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INTRODUCTION 
Weightlifting is an Olympic sport that demands high 
levels of strength, power, speed, and advanced 
training status. Success in weightlifting is achieved 
through the athlete’s well-coordinated 
anthropometric, hematological, physiological, and 

metabolic characteristics, combined with regular 
training and technically precise execution of snatch 
and clean & jerk movements (1-3). Achieving elite 
performance in Olympic-style weightlifting requires 
both maximal technical proficiency and the strength 
capacity of the entire musculature (4, 5). 

ABSTRACT 
Purpose: This study aimed to assess baseline hematological profiles and systemic inflammatory status 
of elite (EWL) and sub-elite (S-EWL) female weightlifters in relation to performance. 
Material and Methods: Twenty-seven female athletes (Age: 18.48 ± 1.72 years) were categorized as 
EWL (n = 14) or S-EWL (n = 13). Age, height, body weight, BMI, training experience, and maximal snatch 
(MSn), clean & jerk (MC&J), and total lift (MTotal) performances were recorded. Performance values were 
adjusted for body weight using allometric scaling (ASn, AC&J, ATotal). Basal hematological parameters 
and systemic inflammatory markers were analyzed. Between-group comparisons were performed using 
Mann–Whitney U test, and correlations were assessed with Spearman’s coefficient. 
Results: No significant differences were found in demographics or training experience (p > 0.05). EWL 
showed significantly MSn (p = 0.011), MC&J (p = 0.004), and MTotal (p = 0.005) performances. 
Allometrically scaled relative strength was superior in EWL for AC&J and ATotal (p < 0.05). Hematological 
and inflammatory parameters were largely similar, although MONO% was higher in EWL (p = 0.046). In 
EWL, NEU% and NLR positively correlated with ASn performance (r = 0.631 and r = 0.565; p < 0.05); no 
significant correlations were observed in S-EWL. 
Conclusion: Elite female weightlifters exhibited superior absolute and allometrically scaled performance 
compared to sub-elites. Hematological and inflammatory markers were similar between groups, except for 
MONO%, which was elevated in elite athletes, potentially reflecting adaptive immune responses. These 
findings underscore the importance of individualized training and recovery strategies and regular blood 
monitoring to optimize performance and prevent overtraining. 
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As with other individual and physically demanding 
sports, athletes in weightlifting are subjected to high 
loads and maximal weights, which inherently carries 
a risk of injury that can cause varying degrees of 
tissue and organ damage (2, 5, 6). Moreover, it is well 
established that isometric contractions, along with the 
repeated exposure to heavy loads and exercise-
induced physiological stress, play a critical role in 
eliciting metabolic, structural, strength, hormonal, 
hemodynamic, and inflammatory responses in bodies 
of athletes (5, 7-10). In particular, the duration, type, 
and intensity of exercise have been shown to 
significantly influence inflammatory regulation and 
leukocyte balance during adaptive responses (7, 8, 
11). 
Recent studies in both athletes and other populations 
have utilized inflammatory markers derived from 
routine hematological tests (12, 13). These markers 
include key blood cell ratios such as red cell 
distribution width (RDW), neutrophil-to-lymphocyte 
ratio (NLR), monocyte-to-lymphocyte ratio (MLR), 
and platelet-to-lymphocyte ratio (PLR). While there is 
research examining exercise type–specific 
inflammatory responses in sports involving high-load 
resistance training, including weightlifting, the 
relationship between baseline inflammatory status 
and sport type remains incompletely understood (14, 
15). Considering the complexity of exercise-induced 
inflammation in athletes, composite inflammatory 
indices such as the Systemic Immune-Inflammation 
Index (SII) and Aggregate Systemic Inflammation 
Index (AISI) have been developed to provide a more 
comprehensive evaluation beyond individual 
inflammatory cells (16-19). 
As far as could be determined, although studies in 
various sports have examined the relationships 
between hematological parameters such as 
hemoglobin, hematocrit, and erythrocytes, systemic 
inflammatory indices, and baseline values of 
neutrophil-to-lymphocyte ratio (NLR), platelet-to-
lymphocyte ratio (PLR), and monocyte-to-lymphocyte 
ratio (MLR) with performance (12, 13, 20), research 
specifically addressing the basal status of these 
immuno-inflammatory parameters and their 
association with performance in female weightlifters 
is lacking. Furthermore, the functional role of 
hematological parameters and baseline inflammatory 
status in technical disciplines such as the snatch and 
clean & jerk has not yet been comprehensively 
elucidated. Therefore, investigations focusing on this 
topic are needed. 

