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Abstract 

Study aim: The aim of our study was to determine whether six weeks of CrossFit training, a popular form of high-intensity 
training, improves the atherogenic index of plasma and blood lipid profile indicators in young healthy men.
Material and methods: Twenty-nine young, normolipidemic men (age 23.3 ± 2.4 years, height 181 ± 6.2 cm, BMI 24.4 ± 1.7) 
participated in a six-week CrossFit program. Total cholesterol (TC), high-density lipoprotein cholesterol (HDL-C), low-density 
lipoprotein cholesterol (LDL-C), autoantibodies against oxidized LDL (oLAB), and triglycerides (TG) were determined before 
and after completion of 6 weeks of CrossFit training, before, 3 minutes, and 60 minutes after the VO2max cycling test to ex-
haustion. Based on lipids, the atherogenic index of plasma (AIP) and the ratios TC/HDL-C, LDL-C/HDL-C, and TG/HDL-C 
were calculated. 
Results: A statistically significant main effect was found for the measures TG and HDL-C for the predictor variable TIME 
(p = 0.04 and p = 0.02, respectively). No significant main effect was found for the predictor variable TRIAL or the TRIAL × 
TIME interaction.
Conclusions: The statistically significant changes observed after cycling to exhaustion confirm that intense physical exercise 
affects lipid metabolism. Six weeks of CrossFit training had no effect on the statistically significant changes in plasma lipid 
profile and AIP in young healthy men.
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Introduction 

A  multitude of investigations have underscored the 
profound influence of the intensity and duration of physi-
cal activity on lipidomic changes and the importance of 
consistent moderate-intensity physical activity as a central 
component within non-pharmacological paradigms to re-
duce cardiovascular disease risk [7,21]. Extensive research 
confirms the effectiveness of low – to moderate-intensity 
exercise in improving blood lipid profiles and reducing 
the plasma atherogenic index [18, 31], whereas there is 
little evidence for analogous effects of high-intensity ex-
ercise programs. However, the studies that suggest that 
high-intensity physical activity can affect lipid profile are 

usually based on an experimental design with participants 
who are obese or have impaired lipid metabolism [15, 32]. 
Although high-intensity training may improve aerobic 
capacity more effectively than moderate, long-term aer-
obic training [6, 9], the available evidence suggests that 
high-intensity training has very little effect on lipid pro-
file change, especially in young, healthy individuals [10]. 
A noteworthy form of training that involves high-intensity 
physical activity is CrossFit. Developed by Greg Glass-
man, it includes high-intensity functional movements with 
reduced rests in order to develop strength and endurance, 
with a  combination of cardiovascular, weightlifting and 
gymnastics-type exercises [17]. Glassman’s basic idea is 
that CrossFit is constantly varied, high-intensity, func-
tional movement [11]. The concept of constant changes 
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in CrossFit training makes it difficult to describe a  typi-
cal CrossFit regime, and this raises concerns about data 
from experiments with CrossFit, particularly with regard 
to possible replication of the experiment. The truth is 
that each CrossFit coach creates and modulates their own 
CrossFit training, following only Glassman’s instructions 
and ideas. 

Cholesterol is a lipid from the group of steroids. In the 
blood, cholesterol is transported in the form of protein-
lipid complexes called lipoproteins. Laboratory methods 
(ultracentrifugation or electrophoretic separation) can be 
used to isolate various fractions of serum lipoproteins, 
such as chylomicrons, very-low-density lipoproteins 
(VLDL), low-density lipoproteins (LDL) and high-density 
lipoproteins (HDL). Total cholesterol (TC), low-density 
lipoprotein cholesterol (LDL-C), high-density lipoprotein 
cholesterol (HDL-C), and triacylglycerols (TG) are used to 
assess the blood lipid profile. The level of total cholesterol 
depends mainly on the level of LDL and the relationship 
between plasma TC levels, and the incidence of coronary 
heart disease is well documented [1].

LDL are very sensitive and oxidative processes initi-
ated by ROS (reactive oxygen species), known to be pro-
duced in large quantities during intense physical exercise. 
Oxidatively modified lipoprotein particles (oxLDL) are 
strongly atherogenic and immunogenic, as produced by 
the immune system [27].

Increased levels of low-density lipoproteins in blood 
have been shown to be associated with activated platelets, 
polymorphonuclear leukocytes, macrophages, and vascu-
lar endothelial cells. Under the influence of enzymes, free 
radicals, and angiotensin released by these cells, low-den-
sity lipoprotein particles are modified in various ways and 
transformed into molecules with potent proatherogenic 
properties [34]. Many epidemiological studies have shown 
that a higher concentration of LDL cholesterol (LDL-C) 
and a  lower concentration of high-density lipoprotein 
cholesterol (HDL-C) are associated with a higher risk of 
coronary heart disease and promote the development of 
atherosclerosis. The protective effects of HDL-C lipopro-
teins on the cardiovascular system include antioxidant, 
anti-inflammatory, and anticoagulant effects [19, 25]. In 
addition, one of the main functions of high-density lipo-
proteins is to remove unesterified cholesterol from sites 
where it has accumulated and transport it to the liver in 
a process called reverse cholesterol transport [36], which 
reduces the formation of new atherosclerotic plaques, and 
in the case of existing plaques, increases their stability and 
reduces the risk of rupture [37]. Triglycerides are the basic 
form of lipid storage in adipose tissue, muscle cells, and 
plasma lipoproteins, and their high blood levels increase 
the atherogenicity of LDL cholesterol [26]. Currently, co-
efficients calculated on the basis of concentration determi-
nations of individual lipids, i.e., TC/HDL-C, LDL/HDL-C, 

