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Abstract

The aim of the present study was to analyse the agreement of bioelectrical impedance analysis (BIA) compared with dual-energy X-ray
absorptiometry (DXA) and MRI in estimating body fat, skeletal muscle and visceral fat during a 12-month weight loss intervention.
A total of nineteen obese adults (twelve females, seven males) aged 20-2-486 years, mean BMI 346 (st 0-6) kg/m?, participated in the
study. Body fat, skeletal muscle and visceral fat index were measured by BIA (Omron BF-500; Omron Medizintechnik) and compared
with DXA (body fat and skeletal muscle) at baseline, 5 and 12 months, and with MRI (visceral fat) at baseline and 5 months. The subjects
lost 8:9 (SE 1-8) kg (90 (sE 1-7) %) of body weight during the 12-month intervention. BIA, as compared to DXA, accurately assessed loss of
fat (70 (sE 1-5) v. 7:0 (s 1-H kg, P=0-94) and muscle (1-0 (st 0-2) v. 1-4 (sE 0-3) kg, P=0-18). While body fat was similar by the two
methods, skeletal muscle was underestimated by 1-2kg using BIA at each time point. Compared to MRI, BIA overestimated visceral
fat, especially in males. BIA and DXA showed high correlations for kg fat, both cross-sectionally and longitudinally (r 0:91-0-99). BIA,
compared with DXA and MRI, detected kg muscle and visceral fat more accurately cross-sectionally (r 0-77-0-87 and r 0-40—0-78, respect-
ively) than their changes longitudinally (» 0-24—0-61 and r 0-40, respectively). BIA is at its best when assessing the amount or changes in fat
mass. It is a useful method for measuring skeletal muscle, but limited in its ability to measure visceral fat.
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Diagnosing obesity, the excess amount of fat that threatens
health, is commonly performed by calculating BMI (kg/m?).
However, the inability of this measure to distinguish between
fat and lean mass and to determine fat distribution is well
recognised. Assessment of body composition plays an import-
ant role, both in the clinical evaluation of obesity as well as in
monitoring changes of fat and muscle mass during weight
loss. It is of particular importance to avoid any loss of
lean mass by negative energy balance, because this may
suppress metabolic rate and facilitate post-dieting weight
rebound™.

Body composition measurements have only recently been
used outside specialised obesity clinics and research units.
The wuse of most advanced methods, such as MRI,

computerised tomography or dual-energy X-ray absorptiome-
try (DXA) are mainly confined to research settings because of
the high level of expertise required. The availability, cost (all
of the aforementioned) and radiation exposure (computerised
tomography and DXA) limit the use of these techniques at fre-
quencies ideally needed for regular evaluation of the safety
and efficiency of obesity treatment. Several simple, non-
invasive and inexpensive methods, mainly based on bioelec-
trical impedance analysis (BIA), are now available also for
the general public. It is therefore imperative to validate them
in longitudinal body composition assessment.

In the present study, we examined the use of a tetrapolar
BIA device in the assessment of body fat, muscle and visceral

Abbreviations: BIA, bioelectrical impedance analysis; DXA, dual-energy X-ray absorptiometry; FFM, fat-free mass; LTL, leg-to-leg; VLED,

very-low-energy diet.

*Corresponding author: K. H. Pietiliinen, fax +358 9 471 71876, email kirsi.pietilainen@helsinki.fi

ssaud Aussanun sbpuquied Ag auluo paysiignd 8695007 LS L L£000S/£L0L'0L/B10"10p//:sdny


https://doi.org/10.1017/S0007114512003698

o

British Journal of Nutrition

Bioimpedance in weight loss intervention 1911

fat against DXA and MRI during a 12-month weight loss
intervention.

