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Abstract
Introduction. Lipid profile is one of the main determinants of cardiovascular health status. Moderate and vigorous physical ac-
tivity can positively influence lipid profile, and one such activity is sport climbing. The main aim of this study was to determine the 
lipid profile and to investigate the influence of training experience on the lipid profile of youth climbers.  Material and Methods.  
This research included 12 youth climbers aged 15.33 ± 1.30 years (6 males, 6 females), who were tested on anthropo-
metric indices and lipid profile (total cholesterol, high-density lipoproteins, low-density lipoproteins, triglycerides) us-
ing the point-of-care testing. Variables of lipid profile were correlated with years of climbing experience by Spearman’s 
rank correlation coefficients, while the differences between females and males were checked by the Mann-Whitney U test. 
Results. Youth climbers had acceptable levels of all measured lipid parameters. Training experience was significantly positively 
correlated with body mass index (R = 0.76, p < 0.01) and significantly negatively correlated with cholesterol (R = -0.80, p < 0.01). 
Conclusions. Results support that climbing as a vigorous and enjoyable physical activity might be advertised as a proxy for 
reaching recommended amounts of physical activity among adolescents, which is associated with improved lipid profile. How-
ever, this is only a preliminary investigation advocating that determinants of health status related to climbing practice should 
be further investigated.
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Introduction

Cardiovascular health status (CVHS) is defined as an im-
portant determinant of health [1]. Also, CVHS developed in 
childhood and adolescence was shown to be the main predic-
tor for cardiometabolic outcomes in adult life [2, 3]. One of the 
most important definers of CVHS is lipid profile [1]. Lipid profile 
stands for lipid levels in the blood, and it consists of high-den-
sity lipoprotein cholesterol (HDL-C) cholesterol, low-densi-
ty lipoprotein cholesterol (LDL-C), cholesterol (CHOL), and 
triglycerides [4]. Regarding the association of indices of lipid 
profile with health, increased levels of LDL-C and triglycerides 
are shown to be indicators that impose a risk of cardiovascular 
disease, while higher HDL-C is associated with a healthy car-
diovascular system [5]. Physical activity plays a significant role 
in improving CVHS, and, precisely, lipid profile [6, 7]. Indeed, 
physical activity and exercise can improve lipid profiles by ele-
vating the ability of muscles to use lipids instead of glycogen, 
leading to lower plasma lipid levels [6]. Furthermore, higher 
levels of energy expenditure have a higher influence on lipid 
profiles in both genders [8]. Moreover, the main role in changes 
of the lipid profile is related to food intake [9, 10]. It can be not-
ed that physical activity in general has positive effects on CVHS 
and lipid profile. 

Despite the well-known positive effects of physical activity 
and exercise, there is a worryingly high prevalence of 80% of 
adolescents not reaching the recommended levels of physical 
activity, globally [11]. This trend in inactivity imposes a threat 
to overall health [12]. There is evidence that the main point 
of dropping the levels of physical activity occurs at around 14 
years of age probably as a consequence of dropping out from 

sports [13]. Therefore, the emphasis should be placed on offer-
ing enjoyable, fun, and challenging sports and recreative types 
of activities that would make adolescents continue partaking in 
sports and any other forms of physical activity (e.g., recreational 
activities). One of the sports and recreational activities which 
is becoming more and more popular among youth is climbing 
(i.e., rock climbing). Sport climbing has been increasing in pop-
ularity since its introduction to the Olympic Games in Tokyo 
2021, which means that there is a growth in the number of in-
door climbing walls and the number of sports climbing clubs 
[15]. 

There is a lot of evidence on the positive effects of climb-
ing on health. Precisely, climbing can improve fitness status, 
including muscular strength, endurance, and flexibility [16, 17]. 
Moreover, climbing is shown to be improving cardiometabol-
ic health in adult climbers [17]. Furthermore, improved func-
tional fitness along with decreased anxiety has been reported as  
a consequence of climbing activity in healthy adults [18]. A re-
cent systematic review included studies that investigated the ef-
fects of therapeutic climbing in various patients and conditions 
and found that therapeutic climbing can improve physical, 
social, mental, and general wellbeing [19]. Also, what is most 
important to mention for this study, climbing can be compara-
ble to moderate and vigorous physical activity because exercise 
intensity in recreational adult climbers ranged from 70-72% of 
maximal aerobic capacity [20]. Thus, climbing could be seen as 
an activity that improves CVHS, including the lipid profile.

