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The value of blood lactate and lactate
clearance rate in evaluating the prognosis

of athletes with heat illness of varying degrees
after high-intensity exercise

LiYu"", Xuehui Dong', Huanhuan Li" and Lili Mi

Abstract

Background Heat stroke, a severe heat illness with organ damage, is a major cause of cause irreparable organ
damage and higher death rates among military persons and athletes.

Objectives To study the changes in blood lactate (Lac) levels and lactate clearance rate (LCR) in athletes with heat
illness of varying degrees after high-intensity exercise and to evaluate their prognostic value.

Material and methods In present study, acute care unit admitted 36 heat sickness patients following high-intensity
exercise from December 2019 to July 2024, with comprehensive medical records, for retrospective study. The study
population consisted of two groups of high level athletes: the favourable Prognosis Group (< 7 days, 22 cases),
comprising 21 males and 1 female with a mean age of 21.8+2.7 years, and the bad Prognosis Group (=7 days,
T4cases), consisting of 14 males with a mean age of 22.6+ 3.2 years. Lac levels were assessed at admission (0 h) and
early in therapy (2 h, 6 h), and the LCR was computed. Lac and LCR values at each time point were compared between
the two groups to see how they affected patient prognosis.

Results After 2 and 6 h of therapy, lactate levels decreased significantly in the good prognosis group (1.2+0.5
mmol/L at 2 h.and 0.8+0.3 mmol/L at 6 h), but remained elevated in the poor prognosis group (4.2+ 1.2 mmol/L
at2hand 3.5+ 1.5 mmol/L at 6 h). Core body temperature normalized in both groups, but the good prognosis
group showed a more rapid decline, with temperatures of 37.4+0.6 °C at 2 h and 36.8+0.4 °C at 6 h in the good
prognosis group, and 38.8+0.8 °C at 2 h and 38.2+0.9 °C at 6 h in the poor prognosis group. Notably, a significant
positive correlation existed between lactate levels and APACHE Il scores at admission (P<0.01). Furthermore, logistic
regression analysis revealed that the 2-hour lactate clearance rate (LCR) (R?=0.83) was an independent predictor of
outcomes.

Conclusions The study suggests that athletes with elevated lactate levels after heat illness may be at higher risk
of adverse outcomes. The 2-hour lactate clearance rate (LCR) appears to be a valuable prognostic indicator, with
potential applications in evaluating the severity of heat iliness and guiding treatment decisions. Furthermore,
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dynamic monitoring of lactate levels in conjunction with LCR may provide valuable insights into the clinical
management and prognosis of athletes with heat-related illnesses.

Keywords Blood lactate, High intensity exercises, Athletes, Exercise, Lactate clearance rate, Heat illness, Prognosis

evaluation

Introduction

Given the escalating occurrence and magnitude of
extreme heat worldwide, coupled with the fact that mili-
tary personnel are enduring much longer, more intense,
and concentrated training periods, the rates of heat ill-
ness have increased dramatically [1]. Heat stroke, a seri-
ous heat illness characterized by extensive and severe
organ damage, has emerged as a major contributor to
non-combat casualties in the military [2]. Moreover, the
isolation of certain training locations, unrestricted res-
cue techniques after the onset, extensive transportation
distances, delays in prompt cooling, fluid replenishment,
and medical intervention, finally result in permanent
organ damage and higher mortality rates [3]. Likewise,
Athletes engaging in intense physical activity, especially
in hot and humid environments, are at high risk of heat-
related illnesses. Prolonged exposure to heat stress can
lead to severe heat stroke, organ damage, and even death
in athletes if not promptly recognized and treated [4].
Therefore, effective assessment and monitoring strategies
are urgently needed to mitigate heat-related illnesses in
athletic populations.

How to assess the risk level of the disease in its early
stages to reduce the occurrence of heat stroke and
improve the rescue rate is an urgent issue. Relevant stud-
ies show [5] that early lactate levels and lactate clearance
rate (LCR) are important indicators for evaluating patient
prognosis and treatment efficacy. The changes in LCR, in
particular, can more effectively and promptly assess tis-
sue perfusion and oxygen metabolism, helping rescuers
to recognize organ damage early, take measures to cor-
rect metabolic disorders in time, and prevent secondary
multiple organ failure, thereby improving disease prog-
nosis and increasing patient survival [6, 7].

