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OBJECTIVE: The aim of the study was to elucidate whether combustion of skeletal muscle glycogen during a very low
calorie diet (VLCD) was associated with decreased muscle potassium content. A comparison between different
methods was also performed to evaluate body composition during a VLCD and a low calorie diet (LCD).
DESIGN: Dietary treatment of obese women by VLCD and LCD. Measurements after 1 and 2 weeks of VLCD and 6
months of LCD.
SUBJECTS: Fifteen perimenopausal obese women aged 46.5��1.3 y and 15 of 48.0��0.7 y of age.
MEASUREMENTS: Skeletal muscle biopsies under local anaesthesia. Body composition measurements by means of
deal-energy X-ray absorptiometry (DEXA), and measurements of total body potassium (40K) and total body nitrogen
(TBN). Measurements of electrolytes and glycogen concentration in muscle samples.
RESULTS: In the ®rst study (1 week of VLCD) skeletal muscle glycogen decreased (P<<0.01), but muscle potassium
increased (P<<0.01). Muscle sodium decreased (P<<0.01), while muscle magnesium was unaltered. Body weight
decreased by 2.9��0.5 kg and 40K decreased. Fat-free mass (FFM) calculated from 40K and DEXA decreased by 2.7 vs
1.9 kg (P<<0.001). Body fat measured with DEXA decreased by 1.1 kg (P< 0.01), but not body fat calculated from 40K.
TBN decreased by 0.03��0.01 kg (P<<0.05) and FFM calculated from TBN by 2.9��0.5 kg (P<<0.002). In the second study, 6
months on the LCD resulted in 17.0��2.0 kg weight reduction and this was mainly due to reduced body fat, 14.0��2.0 kg
measured with DEXA and from 40K (P<<0.001). The decrease in FFM was slight.
CONCLUSION: One week of VLCD resulted in muscle glycogen depletion but increased muscle potassium content in
spite of decreased total body potassium. FFM contributed to the main part of body weight loss during short periods of
severe energy restriction, but remained unchanged during long-term dietary treatment. Body fat became mostly
responsible for the body weight loss during long-term LCD. Calculations of changes of FFM from 40K and TBN seem to
overestimate the FFM decrease associated with short-term VLCD.
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Introduction

Thirty years ago Forbes and Lewis published their
results concerning total body potassium (40K) on four
male cadavers.1 Chemical analysis showed potassium
concentration in human bodies to be 66.5, 66.6, 72.8
and 66.8 Ð on average 68.0 mmol per kilogram fat-
free mass (FFM). During the subsequent 30 y, numer-
ous studies used the average content of 68 mEq K per
kg as a base for extrapolation used for further calcula-
tion of total body potassium and FFM, and by sub-
traction from body weight for estimation of body fat.

This so-called two-compartment model has been
widely used when referring to body composition. This
model and the technique of whole-body counting of
40K to calculate the total body potassium has also been
used to follow changes in body composition during
low (LCD) and very low calorie diets (VLCD).

Our own experience with these types of calculation
showed disproportionately high and rapid decrease of
FFM even after a short period of energy reduction.2,3

It was also remarkable that a decrease of FFM during
VLCD was found to be unusually high in comparison
with other methods used for estimation of body
composition. As proposed by Kreitzman et al,4 the
natural explanation for this phenomenon could be
glycogen depletion already in the earliest phase of
any low or very low calorie diet. The authors sug-
gested that potassium released from glycogen distorts
estimates of body composition during dieting.4
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The aim of the present study was to elucidate
whether combustion of muscle glycogen during
VLCD is associated with a decrease of potassium
concentration in muscle tissue. Another question
addressed by us when designing the study was asso-
ciated with ®nding a possible explanation for the
observed discrepancies between the different methods
of measuring body composition during VLCD and
during long-term LCD treatment.

