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Abstract

Purpose Few studies have examined responsiveness of

bioimpedance (BIA) to detect changes over time in body

composition using a longitudinal design. Accuracy of BIA

and skinfold thickness in estimating body composition

among 39–64 year-old women was investigated using dual-

energy X-ray absorptiometry (DXA) as a criterion method

both cross-sectionally and during a training intervention.

Methods 97 women had percentage of fat assessed using

DXA, skinfolds and eight-polar BIA using multi-frequency

current. Fat mass and lean mass were estimated by DXA

and BIA. Measurements were performed before and after

the 21-week training intervention.

Results At baseline relative to DXA, BIA under predicted

percentage of fat (-6.50 %) and fat mass (-3.42 kg) and

overestimated lean mass (3.18 kg) considerably. Also

skinfold measurement under predicted percentage of

fat compared to DXA, but the difference was smaller

(-1.69 % units). Skinfold measurement overestimated

percentage of fat at low values and underestimated at high

values (r2 = 0.535). A significant bias was detected

between DXA and BIA’s estimate of change in percentage

of fat, fat mass and lean mass. Compared to DXA, BIA and

skinfolds underestimated the training-induced positive

changes in body composition.

Conclusions BIA and skinfold methods compared to

DXA are not interchangeable to quantify the percentage of

fat, fat mass and lean mass at the cross-sectional design in

middle-aged women. Moreover, exercise training-induced

small changes in body composition cannot be detected with

BIA or skinfold method, even though DXA was able to

measure statistically significant within-group changes in

body composition after training.

Keywords Multifrequency bioimpedance � Dual-energy

X-ray absorptiometry � Exercise training intervention �
Strength training � Endurance training � Combined training

Introduction

Aging is generally associated with increased general adi-

posity and redistribution of body fat into visceral depot

(Kuk et al. 2009; Rissanen et al. 1988). In addition, with

advancing age, muscle mass declines (Frontera et al. 1991,

2000). These changes in body composition result in a

decrease in functional capacity and increase risk for met-

abolic diseases. Physical training has been shown to

improve not only physical performance but also body

composition even in older individuals (Treuth et al. 1994,

1995). In terms of increasing health benefits, the primary

goal of exercise interventions among middle-aged and

older individuals is to maximize the loss of fat mass (FM)

while preserving or increasing fat free mass (FFM). Several

body composition methods have been used for estimating

total and regional body composition and fat distribution,

but less is known of their suitability for assessing the dif-

ferential changes in body composition following endurance

and strength training interventions.
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Dual-energy X-ray absorptiometry (DXA) is considered

to be a valid technique for total and regional fat and muscle

tissue assessment and also a sensitive method for assessing

small changes in body composition (Houtkooper et al.

2000; Pritchard et al. 1993). However, it must be noted that

different DXA devices and software have been shown to

give different estimates of body composition (Aasen et al.

2006, 2010; Genton et al. 2002; Huffman et al. 2005) and

compared to MRI and 4-component method DXA has been

reported to show only reasonable accuracy at the individual

level (Kim et al. 2002; van der Ploeg et al. 2003). Direct

measurements of lean tissue, fat tissue and bone mineral by

DXA have shown high precision (2–3 % for soft tissue

measurements) (Jebb et al. 1993). Other advantages are

relatively fast scanning time of 10–15 min and low radia-

tion dose. The equipment is rather expensive and due to

radiation dose the measurement requires health care pro-

fessional. Therefore, DXA is not widely available outside

of the clinical and research settings. There is an urgent

need for low cost equipment that can estimate body com-

position with good reliability in both cross-sectional and

intervention studies.

Bioelectrical impedance method (BIA) is widely avail-

able, rapid, non-invasive, relatively inexpensive and with-

out a requirement for high-level operator training

(Malavolti et al. 2003). BIA measures resistance to an

electronic current, so that the lowest resistance is observed

by FFM due to the high-water content. After measuring

resistance or impedance, raw values will be converted into

percentage of body fat using special algorithms. Various

BIA machines are supplied with proprietary prediction

equations for the estimations of different body composition

parameters. The details of these equations as well as the

raw measurement values generated by the BIA machine are

often unavailable for the users. These population-specific

equations may contribute to an error in body composition

measurements in different populations. BIA also is quite

sensitive to hydration status, temperature, the time of the

measurement, body symmetry and position (Andreoli et al.

