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ABSTRACT

Post-race cool-downs play a crucial role in enhancing lactate clearance and
recovery in competitive swimming. This study aimed to evaluate the effectiveness
of a 1200 m cool-down protocol in facilitating blood lactate removal across dif-
ferent race distances. It also explored the relationship between perceptual and
physiological markers of effort and recovery, specifically: (a) the correlation
between Total Quality of Recovery (TOR) and pre-race lactate concentrations,
and (b) the association between Rating of Perceived Exertion (RPE) and post-
race lactate concentrations. A total of 26 male and female swimmers (17.83 +
2.25 years) were included. Capillary blood samples were collected at three time
points—Pre-Race Lactate (PreRLa), Post-Race Lactate (PoRLa), and Post-Cool
Down Lactate (PoCDLa)—during a state-level meet. TOR and RPE were record-
ed at the start and end of each race, respectively. Lactate Clearance % and Lac-
tate Clearance Velocity were calculated for analysis. We used SPSS 23 for statis-
tical tests, with significance set at p < .05. Results showed significant differences
in PoRLa concentrations across race distances (p = .001), with higher post-race
lactate accumulation in 100 m swimmers. Although Lactate Clearance was simi-
lar across distances, Lactate Clearance Velocity was highest in the 100 m group.
No significant differences were observed in TOR and RPE scores. Correlation
analysis revealed a strong positive relationship between PoRLa and Lactate
Clearance Velocity (r =.916) and a moderate positive association between PoR-
La and PoCDLa (r = .523). These findings demonstrate differences in post-race
lactate responses and clearance velocity across swimming events. The study
provides practical insights to refine cool-down protocols and optimize recovery
strategies tailored to the unique metabolic demands of competitive swimmers.

Keywords: Blood Lactate Clearance Rate, Cool-down protocol, Rating of
Perceived Exertion, Swimmers
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Lactic acid production during exercise
is a fundamental physiological response to
sports training and competition. Blood lac-
tate ([La—]b) concentration, a byproduct of
anaerobic metabolism, is widely recognized
as an indicator of metabolic stress and ex-
ercise intensity in cyclic sports, including

Nordic skiing (Siljeg et al., 2023). During in-
tense exercise, when glycolytic flux exceeds
the rate at which lactate can be utilized and
transported, [La—]b concentration increases.
During short, intense bouts of swimming,
large muscle lactate accumulation may lead
to the feeling of fatigue (Costill, 2013). High
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[La—]b following competition efforts reflects
both a high anaerobic metabolic rate and a
strong blood-buffering capacity. Previous re-
search suggests that peak blood lactate mea-
surements have some predictive value for
improvements in sprint performance (Magli-
scho, 2003), whereas enhanced lactate clear-
ance facilitates faster muscle force recovery
(Tesch & Wright, 1983). Therefore, measur-
ing [La—]b before and after swimming events
provides valuable insight into an athlete’s re-
covery efficiency and ability to maintain per-
formance across multiple races.

To accelerate lactate removal, swimmers
commonly perform active recovery or self-
paced cool-downs immediately following
competition (Dwivedi et al., 2024). Research
supports the concept of active recovery over
passive recovery for better athletic perfor-
mance and lactate removal (Hinzpeter et al.,
2014). [La—]b concentration after swimming
events is a physiological phenomenon of
high-intensity exercise and may vary depend-
ing on the type of swim race. For example,
200 m Butterfly and Freestyle swimmers re-
cord higher values compared to long-distance
swimmers (10km) (Kachaunov, 2018). Addi-
tionally, 100 m and 200 m race swimmers ac-
cumulate the most lactate regardless of swim
stroke (Vescovi et al., 2011). Furthermore,
Kachaunov (2018) found significantly lower
[La—]b accumulation after breaststroke sprint
races than after all other strokes, as well as
significantly higher [La—]b accumulation
in the 400 m Individual Medley than in the
400 m freestyle. These findings highlight the
need for stroke- and distance-specific lactate
monitoring and recovery protocols.

