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ABSTRACT
Background: Reference values of body fat for competitive volley
ball players are lacking, making it difficult to interpret measurement 
results. This review systematically summarized published data on 
the relative body fat of volleyball players and calculated potential 
differences between sex, measurement method, and competitive 
level.
Methods: The protocol followed the Preferred Reported Items for 
Systematic Reviews and Meta-Analysis guidelines. The literature 
search was conducted using five electronic databases to retrieve 
all relevant publications from January 1, 2010, to July 1, 2021. The 
63 studies including 2607 players that met the inclusion criteria 
were analyzed using random-effects models. Data were reported as 
pooled mean body fat with 95% confidence intervals.
Results: Body fat for males and females was 12.8% (11.9– 
13.8%) and 22.8% (21.9–23.7%), respectively. Body fat was 
18.3% (16.3–20.4%) measured via skinfolds, 18.4% (15.6– 
21.2%) via bioelectrical impedance analysis, 24.2% (20.4– 
28.0%) via dual-energy x-ray absorptiometry and 21.6% 
(17.4–25.8%) via densitometry. Regional, national, and interna
tional-level players had body fat values of 19.5% (17.8–21.2%), 
20.3% (18.6–22.0%), and 17.9% (15.7–20.4%), respectively. 
When the meta-regression was adjusted for the variables sex, 
measurement method, and competitive level, a significant dif
ference between sex (p < 0.001), dual-energy x-ray absorptio
metry and skinfolds (p = 0.02), and national and international- 
level players (p = 0.02) was found. However, sensitivity analysis 
revealed that findings regarding measurement method and 
competitive level were not robust and should, therefore, be 
interpreted with caution.
Conclusions: Despite the limitations of published data, this meta- 
analysis provided pooled values for body fat of male and female 
volleyball players for different competitive levels and measurement 
methods.
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1. Introduction

Volleyball has consistently been part of the Summer Olympics program since 1964 
and is currently one of the most widely played team sports in the world. The sport 
is played by two teams on a playing court divided by a net (set at the height of 
2.43 m for men and 2.24 m for women) and characterized by high-intensity and 
mainly explosive efforts, such as accelerations, decelerations, jumping, blocking, 
serving, ball-striking, and landing (from an average 3–9 s in 1991 to an average 6– 
9 s in 2008), interspersed with longer periods of recovery (from an average 10–20 
s in 1991 to an average 20–27 s in 2008) [1–3]. Recently, both researchers and 
practitioners have paid increasing attention to physical and physiological attributes 
of competitive volleyball athletes to better inform their decision-making [4]. Jump 
performance, for example, has been identified to be highly indicative of athletes` 
performance level [5–8]. Similarly, there is convincing evidence to suggest that 
elite players are taller than their non-elite counterparts [5,6,9,10]. The ideal body 
composition of competitive volley ballers, however, is unknown. Considering non
force-producing nature of body fat (BF) which adds to body mass [11], and there
fore negatively influencing explosive performance [12,13]. Explosive actions, such 
as rapid acceleration and vertical jumps, make up a large part of the set for any 
volleyball team (during an average set, a team will have to perform approximately 
160–190 jumps) [3]. Considering that BF has a relatively high inverse association 
with vertical jump performance (BF alone seems to explained 57% of vertical jump 
variability, and 66% of variability when combined with sex or body weight) [12], it 
is reasonable to expect that elite volleyball players would have lower BF values 
than their non-elite peers, similar to other team sports such as basketball where 
body composition has been found to discriminate between levels of competition 
[14]. However, while some studies have confirmed this hypothesis [5,10,15], others 
have reported no or unclear differences in BF between playing levels [9,16,17]. 
Additionally, although BF is routinely assessed, volleyball-specific BF recommenda
tions are lacking, making it difficult for researchers and practitioners to interpret 
measurement results.

Therefore, the main aims of this systematic review and meta-analysis were to: (a) 
review the existing literature on relative BF (percentage body fat) of competitive volley
ball players; (b) provide reference values for relative BF of competitive volleyball players; 
and (c) calculate potential differences between sex, measurement method, and compe
titive level.

