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KEYWORDS Summary

Ferritin; Objective. — This study aimed to monitor longitudinal changes in performance and aerobic adap-
Hemoglobin; tations as well as ferritin (Fer) and additional markers pertaining to iron status in an iron
Training; deficient female runner.

VO3max; Methods. — Over 26 months, a venous blood sample was taken every 3 months, lactate profiling
Blood lactate and VO;nmax tests were conducted every 5—6 months. Running performance was recorded during

5km timed runs (Parkrun). The intervention consisted of iron supplementation, increases in
dietary iron intake and implementing a structured approach to training.

Results. — Fer values increased from 4 to 40 ug.L~" during the period of investigation. Run-
ning times improved from 28:02 (m:s) to 23:15. Hemoglobin increased from 9.8g.dL~" to
13.7g.dL~". Hematocrit ranged from 31.8 to 37.9%, peaking at 40.4%. Mean corpuscular vol-
ume and hemoglobin increased from 70 fl to 89 fl and 21.5pg to 30.1 pg, respectively. VOzmax
improved from 47.40 to 55.79 mLO,.kg.min"".

Conclusions. —Our results demonstrate that iron supplementation, increase in dietary iron
intake and structured training induced improvements in: (i) Fer and other markers of iron
status, (ii) running performance and (iii) VO,max Of an iron deficient female club runner.
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Résumé

MOTS CLES Objectif. — L’ objectif de cette étude de cas longitudinale était de quantifier les améliorations

Ferritine ; de performance, les adaptations de la filiere aérobie ainsi que les niveaux de ferritine (Fer) et

Hémoglobine ;
Entrainement ;
VoZmax N
Lactate sanguin

autres marqueurs pertinents chez une coureuse a pied ayant une carence en fer.

Méthodes. — Sur une période de 26 mois, une prise de sang était effectuée tous les trois mois ;
’évaluation du profil des lactates et de VO,nmax était faite tous les 5—6 mois. L’évolution de la
performance en course a pied était mesurée lors de courses chronométrées de 5km (Parkrun).
L’intervention consistait en la prise de compléments ferriques ainsi que |’augmentation de
la prise d’aliments contenant du fer et la mise en place d’une approche structurée de
Uentrainement.

Résultats. — Les valeurs de Fer ont augmenté de 4 a 40 ug.L~' pendant la période étudiée.
Les temps de course se sont améliorés de 28:02 (m:s) a 23:15. Les niveaux d’hémoglobine ont
augmenté de 9,8g.dL~" a 13,7g.dL~". Ceux d’hématocrite ont augmenté de 31,8 a 37,9 %, avec
un pic a 40,4 %. Le volume globulaire moyen et la teneur globulaire moyenne en hémoglobine
ont augmenté de 70 fl a 89 fl et 21,5 pg a 30,1 pg, respectivement. Une amélioration de VOymax
a été observée de 47,40 & 55,79 mlO;.kg.min~"'.

Conclusions. — Les résultats de la présente étude démontrent que la prise de compléments
ferriques, [’augmentation de la prise d’aliments contenant naturellement du fer associées a la
mise en place d’une approche structurée de ’entrainement ont induit des améliorations de :
(i) Fer et autres marqueurs pertinents, (ii) performances en course a pied et (iii) VOzmax chez

une coureuse ayant une carence en fer.
© 2018 Elsevier Masson SAS. Tous droits réservés.

Introduction

Iron plays a vital role in physiological processes such as
oxygen transport and energy production [1]. The ability
to sustain a relatively high percentage of maximal oxy-
gen uptake (VO,max) over a prolonged period of time is
dependent upon iron tissue concentrations. This is explained
by the association between endurance performance and
the activity of iron-dependent oxidative enzymes [2].
Hemoglobin (Hb) is another variable of interest as the iron-
containing protein in red blood cells increases the blood’s
oxygen-carrying capacity and is one of the main determi-
nant of VO;nmax [2,3]. Therefore, a deficiency in iron and Hb
affect oxygen transport and use and ultimately athletic per-
formance during both sub-maximal and maximal intensity
efforts.

Women experience iron deficiency (ID) more frequently
than men partly due to a net negative iron balance [2,4].
Furthermore, iron depletion state is more prevalent in habit-
ual female runners compared to their inactive counterparts
[5]. Dietary iron treatment methods as well as iron sup-
plementation have been shown to improve iron status and
female physical performance [6,7].

Two longitudinal case studies have reported physiological
adaptations to training [8,9].