Methods

Subjects and study design

Fifteen middle-aged perimenopausal (age 45.1�
1.8 y), obese (body mass index, BMI 32.5�
1.1 kg=m2) women (Table 1 were subjected to a
weight reduction programme for 1 week. Patients
received a VLCD by means of formula diet prepara-
tion enriched with medium chain triglycerides (MCT;
Swedish Formula Diet, `Extra Diet', NovoVital, Vim-
merby, Sweden). All patients daily consumed three
meals of 30 g (108 kcal) dissolved in 2.5 dl skim milk
(87.5 kcal) with a total daily intake of 586.5 kcal. The
protein consumed per day was 28.5 g, fat 9.9 g and
carbohydrates 30.3 g. The Swedish Formula Diet
powder was forti®ed with vitamins, minerals and
dietary ®bre (guar gum, xanthan gum and oat bran
®bres, 16 g per day). Medium chain triglycerides
consisted of coprylic (C8) and capric (C10) acids,
9.02 g per 100 g of formula diet. Body composition
was determined and skeletal muscle biopsies were
performed before and after the week.

A second group of 15 obese female patients, mean
age 48.0� 0.7 y, were randomly selected to participate
in a longer VLCD study. These patients consumed the
same type of VLCD as in the 1 week study (Swedish
Formula Diet, NovoVital, Vimmerby, Sweden) for 2
weeks. After the termination of VLCD the patients
were allocated to dietary group treatment with group
meetings every second week, and were followed up by
one physician (MK) for 6 months. Dietary treatment
consisted of a low-calorie, low-fat, 1200 kcal diet
(LCD). All patients received phosphates (Fosfatin,
MultiPharma Sweden AB, Gothenburg Sweden) in
order to diminish the risk of osteopenia. Body com-
position was evaluated after termination of the 2
weeks and the 6 months, respectively.

The study was approved by the ethical committee at
Sahlgrenska University Hospital and all patients gave
their formal written consent.

Skeletal muscle glycogen and electrolytes

Skeletal muscle biopsies were taken under local
anaesthesia with alligator forceps from the middle
lateral portion of the right vastus muscle on two
different occasions. The ®rst biopsy was taken after
2 weeks of veri®ed weight stability on habitual diet.

The second biopsy was taken after 1 week of VLCD
treatment Ð as a rule in the same line, but somewhat
higher, above the end of the cicatrix from the ®rst
incision to avoid in¯amed tissue at the site of the ®rst
biopsy. No complications occurred.

Two muscle specimens were taken on each occa-
sion. The specimens were frozen immediately in
liquid nitrogen for later determination of muscle
glycogen concentration and electrolytes.

The muscle sample of 10 ± 20 mg wet weight was
frozen rapidly in liquid nitrogen and kept at 7 80�C
until determination of the skeletal muscle electrolytes.
All analyses were performed on the same occasion.
Sodium and potassium contents were determined with
a digital ¯ame photometer (IL 543, Scandia Metric,
Gothenburg Sweden) and expressed in mmol=g wet
weight. The calculations were carried out on mean
values of duplicate samples. The within-assay coef®-
cient of variation was 4% for potassium and 8% for
sodium. The reproducibility is in accordance with
earlier studies.2,3,5 Muscle glycogen concentration
was determined according to Kasrlsson and Saltin.6

Anthropometric and body composition measurements

Anthropometry. Height was recorded without shoes
to the nearest cm and body weight in underwear to the
nearest 0.1 kg. Body mass index (BMI) was calculated
as body weight divided by height squared (kg=m2).
Waist circumference was measured at the lowest girth
between the chest cage and umbilicus and the hip
circumference at the largest ®rth around the hips in a
standing position. The ratio of these two girths (WHR)
was then calculated.

Total body potassium. Total body potassium was
measured by counting the gamma radiation from the
naturally occurring radionuclide 40K in a whole body
counter, with consideration taken for a shielding
factor associated with body size. Fat-free mass
(FFM) was obtained according to Forbes' formula.1

The method had a high precision, and corrected for
body fat quenching.2,3 Body fat (BF) was estimated as
a value obtained by subtraction of FFM from body
weight.