Lactate’s crucial function as an intermediary metabo-
lite between glycolysis and mitochondrial respiration
has been extensively discussed in scientific literature in
recent decades [8, 9]. Lactate is produced by the enzy-
matic conversion of pyruvate by lactate dehydrogenase
(LDH) during glycolysis [10]. It is then eliminated from
the biochemical system by gluconeogenic and oxidative
cells, tissues, and organs [15]. Transport across cellular
membranes is facilitated by a group of monocarboxyl-
ates (MCT) that are bound to the membrane. The rate
and direction of their movement are determined by the
diffusion gradients of lactate and hydrogen ions [11,
12]. Under completely aerobic conditions, carbohydrate
metabolism depends on the movement of lactate both

inside and between cells to fulfil several functions [13],
primarily to present an energy substrate for oxidative
phosphorylation and to act as a precursor for gluconeo-
genesis [14]. Experimental research has demonstrated
that lactate can function as a signalling molecule in
several metabolic control pathways, including the inhi-
bition of lipolysis and fatty acid oxidation [15]. Under
fasted and resting states, blood lactate levels typically
remain below 1 mM, but can rapidly increase to over 20
mM during maximal exercise within minutes. This char-
acteristic makes blood lactate a commonly employed
biomarker by exercise physiologists and clinicians to
objectively assess exercise intensity. The transportation
of lactate via various tissues can also result in a broad
spectrum of metabolic capabilities (as a result of endur-
ance training, for example) during physical activity [16,
17]. Augmented lactate metabolism is not only a char-
acteristic adaptation in skeletal muscle after endurance
training, but it also has the ability to inhibit catechol-
amine response during exercise through feedback [18]
and may function as a chemoreceptor that enhances the
oxygen-dependent response. Moreover, changes in LDH
activity and MCT expression following long-term exer-
cise training indicate that muscular and metabolic adap-
tations to exercise are associated with increased lactate
flux. These exercise effects may have positive impacts
on brain function, appetite control, respiration, age-
ing, and other related domains [19, 20]. Elevated lactate
levels have been linked to altered immuno-metabolism,
while also influencing brain-derived neurotrophic factor
(BDNF) expression, which plays a crucial role in neuro-
nal function and recovery. The interplay between lactate,
immuno-metabolism, and BDNF highlights the complex
physiological responses to exercise and heat stress. After
providing a concise overview of the consequences of lac-
tate flux, particularly the rate at which it is cleared, this
mini-review will examine the lactate clamp as a distinc-
tive research approach to gain more understanding of the
overall metabolic turnover in the body.

This study retrospectively analyzed 36 cases of ath-
letes who were hospitalized in the intensive care unit of
our hospital after high-intensity training leading to heat
illness from December 2019 to July 2024. It monitored
early blood lactate levels and LCR in heat illness patients
to explore the relationship between early Lac levels, LCR,
and the progression of heat illness, aiming to identify the
best early indicators reflecting changes in the disease and
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to provide a theoretical basis for assessing the severity of
heat illness.

Objectives

To assess the prognostic value of blood lactate (Lac)
levels and lactate clearance rate (LCR) in athletes with
heat illness of differing degrees following high-intensity
exercise.

Materials and methods
Study design
Retrospective observational study.

Setting

The present retrospective observational research was
undertaken among patients diagnosed with heat illness
who were admitted to the ICU at our hospital between
January 2020 and June 2024 as a result of heat illness
subsequent to high-intensity exercise. The present work
adhered to the guidelines outlined in the 1964 Declara-
tion of Helsinki and its subsequent revisions pertain-
ing to the evaluation and dissemination of data derived
from patients’ medical records. Furthermore, it received
approval from the Institutional Review Board of the
969th PLA General Hospital, Hohhot. This work was
authorized by the clinical ethics committee of the insti-
tute. The waived necessity for informed consent was
based on the retrospective design of the study and the
utilization of anonymised patient and hospital data. An
ethics commission at the 969th PLA General Hospital in
Hohhot accepted the waiver.