2009). Previous validation studies of the accuracy of the

BIA technique have shown contradictory results. The dis-

cordance between results may in part be due to the meth-

odological differences such as the various devices used,

and also due to the heterogeneity of the populations and

rather a low number of subjects studied.

Various BIA machines have been developed over the

years, and the direct segmental multi-frequency BIA

analysis has been shown to have better accuracy compared

to the other BIA devices (Demura et al. 2004). Even this

BIA method has, however, been shown to produce mixed

results in body composition estimates, especially when

these machines have been validated against DXA (Beeson

et al. 2010; Demura et al. 2004; Leahy et al. 2011; Ling

et al. 2011; Malavolti et al. 2003). Previous studies have

shown that the BIA methods provide systematically lower

values for FM than, for example, DXA (Bolanowski and

Nilsson. 2001; Leahy et al. 2011; Volgyi et al. 2008). Also

according to some studies, the accuracy of BIA in esti-

mating body fat is negatively affected by obesity (Leahy

et al. 2011; Neovius et al. 2006; Shafer et al. 2009).

Although several studies (Beeson et al. 2010; Demura

et al. 2004; Leahy et al. 2011; Ling et al. 2011; Malavolti

et al. 2003; Neovius et al. 2006; Volgyi et al. 2008) have

tried to cross validate different body composition devices,

only a couple of studies have compared the utility of dif-

ferent methods to assess changes in body composition in

intervention studies (Evans et al. 1999; Houtkooper et al.

2000; Mahon et al. 2007; Nelson et al. 1996). These studies

have used different designs as well as different analyzing

and statistical methods and subjects. The results have been

rather inconsistent. For example, Nelson et al. (1996)

concluded that hydrostatic weighting is superior to

anthropometry, BIA and DXA to estimate changes in body

FM in strength trained, older, weight-stable women. In

contrast, Houtkooper et al. (2000) reported that DXA was

more sensitive than hydrostatic weighing and a multi-

component model for assessing small changes in body

composition in post-menopausal, weight-stable women

after physical training.

Only a few studies have compared the usability of BIA,

skinfolds and DXA in detecting training-induced changes

in body composition. According to our knowledge, there

are no studies that have investigated responsiveness of

multifrequency BIA to detect changes over time using

longitudinal data. Therefore, the purpose of this study was

to compare Lunar Prodigy DXA and direct segmental BIA

and skinfold methods to evaluate their capability to esti-

mate training-induced changes in %FAT, FM and LM over

the 21-week intervention period in 39 to 65-year-old

women, who participated in the three different exercise

training programs or served as controls. Based on the lit-

erature, we hypothesized that DXA is superior to bioim-

pedance and skinfolds to estimate changes in body

composition during training.

Materials and methods

Subjects

Women (mean 51.6 ± 7.5 years, range 39–64 years) living

in the Jyväskylä city region were selected as subjects. A

newspaper advertisement in the local free newspaper was

published. 97 volunteers who fulfilled the inclusion criteria

and passed the baseline physical examination were ran-

domly assigned, with stratification for age, BMI and
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menopausal status (pre- or post-menopausal), to three

training groups and one control group. The project was

approved by the Ethics Committee of the Central Finland

Health Care District. Subjects signed a consent form before

participation. This work was a part of a larger project, and

detailed data on changes in aerobic and neuromuscular

performance as well as changes in body composition

measured by DXA have been published in detail with a

smaller number of subjects (Karavirta et al. 2011; Sillanpaa

et al. 2009).

Exclusion criteria

All physical or psychological diseases, which may have

precluded the ability to perform the requested strength and

endurance training and testing, including pronounced

overweight or obesity (body mass index [ 28 kg/m2),

impaired glucose tolerance and diabetes, and medications

known to influence physical performance or interpretation

of the findings were used as exclusion criteria. Subjects

with a background in moderate to high-intensity endurance

or strength training more than once a week during the last

year before the study were also excluded.