The literature indicates that these parameters have 
been extensively studied in endurance athletes, 
however, research evaluating both hematological and 
inflammatory profiles in strength and power sports, 
particularly among female weightlifters, remains 
extremely limited (21). In Türkiye, studies in the field 
of weightlifting have predominantly focused on 
performance, technical analysis, or biomechanics, 
and there are virtually no studies comparing the 
hematological and inflammatory responses of elite 
and sub-elite female athletes. This gap represents a 
significant limitation in understanding the 
immunological effects of high-intensity training in 
female athletes. 
In this context, examining hematological and 
inflammatory markers simultaneously in female 
weightlifters offers a valuable contribution to the 
literature by highlighting physiological adaptations 
associated with elite status, enhancing performance 
monitoring, and identifying sport-specific biological 
markers. The study will address the current lack of 
data on female weightlifters in Turkey and will 
contribute to the development of evidence-based 
recommendations for athlete health and training 
management. The study hypotheses are as follows: 
H1: Elite female weightlifters exhibit higher 
hematological and baseline inflammatory parameters 
compared to sub-elite athletes. H2: Hematological 
and inflammatory parameters are significantly 
associated with weightlifting performance and total 
allometrically scaled relative strength. H3: There are 
differences in the direction and magnitude of 
relationships between demographic characteristics 
and hematological and inflammatory markers 
between elite and sub-elite groups. 
 
MATERIAL AND METHODS 
Participants 
This study was designed as a cross-sectional and 
observational investigation examining the 
relationships between baseline hematological 
parameters, systemic inflammatory markers, and 
performance in young female weightlifters. The study 
cohort consisted of 27 active young female athletes 
(Age: 18.48 ± 1.72 years) categorized according to 
the age classifications of the International 
Weightlifting Federation (22) and the Turkish 
Weightlifting Federation (23): Youth (16–17 years), 
Junior (18–20 years), and Under-23 (21–23 years). 
Due to the limited population of elite young female 
weightlifters and the cross-sectional nature of the 
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study, the sample size was not determined a priori 
based on power analysis. Instead, the sample 
included all athletes available during the study period 
who met the inclusion criteria. 
Participants were divided into two groups based on 
competition and performance level: the Elite 
Weightlifter Group (EWL; n = 14; Age: 18.86 ± 1.83 
years) and the Sub-Elite Weightlifter Group (S-EWL; 
n = 13; Age: 18.08 ± 1.55 years). EWL athletes were 
selected from competitors with experience at 
international championships, such as the European 
Championships, World Championships, and the 
Olympic Games, whereas S-EWL athletes had 
experience at national or regional competitions. 
Group allocation was based on the highest 
competition level in which athletes had previously 
participated; medal achievements were not 
considered in the classification. To provide an 
objective performance context for this classification, 
the IWF ranking list was also reviewed (24). The 
presence of EWL athletes in the IWF ranking 
database supports the competitive distinction 
between the groups. 
The study was approved by the Non-Interventional 
Clinical Research Ethics Committee of Uşak 
University (Date: 17.12.2025, Decision No: 1004-
1004-23). Prior to participation, all athletes provided 
written informed consent, and the research was 
conducted in accordance with the principles of the 
Declaration of Helsinki. 
Inclusion criteria for the study were: active, licensed 
female athletes with at least three years of experience 
in Olympic-style weightlifting who regularly 
participated in training and had competed at the 
reported competition levels.  Exclusion 
criteria included a history of musculoskeletal injury 
within the last three months, previous surgeries or 
fractures involving the musculoskeletal system, 
deformities of the extremities, hematological, 
metabolic, neurological, or immunological disorders, 
and ongoing infections. Demographic information, 
anthropometric measurements (age, height, body 
weight, body mass index), sport history, and 
competition experience were collected using a 
standardized record form. Athletes’ maximal snatch 
and clean & jerk performance data were obtained 
from the official websites of national and international 
federations. 
 
 
 

Anthropometric Assessments 
The primary physical evaluations in this study 
included body weight, height measurements, and 
blood sampling. Anthropometric assessments were 
conducted in the athletes’ familiar training 
environment, with participants wearing light clothing, 
prior to breakfast in the morning. Before data 
collection, all measurement procedures were pre-
tested to identify potential issues, and necessary 
health precautions were implemented to ensure 
participant safety. 
Height was measured with participants standing 
barefoot in an upright posture using a stadiometer 
(Seca 714, Hamburg, Germany) with a precision of 
±0.1 cm. Body weight was recorded using a digital 
scale (TANITA-MC 580, Tokyo, Japan) with ±0.1 kg 
accuracy. Body mass index (BMI) was calculated as 
body weight (kg) divided by the square of height (m²). 
Additional demographic and training-related data, 
including age, training experience, height, body 
weight, and BMI, were collected using a standardized 
evaluation form. 
 