Participants

We gathered data from individuals who satisfied the diag-
nostic criteria for heat illness as previously described [21].
Patients without comprehensive clinical data or being
hospitalized for less than 24 h were eliminated, resulting
in a final sample size of 36 cases for study. Based on the
revised classification criteria for heat illness outlined in
“Definition and Grading Diagnosis of Heat Illness,” there
were 10 cases of mild heat illness (heat exhaustion), 16
cases of moderate heat illness (heat exhaustion), and 10
cases of severe heat illness (heat stroke). Among them,
35 were male, and 1 was female, with an age range of
19-29 years, and an average age of 22.1+2.9 years. The
study population consisted of two groups of high level
athletes: the favourable Prognosis Group (<7 days, 22
cases), comprising 21 males and 1 female with a mean
age of 21.8 £2.7 years, and the bad Prognosis Group (>7
days, 14cases), consisting of 14 males with a mean age of
22.6+ 3.2 years.
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Data sources

Following admission, all chosen patients underwent vital
sign monitoring, complete with the recording of heart
rate and temperature. Therapeutic measures were imple-
mented in accordance with the heat illness treatment
protocol. Lactate levels were measured at admission (0 h)
and early in the therapy (2 h, 6 h) using blood gas ana-
lyzers (GEM Premier 3000, Instrumentation Laboratory,
USA).

Study size

Patients without comprehensive clinical data or being
hospitalized for less than 24 h were eliminated, resulting
in a final sample size of 36 cases for study.

Quantitative variables

Lac levels were assessed at admission (0 h) and early in
therapy (2 h, 6 h), and the LCR was computed. Lac and
LCR values at each time point were compared between
the two groups to see how they affected patient progno-
sis. Arterial lactate is a reflection of balance between lac-
tate production and clearance. Accumulating lactate may
be a marker of global hypoxia or hypoperfusion. Lactate
clearance is the reduction of lactate concentrations with
interventional strategies, and it has been associated with
increased risk of death in critically ill patients. The lactate
clearance rate (LCR) was then determined at each time
point. The LCR was calculated as follows: LCR = (Lac
value at admission - Lac value at each treatment time
point) / Lac value at admission x 100% [11]. The changes
in Lac levels and LCR at each time point were analyzed
across the three groups of patients.

Statistical analysis

Statistical analysis was performed using SPSS 25.0 soft-
ware. Descriptive statistics, including measures of central
tendency, variability, and distribution, were calculated for
variables such as age, highest body temperature, heart
rate, PCO2, PO2, lactate level, and lactate clearance rate
(LCR). Normality testing was then conducted to inform
the selection of parametric or non-parametric statisti-
cal tests for subsequent analyses. Data were expressed
as mean + standard deviation, and comparisons of means
between two groups were performed using a two-tailed
t-test. The comparison of sample rates was performed
using the chi-square test. Pearson correlation analysis
was used for bivariate correlation analysis of Lac and
LCR at each time point, and logistic regression was used
to analyze the related factors affecting the prognosis
of heat illness. In addition to LCR, other variables such
as APACHE II score, Heatstroke grading, Lac level, age
and the presence of underlying medical conditions were
also included in the logistic regression analysis to evalu-
ate their association with prognosis. A P-value of <0.05
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Table 1 Comparison of General Clinical Data measured at the time of admission to the hospital between the Good Prognosis Group

and the Poor Prognosis Group

Group Gender (M/F) Age (years) Highest Body Temperature (°C) Heart Rate (beats/min) PCO2 (mmHg) PO2(mmHg)
Good Prognosis Group  21/1 21.8+£272  380+091 1126+824 348+3.75 106.1+2551
Poor Prognosis Group  14/0 226+323  395+1.037 114.8+£10.62 3234951 1124+3748

Note M for male, F for female; Compared to the good prognosis group, **P<0.01 indicates a significant difference

Comparative Lactate concentration (mmol/L)
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indicated statistical significance, and a P-value of <0.01
indicated significant difference.

Results

General clinical data

Upon admission, the body temperature of the 36 heat
illness patients was 38.5+1.3 °C, and the Lac level was
(4.0+3.4) mmol/L. Among them, there were 10 cases of
mild heat illness, 16 cases of moderate heat illness, and
10 cases of severe heat illness. There were no significant
differences between the good prognosis group and the
poor prognosis group in terms of gender, age, heart rate,
PCO2, and PO2. However, the highest body temperature
and APACHE II score in the poor prognosis group were
significantly higher than those in the good prognosis
group, with P-values<0.01, indicating significant differ-
ences (Table 1).