Methods
Subjects

A total of nineteen adults (twelve females and seven males) aged
between 20-2 and 486 years (mean age: 358 (sD 7-7) years)
participated in the study. The study group was recruited by news-
paper advertisement and consisted of healthy obese weight-stable
subjects. Exclusion criteria were smoking, weight change >5kg
in the last 3 months, diabetes, endocrinological diseases or
drug treatment affecting food intake or weight regulation. Of
the subjects, eighteen were Caucasians and one Caucasian—
Caribbean, and all were resident in the Helsinki metropolitan
area. The present study was conducted according to the guide-
lines laid down in the Declaration of Helsinki, and all procedures
involving human subjects were approved by the local ethical
committee of the Hospital District of Helsinki and Uusimaa.
Written informed consent was obtained from all the subjects.
The study was registered at clinicaltrials.gov NCT01312090.

Protocol

Subjects took part in a 12-month study, which consisted of
individual and group-based diet and exercise counselling,
starting with a 6-week modified very-low-energy diet
(VLED) phase. All instructions were given and the measure-
ments performed by the same nutritionist (L. S.). The VLED
products were provided by Nutrilett and Allevo. In addition,
the subjects were instructed to eat 0-5kg vegetables for
additional sources of fibre and vitamins, and protein-rich
food snacks such as lean meat and milk products to yield a
total of 70-90g of protein daily during the VLED. After the
VLED phase, a protein intake of 1-2—1-5g/kg was instructed
for the patients. Multi-vitamins (Multi-Tabs, Orion Pharma)
were provided for the subjects to ensure daily nutritional
needs. Physical activity was recommended for the subjects
according to the Finnish weight loss guidelines®. The subjects
attended lifestyle counselling sessions bi-monthly until
5 months, whereafter the sessions continued once a month
until the end of the study. To personalise the diet plans, indi-
vidual sessions were given at months 0, 2 and 5. Otherwise,
the sessions were held in groups.

Measurements of body composition by BIA and a scale in a
fasting state are reported in the present study at months 0, 2, 4,

5, 8, 10 and 12. DXA was measured at 0, 5 and 12 months and
MRI at 0 and 5 months (Fig. 1.

Anthropometry

Fasting weight was measured barefoot and in light underwear
to the nearest 0-1kg using a digital scale (Seca). Height was
measured using a stadiometer to the nearest 0-1cm (Seca).

Bioelectrical impedance analysis

Body composition was assessed in a fasting state, after void-
ing, by a single-frequency BIA device, Omron BF-500
(Omron Medizintechnik), which uses eight electrodes in a
tetrapolar arrangement that requires the subjects to stand on
metal footpads in bare feet and grasp a pair of electrodes
fixed on a handle with arms extended in front of the chest.
The manufacturer’s in-build pre-programmed equations were
used to predict weight, body fat percentage, skeletal muscle
percentage and visceral fat index®. Body fat (kg) was
calculated as ‘body weight (kg) X body fat percentage’ and
skeletal muscle (kg) as ‘body weight (kg) X skeletal muscle
percentage’.

Dual-energy X-ray absorptiometry

Assessments of fat mass and fat-free mass (FFM) were con-
ducted using a whole-body DXA scan (Lunar Prodigy, soft-
ware version 8.8) at standardised conditions, after voiding
with no less than 4h after a meal. For the calculation of
muscle mass, an equation derived from Kim et al? was
used. This equation uses appendicular lean soft tissue (lean
mass from arms and legs) from DXA to derive skeletal
muscle mass as follows:

total-body skeletal muscle
= (1.13 X lean mass from arms and legs) — (0.02 X age)
+ (0.61 X sex (0 = female, 1 = male)) + 0.97.

Percent age skeletal muscle was further calculated as follows:

total-body skeletal muscle mass/body weight.