Study design

The female subjects were randomized into the endurance

training (E, n = 24), strength training (S, n = 29), com-

bined strength and endurance training (SE, n = 25) or

control group (C, n = 19). Body composition of the

subject groups presented in Table 1. The measurements

for all subjects took place twice before training at weeks

-1 and 0 (a control period with no experimental training)

and after 21 weeks of training, but the measurements for

the body composition by dual X-ray absorptiometry

(DXA) and maximal cycling tests were performed only

once before and after the study period. During the

21-week training period, both strength and endurance

groups trained two times a week and the combined

strength and endurance group trained two times a week for

strength and two times a week for endurance. All training

sessions were supervised. Missed training sessions were

made up during subsequent training weeks so that the total

amount of training sessions was reached. All subjects

were instructed to continue their habitual physical activi-

ties as before. A short nutrition counseling session was

provided for the training groups before the study. This

session included both verbal and written instructions,

which were based on the Finnish nutrition recommenda-

tions. The main purpose was to provide guidance on a

healthy diet sufficient for exercise requirements. The

women did not use pre- or post-workout protein or other

supplements during the study.

Endurance training

The intensity of cycle training was based on the aerobic

performance tests (aerobic and anaerobic threshold) and

controlled by heart rate monitoring (Aunola and Rusko

1986; Hakkinen et al. 2006). Training was periodized into

three training cycles and training intensity and duration

was progressively increased throughout the training period.

Training program has been described in detail earlier

(Karavirta et al. 2011).

Strength training

The present 21-week strength training program was a total

body program for the lower and upper extremities and

trunk. The training program has been described in detail

earlier (Sillanpaa et al. 2008). Briefly, the training period

consisted of three specific training cycles of 7 weeks in

duration: (1) to improve muscle strength endurance and to

reduce total fat (loads of 40–60 % of 1RM), (2) to produce

muscle hypertrophy to increase the total muscle mass/fat

ratio (60–80 % of 1RM), and (3) to optimize gains in

maximal strength of the trained muscles (70–90 % of

1RM). The individual loads of strength training were

determined based of the strength tests. The supervised

training sessions averaged from 60 to 90 min in length two

times a week.

Measurements

Body composition

All body composition measurements were performed and

analyzed by the same investigator throughout the study

period. Subjects were instructed to rest at least 8 h during

the previous night and to avoid strenuous exercise, alcohol

consumption and sauna for 24-h. All metal items were

removed from the participants to ensure the accuracy of the

measurement. BIA measurements were performed in the

post-absorptive state after a 12-h overnight fast and mea-

surements were performed between 7:00 a.m. and 9:00

a.m. During the measurement subjects were in light

clothing.

Dual-energy X-ray absorptiometry (DXA)

Body composition was estimated by DXA (Lunar Prodigy,

GE Healthcare). The subjects were positioned supine in the

center of the table. They were scanned using the default

scan mode for total body scanning automatically selected

by the Prodigy software. The system software (enCORE

2005, version 9.30) provides the mass of lean soft tissue,
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fat, and bone mineral. Body composition was analyzed

using estimated FM and lean mass of soft tissue without

bone (LM). Precision of the repeated measurements

expressed as the percent coefficient of variation was 2.2 %

for fat.

Bioelectrical impedance analysis (BIA)

Body composition was estimated by an eight-polar bio-

impedance method using multifrequency current (InBody

720, Biospace Co., Seoul, Korea). The device was pre-set

by the manufacturer. This device takes readings from the

body using an eight-point tactile electrode method, mea-

suring resistance at five specific frequencies (1, 50, 250,

500, and 1 MHz) and reactance at three specific frequen-

cies (5, 50, and 250 kHz). The Inbody bioimpedance

device estimates total body water using the sum of five

segmental resistances, which are calculated for all fre-

quencies (the prediction equation and its reference have not

been published) (Demura et al. 2004). FFM is estimated

based on the assumption that hydration of FFM is 73.2 %.

FM is calculated by subtraction of FFM from total weight.