Table 2 Comparison of Lac level and LCR between the good
prognosis group and poor prognosis group at each time point

Group Heatstroke Grading APACHE
Mild Moderate Severe Il Score
(points)
Good Prognosis Group 8 11 3 43+4.03
Poor Prognosis Group 2 5 7 96+552"

Comparison of Lac levels and LCR between the two groups
of patients

The Lac levels in the good prognosis group were signifi-
cantly lower at 2 h and 6 h after treatment compared to
admission (0 h) (P<0.01). The Lac levels at admission
(0 h) and at 2 h and 6 h after treatment in the good prog-
nosis group were significantly lower than those in the
poor prognosis group (P<0.05 or P<0.01). In the poor
prognosis group, the Lac level at 2 h after treatment
showed no significant difference compared to admission
(0 h) (P>0.05), but it significantly decreased at 6 h after
treatment (P<0.01). After 2 and 6 h of therapy, lactate
levels in the favorable prognosis group decreased sig-
nificantly compared to admission, whereas in the poor
prognosis group, lactate levels remained elevated. Specif-
ically, good prognosis patients had lower lactate concen-
trations of 1.2+0.5 mmol/L at 2 h and 0.8 +0.3 mmol/L
at 6 h after treatment. In contrast, the poor progno-
sis group had higher lactate concentrations of 4.2+1.2
mmol/L at 2 h and 3.5+ 1.5mmol/L at 6 h (Fig. 1). The
LCR at 2 h after treatment in the good prognosis group
was significantly higher than that in the poor prognosis
group (P<0.05), but there was no significant difference
in LCR at 6 h after treatment between the two groups
(P>0.05) (Table 2). Core body temperature normalized
in both groups, but the good prognosis group showed a
more rapid decline, with temperatures of 37.4+0.6 °C at
2 h and 36.8+0.4 °C at 6 h in the good prognosis group,
and 38.8+0.8 °C at 2 h and 38.2+0.9 °C at 6 h in the poor
prognosis group. The difference in the rate of decline
in core body temperature could affect the prognosis. A
more rapid decline in core body temperature may indi-
cate a more effective response to treatment, which could
be associated with a better prognosis.

Correlation analysis between Lac level and APACHE Il score
at admission (0 h)

As shown in Fig. 2, Pearson correlation analysis indicates
a significant positive correlation between the Lac level at
admission (0 h) and the APACHE II score in heat illness
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Fig. 2 Correlation Analysis between Lac Level and APACHE Il Score at Admission (0 h)

Table 3 Binary logistic regression analysis of factors affecting the
prognosis of patients

Item LCR (%)
2h 6h
P 0.041 0.966

Note Compared to admission, **P<0.01 indicates a significant difference;
compared to the poor prognosis group, #P<0.05 indicates statistical
significance

Table 4 Comparisons of poor prognosis rates at all time points
using 45.5% as the cut-off point for LCR

Item LCR
2h 6h
245.5% <455% =2455% <45.5%
Number of Cases 18 18 30 6
Good Prognosis 14 8 18 4
Poor Prognosis 4 10 12 2
Poor Prognosis Rate 22.2%* 55.6% 40% 33.3%

patients (correlation coefficient=0.835, P<0.01). Fur-
thermore, logistic regression analysis revealed that the
2-hour lactate clearance rate (LCR) was an independent
predictor of outcomes.

Prognosis evaluation

A binary logistic regression analysis was conducted using
the LCR values at 2 h and 6 h as the dependent variables
to determine if they predicted a good prognosis. The
results showed that the independent influencing factor
for heat illness prognosis was the 2 h LCR (P<0.05), as
shown in Table 3. When comparing LCR values at each
time point using 45.5% as the cut-off point, the incidence

of poor prognosis was significantly lower in patients with
an LCR above 45.5% at 2 h than in those with an LCR
below 45.5% (P<0.05). There was no statistically signifi-
cant difference in the poor prognosis rate for the 6 h LCR
(Table 4), indicating that patients with a 2 h LCR above
45.5% had a good prognosis.