According to the abovementioned, it could be hypothesized 
that climbing is a form of physical activity and exercise which 
can influence the lipid profile of participants. However, to our 
knowledge, there is no direct evidence that this assumption is 
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true. Hence, the aim of this study was to determine the lipid 
profile and to investigate the influence of training experience on 
the lipid profile of youth climbers.

Material and Methods

Participants
This is a cross-sectional type of the study. The sample of 

participants included 12 (6 females, 6 males) recreational and 
low-level competitive youth climbers aged 15.33 ± 1.30 years, all 
members of one sport climbing club. Their mean training ex-
perience was 7.50 ± 2.75 years, and the mean training volume 
was 5.2 ± 1.5 hours a week. The climbing level was not includ-
ed since youth climbers do not regularly climb outdoors, and 
this scale could not be observed as a value of the performance 
level of climbers included in this study. During the investiga-
tion, the climbers did not have any illnesses or injuries. Athletes 
were informed about the research procedures, risks, and aims. 
Participants (or parents/legal guardians) were requested to sign  
a written consent form, before the start of the study. The study 
followed the declaration of Helsinki, and the Ethical Board of 
the University of Split, Faculty of Kinesiology, approved the 
study.

Variables
This research included anthropometric indices and lipid 

profiles. All the measurements were made in the morning (9:00 
AM to 10:00 AM). The participants were instructed to come to 
testing on an empty stomach to remove any influence on lipid 
profile.

The anthropometric indices included: body height (BH), 
body mass (BM), body mass index, body fat percentage (BF%), 
and ape index (ratio between arm span and BH (APE)) [21]. Arm 
span and BH were measured using a measuring tape. BM and 
BF% were assessed by the bioimpedance scale (Tanita BC 418 
scale; serial number: 15010067, 2015).

Procedures
Lipid profiles consisted of total cholesterol (CHOL), 

high-density lipoprotein cholesterol (HDL-C), low-density li-
poprotein cholesterol (LDL-C), triglycerides (TG), and CHOL/
HDL-C ratio. We used point-of-care testing (POCT) to evaluate 
this study’s lipid profile, with blood sampling from the fingertip. 
POCT is a minimally invasive diagnostic method with the po-
tential to provide accurate and rapid results [22]. POCT is based 
on reactive strips with a membrane which removes the red blood 
cells, and plasma lipids are evaluated by a dry chemical reaction. 
The Mission Cholesterol Test Device (ACON Laboratories, Inc., 
San Diego, CA, USA) was used in this study. The used device 
directly measured the concentrations of CHOL, HDL-C and 
TG, while it indirectly calculated the LDL-C and CHOL/HDL-C  
ratio. The detailed testing procedure has been described in  
a recent study conducted on adolescents [23].

According to the National Cholesterol Education Program 
(NCEP) Expert Panel on Cholesterol Levels in Children and 
Adolescents, cut-off values for plasma lipid levels displayed in  
Table 1 were used [24].

Statistical analysis
Statistical analysis included descriptive measurements of 

all variables. Kolmogorov-Smirnov test determined the normal-
ity of distributions. Due to the small sample size, the non-para-
metric Mann-Whitney U test was used to compare the results of 
males and females in all study variables. Spearman’s rank corre-

lation coefficients were used to assess the correlations between 
age, training experience, anthropometric indices, and lipid pro-
file. 

All analyses were done in the statistical package Statistica 
ver. 13.5 (Tibco Inc., Palo Alto, Ca, USA), with applying a p-level 
of 0.05.

Results

Descriptive statistics of all included variables with differ-
ences between males and females are shown in Table 2. Males 
and females differed in some anthropometric indices (body 
height, body fat percentage), while they did not differ in any 
of the parameters of the lipid profile. Results show that youth 
climbers have acceptable values of all parameters of the lipid 
profile, including CHOL, TG, HDL-C, Non-HDL-C, and LDL-C. 

Spearman Rank Order Correlations between age, training 
experience, anthropometric indices, and lipid profile for the to-
tal sample are presented in Table 3. Age was positively correlat-
ed with arm span and Ape index. Moreover, training experience 
was positively correlated with body mass index (Spearman’s  
R = 0.76, p < 0.01) and negatively correlated with cholesterol  
(R = -0.80, p < 0.01).

Discussion

This study aimed to determine the lipid profile and inves-
tigate the influence of training experience on the lipid profile 
of youth climbers. According to the aims, there are few main 
findings of this study. First, youth climbers have acceptable lipid 
profiles. Second, training experience was associated with cho-
lesterol levels in youth climbers. These results will be discussed 
in the following text.	