The current swimming competition for-
mat typically requires athletes to compete in
multiple races within a single day, including
preliminary, semi-final, and final rounds.
Consequently, swimmers are often required

to perform several maximal efforts over short
recovery periods (Greenwood et al., 2008).
Therefore, the ability to recover rapidly be-
tween races is crucial for maintaining consis-
tent high-level performance throughout the
competition (Neric et al., 2009). In swim-
ming, where athletes often perform at their
anaerobic threshold, monitoring and man-
aging [La—]b concentrations are essential.
By assessing [La—]b concentrations at vari-
ous stages around competition, coaches and
sports scientists can tailor training programs
to improve an athlete’s buffering capacity,
lactate clearance rate, and endurance poten-
tial (Stanley et al., 2013). This provides cru-
cial insights into the physiological demands
and recovery processes of high-intensity
swimming events, enabling optimized train-
ing protocols and improved performance
outcomes (Billat, 1996). Targeted training to
increase the anaerobic threshold allows ath-
letes to tolerate higher workloads and adapt to
higher levels of exertion. The physiological
improvements that occur from an increased
anaerobic threshold may contribute to an ath-
lete’s ability to sustain high-intensity efforts
without rapid lactate accumulation, leading
to better performance in competitive events
(Brooks, 2000; Midgley et al., 2007).
[La—]b monitoring in swimming has been
explored since the 1960s and 1970s, estab-
lishing the concept of the lactate threshold,
where lactate begins to accumulate rapidly
in the blood (Wasserman et al., 1973; Billat,
1996). Advancements in portable analyzers
have made lactate measurements more pre-
cise and frequent, becoming a standard prac-
tice in elite swimming programs. Lactate
monitoring provides a quantifiable measure
of an athlete’s metabolic state. Pre-competi-
tion lactate concentrations can indicate read-
iness and the effectiveness of tapering strat-
egies, while post-competition measurements
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offer insights into the physiological demands
of the race and the swimmer’s capacity to
handle high-intensity efforts. Monitoring lac-
tate concentrations four minutes post-com-
petition assesses recovery processes and pro-
vides valuable feedback on the swimmer’s
ability to clear lactate efficiently, an essential
factor for maintaining performance across
successive races (Pyne et al., 2001). Despite
extensive global research, limited literature
describes the metabolic and physiological
responses of Indian competitive swimmers
(Bawari et al., 2023; Dwivedi et al., 2024).
Hence, the aim of the study was to assess
the effectiveness of a standardized 1200 m
cool-down protocol in facilitating [La—]b
clearance post-race across different race dis-
tances and stroke styles in competitive swim-
mers. Additionally, we aimed to investigate
the relationships between physiological and
perceptual markers of effort and recovery in
competitive swimming. Specifically, a) To
examine the correlation between Total Qual-
ity of Recovery (TQR) scores and pre-race
blood lactate concentrations, hypothesizing
that higher perceived recovery corresponds
to lower pre-race lactate concentrations; and
b) To analyze the relationship between Rat-
ing of Perceived Exertion (RPE) and post-
race blood lactate concentrations, expecting
that higher perceived exertion correlates
with greater post-race lactate accumulation.
By understanding the intricate patterns of
lactate response before, immediately after,
and during the recovery phase post-compe-
tition, we can contribute to developing more
effective training and recovery strategies tai-

lored to the unique demands of competitive
swimming.

METHODS

This study was a retrospective analysis of
lactate data obtained from competitive swim-
mers during standard physiological evalua-
tions at the Odisha State Swimming Meet
2023, held at Kalinga Stadium Pool in Bhu-
baneswar, Odisha, India. The official swim-
ming races were held in an Olympic-stan-
dard 50 m outdoor swimming pool, whereas
the recovery protocols were conducted in
an adjacent short-course (25 m) pool with-
in the same facility. All subjects provided
written consent before the trial began. The
study was conducted as part of the Institute’s
sports science support services, and all pro-
cedures were reviewed and approved by the
local ethics committee (EC/IIS/2024/019)
and conformed to the recommendations of
the Declaration of Helsinki.

Participants

The study group comprised 26 swim-
mers, with 16 males and 10 females (17.83
+ 2.25 years), training at the Inspire Institute
of Sport Aquatics Center in Odisha, India
(Table 1). All athletes had a minimum of
four years of swimming experience and had
participated in at least one national compe-
tition within the previous six months. The
swimmers engaged in four distinct swim-
ming strokes, with nine athletes participat-
ing in more than one race throughout a single
day of competition.
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Table 1. Demographic Characteristics of Swimmers. Values are expressed as mean * standard

deviation (SD).