Discussion

Heat illness refers to a series of pathophysiological
changes that occurs when the body’s heat production
and heat dissipation become imbalanced due to exposure
to hot or humid environments and/or intense physical
activity, leading to local or systemic heat accumulation
that exceeds the compensatory limits of temperature
regulation [22-25]. This manifests as a continuous pro-
cess ranging from mild to severe conditions [26-28].
Depending on the patient’s core body temperature, level
of consciousness, and organ damage, heat illness can be
classified into mild heat illness (heat syncope), moder-
ate heat illness (heat exhaustion), and severe heat ill-
ness (heat stroke) [29, 30]. Heat stroke (HS) is the most
severe and life-threatening type of heat illness [31-34],
and it can be divided into classic heat stroke (CHS) and
exertional heat stroke (EHS) [35-37]. The latter typi-
cally occurs in previously healthy young individuals dur-
ing intense physical activity, such as athletes, military
personnel, and laborers. Following the onset, core body
temperature usually rises above 40 °C, accompanied by
altered mental status (such as confusion, disorientation,
seizures, and coma), systemic inflammatory response,
coagulation dysfunction, and even multiple organ failure,
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which essentially resembles a “sepsis-like response” [38,
39].

Early in the course of heat illness, several indicators,
including lactate, can change. In the exertional heat stroke
scoring system established by Kang Hongjun and Zhou
Feihu at the General Hospital of the People’s Liberation
Army [40], lactate has been validated as one of the indica-
tors for assessing the severity of the condition. However, the
importance of lactate clearance rate (LCR) in assessing the
severity and prognosis has not been extensively described in
the aforementioned studies. Our study found that the blood
lactate levels at admission, 2 h after treatment, and 6 h after
treatment were all higher in the poor prognosis group than
in the good prognosis group. Further research revealed that
the lactate clearance rate 2 h after treatment was signifi-
cantly lower in the poor prognosis group compared to the
good prognosis group, suggesting that the lactate clearance
rate at 2 h post-treatment might be an important indica-
tor for prognosis assessment. Logistic regression analysis
showed that a lactate clearance rate greater than 45.5% at
2 h after treatment predicted a good prognosis. These find-
ings indicate that the changes in lactate clearance rate are
more reflective of the severity and prognosis of the patient’s
condition than changes in lactate concentration alone,
emphasizing the need to focus on lactate clearance rate dur-
ing early treatment.

Analyzing the general conditions of patients in the poor
prognosis group, two points are worth noting: First, 11 of
the 14 patients in this group were admitted to the hospital
more than 24 h after the onset of symptoms. The primary
reason for this delay was that the patients’ general condition
appeared stable initially, leading to a lack of attention from
both the patients themselves and the medical staff, resulting
in delayed admission. Second, more than half of the patients
in this group had their body temperature reduced to below
39.0 °C within the first 30 min of onset, but in the following
2 h, effective cooling measures were not consistently taken
to bring the temperature down to 38.5 °C, as recommended
by the “Chinese Expert Consensus on the Diagnosis and
Treatment of Heat Stroke” [41], leading to further deteriora-
tion of the condition. These observations suggest that there
is still insufficient awareness of heat illness and heat stroke at
the grassroots level, inadequate understanding of the guide-
lines, and a gap between theory and practice. Additionally,
there is still a lack of proficiency in treatment methods, and
a sense of complacency prevails, resulting in the failure to
seize the golden hour for timely and effective cooling and
fluid replacement, thus worsening the condition.

Limitations

The limitations of this study include the fact that the case
data were sourced from a single hospital, and the num-
ber of cases included was relatively small, which limits
its representativeness and may even lead to statistical
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bias. The significance of the LCR threshold of 45.5% still
requires further validation. Therefore, further large-scale,
multicenter clinical studies are needed to confirm these
findings.

Conclusions

In summary, the present study indicates that athletes
with elevated lactate levels following heat illness are at
increased risk of adverse outcomes. The 2-hour lactate
clearance rate (LCR) emerges as a valuable prognostic
tool, offering potential benefits in assessing heat illness
severity and informing treatment strategies. Moreover,
continuous monitoring of lactate levels in conjunction
with LCR may provide critical insights into the clinical
management and prognosis of athletes with heat-related
illnesses. However, additional research is warranted to
fully explore the relationships between lactate levels,
APACHE II scores, and patient outcomes in this context.
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