Recently, Pedlar et al. case study showed that despite an
ID, performance can improve over a 28-month period in an
iron deficient female elite runner [10]. The aforementioned
studies were conducted in elite class runners and markers
of iron status other than ferritin were not investigated. The

present case study considered performance data spanning a
26-month period, including a 25-month period of physiolog-
ical test data and venous blood data, in a female non-elite
runner (referred to as ‘‘the athlete’’). We aimed to demon-
strate how increased iron levels allowed the athlete to adopt
amore structured approach to training, including steady and
heavy intensity sessions which had been previously impossi-
ble to implement due to fatigue, and how this consequently
improved aerobic endurance performance.

Background

The athlete was a 35-year-old club runner, initially seen in
May 2014 with an ongoing history of underperformance as
well as low Hb and low iron. The athlete trained 4—5 times
a week and participated in 5km, 5 mile and 10 km running
races as well as Parkrun events (5km). She had not previ-
ously sought Sport Science support, nor consulted a Sport
Medicine doctor and had a full time job.

The athlete wanted to improve her running performance
as it had plateaued. Through informal conversations with the
first author, it appeared that her training structure was not
optimal. For example, the athlete would not train at varying
intensities nor periodise. She reported to have been mostly
training at the same running pace/speed in the years before
the study. Furthermore, the athlete mentioned experienc-
ing regular episodes of fatigue and headaches or lacking of
energy. As a result, it was impossible for her to do high-
intensity running intervals on a weekday. Instead, she would
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wait until the weekend to do so. The athlete had a history
of low Hb but had never been given advice on how to treat
it. The athlete reported that her diet might not be adequate
and might not include sufficient iron containing foods (e.g,
leafy vegetables, red meat). It was then suggested to seek
medical advice from a Sport Medicine physician to further
investigate the causes of these episodes of fatigue. After a
first blood test showing an ID, the plan of support was ini-
tially to do lactate profiling — VO,max to determine training
zones and assess current level of cardiorespiratory fitness.
Next we would provide training advice and implement sup-
plementation and dietary changes to improve the lack of
iron. We planned to do lactate profiling — VO;nmax tests and
blood tests at regular intervals in order to monitor progress
and adjust training intensities accordingly. Thorough expla-
nation of the protocols and assessments performed was
provided to the athlete as well as all possible risks associated
with her participation in the study. Following this, written
informed consent was given. The study conformed to the
declaration of Helsinki. A health history and Physical activ-
ity readiness (Par-Q, i.e., a screening tool) questionnaires
as well as consent forms were filled before each lactate
profiling and VO, tests. The athlete had no history of
cardiovascular disease and did not suffer from any injury.

Methods

Lactate profiling and VO;,ax assessments

The athlete had been instructed to arrive at the laboratory
at least three hours after eating and to avoid strenuous exer-
cise in the 48 h preceding a test session. Testing took place
between 09:30 and 12:30 and temperature in the laboratory
was maintained in the range of 19—20°C. After an intro-
duction to the laboratory and re-iteration of the protocol,
baseline measurements were performed (i.e., blood pres-
sure, heart rate and blood lactate concentrations at rest).
This was followed by a 10 minute warm-up on a treadmill
(Quasar, HP Cosmos, Germany). The facemask was worn half
way through the warm-up to familiarise the athlete with it.
The athlete was familiar with treadmill running.

Following this, a lactate profiling test was conducted
where the treadmill belt’s speed was increased by 1 km.h™!
every 3minutes [11].

At the end of each stage, the athlete stepped on the
side of the treadmill and capillary blood lactate samples
were taken from her fingertip and analysed within about
15s of collection with a hand-held portable lactate analyser
(Lactate Pro 2, Akray, Japan).

The lactate profiling test was followed by a 10 minute
recovery period. Then, a fast ramped protocol was con-
ducted where the treadmill belt’s speed was increased by
1km.h~" every minute until the athlete reached her max-
imal exercise capacity. This second part of the assessment
was designed to elicit and measure VO,nax and its associated
running speed as well as maximal heart rate. Both protocols
were conducted with a treadmill slope set to 1% [12]. Breath-
by-breath gas exchange measurements as well as heart rate
were collected throughout the tests using a gas analyser
(CPET, Cosmed, Italy). The day to day coefficient of variation
in VO,max determination using the laboratory’s CPET unit is

2.5%. The athlete breathed through a low dead space and
low resistance turbine. Gases were continuously drawn from
a flow meter through a 2 m capillary line of small bore, and
analysed for 0, and CO, concentrations. Expiratory volume
was determined by a flow meter calibrated before each test
using a known volume syringe (i.e., 3 litres). Gas analysers
were calibrated before each test against room air and gases
of known concentrations (i.e., 5% CO; and 16% O,). Respira-
tory gas exchange variables were averaged every 15 seconds.
These physiological tests were conducted every 5—6 months.

