Treatment: Other notes

e B2 agonists are to be used on an intermittent basis
for prevention of EIB

 SABA daily with a controller agent is recommended

* |nhaled beta-2 agonists are prohibited and require
a Therapeutic Use Exemption (TUE) except:
— Albuterol or Salbutamol (SABA)
— Formoterol (SABA/LABA)
— Salmeterol (LABA)

[CE] UNIVERSITY OF
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Treatment: Inhaled corticosteroid (ICS)

* Inhaled corticosteroid (ICS) are considered the
most effective anti-inflammatory agents for EIB

— direct therapeutic effect on airway inflammation

— ICS can be used alone or in combination with other
treatments

— 17.2 % of Winter Olympic athletes used a B2 agonist
from 2002 to 2010 and in 75 % of these athletes
they also used an ICS.
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Treatment: novel therapies

Leukotriene receptor antagonist (LTRA) - Montelukast

Mast cell stabilizing agent (MCSA) - Nedocromil
— Effective and potent replacement to SABA
— No decrease in effectiveness over time

— Recommended in those who require frequent or daily SABA use

Exercise-induced water loss Epithelial
Cooling cells
in releace
Mu “jl e ll Yehydration
o
o -
® e o | SPLAX 15401
o'8° Ip| 255 AA »155-HETE
ML C5AC cPLA, COX 1 cyslTs
B : PG,
Gohlet 4 cox
PGE,
cell Uj .
-]
o osinophils Mast cell

— * ~ Airway
— = = [ al]‘.lal[h

—_—— — —— = muscle
P~ — —

\)&( év Basement membrane

Ory nene
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Non Pharmacologlcal Prevention

Don’t train in severe cold

Especially don’t do intensity
in severe cold

Cover your mouth!

Stay hydrated...

Don’t live in dusty places...
Don’t stay in dusty places...

Please don’t let your
athletes in your wax
rooms...
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Summary

e SABA most effective in EIB + athletes
e SABA with ICS more effective

e L.TRA/MCSA and SABA all improve FEV1 (10 — 20 %)
 |f you can reduce (stop) airway drying/cooling this

is the best approach!
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Section 5

Implementation of a National
strategy to improve respiratory
health in Nordic skiers
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Overall strategy

 Phase 1: Understanding our attitudes,
behaviours and own knowledge regarding
exercise, training and respiratory health.

o P

o P

o P

nase 2: Screening (Nationals 2017)
nase 3: Treatment

nase 4: Prevention in our young athletes

— Specific education

— Specific guidelines/policies
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Phase 1

e Research project:

— I ruined my lungs: Attitudes, knowledge and
behaviours of Nordic coaches, athletes and
parents to training and racing in the cold.

— Online survey with focus group follow up

— If you are interested in participating we would like
to contact you.

kennedy@ualberta.ca
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