and TG/HDL-C, are considered more useful for assessing 
the risk of atherosclerotic cardiovascular disease. They 
have a  higher predictive value than the individual lipid 
profile parameters alone [13, 29]. Moreover, a useful in-
dicator for the assessment of coronary heart disease risk is 
the atherogenic index of plasma (AIP) [4]. 

The aim of our study was to investigate the effects 
of six weeks of CrossFit training with a detailed training 
routine on the blood lipid profile and atherogenic index of 
plasma (AIP) before, 3 minutes after and 60 minutes after 
a VO2max cycling test to exhaustion in young healthy men. 
We hypothesized that this intervention would lead to sig-
nificant changes in the blood lipid profile and AIP values 
across these time points.

Material and methods 

Study participants
Twenty-nine healthy young men aged 18 to 29 years 

(age 23.3 ± 2.4 years, height 181 ± 6.2 cm, BMI 24.4 ± 1.7) 
were included in the experiment. All participants were 
students of the Department of Physical Education at the 
Opole University of Technology and had at least 6 months 
of CrossFit training experience.

Inclusion criteria: Men. Age 18-30 years. Absence of 
medical contraindications. Students of the Department of 
Physical Education at the Opole University of Technolo-
gy. Absence of injuries and contusions that could interfere 
with the exercises used in CrossFit training. Consent to 
participate in the study and statement of compliance with 
the guidelines. Normolipidemic – normal blood choles-
terol levels were defined, according to the Journal of the 
American College of Cardiology, 2018 [24], as follows: 
total cholesterol less than 200 mg/dL (the lower the bet-
ter); HDL cholesterol ideally 60 mg/dL or higher, but 40 
or higher is acceptable; LDL cholesterol less than 100 mg/
dL; triglycerides less than 149 (ideal < 100 mg/dL).

Exclusion criteria: Presence of medical contraindica-
tions. Presence of injuries and contusions that could inter-
fere with CrossFit exercises. History of cardiovascular or 
related diseases. Uncontrolled high blood pressure. Res-
piratory disease that can be aggravated by high-intensity 
exercise. Recent major surgery or medical procedures. 
Taking medication that may impair physical performance 
or cardiovascular function. Simultaneous participation in 
other high-intensity exercise programs. Lack of consent to 
participate in the study or non-compliance with the guide-
lines.

CrossFit program
The CrossFit program was based on the CrossFit Train-

ing Guide on a  five-day-on, two-day-off pattern. Each 
training session began with a 10-minute individual warm-
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up. The training sessions were composed of three differ-
ent modalities: monostructural metabolic conditioning, 
gymnastics, and weightlifting. During each training ses-
sion, one, two or three modalities were trained. To avoid 
injury and overtraining, all participants were informed 
about the possibility of adapting (scaling) the training load 
to their own abilities. The CrossFit workouts are shown in 
Table 1.

Experiment design
Venous blood samples were collected, before start-

ing and after completing the six-weeks CrossFit program 
(TRIAL variable) (before; 3 minutes after exercise; and 
60 minutes after the VO2max cycling test to exhaustion 
(TIME variable)), in order to estimate concentrations of 
TC, HDL-C, LDL-C, TG and oLAB. The performance 
tests were conducted in the Human Functional Research 
Laboratory in the Academy of Physical Education in 
Katowice. The CrossFit training program was performed 
in the sports facilities of the Faculty of Physical Education 
and Physiotherapy of the Opole University of Technology. 
Biochemical determinations were performed in the bio-
chemical laboratory at the Academy of Physical Education 
in Katowice, which is responsible for compliance with 
the requirements of PN-ENISO9001:2009 (certificate No. 
PW-18011-15). Blood samples were taken from the basilic 
vein in tubes containing heparin before the six-weeks of 
CrossFit training. The samples were collected before, 3 
min, and 60 min after the VO2max cycling test to exhaus-
tion. The total volume of blood collected from an individ-
ual in each of the two repeated studies was approximately 
2 ml.

Biochemical analysis: Fasting blood samples were 
taken at the baseline and after the intervention between 
8:00 and 10:00 a.m., also after an overnight fast. Blood 
serum was separated in the usual manner and stored fro-
zen at –80°C until analysis. The concentrations of serum 
total cholesterol (TC), high-density lipoprotein cholesterol 
(HDL-C), and triglycerides (TG) were measured using 
enzymatic assays and commercially available diagnostic 
kits (Randox UK, Cat. No. CH 200, CH 203, TR 1697, 
and GL 2623, respectively). The intra – and inter-assay 
coefficients of variation (CV) were 1.98–4.28% for TC, 
1.10–4.01% for HDL-C, and 2.69–4.57% for TG. The 
concentrations of low-density lipoprotein cholesterol 
(LDL-C) were calculated from TC, HDL-C, and TG as per 
Friedewald’s formula [8]. 