Table 1 Body composition

variables in different groups at

baseline and respective changes

during the 21-week intervention

period

Values are means with standard

deviation

E endurance, S strength, SE

combined strength and

endurance, C control, DXA

dual-energy X-ray

absorptiometry, BIA

bioimpedance, %FAT

percentage of fat

Baseline Change Within-group

p value

Between groups

p-value

Body weight (kg) E 66.2 (8.7) -0.9 (1.5) 0.008 0.615

S 66.2 (9.8) -0.3 (2.5)

SE 65.2 (8.9) -0.3 (1.8)

C 66.9 (7.6) -0.4 (0.6) 0.030

Body mass index (kg/m2) E 25.0 (2.5) -0.3 (0.6) 0.010 0.842

S 24.5 (3.0) -0.1 (1.0)

SE 24.5 (3.2) -0.1 (0.7)

C 24.2 (2.3) -0.2 (0.2) 0.010

Fat massDXA (kg) E 24.3 (6.2) -1.3 (1.8) 0.001 0.158

S 23.1 (7.2) -0.8 (2.2)

SE 21.9 (7.2) -1.1 (1.4) \0.001

C 22.8 (6.3) -0.1 (1.0)

Fat massBIA (kg) E 20.5 (5.9) -0.6 (1.5) 0.599

S 19.7 (6.6) -0.3 (2.2)

SE 18.6 (7.0) -0.4 (1.5)

C 19.6 (5.2) 0.1 (1.4)

Lean massDXA (kg) E 40.0 (3.8) 0.4 (1.1) 0.103

S 41.0 (4.4) 0.3 (1.0)

SE 41.3 0.8 (1.1) 0.003

C 41.8 (3.5) -0.1 (1.0)

Lean massBIA (kg) E 43.4 (4.0) -0.3 (0.8) 0.333

S 44.1 (5.1) 0.0 (1.1)

SE 44.5 (4.1) 0.1 (1.1)

C 44.9 (3.6) -0.4 (1.2)

%FATDXA E 37.2 (4.9) -1.6 (2.0) 0.001 0.231

S 35.3 (7.3) -1.1 (2.1) 0.010

SE 33.8 (7.1) -1.9 (1.8) \0.001

C 35.0 (6.8) -0.7 (1.5)

%FATBIA E 30.4 (5.6) -0.5 (1.9) 0.511

S 29.0 (6.9) -0.3 (2.3)

SE 27.3 (8.2) -0.4 (1.9)

C 28.8 (5.5) 0.4 (1.9)

%FATSF E 34.0 (2.5) -0.1 (1.3) 0.454

S 33.5 (3.8) -0.5 (1.3) 0.041

SE 32.8 (3.9) -0.4 (1.2)

C 34.5 (3.6) -0.3 (1.4)
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Soft lean mass without bone was selected into the analysis,

instead of FFM, because it is more comparable to DXA

LM, which does not include bone. By BIA, LM is calcu-

lated by subtracting bone mass from FFM (Malavolti et al.

2003; Pietrobelli et al. 1996). Bone mass is predicted using

predicted FFM and a special prediction equation that uses

DXA bone values as a reference (detailed equations have

not been published). Before the test, subjects were

instructed to excrete. Body height, age and gender were

entered to the device by the research personnel. During

measurements, they wiped their palms and foot soles with

an electrolyte cloth provided by the manufacturer. Subjects

stood with the ball and heel of each foot on two metal

electrodes on the floor scale and held handrails with metal

grip electrodes. Arms were fully extended and abducted

approximately 20� laterally. After the measurement, data

were electronically imported to Excel using Lookin’Body

software.

Skin folds (SF)

The fat percentage was estimated by measuring skin-fold

thickness at four different sites according to Durnin and

Womersley (1974). The average of three measurements

was used in calculations. The same investigator made all

the measurements.

Body height, weight and body mass index (BMI)

Height was measured by an inelastic plastic tape measure

with the subjects standing barefoot. Body weight was

measured with the calibrated electrical scale (Model 708

[d = 0.1 kg], Seca, Germany) with the subjects in their

underwear. BMI was calculated by dividing weight in

kilograms by the square of height in meters (kg/m2).