As a measure of central adiposity in DXA, kg fat in the
android region was used according to the manufacturer’s pro-
tocol. Android fat was estimated as the fat mass present in the
area delineated by an upper horizontal border above the

Baseline 2 months 4 months 5 months 8 months | [ 10 months| [ 12 months
Scale and | [ Scale and | | Scale and | | Scale and | | Scale and | | Scale and | | Scale and
BIA BIA BIA BIA BIA BIA

DXA and DXA and
MRI DXA

Fig. 1. Flow chart detailing the measurements performed at each time point. BIA, bioelectrical impedance analysis; DXA, dual-energy X-ray absorptiometry.
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pelvis line, at a position that was equivalent to 20% of the
distance between the pelvis and the femoral neck, vertical
borders lateral to the ribs and a lower border formed by the
horizontal line passing through the top of the pelvis.

MRI

The abdominal region was imaged with 1.5 T Philips MRI
scanner (Gyroscan Intera CV Nova Dual system, Philips
Medical Systems) equipped with an internal body coil. Visc-
eral fat volumes were assessed with SliceOmatic (version
4.3, TomoVision) and converted into fat weight using an
adipose tissue density of 0-9196 mg/ml.

Statistical analysis

Power calculations were based on measurement of body fat
percentage and skeletal muscle percentage. For two methods
with repeated measures (one baseline, six follow-up (2, 4, 5, 8,
10 and 12 months)), two-sided a 0-05, a power of 0-90, a cor-
relation of 090 between baseline and follow-up measurements
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and correlation of 090 between follow-up measurements,
the estimated sample sizes were: n 14 for estimation of
body fat percentage and 7 18 for estimation of skeletal muscle
percentage. Males and females were matched for BMI. Wilcox-
on’s rank sum tests were applied to compare means of body
composition measures by the methods and Mann—Whitney
U tests to compare males and females. Pearson’s correlation
coefficients adjusted for sex were used to test the relationship
between results provided by BIA and the other methods.
Agreement between the methods was further evaluated using
Bland—Altman plots®™
used to compare the difference in variance for paired data
All statistical tests were two-tailed and a P-value of <0-05 was
considered statistically significant. Data were analysed using
Stata software version 11.0 (Stata Corporation).

. The Pitman’s permutation test was
©

Results

At baseline, mean BMI was 34-6 (s& 0-6) kg/m? not signifi-
cantly different in males (343 (s£ 0:9) kg/mz) Compared
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Fig. 2. Changes in (a) body weight, (b) body fat percentage, (c) skeletal muscle percentage and (d) visceral and android fat by each method during a 12-month
weight loss intervention in nineteen subjects (seven males and twelve females). (a) -, Males’ bioelectrical impedance analysis (BIA); -E+, males’ scale;
-@-, females’ BIA; -©-, females’ scale. (b) -@-, Females’ BIA; -©-, females’ dual-energy X-ray absorptiometry (DXA); -El-, males’ DXA; -m-, males’ BIA. (c) -E1-,
Males’ DXA; -, males’ BIA; -A-, females’ DXA; -@-, females’ BIA. (d) -m, Males’ BIA visceral index; -@—-, females’ BIA visceral index; -+, males’ DXA
android fat (kg); -A—, females’ DXA android fat (kg); -Er, males’ MRl visceral fat (kg); -©-, females’ MRl visceral fat (kg). *P < 0-05, **P < 0-01.
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Table 1. Sex-adjusted associations between bioelectrical impedance analysis (BIA) and other methods of body composition during a 12-month weight loss intervention in nineteen subjects (seven