Total body nitrogen (TBN). The TBN was measured
by in vivo neutron activation analysis of nitrogen. In
this work we used the spontaneous ®ssion neutrons
from a 252Cf source. The activity of the source was at
the time 7.4 GBq. The method is based on capture of
thermal neutrons by nitrogen nuclei in a 14N(n, y)15N-
reaction. The 10.8 MeV g-rays emitted in the reaction
are characteristic for nitrogen and were detected by
two large size Nal(TI)-detectors. The relation between
TBN and total body protein (TBP) was expressed as
TBP� 6.25 (TBN).
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The accuracy in a single TBN measurement is
about 4% and the equivalent radiation dose was less
than 0.4 mSv if a quality factor of 20 was used for the
neutrons. The FFM was also calculated from the
relation between TBN and FFM as described by
ToÈlli et al.7

TBN=FFM � 32:7� 1:8 g=kg �females�
TBN=FFM � 32:9� 2:9 g=kg �males�

Dual energy X-ray absorptiometry (DEXA). DEXA
(Lunar DPX, Scanexport Medical, Helsingborg,
Sweden) was used to measure the bone mineral
content and body composition. The body fat, FFM,
total bone mineral density (BMD) and total bone
calcium content were assessed. The error (1 s.d.) for
total body BMD was < 0.01 g=cm2, for fat 1.4%, fat
mass 1.0 kg and FFM 0.8 kg. These results correspond
to a relative error of 0.8% for total body BMD and
1.5% for FFM. There is a limitation to the estimation
of body composition by DEXA. A sensitivity to the
anterior=posterior thickness of the body a pixel that
contains a small amount of bone may fail to be
counted as bone. This appears as `very clean' tissue
because the pixel average absorption coef®cient is
closer to that of lean tissue than that of bone. The
FFM calculated from DEXA measurements is denoted
FFM DEXA.8

Statistical methods

All variables presented in the tables and ®gures are
expressed as means � s.e.m. and were calculated by
means of the Stat-View McIntosh statistical pro-
gramme. For comparison within groups the Wilcoxon
test for paired comparisons was used. For compari-
sons between groups, the Mann ± Whitney test was
used. For comparisons between more than two groups
of variables one-way ANOVA or ANOVA with
repeated measures was used. Correlations were per-
formed using simple regression analysis and P< 0.05
was chosen as the level of signi®cance.

Results

Results of 1 week on the VLCD

One week on VLCD resulted in a decrease of
2.9� 0.5 kg (P< 0.001) body weight and BMI

(P< 0.001) (Table 1). Both waist and hip circumfer-
ences decreased (P< 0.01), while the WHR remained
unchanged (Table 1).

The concentration of potassium in the lateral por-
tion of the vastus muscle increased (P< 0.01), while
the concentration of sodium decreased (P< 0.01).
Skeletal muscle magnesium was unaltered (Figure
1). The concentration of glycogen in the muscle
tissue decreased by nearly 40% during 1 week of
the VLCD (P< 0.001; Figure 1).

Total body potassium decreased by 187 mmol after
1 week of the VLCD (from 3434� 97 mmol to
3247� 89 mmol, P< 0.001; Table 2). Body fat, cal-
culated from 40K measurements and Forbes' formula,
decreased by 0.03� 0.6 kg (ns) and FFM decreased by
2.7� 0.5 kg (P< 0.001; Table 2, Figure 2). Calculated
from DEXA measurement, body fat decreased by
1.1� 0.2 kg (P< 0.01) and FFM 1.9� 0.3 kg
(P< 0.001; Table 2, Figure 2).

The mean loss of TBN was 0.122� 0.015 kg
(P< 0.05) corresponding to 0.763� 0.09 kg of the
total protein loss, assuming that the ratio of protein
to nitrogen is 6.25. The loss of protein ranged from
0.131 to 1.242 kg. FFM was also calculated from
TBN, where it was assumed that nitrogen was present
in the FFM at a concentration of 32.7 g=kg FFM. The
FFM loss calculated from TBN was 7 2.89� 0.5 kg
(P< 0.001). The mean loss of TBN per kg of body
weight loss was 0.015� 0.001 kg, while body fat was
unchanged (Table 2, Figure 2).