Performance Data 
Maximal snatch (MSn) and clean and jerk (MC&J) 
performance values were obtained from the official 
records of THF and IWF and pertain to the 2025 
competition season. 
 
Allometric Relative Strength Calculation 
To account for the influence of body weight on 
performance and to provide a more accurate 
representation of the athletes’ true strength capacity, 
allometrically scaled relative strength values were 
calculated in this study. This approach enables 
meaningful comparisons among athletes from 
different weight categories by normalizing strength 
performance relative to body mass. Accordingly, body 
mass index (BMI), a commonly used indicator of 
anthropometric characteristics (25), and allometric 
relative strength values were calculated separately 
for the snatch (ASn), clean and jerk (AC&J), and total 
lift (ATotal). In this method, strength performance is 
adjusted using an allometric exponent of 0.67 (2/3). 
This exponent is based on the principle of geometric 
similarity, which suggests that muscle cross-sectional 
area (a two-dimensional construct associated with 
force production) scales with body mass (a three- 
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dimensional construct) raised to the power of 2/3. 
Therefore, this scaling approach allows lifting 
performance to be evaluated independently of body 
mass and provides a more objective assessment of 
the relationship between strength performance and 
physiological variables such as hematological 
parameters and systemic inflammatory markers (26-
30). Allometric relative strength was calculated using 
the following formula: 
 
Allometric	Relative	Strength (kg/kg!.#$) = %&'()	+,-'	(/0)

2&34	5(66	(/0)!.#$
  

 
Hematological Sample Collection and Analysis 
Blood samples were collected in the athletes’ familiar 
training environment after a 24-hour rest period, in the 
afternoon (15:00–17:00) prior to regular training 
sessions. Participants were instructed to avoid 
alcohol and caffeine-containing foods and beverages 
at least one day before testing and to refrain from 
intense physical activity and training for at least 24 
hours prior. Blood sampling was scheduled 
considering the follicular phase of the menstrual cycle 
for all participating female athletes. 
For each participant, basal blood samples were 
collected at rest by experienced healthcare personnel 
following aseptic-antiseptic protocols. Venous blood 
was drawn from the antecubital vein using a catheter 
into 4 mL K3-EDTA tubes (4 mL vacutainer; BD 
Vacutainer, Franklin Lakes, NJ, USA). Samples were 
stored at room temperature under appropriate 
conditions without centrifugation and delivered to the 
laboratory within two hours. Hematological 
parameters were analyzed using an automated 
hematology analyzer (Cell-Dyn 1800, Abbott 
Diagnostics, Abbott Park, IL, USA) according to the 
manufacturer’s instructions. Leukocyte 
subpopulations were determined as follows: total 
white blood cells (WBC, 10³/μL), neutrophils (NEU, 
10³/μL), lymphocytes (LYM, 10³/μL), monocytes 
(MONO, 10³/μL), eosinophils (EOS, 10³/μL), 
basophils (BASO, 10³/μL), as well as percentages of 
lymphocytes (LYM%) and monocytes (MONO%). 
Erythrocyte parameters included red blood cell count 
(RBC, 10⁶/μL) and hemoglobin concentration (Hb, 
g/dL). Platelet parameters included platelet count 
(PLT, 10³/μL) and mean platelet volume (MPV, fL). 
 
Calculation of Inflammatory Biomarkers 
To assess basal combined inflammatory indices, 
complete blood count parameters were evaluated, 
including WBC, NEU, MONO, LYM, PLT, Hb, 

hematocrit (HCT), red cell distribution width (RDW), 
MPV, and platelet distribution width (PDW). The 
systemic immune-inflammation index (SII) was 
calculated using the formula: PLT × NEU / LYM 
(10³/μL). The aggregate systemic inflammation index 
(AISI) was calculated as: NEU × PLT × MONO / LYM 
(10³/μL). In addition, four conventional inflammatory 
markers were calculated: neutrophil-to-lymphocyte 
ratio (NLR = NEU/LYM), platelet-to-lymphocyte ratio 
(PLR = PLT/LYM), monocyte-to-lymphocyte ratio 
(MLR = MONO/LYM), and MPV/PLT ratio (12, 31). 
Systemic inflammation scores and indices were 
compared between the EWL and S-EWL groups. 
 