The risk for vascular diseases in both groups was es-
timated based on the lipid ratios (TC/HDL-C, LDL-C/
HDL-C, TG/HDL-C) and the atherogenic index of plasma 
(AIP) (AIP = log10 [TG/HDL-C], where TG and HDL-C 
are expressed as molar concentrations) [4].

oLAB concentration was measured by commercial 
enzyme immunoassay (oLAB ELISA, cat. No. BI-20032, 

Biomedica GmbH, Austria). The intra- and inter-assay CV 
were ≤ 8% CV and ≤ 4%.

Procedure of test to exhaustion
The exercise test was performed twice on the Sport Ex-

calibur bicycle ergometer on the lower limbs, i.e., before 
and after the six-week CrossFit training program. The load 
test was characterized by a gradual increase in intensity. 
The initial load was 40 W and was increased by another 40 
W every 3 minutes until the subject’s maximum capacity 
was reached. During the test, heart rate (HR) was recorded 
using a Polar S725X heart rate monitor. A MetaLyzer 3B-
R2 gas analyzer was used to measure oxygen uptake. The 
exercise tests were performed in the morning and the sub-
jects were fasting.

Ethics approval and informed consent
All participants in the study signed an informed con-

sent form. The study was approved by the Bioethics 
Committee of the Jerzy Kukuczka Academy of Physical 
Education, Katowice, Poland (No. 4/2013) and conducted 
according to the guidelines for research involving human 
subjects described in the Declaration of Helsinki. All tests 
were performed in the physiological and biochemical lab-
oratory of the Jerzy Kukuczka Academy of Physical Edu-
cation, Katowice, Poland.

Statistical analysis
Statistical analysis was performed to evaluate the ef-

fects of TRIAL and TIME on the variables studied using 
a two-by-three factorial ANOVA. This analysis was chosen 
to examine the interaction between the different experimen-
tal conditions and time points. In addition, an independent 
samples t-test was performed to analyze the changes in the 
atherogenic index of plasma (AIP). To perform these anal-
yses, the collected data were processed using StatsCloud 
software, a statistical analysis tool. In addition, the effect 
size (η2 = 0.15) was calculated for the 29 participants in-
cluded in the study. This calculation was performed with 
a  power of 80% and a  significance level of 0.05 using 
MorePower 6.0. However, it is important to note that the 
authors acknowledge the limitations of the sample size, so 
caution should be exercised when interpreting the results 
of the effect size analyses. Further studies with larger sam-
ples are needed to confirm the observed effects.

Results

The alterations in the lipid profile throughout the study 
period are summarized in Table 2. Significant variations 
were observed in triglycerides (TG), high-density lipo-
protein (HDL-C), low-density lipoprotein (LDL-C) and 
total cholesterol (TC) levels across different time points, 
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Week 1
1st day (M) 5 rounds for time: run 400 m/rest 1 min/ 5 km run
2nd day (G,W) 21-15-9 reps for time: thrusters 42.5 kg/pull ups
3rd day (M,G,W) for time: 50 push-ups/ 50 sit ups/ 50 deadlifts (60 kg)/ 50 wall ball shots (10 kg)/ 50 box jump
4th day (M,G) 20 minute AMRAP (as many rounds as possible), run 400 m/ max reps pull ups
5th day (W) muscle clean (5 x 1 rep)/ power clean (5 x 3 reps)/ clean (5 x 5 reps)
6 and 7th day Off

Week 2
1st day (G) skill and progression: muscle up
2nd day (M,W) 4 rounds for time: 50 kcal row/30 front squat (40 kg)
3rd day (M,G,W) 13 min AMRAP: 40 double unders/20 toes to bar/10 over head squat (40 kg)
4th day (G, W) 8 min AMRAP/1 min. rest/8 min AMRAP: 5 m rope climb/6 snatch (40 kg)
5th day (M) 3 rounds for time: 50 steps over head lunges (15 kg)/200 run
6 and 7th day Off

Week 3
1st day (W) muscle snatch (5 x 1 rep)/power snatch (5 x 3 reps)/snatch (5 x 5 reps)
2nd day (M,G) 10 rounds for time: 30 double unders/6 hand stand push ups

3rd day (M,G,W) 3 rounds (1 min each exercise): wall ball shots (10 kg)/sumo deadlift high pull (35 kg)/box jump (60 cm)/push 
press (35 kg)/row (max. calories)/1 min rest

4th day (M,W) 1 km run/front squat 6-6-4-4-2-2-1-1 reps
5th day (G) 10 rounds for time: 3 weighted pull ups (15 kg)/5 strict pull ups/7 kipping pull ups
6 and 7th day Off

Week 4
1st day (M) 5 rounds for time: 1 km run/rest 2 min
2nd day (G,W) skill and progression: strict ring muscle ups
3rd day (M,G,W) for time: 1 km row/50 thrusters (30 kg)/30 pull up
4th day (M,G) for time: 100 pull ups/100 push-ups/100 sit ups/100 squats
5th day (W) skill and progression: medicine ball clean
6 and 7th day Off

