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The aim of the present study was to examine (a) the relationship of body fat (BF) assessed by bioimpedance analysis (BIA) and
skinfold thickness (SKF) and (b) the variation of BF by age depending on the assessment method. Participants were 32 women and
134 men recreational marathon runners, who were tested for BF using both assessment methods (BIA and SKF). Rc between BIA
and SKF assessment methods was 0.803 (95% CI; 0.640, 0.897) in women and 0.568 (95% CI; 0.481, 0.644) in men. A large main
effect of the assessment method on BF was observed (p < 0.001, #* = 0.156) with SKF presenting higher BF than BIA by 2.9%. The
difference between SKF and BIA was 3.9 +2.7% (95% confidence intervals, CI; 3.4; 4.3, p < 0.001) in men, whereas no difference
was found in women (-0.9 +2.9%; 95% CIL; -1.9; -0.2, p =0.101). BF correlated with age with small magnitude (BIA, r=0.18,
p=0.036; SKF, r=0.23, p=0.007) in men, ie., the older the age, the higher the BF. A similar trend of moderate magnitude
was observed in women for BIA (r=0.45, p=0.011), but not for SKF (r=0.33, p=0.067). In conclusion, practitioners
involved in the training of recreational runners would be advised to consider that BIA elicits a lower BF value than the SKF
method in men.

1. Introduction

Body fat percentage (BF) has been a predictor of race time in
marathon runners—with faster times associated with lower
BF—and has been routinely monitored in this sport [1-3].
For instance, elite marathon runners with a personal record
less than 2h 10min were characterized by low BF (<10%)
[4], whereas recreational runners with a personal record close
to 4h had BF higher than 15% [5]. An explanation of this
relationship of BF with performance might be that adipose

tissue consisted of an excess mass that runners should carry
across a long distance increasing the metabolic demands
[6]. BF has been widely assessed in marathon runners using
skinfold thickness (SKF) in a certain number of anatomical
sites, e.g., seven [4, 7] and ten [8] sites. In addition to SKF,
BF has also been evaluated using the technique of bioelectri-
cal impedance analysis (BIA) [9].

Little information existed so far about the relationship
between measures of BF relying on SKF and BIA in recrea-
tional runners. Considering the popularity of SKF [2, 10]


https://orcid.org/0000-0001-8030-7122
https://orcid.org/0000-0003-1981-1092
https://orcid.org/0000-0002-7004-4565
https://orcid.org/0000-0001-5749-6877
https://orcid.org/0000-0002-2412-9103
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1155/2021/3717562

and BIA [11, 12] to evaluate BF and that these methods
might be used interchangeably in the context of training
monitoring and performance prediction [13], it would be
of practical importance for marathon runners and practi-
tioners working with them to be aware of the relationship
between SKF and BIA.

A comparison of these measures in ultraendurance
swimmers, cyclists, and triathletes indicated higher values
of BF in BIA than in SKF [14]. Since both methodological
approaches were widely applied in marathon runners [4,
9], knowledge on the relationship between these approaches
could provide valuable information to professionals (e.g.,
exercise physiologists, sport nutritionists, coaches, and
trainers); it would be of great practical importance for prac-
titioners to optimize body mass and body composition of
their runners. Studying the relationship between BIA and
SKF would concern a large number of athletes—of both
sexes and of a wide range of age—who might use these
assessment methods interchangeably [15]. Thus, the aim of
the present research was to investigate (a) the relationship
of BF assessed by BIA and SKF and (b) the variation of BF
by age and BMI depending on the assessment method.

2. Materials and Methods

2.1. Participants. Participants were 32 women (age, 40+ 9
years, height 162 + 7 cm, and body mass 58 + 8kg) and 134
men (4419 years, 176 + 6cm, and 77 £ 9 kg, respectively)
marathon runners, who had responded to a public call
through social media. All participants finished the Athens
marathon 2017. After having been informed about the proce-
dures of the research, all participants provided written
informed consent. Female and male participants had record
in marathon race time 4:34+0:39 and 4:02+0:44
h:min, experience in running training 5.5+4.6 and 6.8 +
5.8 years, 3.3+ 3.6 and 5.6 £ 6.3 finished marathons, weekly
training days 4.1 + 1.5 and 4.4 + 1.2, and weekly training run-
ning distance 47.7 + 22.6 and 53.2 + 21.1 km, respectively.