Statistical Analysis 
All statistical analyses were performed using IBM 
SPSS Statistics 25.0 (IBM Corp., Armonk, NY, USA). 
Data distribution was assessed using the Shapiro–
Wilk test. For demographic and anthropometric 
variables, as well as maximal and allometrically 
scaled performance measures (MSn, MC&J, MTotal, 
ASn, AC&J, ATotal), which met normality 
assumptions, descriptive statistics are presented as 
mean ± standard deviation (SD). Group differences 
were assessed using independent t-tests, and the 
magnitude of differences was quantified using 
Cohen’s d. Hematological and inflammatory 
parameters, which did not meet normality 
assumptions, are presented as median (interquartile 
range, IQR). Group comparisons were performed 
using the Mann–Whitney U test, and effect sizes (r) 
were reported. Associations between these 
parameters and allometrically scaled performance 
variables (ASn, AC&J, ATotal) were examined using 
Spearman’s rank correlation coefficient (ρ). Statistical 
significance was set at p < 0.05. Given that 
weightlifting performance is inherently influenced by 
body mass, all performance values were normalized 
using allometric scaling to account for body weight 
effects. The strength of correlations was interpreted 
according to Evans (1996), and all analyses were 
conducted in accordance with recommended 
statistical standards for biomedical research (32, 33). 
 
RESULTS 
The demographic, anthropometric, and performance 
characteristics of EWL and S-EWL young female 
weightlifters are summarized in Table 1. No 
significant differences were observed between 
groups in most demographic and anthropometric 
variables, including age, height, body weight, and 
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training experience (p > 0.05, Cohen’s d ranging from 
0.20–0.53), except for BMI, which was significantly 
higher in EWL compared to S-EWL (p = 0.047, 
Cohen’s d = 0.80). In contrast, all performance-
related variables differed significantly between 
groups (p < 0.05), with the EWL group demonstrating 
higher values than the S-EWL group in MSn (Cohen’s 
d = 1.38), MC&J (Cohen’s d = 1.45), MTotal (Cohen’s 
d = 1.43), ASn (Cohen’s d = 0.86), AC&J (Cohen’s d 
= 0.96), and ATotal (Cohen’s d = 0.93), indicating 
medium to large effect sizes for all comparisons. 
Consistent with these findings, the allometrically 
scaled performance values were also higher in the 
EWL group, particularly for the AC&J and ATotal lifts 
(p < 0.05). The difference in ASn did not reach 
statistical significance (p = 0.035). The corresponding 
effect sizes indicated moderate effects (Cohen’s d = 
0.85–0.96). Although ASn values were higher in the 
EWL group, this difference did not attain statistical 
significance (p = 0.035, Cohen’s d = 0.85). 
According to Table 2, there were no statistically 
significant differences between the EWL and S-EWL 
groups in most hematological and inflammatory 
parameters (p > 0.05). However, MONO% values 
were significantly higher in the EWL group compared 
to the S-EWL group (p = 0.046), with a moderate 
effect size (r = 0.38).  

Although not statistically significant, NEU% values 
tended to be higher in the S-EWL group (p = 0.094, r 
= 0.32), indicating a moderate effect. Similarly, 
inflammatory markers such as SII and NLR were 
descriptively higher in the S-EWL group, but these 
differences did not reach statistical significance (p > 
0.05), with small-to-moderate effect sizes (r = 0.21–
0.28). 
The relationships between hematological and 
inflammatory parameters and allometrically scaled 
relative performance variables in the EWL and S-
EWL groups are presented in Table 3. In the EWL 
group, a strong positive correlation was observed 
between NEU% and ASn (r = 0.631, p = 0.016). In 
addition, a moderate-to-high positive correlation was 
identified between the NLR and ASn performance (r 
= 0.565, p = 0.035). In the EWL group, no statistically 
significant correlations were found between the 
remaining hematological and inflammatory 
parameters and ASn, AC&J, or ATotal performance 
variables (all p > 0.05). In the S-EWL group, no 
statistically significant relationships were detected 
between any hematological or inflammatory 
parameters and ASn, AC&J, or ATotal performance 
variables (all p > 0.05). 
 