Event
Parameters
50 m (n=6) 100 m (n=20) 200 m (n=7) 400 m (n=6)
Age (years) 19.00 +1.22 18.05 +2.33 17.33 +£2.06 17.00 +2.09
Height (cm) 169.72 £ 9.91 165.78 £7.02 166.53 £4.10 162.28 £4.78
Weight (kg) 64.80 = 8.20 60.22 + 6.07 5391 +£6.41 59.40 £ 6.70

Study Variables
The following five variables were used in

the study:

1.Pre-Race Lactate (PreRLa) is defined as
[La—]b concentration 10 min before the race,
expressed in mmol-L".

2.Post-Race Lactate (PoRLa) is defined as
[La—]b concentration at 4 min after the end
of the race, expressed in mmol-L'. (The 4
min post-race lactate sampling time was se-
lected based on prior testing within the same
cohort, where serial measurements taken at
I-min intervals consistently showed a peak
in [La—]b concentration at approximately 4
min post-exercise).

3.Post-Cool Down Lactate (PoCDLa) is de-
fined as [La—]b concentration at the end of
the cool-down session of 1200 m, expressed
in mmol-L.

4.Lactate Clearance %, was calculat-
ed using the formula [(PoRLa-PoCD-
La)*100] / PoRLa.

5.Lactate Clearance Velocity was calculated us-
ing the formula (PoRLa—PoCDLa) / 30 min.

Procedure for measuring blood lactate
concentration

All blood samples were collected under
sterile conditions by the team physiologists,
ensuring consistency in sample handling.
The [La—]b concentration was measured
from a 0.2 pL capillary blood sample taken
from the fingertip at three time points: 10 min
before the start of the race, 4 min after the

completion of the race, and after the cool-
down swim (Kachaunov, 2018). Control D
tri-bevel tip lancets and Control D lancing
device/pen were used for blood sampling,
and lactate concentration was analyzed us-
ing a new-generation portable lactate analyz-
er, Lactate Scout 4 (EKF, Germany) (https://
www.ekfdiagnostics.com/lactate-scout.
html). All measurements were performed us-
ing the same analyzer unit to maintain test
uniformity and minimize device variability.

At the same testing station, athletes were
asked to provide a rating of their Total Qual-
ity of Recovery (TQR) (Kenttd & Hassmén,
1998) before the race and their Rating of
Perceived Exertion (RPE) (Borg, 1998) 4
min post-race. Subsequently, each swim-
mer proceeded to the adjacent short-course
pool to perform their assigned recovery pro-
tocol. Recovery intensity and swimming
stroke during recovery were not controlled
to replicate real-world competition settings
with minimal scientific interference. Instead,
athletes followed coach-directed active re-
covery protocols, which typically involved
freestyle swimming for 1200 m for about 30
min. Upon completion of the active recovery
session, swimmers proceeded to the blood
analysis facility for post-cool-down blood
lactate (PoCDLa) assessment.

Statistical Analysis
Statistical analyses were performed using
IBM SPSS Statistics version 23. The distri-
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bution of data was assessed for normality
using the Shapiro—Wilk test, and to explore
preliminary associations between variables,
Spearman’s rank-order correlation was per-
formed. Group differences were analyzed us-
ing the Kruskal-Wallis H test, followed by
post-hoc pairwise comparisons where appro-
priate. Descriptive statistics are presented as
Mean = Standard Deviation (SD), and statisti-
cal significance was set at p <.05 for all tests
conducted. As swimmers may participate in
multiple races during a competition, the race
event was considered the unit of analysis
rather than the individual athlete. Each race
was treated as a distinct competitive effort
because race distance and event demands dif-
fer in exercise duration and metabolic con-
tribution, which may influence the post-race
lactate response. Thus, the dataset comprised
39 race observations from 26 swimmers, and
analyses were conducted by race event.