males, twelve females)
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55505 5 with females (34-8 (st 0-8) kg/m?). Measured by BIA and DXA,
§§§§§ <Z': § respectively, males (40:0 (s 1-8) and 40-7 (s 2:8)kg) and
VVV oV Vv females (46:5 (sE 25) and 453 (sE 2:3)kg) had comparable
amounts of fat with no differences between the methods.
Males had significantly larger skeletal muscle mass (327 (SE
T O o0 - 0-5) and 353 (s£ 1-1)kg) than females (209 (s& 0-8) and
FEJId = 8§ 225 (s 1'00kg) (P<0-001 between the sexes by both
eeeee © methods; BIA and DXA differed in females, P=0-0047).
Fig. 2 shows the patterns of change in weight and body
composition measures by sex and by measurement method
é é é g § 2 é at each time point. During the first 5 months of the interven-
223882 g 8 tion, the mean weight loss was 116 (s 13)kg, 11-8
VvV VV vV (SE 1:2)% of body weight. BIA and DXA showed different
losses of body fat (10-1 (s 1-0) v. 89 (s 1-0) kg, P=0-027)
and skeletal muscle (05 (se 0-2) v. 1-5 (sE 0-4) kg, P=0-010),
RABTY g respectively. Body fat percentage evaluated by BIA and DXA
geoer ¥ @ decreased by 6:0 (S 0-7) and 50 (sE 0:9) % (P=0-084) and
skeletal muscle percentage increased by 2:9 (s 0-4) and 21
(SE 0-4) %, respectively (P=0-053). Between 5 and 12 months,
weight regained by 27 (s 1-:0)kg, resulting in a net
é é é é é < é weight loss of 89 (Sh 1-8) kg, 90 (sE 1-7)% of body wei.ght,
23338 2 3 at the end of the intervention. At 12 months, the subjects
VVVVYV \Y had lost comparable amounts of fat (7:0 (s8 1-5) v. 70
(s 1'4) kg, P=094) and muscle (10 (sE 0-2) v. 14 (SE
0-3) kg, P=0-18) measured by BIA and DXA. Total losses of
Qoo = g body fat percentage (3-8 (st 0:9) v. 4:0 (S 1-0) %, P=0:90)
g gg g g = g and increases in skeletal muscle percentage (1:6 (SE 0-5)
v. 1:5 (SE 0-5) %, P=0-55) were also comparable between the
two methods. All of these changes were similar in males and
in females.
é é é é é § é With each method, males lost more visceral fat than females.
2288s 2 8 g Based on BIA, the visceral fat index decreased between base-
V VIV VIV v 3 line and 5 months by 4-1 (st 1-0) in males and 1-2 (st 0-2) in
§ females (P=0-0031), and between baseline and 12 months by
8_ 3-0 (sE 1:3) in males and 09 (Se 0:3) in females (P=0:058). In
2282 N I %:_ MRI, visceral fat was presented in kg, and decreased by 2-4
g g g g g '8 g = (s 0:6) kg in males and 09 (st 0-2) in females (P=0-019)
g between baseline and 5 months (no measurement at
g 12 months). In DXA, the measure of central adiposity was kg
(_é, fat in the android region. This measure decreased by 1-6
g3 § 2 g 3 E’ (s 0-3)kg in males and by 1:0 (s 0-1)kg in females by
23238 5 3 g 5 months (P=0-035), and by 1-2 (st 0-5) kg in males and by 0-7
vV é ’9_? (sE 0-2) kg in females by 12 months (P=0-18).
% gl Comparability of BIA against the scale, DXA and MRI was
i i‘; assessed cross-sectionally and longitudinally by sex-adjusted
o-Now®o S o = é correlations (Table 1) and Bland—Altman analyses (Table 2).
§§§§g g § 3 _ 5 Sex-adjusted correlation of weight measured by BIA and
g = £ scale was close to 1-0 at all time points, both cross-sectionally
8% s %5 and longitudinally (Table 1). Bland—Altman analysis showed
ég ‘g, E that mean weights by BIA were 0-7-0-9kg higher than by
L g g g% 2 é the scale cross-sectionally, but that both methods revealed
+28 2 3 2% g ¢ similar mean weight changes with no significant differences
%g g z z §§ '§ 'L% in variance in the Pitman’s tests (Table 2). For kg and body
“ § 228 T 5 §§ E % fat percentage, the correlations between BIA and DXA were
ic:,g g é’ é g = ° 8 SH<g significant at all time points. There was no significant bias of
CEETTYT %’E g g § > g g these measures cross-sectionally or longitudinally, and
%%%% 2 g § 2 e 2|55ssE § Pitman’s tests showed good comparability of the methods
2R S < 42032 with no differences in variances. BIA and DXA measures of
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in a 12-week weight loss intervention and subsequent
follow-up at 1 year. The LTL-BIA served equally well as DXA,
air-displacement plethysmography and total body water and
better than tetrapolar BIA in estimating fat mass; comparisons
with multi-compartment models showed correlations between
0-81 and 0-88 for LTL-BIA and between 0-36 and 0-47 for tetra-
polar BIA during periods of weight loss and regain. Despite
large standard deviations, mean differences in fat mass
change in both BIA compared to multi-compartment models
were at most 0-5kg. Utter et al.® found that decreases in fat
mass over a 12-week energy restriction were accurately
detected by LTL-BIA, as compared to under-water weighing.
Good agreement between fat mass from conventional tetrapo-
lar BIA and DXA was also shown by Savastano et al.”” in
patients before and at 12 months after laparoscopic adjustable
gastric banding. Other studies have shown either under-"'%'"
or overestimation"® of BIA fat mass, as compared to refer-
ence methods. In a 6-month study by Frisard et al."”, both
LTL-BIA (—2-6kg) and tetrapolar BIA (—37kg) underesti-
mated fat mass before weight loss and revealed correlations
of 0:61 and 0-51 for detecting changes in fat mass by DXA
and the two BIA, respectively. Thomson et al.** found an
underestimation of fat mass (—3:8kg) by LTL-BIA, but not
by multi-frequency BIA, before weight loss when compared
with DXA. Reductions in fat mass over the 10-week weight
loss intervention were tracked equally by both BIA, and
regression coefficients with DXA were 0-:39-0-40. On the
other hand, Linares et al.** found that in a large population
of 5740 subjects, the BIA significantly overestimated fat mass
in comparison with DXA (1-1kg), and in seventy-two patients
undergoing Roux-en-Y gastric bypass, BIA significantly over-
estimated changes in fat mass at 3 and 12 months. Estimates
of changes in fat mass by each method were significantly
correlated (72 0-4—09).