 

 
Table 1. Demographic, anthropometric, and performance characteristics of EWL and S-EWL young female weightlifters 
 

Variables EWL (n=14) S-EWL (n=13)   

Mean SD Mean SD p Cohen's d 
Age (years) 18,86 1,83 18,08 1,55 0,246 0,45 

Height (cm) 161,14 7,93 159,77 5,15 0,601 0,20 

BW (kg) 67,29 16,31 57,92 8,01 0,071 0,71 

BMI (kg/m²) 25,67 4,88 22,61 2,21 0,047* 0,79 

TE (years) 6,00 2,07 5,00 1,68 0,183 0,52 

MSn (kg) 83,21 12,92 69,46 5,12 0,002* 1,37 

MC&J (kg) 101,07 14,78 84,46 5,95 0,001* 1,45 

MTotal (kg) 184,29 27,51 153,92 10,82 0,001* 1,43 

ASn (kg/bw(kg)0.67) 5,01 0,46 4,61 0,46 0,035* 0,85 

AC&J (kg/bw(kg)0.67) 6,09 0,50 5,60 0,50 0,019* 0,96 

ATotal (kg/bw(kg)0.67) 11,11 0,95 10,22 0,95 0,023* 0,93 

BW: Body weight, BMI: Body mass index, TE: Training experiment, MSn: Maximal snatch, MC&J: Maximal clean and jerk, MTotal: 
Maximal total (snatch + clean and jerk). ASn: Allometric relative snatch, AC&J: Allometric relative clean and jerk, ATotal: Allometric 
relative total (snatch + clean and jerk). EWL: Elit weightlifter group, S-EWL: Sub-elite weightlifter group. * All variables were analyzed 
using independent t-tests. p < 0.05 indicates a statistically significant difference. Effect sizes are reported as Cohen’s d. 
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DISCUSSION 
This study aimed to examine the relationships 
between basal hematological profiles, systemic 
inflammatory markers, and performance in young 
female weightlifters by comparing elite (EWL) and 
sub-elite (S-EWL) weightlifters. The findings 
demonstrated that the two groups were comparable 
in terms of demographic and anthropometric 
characteristics (age, height, body weight, BMI, and 
training experience; p > 0.05), with small to moderate 
effect sizes (Cohen’s d ranging from 0.20 to 0.79). In 
contrast, both absolute (MSn, MC&J, and MTotal) 
and allometrically normalized (ASn, AC&J, and 
ATotal) performance outcomes were significantly 
higher in the EWL compared with the S-EWL (p < 
0.05), with moderate to large effect sizes (Cohen’s d 
ranging from 0.85 to 1.45) (Table 1). These results 
suggest that the superior performance observed in 
elite athletes may not be solely attributable to body 
mass but may instead reflect long-term exposure to 

high-intensity training, enhanced strength capacity, 
and advanced neuromuscular adaptations. 
With respect to hematological and inflammatory 
parameters, the groups exhibited largely similar 
baseline profiles; however, the monocyte percentage 
(MONO%) was significantly higher in the elite group 
compared with the S-EWL (p = 0.046; r = 0.38) (Table 
2). At the same time, the relative preservation of 
leukocyte and platelet parameters in elite female 
weightlifters may be interpreted as an indicator of 
adaptive physiological responses associated with 
high training status (2). This finding suggests that, 
despite sustained exposure to intense training stress, 
hematological homeostasis can be effectively 
maintained in elite athletes. 
In the elite group, the elevated monocyte percentage 
could reflect chronic physiological and immune 
adaptations associated with long-term high-intensity 
anaerobic training rather than acute inflammation.  
 
 

Table 2. Comparison of hematological and inflammatory markers between EWL and S-EWL female weightlifters 
 

 EWL (n=14) S-EWL (n=13) 