RESULTS

We comparedall [La—]bparameters across
swimming events using the Kruskal-Wallis
omnibus test, which showed significant dif-
ferences in PreRLa (p = .027; Table 2; Figure
1), but no differences in the post hoc pairwise
comparisons. PoRLa concentrations differed
significantly among distance groups, specif-
ically between 100-200 m and 100-400 m
(p=.001; Table 2; Figure 1), with higher post-
race lactate accumulation in 100 m swimmers.
Interestingly, no such difference was observed
among groups in PoCDLa after recovery (Ta-
ble 2, Figure 1). Lactate Clearance was found
to be similar in each group, but the Lactate
Clearance Velocity was significantly different
when 100 m swimmers were compared with
200 m and 400 m swimmers (Table 2, Figure
2). 100 m Swimmers showed faster lactate
clearance during recovery than 200 m and
400 m swimmers. TQR and RPE did not dif-
fer significantly across the groups (Table 2).

Table 2. Perceived and Physiological Recovery variables for swimmers during competition.

Mean = SD Kruskal-Wallis
Parameter Event Distance (m) test results
50 m 100 m 200 m 400 m H value D
Pre-Race Lactate 5 /5, 199 5034054 1824062 265+036 9179 .027*
(mmol-L™)
TQR 1550+ 1.04 1555+1.73 1557+198 1500+2.19 0.188 .98
Post-racelactate 330, | 69 16124250 12.4241.86 11404230 18.453 .001%**
(mmol-L™)
RPE 17.00£ 126 17.00+2.05 17.29+049 18.00+1.09 1.624 654
Post-Cool-down 1) 176 90974121 2484052 2274036 2619 454
Lactate (mmol-L™)
Lactate Clearance % 82.42+6.73 81.70+6.65 79.65+5.13 79.82+2.78 2537  .469
Lactate
Clearance Velocity  0.36+0.02 043+0.07 033+0.06 030+0.06 17.8 .001%**

(mmol-L™"-min™)

Note. Values are expressed as mean =+ standard deviation (SD). Group differences were analyzed using the Krus-
kal-Wallis H test (H-values); Statistical significance was considered at * p < .05, ** p < .01, *** p <.001
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Note. PreRLa (Pre-race blood lactate), PoRLa (Post-race blood lactate), PoCDLa (Post-cool-down blood lactate).
The error bars represent SD.
Figure 1. Blood Lactate concentrations across different distance events. Values are presented
as mean = SD.
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Figure 2. Lactate Clearance % and Lactate Clearance Velocity during 1200 m active recovery.

Spearman’s Correlation (Table 3) shows (r =.916), whereas a moderate positive asso-
a strong, significant positive correlation be- ciation was found between PoRLa and PoC-
tween PoRLa and Lactate Clearance Velocity DLa (r =.523). PoCDLa was found to be sig-
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nificantly negatively correlated with Lactate
Clearance % (r = -.770). A weak but signif-
icant correlation was found between Lactate

Table 3. Spearman’s Correlation Coefficients.

Clearance % and Lactate Clearance Velocity
(r = .384). Other parameters were not signifi-
cantly correlated.

Pre-race Post-race Post-cool-down  Lactate
Lactate TQR Lactate RPE Lactate Clearance
Pre-race Lactate —
TQR -.147 —
Post-race Lactate -.084 .08 —
RPE .199 .018 -.071 —
Post-cool-down Lactate .033 -.183 523%* .062 —
Lactate Clearance % -.074 142 .053 -1 - 770%* —
Lactate Clearance 07 49 gigr 121 202 384

Velocity

Note. **Correlation is significant at the .01 level (2-tailed). *Correlation is significant at the .05 level (2-tailed).

DISCUSSION

This study examined blood lactate re-
sponse and clearance dynamics in competitive
swimmers across different race distances, re-
vealing meaningful variations in post-race ac-
cumulation and recovery patterns. Swimming
requires athletes to sustain high performance
across multiple heats and events within a sin-
gle day, for a series of days, often with lim-
ited recovery time between races. Therefore,
effective recovery strategies are essential for
maintaining optimal performance throughout
competition. Active recovery, such as low-in-
tensity swimming during cool-down periods,
is widely practiced among swimmers and sup-
ported by evidence showing that light activity
accelerates lactate removal from both muscle
and blood following intense exercise (Mota et
al.,2017; Kostoulas etal.,2018; Sorgente et al.,
2023). This study evaluated the effectiveness
of a standardized 1200 m in 30 min cool-down
protocol to enhance physiological and percep-
tual recovery after a swimming race in Indian
national-level swimmers. The study examined
pre-race, post-race, and post-cool-down blood
lactate concentrations, as well as lactate clear-
ance, in competitive swimmers. Pre-race blood