The results show that climbers in our study possess good 
lipid profiles according to the cut-off values for plasma lipid and 
lipoprotein levels of the National Cholesterol Education Pro-
gram (NCEP) Expert Panel in similar age groups [24]. Similar 
to the results of our study, college female athletes aged 19.70 ± 
1.20 years had total cholesterol of 165.70 ± 34.0 mg/dL, HDL-C 
62.8 ± 15.03 mg/dL, and a total cholesterol/HDL ratio of 2.8 ± 
0.6, which was within a healthy recommendation range for that 
age, along with per sport level [25]. The study suggested that 
participating in organized sports may help in meeting physical 
activity recommendations, lead to healthy lipid profiles, and 
prevent cardiovascular disease in adolescent athletes regardless 
of competition level [25].

Table 1. Plasma lipid and lipoprotein level cut-off values

Category Acceptable 
mg/dL

Borderline 
mg/dL

High 
mg/dL

CHOL <170 170 to 199 ≥200
LDL-C <110 110 to 129 ≥130
Non-HDL-C <120 120 to 144 ≥145
TG <90 (1 mmol/L) 90 to 129 ≥130

Category Acceptable 
mg/dL

Borderline 
mg/dL

Low 
mg/dL

HDL-C >45 40 to 45 <40

CHOL – Cholesterol, TG – Triglycerides, HDL-C – High-Density Lipoprotein 
Cholesterol, non-HDL-C – Non-High-Density Lipoprotein Cholesterol, LDL-C – Low-
Density Lipoproteins.
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Indeed, there is extensive evidence that sports and other 
forms of physical activity have a positive influence on lipid sta-
tus. Precisely, a study that evaluated the blood lipid levels of ath-
letes compared to sedentary college students aged 20.24 ± 1.08 
years recorded that sedentary participants had higher LDL-C, 
TG, and CHOL, while athletes had higher HDL-C[26]. Support-
ively, a study on college students aged 22.8 ± 2.00 years noted 
a decrease in triglyceride levels after 8-week resistance training 
[27]. Collectively, a review study reported that regular exercise 
can lower triglycerides by 5-38 mg/dl and raise HDL-C levels by 
2-8 mg/dl, which is attributed to increased energy expenditure 
[28]. To attain health benefits, children and adolescents should 
participate in at least 60 minutes of moderate-to-vigorous phys-
ical activity daily, which is defined as more than four metabolic 
equivalents of task (METs) and a heart rate of 140-160 beats per 
minute [29].

Climbing is categorized as a moderate-to-vigorous physi-
cal activity [30]. Indeed, a study on novice youth climbers aged 
11.5 ± 2.3 years reported that climbing met recommendations 
for moderate exercise intensity and duration, which is associat-
ed with improved health-related fitness [31]. It has to be noted 
that the changes in the lipid profile as a result of an exercise 
or training program differ according to the type of exercise, 
its intensity, frequency, duration of each session, and the time 
spent in the exercise or sports program (i.e., training experi-
ence) [32]. That being said, there is a certain background for the 
assumption that years of climbing experience would be associ-
ated with lipid profile. Indeed, our study recorded a negative 
correlation between training years and total cholesterol levels, 
which means that climbers with more climbing experience had 
lower total CHOL levels leading to better lipid status and prob-
ably better CVHS. This result might imply that being involved 
in climbing for more years leads to a better lipid profile. One 
might be wondering whether the age differences of the included 
climbers could have influenced these results. However, a study 
on a similar sample of youth climbers divided them into two age 
categories: younger (13-15 years of age), and older (16-19 years of 
age), and found that they have similar training experience (8.33 
± 1.66 and 8.67 ± 2.22 years, respectively) and similar sport-spe-
cific fitness status [33]. Similar was the case in our study, with 
younger climbers aged 13-15 years and older climbers aged 16-18 
years having similar training experience (7.00 ± 2.61 and 8.00 ± 
3.03 years, respectively). This is most likely due to new genera-
tions of athletes getting into sports climbing younger than ever 
and children starting to practice climbing even at the age of four 
years [34]. 

We have to emphasize that this is only a preliminary and 
cross-sectional analysis at this point, which means that we are 
unable to determine the causality of the observed issue. Also, we 
investigated climbers aged 13-18 years, which might have influ-
enced the noted associations, as they are still in the growth and 
developmental life phase and maybe some other factors could 
have influenced results (i.e., differences in the biological age 
and maturation level, nutritional intake, etc.). However, even 
though we are not able to draw any precise conclusions regard-

Table 2. Descriptive statistics of all included variables and differences between males and females