Week 5
1st day (G) skill and progression: hand stand
2nd day (M,W) 5 rounds for time: 400 m run/15 over head squats (40 kg)

3rd day (M,G,W) for time: 50 box jumps (60 cm)/50 push-ups/50 kettlebell swings/50 walking lunges/50 knees to elbows/50 
push press (20 kg)/50 back extension/50 wall ball shots/50 burpees/50 double unders

4th day (G, W) skill and progression: Turkish get up 
5th day (M) 1000 burpees
6 and 7th day Off

Week 6
1st day (W) for time: snatch (60 kg) 30 reps
2nd day (M,G) 5 min AMRAP: 15 double unders/5 strict pull ups 
3rd day (M,G,W) 20 min AMRAP: 5 hand stand push-ups/10 pistol squats/15 pull ups
4th day (M,W) 5 rounds for time: 5 deadlifts (120 kg)/10 burpees/1 min rest
5th day (G) skill and progression: bar muscle ups
6 and 7th day Off

Table 1.  CrossFit program according to Sadowska-Krępa et al. [35]

M – metabolic conditioning, G – gymnastics, W – weightlifting, 
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suggesting possible effects on lipid metabolism due to ex-
ercise-induced stress. A statistically significant main effect 
was found for TG concerning the predictor variable TIME 
(F(2.17) = 3.32, p = 0.04, η2

p = 0.04), and also for HDL-C 
(F(2.17) = 4.08, p = 0.02, η2

p = 0.05). Post-hoc analyses 
revealed significant temporal effects on TG levels 3 and 
60 min after exhaustion (p = 0.04) and on HDL levels both 
before exercise and 3 min after exercise (p = 0.03) as well 
as 3 and 60 min after exercise (p = 0.05). No significant 
main effect was found for the predictor variable TRIAL 
or the TRIAL × TIME interaction (Table 3). Further 
post-hoc investigations revealed no significant effects for 
LDL-C, TC, AIP, oLAB, TC/HDL, LDL-C/HDL-C and 
TG/HDL-C (Table 4). Comparisons between the pre – and 
post-training groups revealed higher values for AIP in the 
pre-training group (M = 0.052, SD = 0.25) than in the post-
training group (M = 0.003, SD = 0.23). However, a t-test 
for independent samples (assuming unequal variances) 
showed that this difference was not statistically significant 
(t(55.63) = 0.76, p = 0.4481, 95% CI [–0.078, 0.175], Co-
hen’s d = 0.2. The effect size shows a 55.64% probability 
that the values before the exercise exceed the values after 
the exercise (Table 5).

Discussion

The main finding of the study was that the only sta-
tistically significant effects were found for triacylglycer-
ols and high-density lipoproteins before and after the test 
to exhaustion. The changes observed after the VO2max 
cycling to exhaustion test confirm that intense physical 
training affects lipid metabolism in the short term. There 
were no statistically significant changes in TC, HDL-C, 
LDL-C, TG, oLAB, lipid ratios, and AIP before and after 
six weeks of CrossFit training. These results suggest that 
six weeks of CrossFit training had no effect on the statisti-
cally significant changes in plasma lipid profile and ather-
ogenic index of plasma in young healthy men with nor-
mal lipid profiles. It is now known that better predictors 

Trial Time TG [mg/dl] HDL-C [mg/dl] LDL-C [mg/dl] TC [mg/dl] oLAB [mU/ml] AIP

Trial 1
Before 85.11 ± 35.59 57.45 ± 12.61 76.56 ± 17.71 154.84 ±  27.72 1022 ± 697,23 0.04 ± 0.25
3 min 85.05 ± 33.10 61.66 ± 12.88 81.53 ± 21.19 164.19 ± 30.22 1023.32 ± 652.05 0.02 ± 0.24
60 min 69.95 ± 26.61 57.49 ± 12.51 76.85 ± 25.64 151.78 ± 32.19 968.90 ± 592.12 –0.03 ± 0.23

Trial 2
Before 78.84 ± 33.16 58.98 ± 9.76 76.67 ± 23.89 158.38 ± 33.52 925.90 ± 547.77 0.00 ± 0.22
3 min 85.85 ± 41.02 65.98 ± 11.43 79.39 ± 24.95 169.12 ± 33.19 955.75 ± 566.91 –0.02 ± 0.23
60 min 69.81 ± 33.93 59.77 ± 11.29 74.89 ± 22.58 154.75 ± 31.22 927.25 ± 591.30 –0.07 ± 0.24

Table 2.  Changes in the lipid profile, oLAB and AIP at different time points

TG – triglycerides; HDL-C – high-density lipoprotein cholesterol; LDL-C – low-density lipoprotein cholesterol; TC – total cholesterol, oLAB – 
autoantibodies against oxidized LDL, AIP – atherogenic index of plasma. Values are given as mean ± standard deviation (SD).