lactate concentrations (PreRLa) indicated an
overall difference in PreRLa across events
(p = .027); however, no individual pairwise
comparison reached statistical significance
following post-hoc testing. The slightly ele-
vated PreRLa in the 50 m group (3.45 + 1.99
mmol-L™") (Table 2) may suggest higher pre-
race sympathetic activation or residual lactate-
mia due to shorter recovery between warm-up
and race onset, or to the high-intensity warm-
up. Sprinters often perform high-intensity race-
pace efforts during their warm-ups to enhance
neuromuscular readiness. This practice may
contribute to increased lactate accumulation at
the starting line (McGowan et al., 2015; Mc-
Gowan, 2016). These findings highlight subtle
physiological distinctions in race preparation
strategies between sprint and middle/long-dis-
tance swimmers and suggest a need for fur-
ther investigation into factors such as warm-up
intensity, duration, and recovery intervals as
they relate to pre-competition lactate dynamics
(McGibbon et al., 2018). The TQR scores as
indicators of subjective recovery and readiness
reported by swimmers prior to competition
were comparable (p = .98), indicating a simi-
lar perceived recovery status across the group.
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The similar TQR scores may reflect group
perception, which could be due to a similar
schedule at the training center regarding diet,
hours of sleep, and recovery modalities before
race day. In our cohort, PoORLa was greatest
in the sprint events (50 and 100 m) and low-
est in the longer distances (200400 m), with
the absolute peak in the 100 m (16.12 + 2.50
mmol-L™', Table 2). The 100 m race (~48-55
s) depletes phosphocreatine within ~10-15 s,
after which glycolytic flux peaks for ~30—40 s,
causing high lactate (and H") accumulation. In
contrast, the 50m (~21-24 s) relies mainly on
ATP-PCr, allowing less time for peak glycoly-
sis and lactate appearance (~4 min post-race),
resulting in lower PoRLa despite maximal ef-
fort. (Slater et al., 2019; Archacki et al., 2024;
Mavroudi et al., 2023; Jaiyesimi et al., 2024).
RPE values were high across all events; how-
ever, ratings did not differ significantly among
those who competed at various distances
(p = .654). Multiple studies in recent litera-
ture have shown a strong association between
internal training load and session RPE in
high-intensity swimming (Barroso et al., 2015;
de Andrade Nogueira et al., 2016; Leno et al.,
2020). However, few studies have examined
swimmers’ exertion levels during competition.

The overall post-cool-down blood lac-
tate (PoCDLa) in our cohort was 2.67 £+ 1.03
mmol-L™', broadly consistent with values re-
ported in Indian swimmers from Maharashtra
(3.74 £ 0.80 mmol-L™'; Dwivedi et al., 2024),
albeit lower in magnitude. This similarity sug-
gests a consistent trend in lactate clearance
capabilities among competitive Indian swim-
mers, potentially reflecting comparable aero-
bic conditioning and active recovery protocols
employed during cool-down. The lower mean
PoCDLa in our cohort could be attributed to
several factors, including variations in train-
ing intensity, cool-down duration, individual
differences in lactate metabolism, or a more

efficient aerobic system facilitating quicker
lactate clearance (Sharma et al., 2017; O’Con-
nor et al., 2020). Effective lactate removal after
exercise is an important indicator of aerobic
fitness and recovery efficiency. Our findings
indicate a favorable recovery profile amongst
swimmers in the current study, although slight-
ly more rapid than that of the Maharashtra co-
hort. A multitude of studies have investigated
the efficacy of various recovery protocols,
whether self-directed or prescribed by coach-
es. Faghy et al. (2019) documented [La—]b
concentrations of 2.3 = 1.7 mmol-L™" follow-
ing a coach-prescribed recovery regimen. An-
other study reported post-cool-down [La—]b
concentrations 0f 4.30 + 1.74 mmol-L" during
15 min of self-paced active recovery (Mota
et al., 2017). Sorgente et al. (2023) reported
significantly elevated post-cool-down lactate
concentrations of 4.29 + 2.07 mmol-L™" when
the coach dictated recovery. Arguing that a
personalized recovery process is more effica-
cious than a generalized approach (Sorgente et
al., 2023). No significant difference in PoCD-
La was observed across swim distances, indi-
cating that a 1200 m cool-down is sufficient re-
gardless of post-race lactate (p = .454), and the
mean values were relatively close. Although
no significant differences were observed in
post-cool-down lactate (PoCDLa) concentra-
tions between groups, it is noteworthy that the
100 m swimmers (6 out of 20 had more than
4 mmol-L™' PoCDLa) demonstrated the high-
est absolute mean PoCDLa value (2.97 + 1.21
mmol-L™"). This finding is particularly inter-
esting as it suggests that the standard 1200 m
cool-down swim protocol might be insufficient
for a subset of sprint specialists to achieve
complete metabolic recovery (typically indi-
cated by [La—]b concentrations <2 mmol-L™).