2.2. Procedures. Height and weight were measured with sub-
jects in minimal clothing and barefoot. A weighing scale
HD-351 (Tanita, Arlington Heights, IL, USA) was used for
measurement of weight (to the nearest 0.1 kg) and a portable
stadiometer (SECA, Leicester, UK) for height (to the nearest
0.1 cm). The thickness of ten SKF (cheek, chin, pectoral, tri-
ceps, subscapular, abdomen, chest II, iliac crest, patella, and
proximal calf) was measured to the nearest 0.1 mm (Har-
penden, West Sussex, UK) [16]. Parizkova’s equations
(women, BF =39.572 log X — 61.25; men, BF =22.32 log X
—29; X=sum of 10 SKF) were used to estimate BF [16].
An exercise physiologist with experience of measuring SKF
with an intraclass correlation coefficient higher than 0.99
in over 10,000 subjects performed all assessments including
anthropometric characteristics. Considering the excellent
intraclass coefficient correlation of the tester, a single assess-
ment was performed for each anatomical site of SKF. More-
over, BF was evaluated by Tanita BC-545 BIA (Tanita,
Arlington Heights, IL, USA). Prior to BIA measurement,
sex, age, height, and training status (i.e., being athlete or
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not) were entered in Tanita BC-545. With regard to the
Tanita BC-545 BIA’s option of “being athlete or not,” the
athlete mode was selected for all participants, and conse-
quently, the corresponding training-specific in-built predic-
tion equations were applied. All testing procedures were
carried out on a single session and in the same order (height,
weight, SKF, and BIA) by the same researcher who had large
experience in the assessment of anthropometry and body
composition.

2.3. Statistical and Data Analysis. All analyses were per-
formed by GraphPad Prism v. 7.0 (GraphPad Software,
San Diego, USA) and IBM SPSS v.26.0 (SPSS, Chicago,
USA). Statistical significance was set at alpha=0.05. Data
were presented as the mean and standard deviations. Lin’s
concordance correlation coefficient (Rc) examined the rela-
tionship between BIA and SKF assessment methods, and
95% confidence intervals (CI) were calculated. A between-
within analysis of variance (ANOVA) examined the main
effects of assessment method (BIA versus SKF) and sex,
and their interaction on BF, and eta squared (1*) estimated
the magnitude of differences. Bland-Altman plots were used
to analyze the agreement between SKF and BIA method to
assess BF, and Pearson correlation coefficient r examined
the relationship between the difference (SKF minus BIA)
and average values ((SKF + BIA)/2) for each sex.

3. Results

Rc between BIA and SKF assessment methods was 0.803
(95% CI; 0.640, 0.897) in women and 0.568 (95% CI;
0.481, 0.644) in men (Figure 1). In women, SKF BF and
BIA BF did correlate with any training variable (|r|<0.22,
p>0.225). In men, SKF BF and BIA BF correlated with
weekly training days (r=-0.39, p<0.001;r=-0.32,p<
0.001, respectively) and weekly running distance (r = —0.41,
p<0.001; r=-0.35, p < 0.001, respectively), but not with the
number of finished marathons or years of running training
(Ir]1 <0.14, p > 0.116).

The between-within subjects ANOVA showed a large
main effect of the assessment method on BF
(p <0.001, 7% =0.156) with overall SKF value being higher
than BIA by 2.9% (Table 1). A large sexxassessment method
interaction on BF was observed (p < 0.001,#? =0.317) with
the difference between SKF’s and BIA’s BF being higher in
men than in women. Particularly, a paired-samples t-test
showed that this difference was 3.9 +2.7% (95% confidence
intervals, CI; 3.4; 4.3, p <0.001) in men, whereas no differ-
ence was found in women (—0.9 + 2.9%; 95% CI; -1.9; -0.2,
p=0.101).

An analysis of Bland-Altman plots indicated a negative
relationship between the difference between the two assess-
ment methods and their average value of small magnitude,
ie, the larger the BF, the smaller their difference
(Figure 2). BF correlated with age with small magnitude
(BIA, r=0.18, p=0.036; SKF, r=0.23, p=0.007) in men,
i.e., the older the age, the higher the BF. A similar trend of
moderate magnitude was observed in women for BIA
(r=0.45,p=0.011), but not for SKF (r=0.33,p=0.067)
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FIGURE 1: Relationship of body fat percentage (BF) estimated by bioelectrical impedance analysis (BIA) and skinfold (SKF) method. R

= coeflicient of determination.

TaBLE 1: Body fat percentage and body mass index by sex.

Variable Women (n =32) Men (n=134)
BMI (kg:m™) 21.8+2.2 24.7+2.6**
SKF_BF (%) 19.6+4.7 17.7 + 4.0
BIA_BF (%) 20.5+£5.0 13.8+4.6%"

BMI=body mass index; BF=body fat; SKF=skinfold thickness;
BIA = bioelectrical impedance analysis; sex difference at *p <0.05and **p
<0.001.

(Figure 3). The difference between BIA and SKF BF did not
correlate with age in women (r = —0.25, p = 0.176) and men
(r=0.04,p=0.667), but it correlated with BMI in men
(r=-0.26, p =0.002; women, r =—0.28, p =0.117).