Total body protein, calculated from an assumption
of 1 g nitrogen per 6.25 g of protein, was calculated as
10.7� 0.3 kg before and 10.5� 0.3 kg after with a
difference of 7 0.20� 0.1 kg (P< 0.05). As the loss
of TBN corresponded to 30 g, losses of protein corre-
sponded to 187.5 g. Protein constitutes 25% of body
cell mass, this would correspond to a loss of 1 kg of
FFM. One gramme of nitrogen corresponds to 3 mmol
of potassium, so 30 g nitrogen loss corresponds to a
90 mmol decrease of potassium. Out of the measured
187 mmol decrease of potassium, nearly 100 mmol
was therefore not associated with a decrease of protein
and could possibly account for losses of potassium
bound to liver and muscle glycogen.

The mean TBN loss in relation to body weight
reduction by each subject was 7.5� 0.9 g nitrogen per
kg of body weight loss.

BMD decreased after 1 week of VLCD (P< 0.05),
while total bone calcium content was unchanged
(Table 2).

Results of 2 weeks of the VLCD and 6 months of the

LCD

Six months of LCD treatment resulted in 17.0� kg
weight reduction (P< 0001) and 5.6� 0.8 kg=m2

decrease in body mass index (P< 0.001; Figure 3).
In contrast to VLCD, most of the weight loss
depended on reduction of body fat. In fact, the 6

Table 1 Anthropometric data before and after 1 week of a VLCD
in 15 women; means � s.e.m.

Before After P-level

Age (y) 46.5�1.8
Height (cm) 168.5�1.71
Weight (kg) 91.9�2.81 89.0� 2.77 P<0.001
Body mass index (kg=m2) 32.5�1.07 31.4� 1.05 P<0.001
Waist (cm) 102.6�2.82 99.0� 2.64 P< 0.01
Hip (cm) 116.9�2.44 114.5� 2.20 P< 0.01
Waist=hip ratio 0.88�0.01 0.86� 0.01 n.s.
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months of LCD did not contribute to further decrease
of FFM (Figure 3).

The FFM loss calculated from 40K was 3.6 kg after
2 weeks (P< 0.001) and only 2.7 kg after 6 months in
comparison with baseline (P< 0.01). The same was
true for FFM measured by DEXA where FFM
decreased only 2.4 kg after 2 weeks of the VLCD
(P< 0.001) and 1.9 kg after 6 months of the LCD
compared with the initial FFM before the diet
(P< 0.01; Figure 3).

The changes in body fat followed the pattern of
changes for FFM. Thus, there was only a small change
after 2 weeks of VLCD with a mean decrease of
1.7� 1.5 kg (P< 0.001) when calculated with Forbes'
formula using 40K measurements, and a mean decrease
of 2.4� 1.2 kg (P< 0.001) when measured with DEXA
(Figure 3). Body fat decreased markedly after six
months of LCD, 14.2� 1.8 kg (P< 0.001) calculated
from 40K, and a similar amount when measured with
DEXA, 14.0� 1.9 kg (P< 0.001; Figure 3).

Figure 1 Effects of 1 week of a VLCD on skeletal muscle glycogen and electrolyte content in 15 women; means � s.e.m. Bef � before,
Aft � after the treatment period.

Figure 2 Effects of 1 week of a VLCD on fat-free mass (FFM) and body fat calculated from total body potassium (40K), dual energy X-
ray absorptiometry (DEXA) and total body nitrogen (TBN) in 15 women; means� s.e.m. Body fat is calculated by subtraction of FFM
(measured with 40K) from body weight. For details see Methods section. ** P< 0.01, ***P<0.001. Bef � before, Aft � after the
treatment period.
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BMD decreased after 2 weeks of VLCD (from
1.22� 0.01 to 1.21� 0.01 g=cm2, P< 0.05), but total
bone calcium was unaltered as compared with initial
levels before the diet (not shown).

