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Abstract

The purpose of the present study was to relate the training inten-
sity distribution with performance in a Half-Ironman distance tri-
athlon competition. A total of 18 recreational-level triathletes
were divided into two training groups according to their training
intensity distribution: Polarized (POL) and Pyramidal (PYR).
Prior to the specific training period of the study, subjects per-
formed a ramp-protocol test, running and cycling to determine
ventilatory thresholds (VT) through gas-exchange analysis. For
swimming, subjects performed an 800-metre test to establish their
training zones. Training was quantified based on the cumulative
time spent in 3 intensity zones: zone 1 (low intensity, <VT1),
zone 2 (moderate intensity, VT1-VT2) and zone 3 (high intensity
>VT2). POL competed 84.5%/4.2%/11.3% and PYR
77.9%/18.8%/3.3% of total training time for zones 1,2 and 3 re-
spectively. The goal of the training period was a half [ronman
distance triathlon. Training time in zone 2 inversely correlated
with swimming and cycling race time in POL and with running
and total race time in PYR. Power at VT2 on bike and speed at
VT2 as well as maximum aerobic power and speed in the physi-
ological post test inversely correlated with bike and run segment
respectively and with total race time. These results suggest that
training time in zone 2 was related with better performance on a
Half-Ironman race in amateur triathletes. Future experimental re-
search is needed to clarify the importance of training intensity
distribution regarding performance.

Key words: Endurance training, triathlon, training zones, en-
durance performance.

Introduction

An ultra-endurance event is defined as a continuous effort
lasting more than four hours (Kreider, 1991). Thus, half-
ironman triathlon can be included within this category es-
pecially for recreational participants. Success in these com-
petitions is conditioned by several factors (physiological
factors, hydration, nutrition, thermoregulation, climatic
factors, distance, road profiles, etc.) (Laursen and Rhodes,
2001). Consequently, it is difficult to establish relations be-
tween the training and the triathletes’ performance in long
endurance races, unless all the subjects have taken part in
the same race or competition (Laursen and Rhodes, 2001;
Muiioz et al., 2014b).

The number of half-Ironman triathlon events (1.9-
km swim, 90-km bike, 21.1-km run) and their participants
has increased exponentially over the last decade (WTC,
2016). However, there is a lack of scientific evidence

enabling to substantiate specific training recommendations
to undertake these races, with training intensity distribution
being one of the main variables that coaches must consider
in their planning. This concept of training intensity distri-
bution is defined as the time of exercise that the athlete
spends at the different zones of training intensity (Stoggl
and Sperlich, 2014).

Usually, following the model of Skinner and
McLellan (1980), training intensity distribution is found in
three training zones: zone 1, under the first ventilatory
threshold (<VT1); zone 2, between first and second venti-
latory threshold (VT1-VT2); zone 3, above the second ven-
tilatory threshold (>VT2). Intensity distribution known as
polarized training is based on a high percentage of time or
distance spent in both zone 1 and zone 3 and only a small
portion of training in zone 2. An example of polarized
training intensity distribution could be spend 80% in zone
1, 5% in zone 2 and 15% in zone 3, with percentages of
zone | greater than zone 3 and zone 3 always greater than
zone 2 (Schumacher and Mueller, 2002; Treff et al., 2019)
(R3). This distribution has been described in many other
endurance sports as rowing (Steinacker et al., 2000), run-
ning (Billat et al., 2001) or cross country skiing (Seiler and
Kjerland, 2006). Several experimental studies have shown
that polarized training maybe is a better model of training
intensity distribution compared to other training intensity
distribution models for endurance sports (Muiioz et al.,
2014a; Stoggl and Sperlich, 2014).

On the other hand, pyramidal training intensity dis-
tribution is characterised by accumulating a higher percent-
age of training time in zone 2 (15-20%) and less in zone 3,
but as in the case of the polarized model, the highest per-
centage of training takes place in zone 1 (Lucia et al.,
2000b; Treff et al., 2019). Prospective randomized-con-
trolled trials have document similar improvements in this
distribution compared to polarized (Ingham et al., 2008;
Treff et al., 2017).