Lactate clearance has been proposed as an
indicator of mitochondrial function and re-
flects metabolic recovery. It has also been re-
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ported to be highest in fit, endurance-trained
populations (Emhoff & Messonnier, 2023).
The amount of lactate clearance from the PoR-
La to the PoCDLa (Lactate Clearance %) and
the rate at which the clearance occurred (Lac-
tate Clearance Velocity) were also calculated
from the results, which is a novelty in this
study in the context of Indian swimmers. We
observed that all swimmers displayed compa-
rable Lactate clearance %, regardless of race
distance (p = .469), with the highest Lactate
clearance % in the 50 m swimmers (82.42
+ 6.73). Previous studies have also reported
similar variables, including lactate removal
velocity (mmol-L™"'min™") (Mota et al., 2017)
and Lactate Clearance Intensity (sec ' mmol
- L") (Siljeg et al., 2023). Mota et al. (2017)
found a lactate clearance velocity of 0.43 +
0.17 mmol-L™"min~" in a single 200 m swim-
mer, slightly higher than our 200 m swimmers
(0.33 + 0.06). Interestingly, although overall
lactate clearance did not differ among swim-
mers, clearance velocity varied significantly
(p =.001). Notably, 100 m swimmers exhib-
ited a much faster clearance velocity (0.43 +
0.07), suggesting faster lactate clearance ki-
netics in the 100 m group. Upon analyzing
the relationships among the resting parame-
ters, we found no correlation between TQR
and PreRLa. This indicates that athletes’ per-
ceived recovery status (TQR) is independent
of their resting lactate concentrations. This
reinforces the notion that subjective recovery
markers might not always align with objec-
tive biochemical markers, emphasizing the
need for a combined monitoring approach
(Lee et al., 2017; Reichel et al., 2020). Re-
covery perception is multifactorial and may
be influenced by factors beyond lactate clear-
ance, such as neuromuscular fatigue and psy-
chological readiness (Heidari et al., 2019;
Bestwick-Stevenson et al., 2022). In our
analysis of post-race parameters, we found

no correlation between RPE and PoRLa in
our participants. The absence of a significant
association between RPE and PoRLa implies
that these athletes’ subjective impression of
effort (RPE) was not directly influenced by
their [La—]b concentrations post-exercise.
Additionally, RPE did not consistently reflect
metabolic stress in competitive situations.