Blood tests

Blood tests were prescribed by the second author and sam-
ples were taken in the afternoon, between 13:00 and 17:00
by a qualified nurse in the haematology department of a
hospital in the Dublin area. The variables of interest were:
Ferritin (Fer), Hb, Hematocrit (Hct), Mean Corpuscular Vol-
ume (MCV) and Mean Corpuscular Hemoglobin (MCH) as well
as B4, vitamin. They were measured according to the hospi-
tal’s laboratory standard operating procedures and at about
three month intervals.

Intervention

Nutrition

At the initial consultation with the second author in May
2014, it was suggested to increase dietary iron intake with
natural sources (e.g., red meat). Therefore, the athlete’s
diet included the following: Organic beef filet (twice a
week), black pudding and organic leafy vegetables. Red
meat was often accompanied with organic tomato sauce
or organic tomatoes as these vitamin C containing foods
facilitate iron absorption [2]. Two to four organic eggs were
consumed per week. The athlete’s caffeine intake was rel-
atively low between May 2014 and July 2015 (one cup of
coffee per day) and then close to none as the coffee drink
was replaced by organic cacao powder from August 2015
onwards. This powder had high iron and vitamin C contents,
46.26 mg and 31.25mg per 100 g, respectively.

The athlete tried different iron supplements and a 5mg
supplementation with added vitamin C was chosen as she
experienced gastric discomfort when ingesting iron supple-
ments of higher iron content. A sachet contains 25mL of
iron-rich water (nutritional information: 80 mg of Vitamin C
and 5mg of iron).

This oral iron supplementation was ingested once a day
from July 2014 then twice a day from October 2014 (i.e., a
daily supplementation of 10 mg of iron).

Training

The athlete trained consistently 5 times a week during the
period investigated. Her training had been interrupted for
2—-3 weeks over the period investigated due to colds or
soreness in the lower limbs. The major challenge she expe-
rienced was to train at the prescribed intensities as, in the
early stages of the study, the low levels of iron prevented
her from doing so. For example, tempo runs had to be run
at a slower than predicted pace as the athlete would get
tired. Similarly, she would not recover as well as a non-iron
deficient athlete following a 50—60 min easy run.



48

R.S. Denis, J.L. Conway

Between December 2014 and March 2016, a total of 15
treadmill-based training sessions were performed to provide
the athlete with a better understanding of the importance
of training at varying intensities (i.e., differences between
easy, steady and heavy paces). Also, doing these runs on a
treadmill ensured a controlled and even pace throughout
the session. For example, the athlete would do 20—30min
steady runs at 10—11km.h~" and, towards the end of the
study, long intervals including four repetitions of 5min ran
at 13km.h~" with 2min recovery between the repetitions.
In the early stages of the period investigated, the athlete
could not complete the aforementioned sessions as fatigue
would develop quickly due to the low levels of iron.

Results

As can be seen on Fig. 1, Fer values increased from 4 to
40 ng.L~" during the period of investigation. Times over
5km events (i.e., Parkruns) performed on the same course
improved from 28:02 (m:s) to 23:15 between December 2013
and February 2016.

The first blood test results revealed a low Hb of 9.8 g.dL ™"
as well as low MCV and MCH, 70 fl and 21.5pg, respec-
tively. Hb reached a peak of 14.1 and then plateaued to
13.7 towards the end of the study. MCV and MCH followed
the same trend, their highest values being 89 fl and 30.1 pg,
respectively. Between May 2014 and June 2016, Hct values
ranged from 31.8 to 37.9%, peaking at 40.4% in March 2015.
Vitamin B, was toward the lower end of the normal range
at 181ng.L~" and 151ng.L~" in August 2014 and Septem-
ber 2015, respectively. Thus, although not planned initially,
injections were performed three times in November, Decem-
ber 2015 and January 2016 (see Fig. 2). These resulted in
an increase in vitamin By, to>2000ng.L~" (end of January
2016). Vitamin B'? value decreased to 418ng.L~" in June
2016, which is well within the normal range.