2. Methods

2.1. Search strategy

A systematic review and meta-analysis was conducted and reported in accordance with 
the guidelines outlined in the Preferred Reporting Items for Systematic Reviews and Meta- 
Analyses statement [18]. We conducted a comprehensive computerized search, without 
language restrictions, of the electronic databases PubMed, Web of Science, SportDiscus, 
CINAHL, and Scopus. The search was limited to peer-review articles from January 2010 to 
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July 2021. The following body composition-related search terms were combined with the 
term “volleyball” to source pertinent peer-reviewed articles: “body composition” OR “body 
fat*” OR “fat mass” OR “lean body mass” OR “fat free mass” OR “muscle mass” OR skinfold* 
OR anthropometr* OR “multi-component model” OR “bioelectrical impedance” OR bioim
pedance OR “magnetic resonance imaging” OR “computed tomography” OR “dual-energy 
X-ray absorptiometry” OR “dual x-ray absorptiometry” OR densitometry OR “underwater 
weighing” OR “air displacement plethysmography” OR hydrometry OR ultrasound OR “3D 
photonic scanning.” The search was complemented by screening the reference lists and 
citations of all retrieved articles and additional key author searches. The literature search 
and study selection were independently conducted by two researchers (PB and PM). 
Disagreements were resolved by discussion.

2.1.1. Inclusion criteria
Studies meeting the following criteria were deemed eligible for inclusion: (a) participants 
were healthy volleyball players older than 18 years; (b) players were competing at regio
nal, national, or international competitions; (c) the full-text of the article was published in 
a peer-reviewed journal in English, Spanish, Portuguese, or German language; and (d) 
outcome measures included and described at least one method of estimating relative BF.

2.1.2. Exclusion criteria
Studies were considered ineligible for this review if (a) they involved volleyball players 
with medical conditions or injuries impairing performance; (b) participants were training 
less than twice per week or had less than a year of volleyball experience; (c) relative BF 
values were not stated or not separately reported by sex or measurement method; (d) 
they presented duplicate data (e.g. same sample as in another article already included in 
the review). Studies excluded as per criteria (c) and (d) were labeled as “no data” in the 

Figure 1. Flowchart of study screening and selection. VB Volleyball.
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flowchart of the review and selection processes shown in Figure 1. Case studies, reviews, 
conference communications, opinion articles, presentations, theses, book chapters, or 
posters were not included.

2.2. Data extraction

Each included study was independently read by three investigators (PB, PM, and BM) for 
extraction of the following variables: (a) descriptive information including authors, year of 
publication and type of study; (b) participant information including sample size, sex, age, 
body height, body mass, and a sample description. Volleyball players were categorized to 
one of the three competitive levels: regional, national, and international, in line with 
a similar previous study, which used the same methodology [14]. Players from third 
national leagues or lower, university athletes, or regional teams without further descrip
tion were considered regional level. National level represents players from the first 
or second national leagues, including the National Collegiate Athletic Association divi
sions 1 and 2. Players were considered international level if the study clearly mentioned 
that participants were active members of national teams or club teams competing in 
international championships; (c) measurement information including type of measure
ment method, equipment, and computational procedures used to calculate relative BF; 
(d) relative BF as the main outcome measure. Additionally, lean compartment mass, 
including absolute (kg) or relative (%) muscle mass, fat-free mass, or lean body mass 
were extracted. For studies reporting multiple assessments (e.g. baseline, post- 
intervention, and follow-up) of BF, the pre-intervention data, or initial values were 
considered. Coding was cross-checked between authors, and differences were discussed 
until mutual agreement was reached. If pertinent data were absent or solely reported in 
figures or graphs, the corresponding authors were contacted to obtain numerical data. 
Relevant study information regarding authors and years of publication, study samples, 
methods, and outcomes are reported in appendices 1–4, respectively.