Physical fitness

Aerobic performance

The graded exercise test was carried out using the Monark

E839 (Monark Oy, Sweden) cycle ergometer to determine

maximal oxygen uptake as well as aerobic and anaerobic

thresholds. Oxygen uptake was measured breath-by-breath

continuously (SensorMedics� Vmax229). Maximal oxygen

uptake (VO2max) was determined at the highest 1-min

average of VO2 during the test (Karavirta et al. 2011).

Leg extension strength

A David 210 dynamometer (David Fitness and Medical,

Outokumpu, Finland) was used to measure maximal

bilateral concentric force production of the leg extensors

(hip, knee, and ankle extensors) in a horizontal leg press

exercise.

Statistical analyses

The changes in study variables during intervention between

the groups were compared with the analysis of covariance

(ANCOVA) using the baseline values (week 0) as the

covariate. If necessary, the data were transformed loga-

rithmically before ANCOVA to fulfill the criterion of

normal distribution. Within-group analyses were per-

formed with paired samples T-tests. The relationships

between different variables at baseline were assessed with

the Pearson’s correlation test and the relations between the

changes in variables during the intervention were studied

using partial correlation analysis with adjustment for

group. Statistical significance was assessed at the level of

p B0.05. Reproducibility of percentage of fat analysis by

BIA and skinfolds was tested by comparing the two control

period measurements (at week -1 and week 0). The reli-

ability was assessed by one-way random model of intra-

class correlation coefficient (ICC) (Weir 2005).

The Bland–Altman statistical test was used to examine

bias (mean difference) and limits of agreement (±2 SD)

between the two methods, and DXA was used as a criterion

method. Pearson correlation coefficient was used to test if

the amount of FM or LM was related to the magnitude of

the change between the methods. Differences between

groups in mean values of DXA and BIA and DXA and

skinfolds as well as differences in the changes were tested

by T-tests.

Results

At baseline, the mean leg extension strength was

98.1 ± 14.4 kg and maximal oxygen uptake 26.2 ± 5.3 ml/

kg/min in the total group of subjects. The 21-week inter-

vention period resulted in significant increases in leg

extension strength in S (9.5 ± 8.6 %, p \ 0.001) and SE

(11.7 ± 7.2 %, p \ 0.001), but not in E (between groups

p \ 0.001). In addition, maximal oxygen consumption (ml/

kg/min) increased more both in E (20.7 ± 15.6 %,

p \ 0.001) and in SE (15.8 ± 10.6 %, p \ 0.001) than in S

(7.14 ± 16.5 %, p = 0.048) (between groups p \ 0.001).

There were no changes in physical performance in the

control group during the 21-week intervention period. Food

intake was similar in all four groups at baseline. Average

energy intake (mean from weeks 0 and 21) varied between

7.0 and 7.3 MJ in all groups and did not change during

intervention. There were no changes between groups in food

intake during the intervention period and within-group

changes were minor (data not shown).
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At baseline

At baseline in the total group of subjects, there was a

significant correlation between DXA and BIA for esti-

mating %FAT (r = 0.917, p \ 0.001), FM (r = 0.965,

p \ 0.001) and LM (r = 0.910, p \ 0.001). Also %FAT

measured by skinfolds correlated significantly with %FAT

measured by DXA (r = 0.773, p \ 0.001) and BIA

(r = 0.802, p \ 0.001). Intraclass correlation coefficient

for %FAT measured by BIA and skinfolds was 0.986 and

0.993.

BIA under predicted %FAT (-6.50 %), FM (-3.42 kg)

and overestimated LM (3.18 kg) relative to DXA (all

p \ 0.001) (Figs. 1, 2; Table 2). Also skinfold measure-

ment under predicted %FAT compared to DXA, but the

bias was smaller (-1.69 %, p \ 0.001) than with BIA. The

use of skinfolds resulted in systematic errors for the

prediction of %FAT compared with DXA (r2 = 0.535),

with skinfold measurement overestimating %FAT at low

values and underestimating at high values (Fig. 1).