Factors f p η2
p

TG [mg/dl]
TRIAL 0.13 0.7185 <0.01
TIME 3.32 0.0385 0.04
TRIAL × TIME 0.18 0.8326 <0.01

HDL-C [mg/dl]
TRIAL 2.30 0.1312 0.01
TIME 4.08 0.0188 0.05
TRIAL × TIME 0.22 0.8040 <0.01

LDL-C [mg/dl]
TRIAL 0.15 0.7007 <0.01
TIME 0.68 0.5103 <0.01
TRIAL × TIME 0.04 0.9576 <0.01

TC [mg/dl]
TRIAL 0.64 0.4237 <0.01
TIME 2.86 0.0603 0.03
TRIAL × TIME 0.02 0.9851 <0.01

AIP
TRIAL 1.24 0.2833 <0.01
TIME 1.29 0.2343 0.02
TRIAL × TIME 0.01 0.9952 <0.01

oLAB [mU/ml]
TRIAL 0.55 0.4584 <0.01
TIME 0.07 0.9337 <0.01
TRIAL × TIME 0.03 0.9706 <0.01

TC/HDL-C
TRIAL 0.61 0.4363 <0.01
TIME 0.03 0.9738 <0.01
TRIAL × TIME 0.06 0.9390 <0.01

LDL/HDL-C
TRIAL 1.62 0.2018 <0.01
TIME 0.08 0.9257 <0.01
TRIAL × TIME 0.15 0.8599 <0.01

TG/HDL-C
TRIAL 2.42 0.1214 0.01
TIME 1.08 0.3437 0.01
TRIAL × TIME 0.07 0.9273 < 0.01

Table 3.  Effects of TRIAL and TIME on the variables 
studied, a two-by-three factorial ANOVA

TRIAL – before and after completing the six-weeks CrossFit program; 
TIME before, 3 and 60 minutes after VO2max cycling test to exhaustion. 
TG – triglycerides; HDL-C – high-density lipoprotein cholesterol; LDL-C 
– low-density lipoprotein cholesterol; TC – total cholesterol; oLAB – auto-
antibodies against oxidized LDL; AIP – atherogenic index of plasma.
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for assessing coronary heart disease risk are plasma lipid 
ratios and the atherogenic index. Although the study par-
ticipants were initially in the low-risk group for cardio-
vascular disease, six weeks of CrossFit training addition-
ally contributed to a statistically insignificant reduction in 

AIP. Our results suggest that six weeks of CrossFit train-
ing may lead to a modest improvement in the atherogenic 
index of plasma.

Regular physical activity has been reported to have 
a positive effect on lipid profile changes and reduce the 

Pre-CrossFit Post-CrossFit Mean difference P

TG [mg/dl]
before 3 min 3.48 0.8480
before 60 min 12.1 0.1398
3 min 60 min 15.58 0.0399

HDL-C [mg/dl]
before 3 min 5.61 0.0304
before 60 min 0.42 0.9805
3 min 60 min 5.2 0.0494

LDL-C [mg/dl]
before 3 min 3.85 0.6366
before 60 min 0.74 0.9831
3 min 60 min 4.59 0.5259

TC [mg/dl]
before 3 min 10.04 0.1999
before 60 min 3.35 0.8344
3 min 60 min 13.39 0.0591

AIP
before 3 min 0.03 0.8679
before 60 min 0.07 0.2202
3 min 60 min 0.04 0.4778

oLAB [mU/ml]
before 3 min 15.15 0.9902
before 60 min 26.32 0.9707
3 min 60 min 41.46 0.9289

TC/HDL-C
before 3 min 0.04 0.9842
before 60 min 0.05 0.9738
3 min 60 min 0.01 0.9986

LDL/HDL-C
before 3 min 0.04 0.9355
before 60 min 0.01 0.9999
3 min 60 min 0.03 0.9410

TG/HDL-C
before 3 min 0.05 0.9285
before 60 min 0.21 0.3366
3 min 60 min 0.16 0.5490

Table 4.  Post-hoc analysis

TG – triglycerides; HDL-C – high-density lipoprotein cholesterol; LDL-C – low-density lipoprotein cholesterol; TC – total cholesterol; oLAB – 
autoantibodies against oxidized LDL; AIP – atherogenic index of plasma. 

Descriptive statistics Confidence interval Test statistics Effect size
Group (n = 29) Mean SD Lower CI Upper CI df t p Cohen ds

Before 0.052 0.25
–0.08 0.17 55.63 0.764 0.4481 0.201

After 0.003 0.23

Table 5.  AIP before and after 6 weeks of CrossFit training



Crossfit effect on lipids and AIP 191

risk of cardiovascular disease [12], and numerous studies 
have confirmed the beneficial effects of physical activity 
on blood lipid metabolism [2, 5]. Traditional recommen-
dations for health-enhancing exercise range from 30 to 60 
minutes of physical activity performed approximately five 
times per week or strength training performed twice per 
week [16]. The guidelines for physical activity required to 
improve health, although widely known, are too general 
and do not include recommendations for high-intensity ex-
ercise, which has recently become popular. Moreover, the 
effect of exercise on lipid profile correlates more strongly 
with duration of physical activity and exercise intensity 
than with exercise minutes per week [16], and it has been 
shown that the intensity and duration of physical activity 
have a crucial effect on metabolism. High-intensity physi-
cal activity can improve aerobic capacity more effectively 
than moderate, long-term aerobic training [6]. There is 
also evidence that high-intensity interval training can im-
prove cardiovascular function by reducing the likelihood 
of stroke [14], lowering systolic [33] and diastolic [24] 
blood pressure, and improving vascular endothelial func-
tion [23]. The study by Lamina and Okoye [22] showed 
an increase in HDL-C concentration in individuals after 
high-intensity training, and Currie et al. [2] and Koubaa 
et al. [20] found an increase in HDL-C concentration in 
the moderate-intensity exercise group and only a  slight 
decrease in total cholesterol. On the other hand, high-in-
tensity exercise appears to have very little effect on lipid 
profile change, especially in young, healthy individuals, 
whereas low – and moderate-intensity physical activity is 
a proven means of improving lipid metabolism. Therefore, 
it is necessary to understand the effects of popular forms 
of high-intensity physical training on lipids.