Total sample Females Males Mann-Whitney
Mean SD Mean SD Mean SD Z p-value

Age (years) 15.33 1.30 15.17 0.98 15.50 1.64 -0.24 0.81
Training experience (years) 7.50 2.75 6.83 2.79 8.17 2.79 -0.80 0.42
Body mass (kg) 54.98 7.50 50.68 4.20 59.27 7.86 -1.68 0.09
Body height (cm) 170.68 8.45 165.38 6.79 175.98 6.59 -2.16 0.03
Body mass index (index) 18.73 1.22 18.32 1.01 19.13 1.36 -0.72 0.47
Body fat (%) 15.53 4.28 18.55 3.74 12.52 2.09 2.32 0.02
Arm span (cm) 174.23 10.75 167.68 7.79 180.78 9.52 -1.84 0.07
APE index 3.55 3.74 2.30 3.69 4.80 3.66 -0.80 0.42
Cholesterol (mg/dL) 152.67 37.17 159.00 36.65 146.33 39.99 0.72 0.47
HDL-C (mg/dL) 62.92 13.06 69.50 13.98 56.33 8.71 1.68 0.09
Triglycerides (mg/dL) 54.50 9.31 55.33 9.40 53.67 10.03 0.24 0.81
CHOL/HDL-C ratio 2.31 0.95 2.30 0.20 2.32 1.40 0.00 1.00
LDL-C (mg/dL) 48.58 45.26 57.17 47.60 40.00 45.44 0.56 0.58

HDL-C – High-Density Lipoprotein Cholesterol, LDL-C – Low-Density Lipoprotein Cholesterol, SD – standard deviation.

Table 3. Correlations between age, training experience, 
anthropometric indices, and lipid profile for the total sample.

Variable
Spearman Rank Order Correlations 

Age Training experience
Body mass 0.51 0.42
Body height 0.50 0.27*
Body mass index 0.17 0.76**
% body fat -0.55 -0.35
Arm span 0.68* 0.36
APE index 0.59* 0.53
CHOL -0.02 -0.80**
HDL-C -0.56 -0.48
Triglycerides -0.41 -0.08
CHOL/HDL-C ratio 0.21 -0.47
LDL-C -0.48 -0.20

* – denotes p < 0.05; ** – denotes p < 0.01, HDL-C – High-Density Lipoprotein 
Cholesterol, LDL-C – Low-Density Lipoprotein Cholesterol, CHOL – Cholesterol.
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ing the health-related impact of climbing, we might suggest that 
future studies investigate this issue in more detail, prospective-
ly, and both in young and adult populations of climbers.

Limitations and strengths
One of the main limitations of this study is the small sam-

ple size, which means that results should be interpreted with 
caution, and further checked in larger sample sizes. Moreover, 
one of the limitations is the fact that we did not have a control 
group of non-active adolescents and that is why we cannot draw 
any precise conclusions about the influence of climbing on the 
measured variables. What is more, we did not evaluate a possi-
ble influence of relative energy deficiency in sports (RED-S) on 
the measured lipid parameters. As RED-S is an increasing prob-
lem in climbing, further studies should place special attention 
on this issue while investigating any health-related parameters 
associated with sport climbing. Also, we did not evaluate the di-
etary intake of studied athletes.

However, we must emphasize that this is a preliminary study 
that tried to stress the importance of studying determinants of 
health in youth climbers. Precisely, we are aware that youth are 
less and less physically active each year and that some enjoya-
ble forms of activity and physical exercise should be offered to 
the wider populations (e.g., introduce climbing in schools and 
physical education curriculum). That being said, one of the 
strengths of this study is the direct evaluation of blood parame-
ters such as lipid profile, body composition, and anthropomet-
ric indices which determine health status. This way, we were 
able to emphasize the importance of evaluating mentioned  
parameters and provide youth climbers’ insight into their health 
status. Moreover, we used the point-of-care method for testing 
lipid blood parameters, which is an easy and fast sampling and 
analysing method. This means that many climbers can be inves-
tigated and provided with immediate results about their health 
status. This way, coaches, parents, and athletes themselves can 
take immediate actions for improving their health and conse-
quently sports performance.

Conclusions

Collectively, the main findings of this study are that youth 
climbers have good lipid profiles, and that training experience 
was associated with cholesterol levels in youth climbers. These 
results confirm that sports and other forms of physical activities 
of moderate-to-vigorous intensity have a positive influence on 
the lipid profile. However, this is only a preliminary investiga-
tion advocating that determinants of health status related to 
climbing practice should be further investigated, with emphasis 
on prospective studies both in youth and adult populations and 
in recreational and competitive climbers. Also, we recommend 
that future studies include monitoring the signs of RED-S and 
nutritional intake, as they might significantly influence meas-
ured blood parameters.
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