Between November 2014 and February 2016, running
speed at VO;max improved from 14 to 16 km.h~". Absolute
and relative VOynax improved from 2.84 to 3.25 L.min~'
(+12.6%) and 47.40 to 55.79 mLO,.kg.min~" (+ 15%), respec-
tively. Body mass remained stable at about 60 kg between
November 2014 and October 2015 and then decreased to
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Figure 1 Serum ferritin values (open circles) and Parkrun run-
ning times (min:s; closed circles) during the period studied.
Linear trend lines of best fit are shown (upper line: RZ=0.89
for running times and lower line: R =0.93 for Fer).
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Figure 2 Hemoglobin (A), Mean Cell Hemoglobin (— ; top)

and Hematocrit (a ; bottom) values during the period inves-
tigated. The black arrow (|) represents the beginning of the
dietary intervention, the asterisks the beginning of iron supple-
mentation (*5 mg and **10 mg of iron daily) and each cross (r )
a vitamin B'? injection.

58.3 kg in February 2016 (see Fig. 3) and was 58.5 kg in June
2016.

The velocity at lactate threshold (i.e., lactate value
of ~2mmol.L-") was 10km.h~' in November 2014. It
improved to 11km.h~" in March 2015, decreased to
10km.h~" in October 2015 to come back to 11km.h™" in
February 2016. The greatest improvement in blood lac-
tate concentration ([La]) was seen at 12km.h~" where it
decreased between November 2014 and February 2016 from
5.9 to 2.5mmol.L~" (a 57.6% decrease). Another notice-
able improvement was observed at 11km.h~" where [La]
decreased from 3.5 to 1.8 mmol.L~" during the period stud-
ied (see Table 1).

Discussion

The present case study aimed at monitoring longitudinal
changes in performance and aerobic adaptations as well as
iron and additional markers pertaining to iron status.
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Figure 3  Treadmill running speed at VO;max (A), absolute (B)
and relative (C) VOzmax. Body mass (kg) values are inserted in
the bars. Hb and (Fer) values indicated above the bars, units
are g.dL~" and pg.L~" respectively.

Table 1

Nutrition intervention

Our data shows that Fer increased throughout the study due
to the combined effects of iron supplementation [13,14] and
an increase in dietary iron intake (i.e., red meat) and vita-
min C [2,6]. The observed linear increase in Fer is different
from Pedlar et al. case study investigating an iron deficient
female Olympic runner [10]. A possible explanation is that
the athlete investigated herein was a recreational runner
with a lower training volume than an elite athlete. There-
fore, exercise-induced inflammation and hepcidin activity
were lower, resulting in a constant increase in Fer during the
period investigated. Further, VO,max improved from 47.40
to 55.79 mLO,.kg.min~". These results are in agreement
with previous studies showing VO;max improvements follow-
ing iron supplementation [7,15,16]. Recently, an increase in
VO.max has been reported among participants with severe
iron deficiency (i.e., ferritin levels <12 ug.L™") after 10—12
weeks of iron supplementation [14]. Although some stud-
ies have failed to show an improvement in VO nax following
iron supplementation [17], it seems that increases in VO max
are observed among participants with severe iron deficiency
which is the case in the present study.

Training intervention

Consistent and structured training has played a role in the
increase in VO;max. Certainly due to Hb and Fer increases,
the athlete could regularly perform interval training at the
speed associated to VO,max oOr slightly above during most of
the duration of the study. This type of training has been
suggested to provide an effective stimulus to improve VO;max
[18,19]. The athlete could not include both steady and heavy
intensity runs in her training routine before the start and
during the early stages of the study as her Fer and Hb levels
were low (see Tables 2 and 3). ID induced fatigue prevented
her from doing steady and/or heavy intensity training. Fur-
thermore, because the athlete could train consistently with
ID symptoms substantially decreasing over time, her oxygen
carrying capacity improved (see Fig. 2). Banfi et al. reported
that elite cyclists Hb and Hct decreased during periods of
intense training and came back to their initial values follow-
ing recovery [20]. Our data show that Hb and Hct increased
over time (i.e., improved oxygen carrying capacity) due to

Treadmill speeds and [La] during the period investigated.

Treadmill speed (km.h—") [La] (mmol.L~")

08/11/14

0 1.1

8 1.8

9 1.5

10 2.2

11 3.5

12 5.9

13 N/A

14 10.2

15 Not attained

16 Not attained

31/03/15 03/10/15 19/02/16
1.2 1.3 1.1
1.3 1.6 1.2
1.2 1.4 1.1
1.3 1.8 1.4
2 2.4 1.8
3.3 3.9 2.5
4.8 6.4 4
N/A 8 N/A
7.2 Not attained N/A
Not attained Not attained 10.6
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Table 2 Overview of the athlete’s training progression as a function of increases in hemoglobin (Hb) and ferritin (Fer).