Scientific evidence supports that a higher percent-
age of training time (from 70% to 90%) in zone 1 has a
high impact on performance (Esteve-Lanao et al., 2007;
Muiioz et al., 2014a; Tnenessen et al., 2014). An excess of
high intensity training can lead the athlete to overtraining
or a higher incidence of injuries (Maffetone and Laursen,
2016).

Based on this previous research, it seems clear that
high part of the training time should be in zone 1, but sev-
eral questions arise such as, “how should the remaining of
the training be distributed?” or “what is the best training
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intensity distribution model for recreational athletes?”
There is no definite answer to these questions to date.

Furthermore, studies are lacking on training inten-
sity distribution, and a comparison of its effects in different
specific competitions. Some studies have compared the
training with a simulated races as a 10 km of running
(Esteve-Lanao et al., 2007), a time trial 40 km of cycling
(Neal et al., 2012) or an all-out 2000 m ergometer test
(Treff et al., 2017). Muiloz et al. (2014b) are the only au-
thors to have done so with a triathlon race (non-simulated):
they analyzed training intensity distribution in amateur tri-
athletes during a season and they found inverse correlations
between training time and percentage time in zone 1 with
regard to competition time in an Ironman race.

Therefore, the aim of the present study is to relate
training intensity distribution with performance during a
Half-Ironman race in two groups that followed two differ-
ent training intensity distributions: "polarized" 84.4% /
4.3% / 11.2% distribution and "pyramidal" 77.9% / 18.8%
/ 3.3% distribution of total training time for zones 1,2 and
3, respectively.

Methods

Participants

Eighteen recreational-level male triathletes participated in
the study. Their main goal for the training period was to
prepare for a Half-Ironman distance event in Alicante,
Spain. They all trained with the same coach (RC) within a
supervised training program following the same periodiza-
tion model but not the same training intensity distribution.
The inclusion criteria were to have less than two years of
previous training in triathlon and to have completed less
than 95% of total training load. Furthermore, all subjects
had to go through a transition period (3-week) before the
training period started. These triathletes were divided into
two groups: polarized (POL), and pyramidal (PYR) ac-
cording to the training intensity distribution that subjects
had followed. All participants provided written informed
consent to take part in the study, which was approved by
the Alicante University Ethics Committee (UA-2017-04-
11 expedient). Data of the final sample is shown in Table
1. Figure 1 illustrates the design of the study in order to
understand the procedures of the study.

Physiological testing and training zone settings
Incremental tests of volitional exhaustion were used to

determine training zones in cycling and running. A ramp
protocol was used for cycling on a roller (elite® Crono fluid
elasto gel, Italy) starting at 50 W and increasing 5 W each
12 seconds (Muiioz et al., 2014b). Participants used their
own bike for the test with a power wheel (powertap®). The
running test was performed on a 400-metre homologated
track. Participants started at 10 km/h and increased 0,3
km/h every 200 meters (Brue, 1985). Both tests were con-
ducted using a portable gas-exchange analyzer (Cosmed®
K4b 2, Italy). During the test, the following variables were
measured: oxygen uptake (VO,); pulmonary ventilation
(VE); ventilatory equivalent for oxygen (VE/VO,); venti-
latory equivalent for carbon dioxide (VE/VCOy); and end-
tidal partial pressure of oxygen (PrrO,) and carbon dioxide
(PerCOy).