Median (IQR) Median (IQR) U p r 

He
m

at
ol

og
ic

al
 P

ar
am

et
er

s  

RBC (106/μL) 4.42 (4.33-4.66) 4.39 (4.15-4.63) 75.5 0.452 0.14 
Hb (g/dL−1) 14 (12.52-14.7) 12.8 (12.25-13.5) 62.5 0.166 0.26 
PLT (103/μL) 252 (238.25-316.5) 248 (238.5-336.0) 87.5 0.865 0.03 
WBC (103/μL) 6.42 (5.83-9.21) 7.57 (7.16-9.17) 82.0 0.662 0.08 
NEU (103/μL) 4.18 (3.41-5.39) 4.89 (4.44-6.09) 64.0 0.190 0.25 
NEU % 59.75 (56.02-64.65) 65.5 (59.65-74.4) 56.5 0.094 0.32 
LYM (103/μL) 1.79 (1.55-2.20) 1.86 (1.42-2.25) 89.0 0.923 0.01 
LYM % 26.75 (21.95-29.85) 22.9 (19.7-29.0) 72.0 0.356 0.17 
MONO (10³/µL) 0.62 (0.44-0.85) 0.49 (0.37-0.73) 66.5 0.234 0.22 
MONO % 8.65 (7.6-10.55) 7.6 (5.6-9.05) 50.0 0.046* 0.38 
EOS (10³/µL) 0.15 (0.08-0.24) 0.15 (0.07-0.26) 90.0 0.961 0.00 
EOS % 2.21 (1.17-3.79) 1.88 (1.03-3.10) 83.0 0.698 0.07 
BASO (10³/µL) 0.12 (0.09-0.15) 0.12 (0.09-0.15) 89.0 0.922 0.01 
MPV (fL) 10.25 (8.3-10.6) 9.7 (8.3-10.0) 77.5 0.512 0.12 

In
fla

m
m

at
or

y 
M

ar
ke

rs
 

NLR 2.26 (2.05-2.74) 2.72 (2.15-3.80) 68.0 0.264 0.21 
PLR 150.89 (129.77-158.97) 146.15 (133.33-184.25) 84.0 0.734 0.06 
MLR 0.31 (0.26-0.45) 0.31 (0.19-0.37) 73.0 0.382 0.16 
SII 615.71 (473.42-780.07) 856.51 (670.84-1037.38) 61.0 0.145 0.28 
AISI 446.33 (249.79-566.71) 360.23 (202.98-727.20) 87.0 0.846 0.03 
MPV/PLT 0.03 (0.02-0.04) 0.03 (0.02-0.04) 84.0 0.734 0.06 

RBC: Red blood cell, Hb: Hemoglobin, PLT: Platelet, WBC: White blood cell; NEU: Neutrophil, NEU%: Neutrophil percentage, LYM: 
Lymphocyte, LYM%: Lymphocyte percentage, MONO: Monocyte, MONO%: Monocyte percentage, EOS: Eosinophil, EOS%: 
Eosinophil percentage, BASO: Basophil, MPV: Mean platelet volume, NLR: Neutrophil-to-lymphocyte ratio, PLR: Platelet-to-
lymphocyte ratio, MLR: Monocyte-to-lymphocyte ratio, SII: Systemic immune-inflammation index, AISI: Aggregate index of systemic 
inflammation, MPV/PLT: Mean platelet volume-to-platelet ratio. Data are presented as median (IQR). EWL: Elit weightlifter group, S-
EWL: Sub-elite weightlifter group. Group comparisons were performed using the Mann–Whitney U test. U = Mann–Whitney U statistic; 
r = effect size 
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 Table 3. Spearman correlations between hematological and inflammatory parameters and allometrically scaled 
performance variables in elite and sub-elite female weightlifters. 
 

  ASn AC&J ATotal 
Variable Groups r p r p r p 

RBC (106/μL) EWL 0.178 0.543 0.152 0.605 0.196 0.503 
S-EWL 0.305 0.310 0.413 0.160 0.377 0.204 

HGB (g/dL) EWL -0.143 0.625 -0.121 0.680 -0.081 0.782 
S-EWL 0.052 0.865 0.214 0.482 0.143 0.640 

PLT (103/μL) 
EWL -0.160 0.584 -0.160 0.584 -0.156 0.594 

S-EWL 0.390 0.188 0.237 0.436 0.313 0.297 

WBC  (103/μL) EWL 0.020 0.946 0.011 0.970 0.015 0.958 
S-EWL 0.011 0.972 0.003 0.993 -0.055 0.858 

NEU ( 103/μL) EWL 0.160 0.584 0.108 0.714 0.143 0.626 
S-EWL 0.220 0.471 0.171 0.577 0.121 0.694 

NEU % EWL 0.631* 0.016 0.437 0.118 0.525 0.054 
S-EWL 0.514 0.072 0.413 0.160 0.421 0.152 

LYM  (103/μL) EWL -0.451 0.106 -0.266 0.358 -0.332 0.246 
S-EWL -0.413 0.161 -0.380 0.200 -0.413 0.161 

LYM % EWL -0.462 0.096 -0.299 0.299 -0.389 0.169 
S-EWL -0.445 0.128 -0.349 0.242 -0.363 0.223 

Mono 
EWL -0.264 0.362 -0.262 0.366 -0.273 0.345 

S-EWL -0.137 0.655 -0.085 0.782 -0.071 0.817 

Mono % EWL -0.460 0.098 -0.405 0.151 -0.434 0.121 
S-EWL 0.099 0.748 0.187 0.541 0.198 0.517 