Blood test dates Hb (g.dL~")—Fer (png.L™")

Steady runs (LT pace)

Heavy runs (LTP pace)

May—14 9.8—4

Aug—14 12.4—6

Nov—14 12.5—10
Mar—15 14—16
Jun—15 13.5—-18
Sept—15 13.1—34
Jan—16 13.7-31
Jun—16 12.7—40

Unable to do continuous steady runs
Unable to do continuous steady runs
25min at 10.5km.h~'2

30min at 11 km.h~"2

30min at 11 km.h—2

52 min at 11.5km.h~1°

48 min at 12.4km.h~1°

Participation in road races

Unable

6 (1km at~11km.h="); R 3min
5 (1km at~12km.h="); R 3min
No heavy sessions performed

6 (1km at~13km.h="); R 3min
6 (2min at 13km.h="); R 1 min?
4 (5min at 13km.h="); R 2 min?
4 (5min at 13km.h="); R 2 min?

LT: Lactate Threshold (i.e., pace corresponding to a [La] value of ~2mmol.L~"); LTP: Lactate Turnpoint (i.e., pace corresponding to
a [La] value of ~4mmol.L~"); R: recovery between repetitions, respectively.

@ Treadmill based sessions, fixed speed (1% slope).

b 10km road races used as training sessions and ran at a pace corresponding approximately to the lactate threshold.

Table 3 Samples of two representative training weeks in
November 2014 and March 2016.
November 2014 March 2016
Monday 20 min easy run Rest
(8.9km.h~")
Tuesday 30 min easy run 4 x (5min at
(8.6km.h=") 13km.h="); R
2 min
Wednesday Rest Rest
Thursday Rest Rest
Friday 30 min steady 50 min easy run
run (10km.h=") (9km.h~T)
Saturday Rest 8 x 1 min
high-intensity
(~15.5km.h™");
R 1 min
Sunday 20 min steady, 80 min easy run
stationary bike (9.5km.h™")

R: recovery between the repetitions.

a combined effect of diet and periodised training alternat-
ing easy, moderate and severe intensity sessions followed
by recovery periods. These recovery periods and a lower
training volume/intensity than in elite populations might
have minimised the effect of exercise-induced plasma vol-
ume expansion and led to an increase and plateau in Hb
and Hct [21]. We also observed increases in MCH and MCV
showing that normal cell morphology was developing.

As well as allowing the athlete to better cope with mod-
erate to heavy intensity training, higher levels of Fer also
improved ID symptoms encountered in the athlete’s daily
life. For example, during the period investigated, she would
report being less tired at the end of the week than before
the intervention. The headaches experienced before and in
the early stages of the study disappeared too.

Another improvement observed is the substantial
decrease in lactate concentrations at 12km.h~'. [La]
decreased between November 2014 and February 2016 from
5.9 to 2.5mmol.L~" (a 57.6% decrease). As mentioned
before, the athlete could train at heavy intensities and did
long intervals consisting of 4—5 repetitions at 12—13 km.h~’

for 5min to improve lactate buffering. This resulted in the
observed decrease in [La].

As can be seen on Fig. 3 (B and C) VOyma slightly
plateaued or decreased between March and October 2015. A
similar pattern was seen in the running speed at VO,nax. This
occurred at the time blood results revealed a deficiency in
vitamin By,. The athlete was complaining of regular episodes
of fatigue. Following By, injections, these fatigue episodes
disappeared. One limitation of this study is that we did not
keep a food diary and could not verify if the athlete’s vitamin
By, intake was 2.4 ug.d~"! (i.e., By; recommended dietary
allowance) [22]. We can therefore speculate that the ath-
lete may have not consumed or absorbed adequate amounts
of By, which resulted in a deficiency.

Conclusion

In conclusion, our results show that in this athlete, iron sup-
plementation, increase in dietary iron intake and structured
training induced improvements in: (i) iron status, (ii) Hb and
Hct, (iii) VO2max and (iv) running performance. Based on the
present study data and athlete’s feedback, it seems that
performance improvements were firstly induced by the cor-
rection of ID and secondly by the athlete’s ability to train
consistently and do steady and heavy intensity training. This
case study is a real-world example for other non-elite female
athletes. Sport Science and Sport Medicine approaches were
used to successfully improve the endurance performance
and ID symptoms encountered in the daily life of a club run-
ner. Further, this study and results show that a coordinated
approach between Exercise Scientists, Sport Medicine doc-
tors and coaches is effective in the management of non-elite
female’s training efficiency and tolerance.

The data reported herein include several markers of iron
status and will be useful to practitioners. The techniques
and/or protocols employed in this study could be used when
working with iron deficient athletes.
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