Maximal oxygen uptake (VOamax) Was recorded as
the highest VO, value obtained for any continuous 1-mi-
nute period. VT1 was determined using the criteria of an
increase in both VE/VO; and PgrO; with no increase in
VE/VCO,, whereas VT2 was determined using the criteria
of an increase in both VE/VO, and VE/VCO, and a de-
crease in PgrCO,. Two independent observers identified
VT1 and VT2. In case of disagreement, the opinion of a
third observer was obtained (Doherty et al., 2003). Heart
rate (HR) was continuously monitored during the test using
radio telemetry (Polar Electro®, Finland). Later, a range of
HR and power or velocity for each training zone was es-
tablished.

Swimming training zones were calculated based on
an 800-metre test in a 25-meter pool. Participants had to
cover the distance in the shortest time possible. A differ-
ence greater than 5% in the part-time of each 100-metre
was not allowed. To determine the training zones, the me-
dium pace of the 100-metre was considered to be the pace
associated with VT2 and a total of 120% of that medium
pace was considered to be the pace associated with VT1
(Sweetenham and Atkinson, 2003). Both pre-test and post-
test were performed during a week, with at least 48 hours
of rest between tests.

Three main training zones were defined for this
study: zone 1 (at or below VT1), zone 2 (between VT1 and
VT2) and zone 3 (at or beyond VT2) (Skinner and McLel-
lan, 1980). These zones were subdivided into additional
training zones for daily workouts. Participants thus trained
with eight training zones (Cejuela and Esteve-Lanao,
2011) in order to improve accuracy in some workouts and
to use the ECO-model to control the training load.

| TOTAL TRAINING PERIOD = 20 WEEKS |

[ GENE%AL TRAINING PERIOD = 7 WEEKS I

I SPECIFIC TRAINING PERIOD: POL or PYR = 13 WEEKS I

Pre-test =
(7-week)

Figure 1. Time line of the study.
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Main characteristics of the training period

After 3 weeks in the transition period, triathletes completed
a 20-week training program broken down into a 7-week
general training program and a 13-week specific training
program with different training intensity distributions: a
polarized training program or a pyramidal training pro-
gram. A specific method to quantify the training load in
triathlon, ECOs (Cejuela and Esteve-Lanao, 2011), was
used in this study. Participants could not perform system-
atic training during the transition period. Tests took place
during the last week of the general training period (week 7)
and during week 12 of the specific training period. The re-
sults of the post-test were used to establish correlations
with Half-Ironman performance. Both pre-tests and post-
tests were performed during a week, with at least 48-hours
of rest between tests.

The general training program was the same for all
triathletes during this time. Training intensity distribution
was 88%, 10% and 2%, in zones 1, 2 and 3, respectively.
Total training load distribution in each segment was 26%
in swimming, 31% in bike and 43% in run. The main goal
of this training period was to build general physical fitness.
For that, the training load and total volume was progres-
sively increased.

Regarding the specific training program, POL and
PYR followed the same training periodization, which was
divided into three mesocycles. The first and second meso-
cycle consisted of 4 weeks and the third mesocycle con-
sisted of 5 weeks of training. Training volume peaks were
prescribed at the end of the first and second mesocycles
(4th and 8th week). Training load peaks were prescribed at
week 4 for swimming and cycling and at week 8 for run-
ning. Specific transition sessions were included in almost
every week in this training period, generally bike-run tran-
sitions. In the first week in each mesocycle, participants
completed a week with a lower training load for recovery
purposes (week 1, 5 and 9). The third mesocycle included
a tapering period of 3 weeks and a post-test (week 12). Hy-
dration and nutritional guidelines were followed during the
training period based on a personal interview with the same
sports nutritionist. The training volume prescribed was the
same for both groups (=155 training hours) but training in-
tensity distribution was different between groups during
specific training time. POL completed 84.5+1.3/4.2+ 1.5
/11.3 £ 0.5 in zones 1.2 and 3 respectively, and PYR 77.9
+ 0.5 in zone 1, 18.8 = 0.7 in zone 2 and 3.3 + 0.5 in zone
3 The PYR training plan consisted of 106 training sessions
(28 for swimming, 34 for cycling and 44 for running). POL
included one more training session for running in order to
equate the training volume in both groups. The distribution
of the training load in each segment was 28% for swim-
ming, 38% for cycling and 34% for running. The following
figures (Figure 1, 2, 3 and 4) show a summary of the train-
ing load and the training intensity distribution by segment
during the specific training period.