In the present study, we calculated skeletal muscle from
DXA by using previously established formulae® in order to
compare it to BIA, which in our case displayed skeletal
muscle as the lean mass component. Using these DXA calcu-
lations as a reference, skeletal muscle mass was underesti-
mated in BIA by 1-2kg at each time point cross-sectionally
and by 1kg longitudinally between baseline and 5 months,
but no longer at 12 months. Most other studies used FFM for
the estimation of lean mass. These studies show large vari-
ations in the validity of FFM assessed by BIA systems during
weight loss. In Utter et al’s study®, the small changes in
FFM over 12 weeks were equally effectively detected by
LTL-BIA and under-water weighing. Savastano et al”’
reported small absolute differences and high 2 (0-82—0-99)
during a 12-month study for tetrapolar BIA and DXA FFM,
but validity of the change in FFM was not shown. In Powell
et al’s study of 32 weeks of weight loss'®, LTL-BIA revealed
similar mean values and changes in FFM to that of under-
water weighing, but a systematic error of LTL-BIA underesti-
mated FFM in subjects with higher FFM. Frisard et al'”
obtained higher estimates of FFM in LTL-BIA (2:7 kg) and tet-
rapolar BIA (3-0kg) than in DXA before weight loss. There
was no correlation between DXA and LTL-BIA (-2 0-:09), but
a larger correlation between DXA and tetrapolar BIA

(r? 0-44) for the change in FFM. Thomson et al.'" found an
overestimation of FFM (3:8kg) in LTL-BIA, but not by
multi-frequency BIA before weight loss, when compared
with DXA. After weight loss, LTL-BIA showed an increase in
FFM by 2-1kg, while a decrease of 1-7kg was observed for
DXA and multi-frequency BIA.