The longitudinal assessment

The longitudinal assessment showed in the total group of

trained subjects that changes in %FAT correlated signifi-

cantly with DXA and BIA (r = 0.684, p \ 0.001) and

DXA and skinfolds (r = 0.526, p \ 0.001). Changes in

FM correlated well with DXA and BIA (r = 0.814,

p \ 0.001), but a weaker correlation occurred in the

changes of LM (r = 0.371, p \ 0.001). Significant changes

in %FAT were measured by DXA and skinfolds and in FM

and LM measured by DXA and in the total group of trained

subjects, while BIA detected statistically significant change

only in FM (Table 2). In separate groups, the mean weight

Fig. 1 Bland–Altman plots of baseline comparisons of bioimpedance

(BIA) (a) and skinfolds (SF) (b) with dual-energy X-ray absorpti-

ometry (DXA) for percentage of fat (%FAT)

Fig. 2 Bland–Altman plots of baseline comparisons of bioimpedance

(BIA) with dual-energy X-ray absorptiometry (DXA) for fat mass

(FM) (a) and lean mass (LM) (b)
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loss during the intervention was significant in E and C

(Table 1). %FAT measured by skinfolds decreased signif-

icantly only in the strength training group (-0.5 ± 1.3 %,

p = 0.041), but with DXA in all training groups (E

-1.6 ± 2.0, p = 0.001, S -1.1 ± 2.1, p = 0.010 and SE

-1.9 ± 1.8, p \ 0.001). BIA did not detect change in

%FAT. FM decreased significantly in the endurance

trained groups (E -1.3 ± 1.8 kg, p = 0.001 and SE

-1.1 ± 1.4 kg, p = 0.001) as measured by DXA, but BIA

did not detect any statistically significant changes. Statis-

tically significant increases were observed in LM in the

combined training group (0.8 ± 1.1 kg, p = 0.003) as

measured by DXA, but not by BIA.

In the total group of trained subjects, a significant bias

was detected between DXA and BIA’s estimate of change

in %FAT (Fig. 3). According to the results, both BIA (bias

-1.110, limits of agreement [2.122 to -4.343], p \ 0.001)

and skinfold method (bias -1.140, limits of agreement

[2.134 to -4.415], p \ 0.001) underestimated the change

in %FAT and individual variations were high.

The difference between the DXA and skinfold methods

in estimating changes in body composition seems to be

affected slightly (r2 = 0.251) by the amount of D%FAT so

that skinfolds overestimated D%FAT at low values and

underestimated D%FAT at high values. Compared to DXA,

BIA underestimated the loss of FM (bias 0.638 kg,

p \ 0.001) and gains in LM (bias -0.544 kg, p \ 0.001)

after the intervention (Fig. 4). The limits of agreement

varied between 1.597 and -2.873 in DFM and between

3.110 and -2.021 in DLM between DXA and BIA.

Discussion

The data from this study indicate that on the group basis or

on the individual basis the direct segmental multi-fre-

quency BIA and skinfold methods compared against DXA

are not interchangeable to quantify the %FAT, FM and LM

at the cross-sectional design in middle-aged women.

Although the direct segmental BIA and skinfold correlated

very well with DXA in %FAT, FM and LM analysis, BIA

underestimated both %FAT and FM and overestimated

LM. With skinfolds, the underestimation of %FAT was

smaller, but this four point method seems to include a

systematic error in the %FAT analysis. DXA was able to

measure statistically significant within-group increases in

LM in the combined training group, decreases in FM in the

endurance trained groups and decreases in %FAT in all

training groups. These training-induced small changes in

body composition could not be detected with the BIA or

skinfold methods.

The 21-week exercise intervention resulted in small, but

statistically significant training specific adaptations in body

composition. The magnitude of the increase, for example,

Table 2 Body composition at baseline in the total group of subjects

(n = 95) and respective changes after the intervention in the total

group of trained subjects (n = 77)

Variables Method Before

intervention

Change after

intervention

p-value

Fat mass (kg) DXA 23.1 (6.9) -1.1 (1.8) \0.001

BIA 19.6 (6.5) -0.4 (1.8) 0.034

Lean mass

(kg)

DXA 40.8 (3.9) 0.5 (1.1) \0.001

BIA 44.0 (4.4) -0.1 (1.0)

Percentage of

fat (%)

DXA 35.4 (6.6) -1.5 (2.0) \0.001

BIA 28.8 (6.6) -0.4 (2.0)