Polarization index was calculated in order to quan-
tify the individual level of Polarization in each triathlete
(Treff et al., 2019).

Strength training program: A total of 36 workouts
(14 in the general training period and 22 in the specific
training period) included a strength-training program,

which was the same for both groups. It consisted of pro-
gressive workouts with resistance-training machines. To
select the strength exercises, the recommendations of
Klion and Jacobson (2014) were followed, combining ex-
ercises involving both upper and lower body muscles. In
addition, core stability exercises were carried out in each
workout. These sessions were commonly conducted twice
a week, usually under the supervision of one of the
coaches. Loads gradually increased from 40% of RM (RPE
3) and a moderate speed, to 70-75% (RPE 7) of RM and a
high speed in concentric phases. Resistance training was
gradually combined with specific strength methods in each
sport (paddles for swimming, hills or harder gears for cy-
cling and hills were also used for running).
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Figure 2. Summary of training load of Polarized group by seg-
ment during specific training period.
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Figure 3. Summary of training load of Pyramidal group by
segment during specific training period.

Quantification of exercise load in training

Triathletes were filling personal training logs with the in-
formation recorded in their HR monitors regarding the
amount of time spent in each training zone. In order to con-
trol the intensity in each workout, the following strategies
were used: on the one hand, during the general training pe-
riod, RPE was used for training control, using a scale of
perceived effort from 0 to 10 (Borg, 1982). On the other
hand, HR and RPE were used for low intensity workouts in
running and cycling during the specific training period.
Speed and power were also used to control moderate and
high intensity workouts for running and cycling in this
period. RPE and the medium pace for 100-metre were
used to control swimming workouts. Besides, swimming
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sessions and intensities of workouts for the run segments
were always supervised by one of the coaches (SS or RC).

100

M Swim
B0  Bike
60 || - Run
40

20 -

%Time <VTL1 %Time >VT2

%Time VT1-VT2

Figure 4. Time percentage in each zone by segment during
specific training period.

Statistical analysis

A descriptive analysis was carried out using the means and
standard deviation of the triathlete’s variables, of the vol-
ume and load variables, and of the training and perfor-
mance variables. To detect any statistically significant dif-
ferences between these two training groups’ variables, the
nonparametric test of the Mann-Whitney U test was per-
formed.

After testing for normal distribution using a
Shapiro—Wilkinson-Test, the nonparametric contrast of
the Mann-Whitney U was calculated to detect statistically
significant differences between the groups. A no paramet-
ric Wilcoxon test to calculate differences between pre and
post test. Cohen’s d (dCohen) was calculated to estimate
effect sizes (Cohen, 1988) of pre and post test. In addition,
using Cohen's d, the results of the two training groups have
also been compared. Cohen’s d is defined as follows: triv-
ial: 0-0.2|, small: |0.2]-|0.6], moderate |0.6]-|1.2|, large:
[1.2]-2.0], very large: |2.0]-4.0|, and infinite: |4.0] (Hop-
kins, 2003).

The Spearman correlation coefficient was used to
study the correlation between the times for the three
segments in the competition and for the total Half-Ironman
time with the performance variables, the training times in
the different total zones and according to the training
group. The level of statistical significance was 0.05. The
statistical package SPSS 24.0 and the Microsoft Excel
spread sheet were used in the data analysis.

Results

Five participants did not carry out the inclusion criteria.
Thus, only 13 triathletes were included in the statistical
analysis. Table 1 shows the results for the final sample.

Table 2 presents a summary of the training parame-
ters of the specific period. No differences in training vol-
ume and training load were found between groups. How-
ever, there were significant differences in each group’s
training intensity distribution. Table 3 shows the training
intensity distribution and polarized index in each athlete
during the specific training period.