4. Discussion

The main findings of the present research were that (a) BIA
and SKF provided comparable BF in women but differed in
men (lower BF in BIA than SKF by ~4%) and (b) age corre-
lated low-to-moderately with BF depending on sex and
assessment method. With regard to the role of age in BF,
the small-to-moderate magnitude of this relationship might
be attributed to long-term adaptations to exercise resulting
in attenuation of the increase of BF with age. A recent study
showed that men runners ~50 years old had less BMI and BF
than a control group [17]. Also, it was found previously that
the differences between younger and elder men were greater
for visceral fat than for subcutaneous fat [18]. That is, the
aging process per se as well as the increase in BF with age
can be a key factor in sports performance [19-22]. In addi-
tion, the discrepancy between BIA and SKF found in women
was in agreement with a previous study [23] confirming a
tendency for higher BF in BIA than in SKF with aging.
The evaluation of BIA and SKF elicited comparable
values in women, but different in men, where BIA provided
the lowest value. The discrepancy of these methods in men
should be attributed to variations in hydration status [24]
as it has been observed that hydration levels impacted BIA
BF [25]. In addition, the reliability of BIA might depend
on factors linked to the apparatus, e.g., electrodes and partic-
ipants [26]. Through Bland-Altman analysis, it was possible

to observe that the SKF and BIA methods were more diver-
gent in individuals presenting low fat mass percentage than
in individuals presenting high fat mass. This might justify
why the women, who traditionally presented higher BF than
men, had lower divergence between the two ways of estimat-
ing BF than the men. This observation was in line with a
comparison between BIA and SKF in older adults, where
women had higher BF than men with both assessment
methods and showed a better level of agreement between
the methods [27].

The lower value by ~4% of men’s BF in BIA than in the
SKF method in the present study was in line with research
reporting comparable differences in soldiers (~3.5%) [28]
and physically active adults (~5.5%) [29], whereas a smaller
difference was observed in hikers [30]. A common charac-
teristic of the studies reporting lower BF in BIA than in
SKF was that they were conducted on physically active
men or athletes [28-30]. On the other hand, there were stud-
ies reporting higher BF in BIA than in SKF [31, 32]. For
instance, BIA elicited ~6% higher BF than seven-site SKF
in young adults [31] and ~2.5% higher BF than SKF in
hemodialysis patients [32].

With regard to the limitations of the specific methods of
BF evaluation, it was recognized that there were other SKF
methods—based on different equations and/or number of
anatomical sites—that could elicit different values of BF
[33]; similarly, other BIA devices might also differ for the
estimation of BF [34] considering the specific prediction
algorithms and the technical characteristics of the device.
Therefore, the results of this research should be generalized
carefully to other assessment tests of body composition.
Another limitation of the study might be the unequal sample
sizes between female and male participants; however, the
variance of values—as indicated by standard deviation of
both methods’ BF—did not differ by sex suggesting that
the assumption of equal variances in ANOVA was not vio-
lated. Furthermore, it should be highlighted that the smaller
sample size of female than male participants (corresponding
to a men-to-women ratio 4.19) was ecologically valid since it
reflected the men-to-women ratio observed in several mara-
thon races (e.g., 2.36 in the New York City marathon 1970-
2017 [35], 3.86 in the Oslo marathon 2008-2018 [36], and
4.06 in the Athens marathon 2017 [37]). The results might
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FIGURE 2: Bland-Altman plots showing the difference (bias) between skinfold thickness (SKF) and bioelectrical impedance analysis’ (BIA)
body fat percentage (BF) (average). Difference = SKF_BF — BIA_BF; average = (SKF_BF + BIA_BF)/2.
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FIGURE 3: Body fat percentage (BF) assessed by skinfold and BIA methods in relation to age.

provide practical information to monitor training in view of
the popularity of marathon races [35, 38] and the impact of
BF on running performance [2, 39]. However, it should be
highlighted that—since neither the one nor the other of the
two methods was considered a golden standard of body
composition—the present study concerned the comparison
of two indirect assessment methods of body fat (SKF and
BIA) [40, 41] and was not aimed at validating the one using
the other one as reference.

It should be noted that the abovementioned discussion
focused on the consideration of mean scores. In this context,
the findings of the present study would have practical appli-
cations for coaches and fitness trainers working with a group
of endurance runners rather than working with a single run-
ner. An analysis of Bland-Altman plots (Figure 2), where the
limits of agreement (LoA) provided a measure of agreement
at an individual level (i.e., a single runner), showed a rela-
tively large level of agreement (LoA -6.64 to 4.88% in women
and -1.46 to 9.19% in men) precluding interchangeability of
the two assessment methods at an individual level.

In conclusion, professionals working with recreational
runners should consider that bioelectrical impedance analy-
sis might provide lower body fat percentage scores than the

SKF method in men. Therefore, we suggest that practitioners
avoid using mixed devices to monitor the effects of training
intervention on BF.
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