Skinfolds 33.4 (3.5) -0.4 (1.2) 0.010

Values are means with standard deviation

DXA dual-energy X-ray absorptiometry, BIA bioimpedance

Fig. 3 Bland–Altman plots comparing bioimpedance (BIA) (a) and

skinfolds (SF) (b) with dual-energy X-ray absorptiometry (DXA) for

changes in percentage of fat (%FAT) after intervention in the total

group of trained subjects
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in muscle mass depends largely on the body composition

method used in the study. Previous studies have reported

that high-intensity strength training interventions have

resulted in 9–11 % increases muscle thickness (Alegre

et al. 2006; Reeves et al. 2004; Sillanpaa et al. 2008)

measured by ultrasound, 7–9 % increases in muscle cross-

sectional area measured by magnetic resonance imaging or

computed tomography (Ferri et al. 2003; Hakkinen et al.

2003), while increases in total body LM have been 2–3 %

(Nindl et al. 2000; Sillanpaa et al. 2008) as reported also in

this study. It is difficult to estimate training-induced

changes in exercise interventions, thus, the method vari-

ability limits the possibility of drawing conclusions. For

example, with DXA, precision of the repeated measure-

ment expressed as the percent coefficient of variation has

been 2.2 % for %FAT in our lab (Volgyi et al. 2008). Thus,

the changes observed in the training groups in this study

were -1.1 to -1.9 % units, corresponding 5.6 % decrease

%FAT.

Bland–Altman method used in this study estimates both

bias and limits of agreement between the selected standard

method and other methods. However, currently there are no

standard acceptable limits of agreement within body com-

position literature. Therefore, clinical judgment is always

needed. In the present study, the small changes observed

among the training groups limited the possibility to compare

the methods. To detect true changes in %FAT, FM and LM,

it is necessary to achieve changes in body composition that

are beyond the variation of the body composition method

used. The method variability of the body composition

techniques must be considered when choosing a method to

estimate changes in body composition in intervention stud-

ies. In the present study, reliability (ICC) of BIA and skin-

fold methods in %FAT estimations was high.

Several studies have compared body composition

assessed by segmental multi-frequency BIA (Inbody) and

different DXA machines in a cross-sectional design

(Demura et al. 2004; Ling et al. 2011; Malavolti et al.

2003; Volgyi et al. 2008) and reported conflicting results.

Both Völgyi et al. (2008) and Shafer et al. (2009) observed

gender and obesity degree-related differences between

these methods in a large sample of middle-aged adults.

According to Shafer et al. (2009), BIA seems to underes-

timate %FAT in normal weight subjects and overestimate

%FAT in overweight and obese subjects. Volgyi et al.

(2008) reported, similarly as we did, that BIA systemati-

cally underestimated %FAT compared to DXA and the

underestimation is at its largest in normal weight subjects.

Völgyi et al. used the same DXA (Lunar Prodigy) device as

we did in this study.

Recently, Ling et al. (2011) reported good agreement

with Hologic QDR 4500 DXA and Inbody 720 BIA in a

large sample of middle-aged participants. They found that

BIA is a valid tool especially in LM assessments. Our

results, which showed underestimation of FM and overes-

timation of LM, are different. In the study of Ling et al.

(2011), BIA measurements were not performed in fasting

conditions, which may affect the results. It is also clear that

even though DXA is widely used in body composition

analysis, differences between the Inbody and DXA vali-

dation studies may also be related to differences between

the DXA devices and softwares, which has been reported

several times (Aasen et al. 2006; Genton et al. 2002;

Huffman et al. 2005). The validity of DXA in body com-

position analysis has also been challenged by some studies

reporting low agreement of DXA at the individual level

compared to four component model measurements (van der

Ploeg et al. 2003) and air-displacement plethysmography

(Fields et al. 2002).