Eos EWL -0.218 0.454 -0.172 0.557 -0.167 0.568 
S-EWL -0.448 0.124 -0.315 0.294 -0.369 0.215 

Eos % EWL -0.134 0.648 -0.103 0.725 -0.090 0.759 
S-EWL -.0440 0.133 -0.281 0.353 -0.335 0.263 

Baso EWL -0.400 0.156 -0.391 0.167 -0.435 0.120 
S-EWL -0.036 0.907 0.106 0.729 0.047 0.879 

MPV EWL -0.143 0.626 -0.191 0.513 -0.218 0.455 
S-EWL 0.044 0.886 0.080 0.795 0.030 0.922 

NLR 
EWL 0.565* 0.035 0.415 0.140 0.499 0.069 

S-EWL 0.445 0.128 0.349 0.242 0.363 0.223 

PLR EWL 0.468 0.091 0.231 0.427 0.327 0.253 
S-EWL 0.456 0.117 0.297 0.324 0.407 0.168 

MLR EWL -0.077 0.794 -0.134 0.648 -0.103 0.725 
S-EWL 0.055 0.859 0.107 0.727 0.126 0.681 

SII EWL 0.341 0.233 0.169 0.563 0.248 0.392 
S-EWL 0.418 0.156 0.270 0.373 0.319 0.289 

AISI EWL 0.130 0.659 0.073 0.805 0.112 0.703 
S-EWL 0.115 0.707 0.022 0.943 0.077 0.803 

MPV/PLT EWL 0.081 0.782 0.134 0.648 0.099 0.737 
S-EWL -0.071 0.817 0.083 0.789 -0.022 0.943 

RBC: Red blood cell, Hb: Hemoglobin, PLT: Platelet, WBC: White blood cell; NEU: Neutrophil, NEU%: Neutrophil percentage, LYM: 
Lymphocyte, LYM%: Lymphocyte percentage, MONO: Monocyte, MONO%: Monocyte percentage, EOS: Eosinophil, EOS%: Eosinophil 
percentage, BASO: Basophil, MPV: Mean platelet volume, NLR: Neutrophil-to-lymphocyte ratio, PLR: Platelet-to-lymphocyte ratio, MLR: 
Monocyte-to-lymphocyte ratio, SII: Systemic immune-inflammation index, AISI: Aggregate index of systemic inflammation, MPV/PLT: 
Mean platelet volume-to-platelet ratio. EWL: Elite weightlifter group, S-EWL: Sub-Elite weightlifter group. Associations between 
hematological and inflammatory parameters and allometrically scaled weightlifting performance variables were examined using 
Spearman’s rank correlation coefficient (ρ), considering the non-normal distribution of the data and the limited sample size. Statistical 
significance was set at p < 0.05. Statistically significant correlations are indicated by an asterisk (*). 
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Short-term (≈60 s) anaerobic has been shown to 
transiently increase monocytes and natural killer cells 
in the early post-exercise period, with this response 
being acute, temporary, and largely reversible, while 
other immune cell populations return to baseline 
within 24 hours (34, 35). These adaptations are 
further reflected in the reprogramming of monocyte 
metabolism during inflammatory responses, 
contributing to tightly regulated immune activity (36).  
Taken together, these findings indicate that anaerobic 
loading primarily modulates monocyte responses 
through exercise-specific neuroendocrine and 
immune mobilization mechanisms rather than via 
pathological inflammation. In individuals undergoing 
repeated high-intensity anaerobic training, this 
response may reflect physiological adaptations that 
facilitate immune regulation and tissue remodeling, 
potentially mediated by enhanced anti-inflammatory 
cytokine production (37-39). 
When examining performance–inflammation 
relationships, significant positive correlations were 
observed in the EWL between allometrically scaled 
snatch performance (ASn) and both NEU% (r = 
0.631; p = 0.016) and NLR (r = 0.565; p = 0.035) 
(Table 3). These findings suggest that a neutrophil-
dominant immune profile may reflect exercise-
induced increases in neutrophil counts (40), as well 
as neutrophil elevation and lymphocyte reduction 
during early post-exercise recovery (41) and may 
represent sport-specific adaptations to intensive 
training in elite athletes (42, 43). In contrast, no 
significant associations between inflammatory 
markers and performance were observed in the sub-
elite group. However, the relatively elevated basal 
inflammatory indices (NLR and SII) in this group are 
consistent with previously reported acute immune 
responses following intensive resistance exercise 
(42, 44), suggesting that S-EWL may experience 
higher exercise-induced inflammatory loads that 
could influence recovery and performance 
sustainability. 
The existing literature indicates that resistance-based 
and anaerobic exercise modalities can induce 
transient alterations in hematological and 
inflammatory biomarkers. High-intensity resistance 
exercise has been shown to provoke short-term 
increases in muscle damage and inflammatory 
markers, typically emerging in the early post-exercise 
period and returning toward baseline within 24 hours 
(45, 46). In the study by Ibıs et al. (2010), changes in 
erythrocyte parameters were observed following 