A moderate positive correlation between
PoRLa and PoCDLa (r = .523) suggests that
athletes who produce more lactate during in-
tense exercise tend to have higher residual lac-
tate concentrations even after the cool-down
period. This likely reflects a larger overall lac-
tate load in the system, which naturally takes
longer to clear entirely, even in well-trained
individuals. However, the strong positive cor-
relation between PoRLa and Lactate Clear-
ance Velocity (r = .916) suggests that higher
post-race lactate concentrations were associ-
ated with greater lactate clearance velocity.
This relationship may align with the ability of
well-trained athletes to exhibit both substan-
tial lactate accumulation and effective lactate
clearance (Messonnier et al., 2013; Hall et al.,
2016). They may reach higher lactate peaks
because of greater anaerobic capacity, but also
possess superior aerobic adaptations—such
as enhanced mitochondrial density, oxida-
tive enzyme activity, and upregulated lactate
transporters (e.g., MCT1/MCT4)—that accel-
erate lactate uptake and oxidation (Thomas et
al., 2005; Finsterer, 2012). A steeper lactate
concentration gradient may facilitate lactate
transport into oxidative tissues, where lactate
can be utilized as a metabolic substrate (Li et
al., 2022; Vaviicka et al., 2024). Therefore,
although total clearance may not be complete
(hence higher PoCDLa), clearance velocity is
still significantly higher in these athletes. A
higher PoCDLa may therefore reflect a great-
er initial lactate load rather than slower lactate
clearance. These findings underscore that peak
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lactate concentrations and clearance efficiency
can coexist in high-performance athletes (Ves-
covi et al., 2011). While these findings may
seem contradictory at first glance, they can be
reconciled through a nuanced understanding of
lactate metabolism and individual physiologi-
cal adaptations. PoCDLa showed a significant
negative correlation with Lactate Clearance %
(r = -.770), indicating that higher post-cool-
down lactate concentrations reflect lower
clearance efficiency. This may reflect differ-
ences in aerobic conditioning, lactate metab-
olism, or transport capacity, although these
mechanisms were not directly assessed in the
present study (Thomas et al., 2005). Converse-
ly, a weak but significant positive correlation
between Lactate Clearance % and Clearance
Velocity (r = .384) implies that a greater rel-
ative removal does not necessarily translate
to faster absolute kinetics. This relationship
is likely influenced by initial lactate concen-
trations, recovery strategies, muscle oxidative
capacity, and peripheral circulation efficiency
(Gladden, 2000; Thomas et al., 2004).

Many studies have explored the robustness
of active recovery or cool-down protocols in
swimmers (Lomax, 2012; Mota et al., 2017).
During competition, recoveries performed at
or near the first lactate threshold (LT1) have
been shown to elicit the greatest lactate dis-
appearance and to improve subsequent perfor-
mance (Greenwood et al., 2008). However, a
recent study reiterates the idea of specific or
individualized recovery protocols for effective
[La—]b clearance post-race in swimmers, mix-
ing intensities (even the hard ones), employing
relatively high volumes, with fixed and using
short rest times, and a wide use of different
exercises, thereby discouraging the “steady”
or “self-paced” approaches (Sorgente et al.,
2023). Taken together, the evidence suggests
that active recovery is beneficial, but the opti-
mal prescription is athlete- and event-specific.

Hence, to draw more definitive conclusions,
particularly for sprint events where anaerobic
contribution is greater, further research is war-
ranted.

CONCLUSIONS

Our data show that 100 m swimmers have
the highest lactate accumulation, confirm-
ing a greater anaerobic energy contribution
than in shorter sprint events. Notably, these
athletes also demonstrated a higher lactate
clearance velocity over the standardized re-
covery window. The lack of significant differ-
ences in post-cool-down lactate across events
suggests that the observed coach-directed
1200 m recovery was associated with compa-
rable post-cool-down lactate concentrations
across events. Collectively, these findings
highlight the importance of considering both
the magnitude of lactate accumulation and its
subsequent clearance when evaluating recov-
ery. Coaches may therefore benefit from tailor-
ing recovery strategies according to event-spe-
cific demands and individual athlete responses
to support repeated performance.

Limitations and Future Considerations

The study’s limitations include a small
sample size, data from a single competitive
session, and no comparison across swimming
strokes. The results reflect a single regional
cohort, which may limit generalizability of
lactate clearance variations. Race times and
personal bests were not considered, restrict-
ing insights into performance-lactate relation-
ships. Potential uncontrolled confounders such
as self-paced cool-down, nutrition, hydration,
training load, and psychological stress may
have influenced results. Additionally, because
PoRLa is mathematically embedded in the cal-
culation of Lactate Clearance Velocity [(PoR-
La — PoCDLa)/30 min], the strong correlation
between these variables may partly reflect
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mathematical coupling rather than an entire-
ly independent physiological association. This
relationship should therefore be interpreted
with caution. Future studies incorporating se-
rial lactate measurements at shorter recovery
intervals (e.g., 10, 20, and 30 min) may pro-
vide a more direct characterization of lactate
clearance kinetics following exercise. Further
research should compare standardized steady
cool-downs vs. individualized, mixed-intensi-
ty protocols in randomized designs, and inte-
grate race pacing, heart rate, muscle oxygen-
ation, and subjective fatigue indices to model
lactate kinetics more comprehensively. Larg-
er, multi-stroke cohorts may also help clarify
how event demands and athlete characteristics
shape optimal recovery strategies.
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