CrossFit is one of the fastest growing forms of high-
intensity training [30]. This strength and conditioning 
program is designed to optimize physical competence in 
ten fitness areas: cardiovascular or respiratory endurance, 
stamina, strength, flexibility, power, speed, coordina-
tion, agility, balance, and accuracy [11]. Considering that 
a combination of aerobic endurance and strength exercises 
is essential for CrossFit workouts, this form of multimo-
dal training must lead to metabolic adaptation [28], and 
the improvement of mitochondrial enzyme activity and 
insulin sensitivity should have an impact on the lipid pro-
file and body composition [3, 35]. However, in the 2023 
meta-analysis by Moscatelli [30] no significant effect 
of CrossFit training on these parameters was found. On 
the other hand, the number of studies with a  high level 
of evidence examining the effects of CrossFit on health 
is small, and it is extremely difficult to determine the ex-
act benefits of CrossFit without detailed analyses of train-
ing regimens. Although the authors found no significant 
changes in young normolipidemic men, it should be noted 
that further studies in young men with dyslipidemia and 

obese subjects are needed to confirm the lack of effect of 
CrossFit training on blood lipid profile.

Study limitations
One limitation of this study was the relatively small 

sample size, which could limit the generalizability of the 
results to larger populations. Other limitations were the 
lack of a control group and the short duration of the inter-
vention – the six-week study duration may not have been 
sufficient to observe significant changes in lipid profiles, 
especially in healthy individuals with normal lipid levels 
at baseline.

Conclusions

The study concludes that six weeks of CrossFit train-
ing in young healthy men with normal lipid profiles did 
not lead to statistically significant changes in plasma li-
pid profile, lipid ratios or the atherogenic index in plasma. 
However, a slight improvement in the plasma atherogenic 
index was observed. These results suggest that CrossFit 
could serve as a preventive strategy against cardiovascu-
lar disease, especially when integrated into a sustainable 
lifestyle intervention. Further investigation of the underly-
ing mechanisms and long-term effects of CrossFit on lipid 
metabolism could facilitate the development of tailored 
interventions and individualized exercise plans in both 
clinical and societal contexts.

Conflict of interest: Authors state no conflict of interest.

References 

1.	 Cromwell W.C., Otvos J.D. (2004) Low-density lipopro-
tein particle number and risk for cardiovascular disease. 
Curr. Atheroscler. Rep., 6(5): 381–387. DOI: 10.1007/
s11883-004-0050-5

2.	 Currie K.D., Bailey K.J., Jung M.E., McKelvie R.S., 
MacDonald M.J. (2015) Effects of resistance training 
combined with moderate-intensity endurance or low-
volume high-intensity interval exercise on cardiovascu-
lar risk factors in patients with coronary artery disease. 
J. Sci. Med. Sport, 18(6): 637–642. DOI: 10.1016/j.
jsams.2014.09.013

3.	 Demirel N., Özbay S., Kaya F. (2018) The Effects of Aer-
obic and Anaerobic Training Programs Applied to Elite 
Wrestlers on Body Mass Index ( BMI ) and Blood Lipids. 
J. Educ. Train. Stud., 6(4): 58–62. DOI: 10.11114/jets.
v6i4.3085

4.	 Dobiášová M., Frohlich J. (2001) The plasma param-
eter log (TG/HDL-C) as an atherogenic index: Correla-
tion with lipoprotein particle size and esterification rate 



P. Domaszewski et al.192

inapob-lipoprotein-depleted plasma (FERHDL) Clin. 
Biochem., 34(7): 583–588. DOI: 10.1016/S0009-9120-
(01)00263-6

5.	 Domaszewski P., Konieczny M., Dybek T., Łukaniszyn-
Domaszewska K., Anton S., Sadowska-Krępa E., Sko-
rupska E. (2023) Comparison of the effects of six-week 
time-restricted eating on weight loss, body composition, 
and visceral fat in overweight older men and women. 
Exp. Geront., 174. DOI: 10.1016/j.exger.2023.112116.