2.3. Statistical analyses

Statistical analysis was performed using R version 4.0.3, RStudio version 1.4.1103, and the 
package Metafor (version 3.0–2) [19]. The outcome variable was relative BF, and mod
erator variables were as follows: I) sex (male; female); II) method of body composition 
assessment (skinfolds; bioelectrical impedance analysis [BIA]; dual-energy x-ray absorp
tiometry [DXA]; densitometry); and III) competitive level (international, national, and 
regional). Studies were inserted as random effects. Pooled mean estimates, and their 
corresponding 95% confidence intervals (CI) were reported for each performed analysis. 
Variance of the sample mean BF for each study was calculated (SD [2]/sample size) and 
studies were weighted by the inverse of the variance in the meta-analysis models. The 
random-effects model took the residual heterogeneity of studies, which was assessed 
through Cochran’s test of heterogeneity (QE), into consideration. In addition, I [2] statistics 
were calculated to determine the degree of statistical heterogeneity, with >75% consid
ered as high statistical heterogeneity. A sensitivity analysis was implemented to investi
gate the influence of the removal of single studies on p-values and residual heterogeneity. 
Publication bias was visually inspected by examining the asymmetry of funnel plots 
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containing pseudo-confidence interval regions (white (90%), light gray (95%), and dark 
gray (99%) areas). A forest plot was used to present pooled mean estimates with 95% 
confidence intervals of arbitrarily defined groups (e.g. male international players mea
sured with DXA).

Each moderator variable was first considered independently (i.e. in a separate model 
including only one moderator). As analyses demonstrated statistically significant differ
ences between groups in all moderator variables (i.e. between females and males, 
between international and national/regional, and between measurement methods), we 
subsequently used the moderator sex in combination with another moderator (measure
ment method or competitive level). Finally, we combined all three moderators in one 
model accordingly. Hence, the model equation for the final model was 

θ̂k ¼ β0 þ femalek � β1 þ BIAk � β2 þ skinfoldsk � β3 þ densitometryk � β4 þ national � β5
þ regionalk � β6 þ ζk þ εk 

where θ̂k is the observed mean BF in study k and β0 is the mean BF in the arbitrarily 
chosen reference group of male international players measured with DXA. Further regres
sion coefficients β1 to β6 represent the changes in mean BF due to female sex, measure
ment with BIA, skinfolds, or densitometry, and national or regional competitive level. εk is 
a residuel term with a mean of 0 and the variance corresponding to the sampling variance 

of θ̂k within the study-specific population of study k. ζk is an additional random effect with 
mean 0 and variance corresponding to the heterogeneity between studies. Post-hoc 
Bonferroni correction was applied for p-values and CI when performing all pairwise 
comparisons between the four methods of body composition assessment or the three 
competitive levels.

3. Results

3.1. Study selection

The literature search revealed 1522 publications. After removing duplicates and reviewing 
titles and abstracts, 324 were selected for full-text analysis, after which 261 further articles 
were excluded for not meeting the selection criteria (the motives for exclusions are 
presented in Figure 1). The remaining 63 studies were included in the systematic review 
(see Figure 1). The study characteristics are summarized in appendices 1–4.

3.2. Study samples

In total, 2607 healthy competitive volleyball players with mean ages ranging from 18 to 
28 years were involved in the 63 studies. Across studies, the mean sample size was 41 
participants per study, ranging from 7 [20] to 163 [21]. Of the 2607 volleyball players, 976 
were male (with an average weight and height of 69–93 kg and 176–199 cm, respectively) 
and 1631 were female. (The average body weight and height ranged from 50 to 76 kg and 
from 160 to 189 cm, respectively.) Three studies involved both female and male players 
[22–24]. In total, there were 643 players categorized as “regional level” (220 male and 423 
female), 1698 as “national level” (676 male and 1022 female) and 266 as “international” (80 
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male and 186 female), with five studies directly comparing two or more competitive levels 
[9,10,15–17].

3.3. Relative body fat

For assessment of BF, 32 studies used skinfold measurements [5,10,16,17,21–48], 15 
studies used BIA [9,26,49–61], 12 studies used DXA [20,62–72] and six studies used 
densitometry [45,73–77]. Vargas et al. [45] and Buśko & Lipińska [26] directly compared 
skinfold measurements to densitometry and BIA, respectively. The first model compar
ing sex revealed that male players had significantly lower BF than female players (12.8% 
[11.9–13.8%] and 22.8% [21.9–23.7%], respectively; p < 0.001). The second model com
paring measurement methods revealed that BF values measured by DXA (24.2% [20.4– 
28.0%]) were significantly higher compared to skinfolds (18.3% [16.3–20.4%]) and BIA 
(18.4% [15.6–21.2%]) derived BF values (all p < 0.01). No significant differences for BF 
measured by densitometry (21.6% [17.4–25.8%]) were found compared to other meth
ods (all p > 0.05). The third model comparing competitive levels revealed significantly 
higher BF values of national-level players compared to regional or international-level 
players (20.3% [18.6–22.0%], 19.5% [17.8–21.2%], and 17.9% [15.6–20.2%], respectively; 
all p < 0.05).