Some of the above-mentioned studies assessed both fat
mass and lean mass®~'"
Many of the cited studies are old, and in the traditional tetra-
polar BIA devices, this application was not available. The
modern LTL-BIA measure electrical conductance from LTL,
and therefore the bias towards the lower body may introduce
imprecision to the measurement of visceral fat. Lack of whole-
body analysis also applies to measurement of fat and FFM in
LTL-BIA. We used a modern tetrapolar BIA device for the
whole-body assessment. This device has been previously vali-
dated in a cross-sectional setting in weight-stable subjects™® .
In that study, the limits of agreement between visceral fat
assessed by BIA and MRI were wide, and a systematic bias
for underestimation of visceral fat at larger mean levels was
observed for BIA. This is in contrast to the present study,
which was limited to obese individuals, where BIA overesti-
mated visceral fat when the average levels were high. Corre-
lations for visceral fat by BIA and MRI were better ( 0-92)
in the previous™ than in the present study (+ 0-40—0-78).
Other cross-sectional studies have shown that visceral fat
measured by BIA was lower than visceral fat by computerised
tomography in patients with BMI <35kg/m?, but higher in
patients with BMI =35kg/m*“®. One possible explanation
for the diverse results is the difficulty of any other method
than MRI or computerised tomography to distinguish visceral
from total abdominal fat. As men have more visceral fat relative
to subcutaneous fat in the abdominal region than females, this
may also introduce a sex-specific bias. These problems were
evident in validity studies of new abdominal BIA devices>~'7,
While we did not find any longitudinal studies on visceral fat
by BIA, our own study suggests that during weight loss,
BIA overestimates the loss of visceral fat, especially in males,
although due to small sample size, the sex-specific Bland—
Altman results were not significant in either sex.

The small sample size is an obvious limitation of the present
study. With a larger sample size, it would have been possible
to obtain more significant P values of correlations (Tables 1
and 2) and narrow the width of the 95% CI in the Bland—
Altman analysis (Table 2). In addition, males and females
could have been analysed separately with greater possibilities
to find statistical differences between the methods. Therefore,
the results of the present study need to be interpreted care-
fully. However, the higher precision of longitudinal changes
in body weight and fat percentage, the more modest agree-
ment of skeletal muscle; and the low validity of visceral fat
between the different methods is a result unlikely to change
had we had a larger sample size. The present study represents
a real-life situation of obesity clinics and introduces a possi-
bility to use BIA on frequent terms in patient assessment. It
does suggest that the clinical value of BIA lies in the measure-
ment of body fat percentage, and any undue claims about its
use in the measurement of visceral fat should be avoided.

, but none examined visceral fat.
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Reproducibility of BIA measures depends on several factors,
including length of fasting, changes in hydration, previous
food choices, drinking and exercise patterns. Therefore, the
use of BIA in unsupervised settings needs careful attention.
This may be the reason why BIA, as compared to the refer-
ence method DXA in the present study, revealed smaller cor-
relations at baseline, when patients were less well aware of
the strict requirements of the measurement, which they
learned carefully during the course of the study. Based on
wide variations in the previously published data, each BIA
device would need its own validation study. Equations
specific for sex, age and ethnicity are required, and it seems
evident that obese subjects require additional consideration,
especially when assessing visceral fat. More information is
needed about the precision of visceral fat assessment by BIA
during weight loss.

In conclusion, the results of the present study confirm
the high level of preciseness of the Omron BF-500 (Omron
Medizintechnik) BIA for predicting fat mass change during
long-term weight loss. Skeletal muscle mass may be slightly
underestimated by BIA, as compared with calculated
estimations from DXA, but there was no systematic bias in
the estimation in subjects with larger or smaller amounts of
muscle tissue. Changes in skeletal muscle are better assessed
in long- than in short-term periods. The visceral fat index
captures the direction of change, but with systematic errors
before and after weight loss, prediction of true visceral fat
may be limited, especially in males.
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