6.	 Elliott A.D., Rajopadhyaya K., Bentley D.J., Beltra-
me  J.F., Aromataris E.C. (2015) Interval Training Ver-
sus Continuous Exercise in Patients with Coronary Ar-
tery Disease: A Meta-Analysis. Heart Lung Circ., 24(2): 
149–157. DOI: 10.1016/j.hlc.2014.09.001

7.	 Foulds H.J.A., Bredin S.S.D., Charlesworth S.A., 
Ivey  A.C., Warburton D.E.R. (2014) Exercise volume 
and intensity: A  dose-response relationship with health 
benefits. Eur. J. App. Physiol., 114(8): 1563–1571. DOI: 
10.1007/s00421-014-2887-9

8.	 Friedewald W.T., Levy R.I., Fredrickson D.S. (1972) Es-
timation of the Concentration of Low-Density Lipopro-
tein Cholesterol in Plasma, Without Use of the Prepara-
tive Ultracentrifuge. Clin. Med., 18(6): 499–502.

9.	 Gist N.H., Fedewa M.V., Dishman R.K., Cureton K.J. 
(2014) Sprint interval training effects on aerobic capac-
ity: A systematic review and meta-analysis. Sports Med., 
44(2): 269–279. DOI: 10.1007/s40279-013-0115-0

10.	Glassman G. (2003) A  Better Warm-up. CrossFit J., 8: 
1–3. http://library.crossfit.com/free/pdf/08_03_Better_
warmup.pdf

11.	Glassman G. (2007) Understanding CrossFit. CrossFit J., 
56: 1–2.

12.	Greene N.P., Martin S.E., Crouse S.F. (2012) Acute exer-
cise and training alter blood lipid and lipoprotein profiles 
differently in overweight and obese men and women. 
Obesity, 20(8): 1618–1627. DOI: 10.1038/oby.2012.65

13.	Hao W., Friedman A. (2014) The LDL-HDL profile deter-
mines the risk of atherosclerosis: A mathematical model. 
PLoS ONE, 9(3). DOI: 10.1371/journal.pone.0090497

14.	Helgerud J., Høydal K., Wang E., Karlsen T., Berg P., 
Bjerkaas M., Simonsen T., Helgesen C., Hjorth N., 
Bach R., Hoff J. (2007) Aerobic high-intensity inter-
vals improve VO2max more than moderate training. 
Med. Sci. Sports Exerc., 39(4): 665–671. DOI: 10.1249/
mss.0b013e3180304570

15.	Khammassi M., Ouerghi N., Hadj-Taieb S., Feki M., 
Thivel D., Bouassida A. (2018) Impact of a  12-week 
high-intensity interval training without caloric restric-
tion on body composition and lipid profile in sedentary 
healthy overweight/obese youth of the Metabolic Adap-
tations to Exercise under Physiological and Pathological 
Conditions. J. Exerc. Rehabil., 14(1): 118–125. http://
www.e-jer.org

16.	Kim K., Kim K., Kim C., Kang S., Kim H.J., Yoon S., 
Shin Y. (2019) Effects of Exercise on the Body Composi-
tion and Lipid Profile of Individuals with Obesity : A Sys-
tematic Review and Meta-Analysis. J. Obes. Metab. Syn-
dr., 28(4): 278–294. DOI: 10.7570/jomes.2019.28.4.278

17.	Klimek C., Ashbeck C., Brook A.J., Durall C. (2018) Are 
injuries more common with CrossFit training than other 
forms of exercise? J. Sport Rehabil., 27(3): 295–299. 
DOI: 10.1123/jsr.2016-0040

18.	Kokkinos P.F., Fernhall B. (1999) Physical activity 
and high density lipoprotein cholesterol levels. What is 
the relationship? Sports Med., 28(5): 307–314. DOI: 
10.2165/00007256-199928050-00002

19.	Kontush A. (2020) HDL and Reverse Remnant-Cho-
lesterol Transport (RRT): Relevance to Cardiovascular 
Disease. Trends Mol. Med., 26(12): 1086–1100. DOI: 
10.1016/j.molmed.2020.07.005

20.	Koubaa A., Triki M., Trabelsi H., Baati H., Sahnoun Z., 
Hakim A. (2015) The effect of a 12-week moderate inten-
sity interval training program on the antioxidant defense 
capability and lipid profile in men smoking cigarettes or 
hookah: A cohort study. Sci. World J., 20(15): 111–122. 
DOI: 10.1155/2015/639369

21.	Lacombe J., Armstrong M.E.G., Wright F.L., Foster C. 
(2019) The impact of physical activity and an additional 
behavioural risk factor on cardiovascular disease, cancer 
and all-cause mortality: A systematic review. BMC Pub-
lic Health, 19(1):133–141. DOI: 10.1186/s12889-019-
7030-8

22.	Lamina S., Okoye G.C. (2012) Therapeutic effect of 
a  moderate intensity interval training program on the 
lipid profile in men with hypertension: A  randomized 
controlled trial. Niger J. Clin. Pract., 15(1): 42–47. DOI: 
10.4103/1119-3077.94096

23.	Lee K., Kang I., Mack W.J., Mortimer J., Sattler F., Sa-
lem  G., Lu J., Dieli-Conwright C.M. (2019) Effects of 
high-intensity interval training on vascular endothelial 
function and vascular wall thickness in breast cancer 
patients receiving anthracycline-based chemotherapy: 
a  randomized pilot study. Breast Cancer Res. Treat., 
177(2): 477–485. DOI: 10.1007/s10549-019-05332-7