Finally, the meta-regression was adjusted for potential moderator variables (i.e. sex, 
measurement method, and competitive level) in the fourth model. The results showed 
that the difference between sexes was significant, independent of measurement 
method or competitive level (p = 0.001). When adjusted for sex and competitive 
level, only the difference between DXA and skinfold measurements derived from BF 
values was significant (p = 0.02). When adjusting for sex and measurement method, 
the fourth model revealed that only differences between national and international- 
level players were significant (p = 0.02). Sensitivity analysis and cumulative meta- 
analysis confirmed the stability of the results regarding sex-related differences, as 
exclusion of single studies did not change statistical significance between male and 
female players. However, further sensitivity analyses revealed that results regarding 
measurement method and competitive level were not robust. Exclusion of single 
studies changed significance levels. The forest plot of the analysis is presented in 
Figure 2. Results of the meta-analysis according to subgroups adjusted for sex and 
measurement method are shown in Table 1.

No indication of publication bias was found, with most points falling symmetrically 
within the funnel plot (see Figure 3). The heterogeneity of the dataset was estimated 
using the Cochrane test of heterogeneity (QE = 2621, p < 0.0001) and I2 statistics (I2 > 
75%). Cochrane’s test of heterogeneity revealed highly stable outcomes (i.e. no changes in 
p-values after stepwise exclusion of single studies).

4. Discussion

This study used a meta-analysis approach to summarize BF values of competitive volley
ball players and examine the effects of sex, measurement method, and competitive level 
on the respective values of BF. The one major finding was that male players had 
significantly lower BF compared to their female counterparts. Although this finding was 
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to be expected, considering the biological and hormonal differences between male and 
female athletes that result in differing BF, it further reinforced the need for sex-specific 
research and reference values.

In line with the findings of the systematic review on inequalities in the assessment of 
male and female athletes in sports medicine research, the data set in this study was also 
unbalanced in terms of gender, with female volleyball players being studied more 
frequently than their male counterparts [78].

Only about one-third of the participants included in this meta-analysis were males. 
Male players were especially underrepresented in studies using laboratory methods, such 
as DXA (51 males vs. 229 females) or densitometry (0 males vs. 128 females). Future high- 
quality research on BF of male volleyball athletes, especially with laboratory methods, is, 
therefore, warranted.

Figure 2. Forest plot.

Table 1. Results of meta-analysis according to sex and measurement method.
Body fat (%)a

Method Sex No of studies No of subjects Mean (pooled) 95% CI

DXA M 2 51 16.0 13.1–18.9
F 10 229 25.8 23.0–28.7

BIA M 6 378 11.6 9.4–14.0
F 9 234 21.5 19.2–23.8

Skinfolds M 13 576 12.2 10.6–13.8
F 22 1065 22.1 20.5–23.7

Densitometry M 0 0 13.6 9.9–17.3
F 6 128 23.5 19.9–27.1

BIA bioelectrical impedance analysis, CI confidence interval; DXA dual-energy x-ray absorptiometry; F female, M male. 
aBody fat values presented are pooled estimates and 95% confidence intervals adjusted for sex and measurement 

methods.
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Another main finding was that, even after adjusting for sex and competitive level, DXA- 
derived BF values were significantly higher than those measured via skinfolds or BIA. To 
the best of the authors’ knowledge, there is no study that has directly compared DXA with 
skinfold or BIA-derived BF values of volleyball athletes to corroborate these findings. 
However, similar results were observed in a previous similar study using the same 
methodology in basketball players [14]. This also confirms the results observed in other 
studies where athletes’ BF measured by DXA was significantly higher compared to BIA and 
skinfolds when compared directly. [79,80]

No differences between the three measurement methods, skinfolds, BIA, and densito
metry, were found in our analysis. This result partly supports findings by Vargas et al. [45], 
who measured the BF of 14 female collegiate volleyball players with a skinfold caliper and 
densitometry (i.e. Bod Pod®). Although they did not statistically compare the BF measured 
by the two systems, differences were minimal (i.e. 21.2 ± 4.5% and 22.8 ± 6.3% measured 
via skinfolds and densitometry, respectively). However, Buśko & Lipińska [26] found 
significant differences between skinfold and BIA derived BF values in a sample of female 
Polish second division players (i.e. 25.6 ± 1.9 and 28.7 ± 4.8 measured via skinfolds and 
BIA, respectively).