Fig. 4 Bland–Altman plots comparing bioimpedance (BIA) with

dual-energy X-ray absorptiometry (DXA) for changes in fat mass

(FM) (a) and lean mass (LM) (b) after intervention in the total group

of trained subjects
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Our results from the cross-sectional analysis agrees with

previous studies showing also strong relative correlations

between BIA and DXA for the assessment of %FAT, FM

and LM, but a significant underestimation of FM and

overestimation of LM by BIA (Frisard et al. 2005; Sillanpaa

et al. 2008), and suggests that application of BIA for the

absolute parameters for body composition may be limited

due to the systematic error. The original Inbody validation

studies were also performed with Korean population, and it

is possible that scale difference at the group level results

from differences between Korean and Caucasian population

in body composition. In addition, at the individual level,

quite large limits of agreement were observed by BIA in the

%FAT analysis compared to DXA. With skinfolds, the bias

compared to DXA was smaller than with BIA, but limits of

agreement were wider. The skinfold method seems also to

include a systematic error in %FAT analysis.

The primary purpose of this study was to investigate the

utility of BIA and skinfolds for assessing changes in body

composition during exercise interventions. Small training-

induced reductions in %FAT in all training groups were

tracked only by DXA and in the strength training group

only by skinfolds. BIA did not detect any changes in

%FAT at the group level. Moreover, statistically significant

decreases in FM in the endurance trained groups and

increases in LM in the combined training group were

tracked only by the DXA method. With the skinfold

method, the similar systematic error seems also to be

present among changes during training than with the cross-

sectional estimation of %FAT.

Other studies that have compared the ability of different

methods to detect weight loss induced reductions in body fat

and %FAT have concluded that different BIA machines are

sensitive enough to detect changes in body composition

(Frisard et al. 2005; Thomson et al. 2007). The magnitude of

weight loss may influence the accuracy of BIA to assess

changes in body composition (Frisard et al. 2005). Based on

the results of the present study, it seems that BIA is not suitable

for detecting the small changes in %FAT. This method seems

to be rather weak, when the intervention includes concurrent

small increases in LM and decreases in FM.

Men and women follow a different pattern of body

composition, and significant gender-related differences in

%FAT, FM and LM have been shown. Moreover, body fat

is distributed in a different manner between men and

women, and genders may also differ in training-responses.

According to some studies, men are more prone to lose

abdominal fat during training interventions. We have ear-

lier measured middle-aged men during a similar interven-

tion by DXA and BIA (Sillanpaa et al. 2008). The results

from the present study are comparable with these earlier

findings. Also in men baseline percent body fat values

measured by BIA were systematically lower than those

measured by DXA, on average 6.4 %, although a high

correlation existed between these methods (r = 0.90). Also

Bolanowski and Nilsson (2001) have reported a similar

systematic difference in percentage of fat analysis between

DXA and BIA. The correlations between %FAT changes

were also much weaker in men compared to correlations

observed in women in the current study.

Standardized practices were followed in this study to

avoid confounding effects of hydration status, acute exercise

and medications. Moreover, we tried to minimize the mea-

surement error in the skinfold measurement by marking the

anatomical measurement places with tattoo points. The same

instructions, time of day, investigator, measurement tech-

nique and calibrated measurement equipment were always

used to study changes in all the outcome variables of body

composition. Also the data analysis of different variables

was performed by the same investigator, equipment and

technique pre- and post-training. The subjects were selected

using the convenience sampling (i.e. sampling of volunteers)

and strict inclusion and exclusion criteria used in this study

compound the selection bias even more (Sousa et al. 2004).

The criteria were, however, essential to confirm that healthy,

non-obese and well-motivated subjects were selected as

subjects due to the nature of the intervention. Therefore, our

results can be generalized only to healthy, non-obese mid-

dle-aged women. In this study %FAT, FM and LM were

estimated using the manufacturer’s instructions and equa-

tions with multi-frequency current when using the BIA

device. We were not able to estimate how the equation

effects on the estimation of body composition.

Both BIA and skinfold correlate well with DXA in the

%FAT analysis. Multi-frequency BIA, however, underes-

timates %FAT and FM and overestimates LM in middle-

aged women at the cross-sectional analysis and these

methods cannot be used interchangeably. In contrast, the

skinfold method seems to have a systematic error in esti-

mation of body fat compared to DXA. Only DXA was able

to detect small training-induced changes in LM and FM

during the 21-week intervention even in middle-aged

weight-stable women. We conclude that BIA and skinfolds

technique need more development before they can be used

in research purposes in longitudinal designs.
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