The effect of the training is presented in Table 4
with the comparison with pre and post test. Both groups
increase their performance significantly in every segment
in almost all analyzed variables. PYR increased the speed
associated at VT2 and MAS significantly but in POL this
improvement was not statistically significant. Effect size
was categorized as small or moderate in most variables in
both PYR and POL. Only, it is observed a large effect size
in power associated at VT1 in PYR.

Correlations between performance in the test and
Half-Ironman performance event are presented in Table 5.
The swimming test time correlated with the swimming
time in the race and with the total of the Half-Ironman time.
Significant inverse correlations were found between power
at VT2 and maximum aerobic power on bike with cycling
segment performance and with total race time.

Table 1. Descriptive characteristics of the final sample. Data are means (+SD).

Total POL (n=6) PYR (n=7) p
Age (year) 289+6.9 285 +£7.7 2923 +£6.8 0.7
Body mass (kg) 70.7+54 70.8 + 6.4 70.6 £4.9 0.8
Height (m) 1.75+0.06 1.75+0.07 1.76 £0.05 0.7
Body-mass index (kg/m?) 23.4+1.01 23.6+1.1 233+1.0 0.6
Triathlon training experience (year) 22+0.6 22+04 23+0.8 0.9
Swimming time of competition (second) 2446.0 +248.4 2431.17 £ 191.6 2458.71+ 303.0 0.9
Cycling time of competition (second) 11029.1 + 678.4 11087.50 = 772.3 10979.00 + 645.9 0.9
Running time of competition (second) 72712 £ 676.3 7229.0 £ 638.7 7307.43 £ 756.0 0.8

Total time of competition (second)

20746.3 £ 1423.0

20747.67£1502.6  20745.14 £ 1472.7 0.9

Table 2. Summary of training parameters. Data are means (£SD).

POL (n=6) PYR(n=7) p
Weekly average training load (ECOs) 785.2 £244.9 751.6 £234.9 0.7
Weekly average swimming training load (ECOs) 218.5+108.0 184.6 + 86.1 0.4
Weekly average cycling training load (ECOs) 297.0+120.3 295.5+116.6 0.9
Weekly average running training load (ECOs) 269.7+93.9 268.7+96.0 0.9
Weekly average training time 11.9+£35 11.9+3.6 0.9
% Training time <VT1 84.4+3.0 779+1.9 0.007*
% Training time VT1 — VT2 43 £1.6 18.8+0.8 <0.001*
% Training time >VT2 11.3+0.2 33£0.5 <0.001*
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Table 3. Training intensity distribution and polarization index in each triathlete.

Triathletes (n=13) % Time <VT1 % Time VT1-VT2 % TIME >VT2 PI

POL 1 85.3 3.5 1.2 24

POL 2 83.8 4.1 12.1 2.4

POL 3 82.2 7.2 10.6 2.1

POL 4 85.6 33 11.0 2.5

POL 5 85.6 33 11.0 2.5

POL 6 84.4 4.2 11.5 2.4

PYR1 78.7 18.0 33 1.2

PYR 2 78.0 17.9 4.1 1.3

PYR 3 77.3 19.1 3.6 1.2

PYR 4 78.2 18.7 3.2 1.1

PYRS 71.5 19.6 2.9 1.0

PYR 6 77.4 19.8 2.8 1.0

PYR 7 78.3 18.6 3.1 1.1

POL: Triathlete of Polarized group. PYR: Triathlete of Pyramidal group
Table 4. Performance data from the pre and post test. Data are means (£SD).
POL PYR
Average ap bdCohen  Average ap bdCohen cdCohen dp