Further data collection is required to establish differences or similarities of volleyball 
players’ BF measured by different methods. Meanwhile, these provide further support for 
the idea that it is best to compare BF values directly to measurement technique-specific 
reference values [11,81]. Additionally, although not the primary aim of this study, we 
found substantial heterogeneity in measurement devices and the computational proce
dures used. This was especially true for most applied BIA and skinfold measurements. This 
is important since evidence suggests that BF estimates derived by BIA and skinfolds are 
greatly influenced by the device and computational procedures used [82–85]. In a large 
study of 2458 active adult participants, for example, Vaquero-Christobal et al. [85] found 
significant differences between BF values calculated using from the same skinfold 

Figure 3. Funnel plot.
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measurements but using various equations, with results ranging from 10.7 ± 2.5 to 28.4 ±  
6.0%. Similarly, Golja et al. [82] compared an extensive list of skinfold regressions applied 
on skinfolds of healthy young participants and found large differences ranging from 6% to 
29% for males and 8–29% for females.

Differences in BF values obtained using different measurement methods could 
potentially result from various factors such as measurement preparation, protocol 
standardization (subject hydration status, dietary intake, physical activity, tempera
ture, and menstrual cycle), type of measuring device, and the calculation procedures 
and equations used to estimate BF. In the present study, even when using the same 
method for estimating BF, a large heterogeneity was found according to the device. 
Comparison of BF estimated using different technologies and software (usually with 
unknown calculation procedures and equations used) could lead to biased results. 
This potential bias should also be considered as a potential confounder in the forest 
plot of the present analysis shown in Figure 2. Therefore, the use of the same device 
and computational procedure is indispensable to facilitate comparison of results.

Finally, we provided novel data on BF differences between competitive levels of 
volleyball players. Our results revealed no significant differences between international 
and national-level players. In addition, unclear BF differences were found when regional- 
level players were compared to their international and national-level peers. Although 
a trend toward lower BF values in international-level players was observed, the results 
were unstable and affected by single studies in this review. Therefore, the findings of this 
meta-analysis did not confirm differences in BF between players of different competitive 
levels and may reflect changes in fitness when compared longitudinally within athletes. 
However, categorization of competitive levels might have biased our results. It is possible 
that the classification of international, national, or regional level did not reflect the players’ 
actual proficiency level, especially when considering that results from different geogra
phical regions and nations were pooled. Competitive level might be higher in countries 
where volleyball is particularly popular (e.g. Italy, Russia, Brazil, Poland, and Serbia). The 
higher BF values observed in national players compared to their regional counterparts 
may be related to the considerable heterogeneity in the methods used to assess body 
composition in these groups. The DXA method, which appears to provide higher values of 
BF than other methods, has been used more frequently in studies of athletes at national 
level than in those of players at regional level, which could potentially affect the results. 
Future studies should attempt to identify potential differences or similarities of BF across 
various competitive levels.

5. Conclusions

In summary, this is the first systematic review with meta-analysis focusing on BF of 
competitive volleyball players. We have provided reference values which may be useful 
for researchers and practitioners when interpreting their results. The results of our meta- 
analysis indicate that male players have significantly lower BF than female players. 
Therefore, it is recommended that sex-specific calibration equations and reference values 
are used when measuring and interpreting relative BF. As unclear differences were found 
when comparing different methods to measure relative BF, the interchangeable use of 
different measurement methods to determine BF is discouraged. Ideally, professionals 

716 P. MATŁOSZ ET AL.



should use the same measurement device, computational procedure, and measurement 
preparation – especially when comparing values within the same group of athletes. We 
found unclear differences in relative BF between competitive levels. Although a trend 
could be observed, relative BF did not seem to be highly indicative of athletes’ perfor
mance level.
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