24.	Lund J.S., Aksetøy I.L.A., Dalen H., Amundsen B.H., 
Støylen A. (2020) Left ventricular diastolic function: Ef-
fects of high-intensity exercise after acute myocardial 
infarction. Echocardiography, 37(6): 858–866. DOI: 
10.1111/echo.14750

25.	Marsche G., Heine G.H., Stadler J.T., Holzer M. (2020) 
Current understanding of the relationship of hdl com-
position, structure and function to their cardioprotec-
tive properties in chronic kidney disease. Biomolecules, 
10(9): 1–23. DOI: 10.3390/biom10091348

26.	Meng H., Zhu L., Kord-Varkaneh H., O Santos H., Tin-
sley G.M., Fu P. (2020) Effects of intermittent fasting 
and energy-restricted diets on lipid profile: A systematic 



Crossfit effect on lipids and AIP 193

review and meta-analysis. Nutrition, 77(11): 8–14. DOI: 
10.1016/j.nut.2020.110801

27.	Michalczyk M., Kłapcińska B., Sadowska-Krępa E., 
Jagsz  S., Kimsa E., Kempa K., Pilis W., Szołtysek-
Bołdys I., Chmura J. (2008) Evaluation of the Blood Anti-
oxidant Capacity in Two Selected Phases of the Training 
Cycle in Professional Soccer Players. J. Hum. Kinet., 19: 
93–108. DOI: 10.2478/v10078-008-0007-9

28.	Michnik A., Sadowska-Krępa E., Domaszewski P., 
Duch K., Pokora I. (2017) Blood serum DSC analysis of 
well-trained men response to CrossFit training and green 
tea extract supplementation. J. Therm. Anal. Calorim., 
130(3): 1253–1262. DOI: 10.1007/s10973-017-6346-9

29.	Millán J., Pintó X., Muñoz A., Zúñiga M., Rubiés-Prat J., 
Pallardo L.F., Masana L., Mangas A., Hernández A., 
González-Santos P., Ascaso J.F., Pedro-Botet J., (2009) 
Lipoprotein ratios: physiological significance and clini-
cal usefulness in cardiovascular prevention. Vasc. Health 
Risk Manag., 19: 757-765

30.	Moscatelli F., Messina G., Polito R., Porro C., Monda 
V., Monda M., Scarinci A., Dipace A., Cibelli G., Messi-
na A., Valenzano A. (2023) Aerobic and Anaerobic Effect 
of CrossFit Training : A Narrative Review. Sport Mont., 
21(1): 123–132. DOI: 10.26773/smj.230220

31.	Muscella A., Stefàno E., Marsigliante S. (2020) The ef-
fects of exercise training on lipid metabolism and coro-
nary heart disease. Am. J. Physiol. Heart Circ. Physiol., 
319(1): 76–88. DOI: 10.1152/ajpheart.00708.2019

32.	Nazari M., Minasian V., Hovsepian S. (2020) Effects of 
two types of moderate-and high-intensity interval training 
on serum salusin-α and salusin-β levels and lipid profile 
in women with overweight/obesity. Diabet. Metab. Synd 
.Ob., 13: 1385–1390. DOI: 10.2147/DMSO.S248476

33.	Popowczak M., Rokita A., Koźlenia D., Domaradzki J. 
(2022) The high-intensity interval training introduced 
in physical education lessons decrease systole in high 

blood pressure adolescents. Sci. Rep., 12(1): 1–7. DOI: 
10.1038/s41598-022-06017-w 

34.	Rodríguez M., Ringstad L., Schäfer P., Just S., Hof-
er  H.W., Malmsten M., Siegel G. (2007) Reduction of 
atherosclerotic nanoplaque formation and size by Ginkgo 
biloba (EGb 761) in cardiovascular high-risk patients. 
Atherosclerosis, 192(2): 438–444. DOI: 10.1016/j.
atherosclerosis.2007.02.021

35.	Sadowska-Krępa E., Domaszewski P., Pokora I., 
Żebrowska A., Gdańska A., Podgórski T. (2019) Effects 
of medium-term green tea extract supplementation com-
bined with CrossFit workout on blood antioxidant status 
and serum brain-derived neurotrophic factor in young 
men: a pilot study. J. Int. Soc. Sports Nutr., 16(1): 13–18. 
DOI: 10.1186/s12970-019-0280-0

36.	Shearman A.M., Ordovas J.M., Cupples L.A., 
Schaefer E.J., Harmon M.D., Shao Y., Keen J.D., DeSte-
fano A.L., Joost O., Wilson P.W.F., Housman D.E., My-
ers R.H. (2000) Evidence for a gene influencing the TG/
HDL-C ratio on chromosome 7q32.3-qter: A  genome-
wide scan in the Framingham Study. Hum. Mol. Genet., 
9(9): 1315–1320. DOI: 10.1093/hmg/9.9.1315

37.	Tomkin G. (2012) LDL as a  Cause of Atheroscle-
rosis. Atheroscler. Thromb. J., 5(1): 13–21. DOI: 
10.2174/1876506801205010013

Received 25.11.2023
Accepted 13.05.2024

© University of Physical Education, Warsaw, Poland

Acknowledgements 

The study received statutory funding from the Jerzy 
Kukuczka Academy of Physical Education, Katowice, 
Poland.