Swim Test (Sec) Pre 882.2+112.5 892.0 £ 106.4 -0.09 0.945
Post  826.5£67.5 0.028 -0.60 840.7 = 83.0 0.028 -0.54 -0.19 0.999
VT2 SWIM (m/s) Pre 1.1+0.1 1.1+0,1 -0.09 0.945
Post 1.0+0.1 s SR 1.1+0.1 e R -0.19 0.999
Bike VT1 (power,W) Pre 137.5+£20.9 155.0+22.4 -0.81 0.181
Post 158.3+£18.6 0.027 1.05 187.9 £24.5 0.017 1.40 -1.34 0.051
Bike VT2 (power,W) Pre  225.8+38.0 244.3 +36.2 -0.50 0.366
Post 2442 £23.5 bilis Vet 263.6 +37.0 e U= -0.61 0.234
MAP (power,W) Pre  312.5+30.0 330.0 +40.7 -0.48 0.534
Post  338.3+£25.6 0.027 0.93 361.4+27.8 0.018 0.90 -0.86 0.234
Bike VO:max (ml/kg/min) Pre 50.5 £2.9 54.1+5.1 -0.86 0.234
Post 53.7+£3.7 0.027 0.95 57.0£6.2 D Ut -0.63 0.366
Run VT1 (speed.m/s) Pre 3.4+0.1 34+£0.1 -0.49 0.534
Post 35+0.2 0.024 0.84 3.5+0.1 0.02 1.01 -0.13 0.999
Run VT2 (speed.m/s) Pre 3.8+0.2 39+0.2 -0.72 0.295
Post 3.9+0.1 ol e 4.0+0.2 s el -0.65 0.295
MAS (speed.m/s) Pre 4.4+0.2 45+0.2 -0.42 0.628
Post 4.5+0.2 0.066 0.46 45+02 0.034 0.25 -0.23 0.731
Run VO2max (ml/kg/min) Pre 52.8+4.1 58.1£3.9 -1.32 0.035
Post 55.0+1.7 e U 58.6 +£3.8 e 0.1 -1.19 0.101

VT, Ventilatory threshold; VO, ., maximal oxygen uptake; MAP, maximal aerobic power; MAS, maximal aerobic speed. * Nonparametric contrast for
Wilcoxon related samples. ®“d” of Cohen comparing pre and post test.  “d” of Cohen Polarized and pyramidal. ¢ Nonparametric contrast for Wilcoxon.

Table 5. Spearman correlations of tests with sport performance and Half Ironman race performance.

Half Ironman sport performance

Test and variable Swim Bike Run Half Ironman race performance
Swim test time 0.877%%* 0.781%*

VT1 Bike power -0.236 -0.334

VT2 Bike power -0.569* -0.578*

MAP Bike -0.647* -0.574*

VT1 run pace -0.430 -0.293

VT2 run pace -0.643* -0.592*

MAS run pace -0.710* -0.647*

VO:2max Bike test -0.316 -0.341

VO2max Run test 0.140 0.091

*p <0.05. % p<0.0l. ¥*** p<0.001. Abbreviations: VT, Ventilatory threshold; VO,,, maximal oxygen uptake; MAP,
maximal aerobic power; MAS, maximal aerobic speed.

Significant inverse correlations were also found
between the pace at VT2 and maximum aerobic speed with
the race running time and with the Half-ironman race
performance. However, significant correlations were not
found between VOawmax in the cycling or running test with

performance during the event.

Table 6 shows the correlations between training
time and the competition. There were no significant
correlations between any of the subjects’ training time and

the competition. However, training time <VT1 in POL
correlated with more time in the swimming segment and
training time between thresholds correlated with a faster
time in the swimming and cycling segments. On the other
hand, training time between thresholds in PYR inversely
correlated with the time of the run segment and with the
total race time. Conversely, training time between
thresholds correlated with the running and total race time.
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Discussion

The percentage of training time spent in zones 1, 2 and 3
was 84,5%, 4,2% and 11,3%, respectively for POL and
77,9%, 18,8% and 3,3%, respectively for PYR. Previous
studies have shown that endurance athletes should spend
=80% of total training time in zone 1 (Lucia et al., 2000b;
Billat et al., 2001; Seiler and Kjerland, 2006; Plews and
Laursen, 2017). This emphasis in zone 1 rather than in
zones 2 and 3 is associated with better performance in
different endurance sport such as rowing (Ingham et al.,
2008), running (Mufioz et al., 2014a) or triathlon (Mufioz
et al., 2014b). Thus, both POL and PYR accumulated this
high percentage of low intensity training time (zone 1).