anaerobic exercise and during a 24-hour recovery 
period; however, these alterations did not reach 
statistical significance. Acute exercise-induced 
increases in erythrocyte-related indices are largely 
attributed to reductions in plasma volume, with 
subsequent fluid and electrolyte replacement and rest 
facilitating the restoration of vascular volume 
homeostasis and normalization of erythrocyte levels. 
Previous studies further indicate that hematological 
and inflammatory responses to resistance exercise 
may vary depending on exercise intensity, duration, 
and individual training status (47, 48). Such exercise 
modalities impose substantial mechanical loading on 
muscle and connective tissues, leading to transient 
fluctuations in neutrophil and lymphocyte counts 
during the acute phase (49-51). Conversely, long-
term and regular training adaptations have been 
shown to improve erythrocyte parameters and 
oxygen transport capacity (52, 53). Moreover, Forti et 
al. (2017) demonstrated that nine weeks of resistance 
training favorably modulated basal inflammatory 
profiles in healthy individuals. These responses are 
thought to be partially mediated by exercise-induced 
hormonal alterations, such as elevations in cortisol, 
which influence leukocyte mobilization and 
neutrophil–lymphocyte balance (55). In elite athletes, 
repeated exposure to such physiological stressors 
may facilitate the development of a more controlled 
and regulated inflammatory profile, reflecting 
enhanced recovery capacity and physiological 
resilience. Notably, neutrophil counts vary according 
to the duration and intensity of exercise, which may 
account for fluctuations in NLR and other 
inflammatory markers (56). In this context, the 
relatively elevated basal inflammatory indices 
observed in the sub-elite group, particularly NLR and 
SII, are consistent with previously reported immune 
alterations associated with intensive but less-adapted 
training loads (14, 44). These findings could indicate 
that adaptive mechanisms related to immune 
regulation and recovery might operate more 
efficiently in elite athletes (57), whereas the 
comparatively higher inflammatory load in sub-elite 
athletes may potentially affect recovery processes 
and the sustainability of performance. 
Overall, the findings of this study indicate that basal 
hematological and inflammatory markers were largely 
similar between elite and sub-elite female 
weightlifters. While minor variations were observed, 
these differences were not pronounced, suggesting 
that both groups share comparable hematological 
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and inflammatory profiles. These results highlight the 
importance of considering individual hematological 
and inflammatory characteristics when designing 
training loads and recovery strategies, particularly in 
developing athletes, to optimize performance while 
minimizing excessive physiological strain.  
 
Limitations 
The strengths of this study include the simultaneous 
examination of performance, hematological, and 
inflammatory parameters in young female 
weightlifters across elite and sub-elite levels, allowing 
a holistic evaluation of adaptive responses. 
Limitations include the relatively small sample size, 
inclusion of only female athletes, and the lack of 
monitoring acute post-training changes. Additionally, 
potential confounding factors such as nutrition, sleep, 
and hormonal status were not controlled. The cross-
sectional design limits causal interpretation of 
observed differences. Future studies should consider 
larger sample sizes, include both male and female 
athletes, employ longitudinal designs, and control for 
additional influencing factors. 
 
CONCLUSION 
Elite female weightlifters demonstrated superior 
absolute and allometrically scaled performance 
compared to their sub-elite counterparts. Although 
these performance differences were observed, no 
significant differences were found in hematological 
and inflammatory parameters between the groups, 
suggesting that basal systemic inflammatory profiles 
in young female weightlifters do not appear to be 
strongly influenced by training status. However, 
MONO% was significantly higher in the elite group, 
potentially reflecting adaptive immune responses 
associated with long-term high-level training 
exposure. These findings underscore the importance 
of individualized training and recovery strategies 
according to athlete level. Furthermore, regular 
monitoring of blood parameters may contribute to 
optimizing performance and managing training load. 
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