Weekly average training load was 785 ECOs for
POL and 750 ECOs for PYR. These training load data
differ from other reported values for preparing other
endurance races. For example, 526 ECOs of weekly
training load were reported during a specific period for a
marathon and 834 ECOs were reported for an IM in
recreational endurance athletes (Esteve-Lanao et al., 2017).
The same applies to weekly average training time (=12
hours), which is higher than marathon training time (=5
hours) and slightly lower than in the case of [ronman (=13
hours) (Esteve-Lanao et al., 2017). Despite the competition
time for Half-Ironman being more similar to that of a
marathon than to an Ironman’s (in athletes with the same
performance levels), the need to train three segments
instead of just one means that the weekly average training
load and the weekly average training time brings Half-
Ironman closer to Ironman training values than to marathon
ones. However, if we analyse the concept of “ECOs per
hour” (training load per training hour), it is significantly
lower in Half-Ironman and in Ironman (=65 ECOs per
hour) than in Marathon training (=100 ECOs per hour)
(Esteve-Lanao et al., 2017). Naturally, this comparison of
training data is between groups of recreational athletes.
The reported average training load in elite triathletes
exceeds 1000 ECOs (Saugy et al., 2016) and 20 hours
of
training per week (Mujika et al., 2017).

Regarding the race performance, the participants of
this study needed =30% more time to finish the race than
the Half-Ironman competition time reported for elite
triathletes (=4 hours) (Knechtle et al., 2012), thus the
sample was categorized as “recreational triathletes”. No
significant differences were observed between the POL
and PYR competition times. In fact, only two seconds
differentiated both groups in the race that lasted over five
hours. In this sense, other factors as total training volume
(Mufioz et al; 2014b), previous experience (Knechtle et
al.,2012) or even body composition (Knechtle et al., 2014)
are more determinants than training intensity distribution
in the final result of a long-distance triathlon race.

Both training distributions showed a significant
positive effect on the performance of the triathletes in the
three segments. The only difference between groups was
in running. PYR group showed a statistically significant
improvement in the speed associated at VT2 and MAS in

running and in POL this improvement was not statistically
significant. These results are in line with Treff et al (2017),
who did not find significant differences between polarized
and pyramidal training in elite rowers. However, these
authors also did not find significant differences between
pre and post test in any performance measure with a
similar period of intervention than our study. Perhaps, the
difference of level in the sample is the key in the fact that
we have found significant differences in the pre and post
tests in almost all the variables and these differences have
not been significant in the Treff et al (2017) study.

On the other hand, our results differ to several
experimental studies that suggested a greater
improvements in endurance sports induced by a Polarized
model instead of other training intensity distribution
models (Esteve-Lanao et al., 2007; Mufioz et al., 2014a;
Neal et al.,2011; Stoggl and Sperlich, 2014). It is difficult
to compare our results with these studies, because the
sample, time of intervention and training intensity
distribution strategies were different in each investigation.
Thus, the results of each study should be analyzed
separately in base to the training intensity distribution used
in each of one.

The performance in the 800-metre swim test
significantly correlated with the swim time in the race,
although the distance in the competition was more than
double and the triathletes swam in open water and were
allowed drafting. Therefore, the 800-metre swim test could
be used as a benchmark test to predict the performance of
recreational athletes in the Half-Ironman swim segment.
Curiously, performance in this test was also significantly
correlated with the total final time in the race. Despite the
fact that the swimming percentage of total race time is
considerably lower than that of the other segments (=12%
swimming, =53% cycling, =35% running), it could be
interesting to research in future studies how the energy cost
during the swim segment affects the other two segments in
recreational triathletes, as a poor technique may fatigue the
triathlete excessively in the first segment and this would
condition the athlete’s total performance in the test
(Ferreira et al., 2016).

Maximal aerobic power (MAP) in cycling and
maximal aerobic speed (MAS) in running, as well as power
and speed associated with VT2 correlated inversely with
the time in the respective segments and with total
competition time. Mufioz et al. (2014b) found similar
correlations between power and power at VT2 in cycling
and speed at VT2 and at VT1 in running but not with MAP
and MAS. These differences can be explained by the
duration of the effort: in the study of Muiioz et al. (2014b),
the correlations were conducted with an [ronman race time
and participants covered twice the distance (3.8 km swim,
180 km bike and 42 km run) of our triathletes. Despite this
fact, it is difficult to maintain over =60 minutes of
continuous effort at VT2 (Beneke, 2003), and it would be
important to focus the training on increasing the power or
velocity associated with this intensity in long endurance
events. The relationship between VT2 and long distance
triathlon performance could be explained by a higher fat
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oxidation rate deriving from the improvement of this
parameter (Croci et al., 2014).

No statistically significant correlations were found
between training intensity distribution and race
performance when analysing triathletes in the same group.
These results are in line with Neal et al. (2011) who
suggested that the effects of training intensity distribution
were small in the adaptations and that other values can be
more decisive for the performance of a group of Ironman
distance triathletes. Previous research has shown that it is
positive both for elite and sub-elite endurance athletes to
adopt a polarized training model, with a low emphasis on
moderate intensity (VT1-VT2) (Billat et al., 2001; Seiler
and Kjerland, 2006; Stoggl and Sperlich, 2014). However,
based on our results, POL triathletes who spent more
training time in zone 2 showed the best performance in the
swimming and cycling segments. In the same way, PYR
triathletes who spent more VTI1-VT2 training time
obtained the best performance in the running segment as
well as in the Half-Ironman. Surprisingly, PYR triathletes
who spent more time >VT2 presented worse times in the
running segment and in the Half-Ironman.

In this respect, although most of the training
volume was carried out at low intensity, moderate intensity
is relevant and should not be discarded when prescribing
training for popular long-distance triathlons, all the more
so given that part of the competition is carried out at this
intensity (Laursen and Rhodes, 2001). High intensity
training could be necessary to obtain improvements on
performance in highly trained athletes (Laursen and
Jenkins, 2002). However, moderate intensity could
conducta  similar effect, or even higher, in athletes with
less training experience. In this respect, it is important to
remark that the level of adaptations is clearly conditioned
by the starting level of the athletes (Sellés-Pérez et al.,
2019).

Conclusion

To the best of the authors' knowledge, this is the first study
to have manipulated training intensity distribution in
recreational Half-Ironman triathletes and to have
performed correlations with performance in a competition.
Despite the importance of a high percentage of training in
zone 1, according to our results, coaches should not rule
out the training prescription in zone 2, since the training
time in this zone positively correlated with the performance
in the Half-Ironman competition. However, some
limitations, as a short time of specific training period or a
reduce sample, should be considered to analyze the results.
Also, the performance in a long-endurance race is
conditioned by different aspects (weather conditions,
nutrition, hydration...) that we could not take into account
in the data analysis. Future research is needed on different
training intensity distributions in groups with different
levels of performance and their impact on diverse sports
events.
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Key points

e POL and PYR training distributions showed a
significant positive effect on the performance of the
triathletes in the three segments.

e Training intensity in zone 2 was related with a better
performance on a half-Ironman race in recreational
triathletes.

e According to our results, coaches should not discard
training time in zone 2 in recreational triathletes to
train a Half-Ironman race.
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