Discussion

The results of the present study show that the con-
centration of muscle potassium increased in spite of
decreased concentrations of glycogen in the muscle

tissue. The increase of muscle potassium concentra-
tion was associated with a concomitant decrease of
muscle sodium and magnesium. This is in accordance
with earlier studies after weight reduction showing
increased muscle potassium and decreased glycogen
content in spite of decreased total body potassium.9,10

No conclusive explanation for this phenomenon is
readily to hand, but natriuresis associated with the
ketogenic diet of the type applied in the study can
theoretically induce an out¯ow of intracellular sodium
and even bivalent ions like magnesium with the
secondary in¯ow of potassium from the extracellular
space.

Table 2 Body fat, fat-free mass (FFM), total body potassium, nitrogen, protein, bone mineral density and total bone calcium before
and after 1 week of VLCD in 15 women; means � s.e.m.

Before After P-level

Body fat,40K (kg) 41.5� 2.5 41.3�2.2 n.s.
Body fat, DEXA (kg) 42.3� 2.1 41.2�2.1 P<0.�01
FFM,40K (kg) 50.4� 1.4 47.7�1.3 P<0.�001
FFM, DEXA (kg) 46.0� 1.0 44.1�1.1 P<0.�001
FFM (TBN � 33.1) 53.1� 1.5 50.2�1.4 P<0.�001
Total body potassium (mmol) 3434� 96.8 3247�89.0 P<0.�001
Total body potassium (g=kg) 1.47� 0.05 1.43�0.04 P<0.�05
Total body nitrogen (kg) 1.71� 0.05 1.68�0.05 P<0.�05
Total body protein (kg) 10.7� 0.31 10.5�0.31 P<0.�05
Bone mineral density (g=cm2) 1.23� 0.01 1.21�0.01 P<0.�01
Total bone calcium (g) 1054� 21.3 1037�23.4 n.s.

Figure 3 Effects of 2 weeks of a VLCD and 6 months of a LCD on body composition in 15 women, BMI � body mass index; FFM � fat-
free mass; 40K� total body potassium; means � s.e.m. ** P< 0.01, ***P< 0.001.
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It was assumed by Kreitzman et al4 that a VLCD
was associated with depletion of glycogen and in the
earliest phase was associated with a secondary deple-
tion of potassium, which could distort estimates of
body composition during dieting. Potassium in mus-
cles is bound to glycogen in the ratio of 0.45 mmol of
potassium to each gram of glycogen, and a decrease of
glycogen following fasting during VLCD should be
associated with a decrease of potassium concentration
in muscles.

As reported previously by BergstroÈm,11 muscle
glycogen is already seriously depleted after 1 week
of a VLCD. The expected losses of potassium based
on the observed depletion of glycogen could be
calculated to account for a loss of ca. 98.5 mmol
potassium. This corresponds to a loss of nearly 50%
of the normal glycogen content.

Since considerable potassium is bound to hydrated
glycogen (0.45 mmol=g glycogen), the loss of
187 mmol of potassium would correspond the loss of
nearly 400 g glycogen, that is close to the total amount
of glycogen stored in the body. Calculating the
glycogen losses from the losses of TBK, Kreitzman
et al4 found that some of the patients lost even more
than 1 kg of glycogen. Obviously potassium remains
in the muscles in an unbound form in spite of relative
glycogen depletion. Furthermore, it is known and
con®rmed in our study that the ketogenic diet induces
the increase of sodium urinary excretion without an
increase of urinary excretion of potassium. The
increase of muscle potassium concentration is even
more unexpected in view of the concomitant decrease
of total protein. It is possible to speculate about a
decrease of intracellular water, but this explanation
for increased concentration of potassium must simul-
taneously assume a changed activity of the Na�=K�

transport across the cellular membrane as the concen-
tration of sodium increases.

Landin et al reported previously on decreased
skeletal muscle potassium in obesity.12 The skeletal
muscle Na=K ratio tended to be higher in obese men
but was not related to body weight in women. Skeletal
muscle magnesium was higher in obese men than in
lean women. The authors interpreted their ®ndings as
being compatible with a disturbance of the N=K pump
activity across the muscle cell membrane. One possi-
ble explanation of the ®ndings in the present study
could be changed availability of intracellular ATP
and=or insulin sensitivity, both having a known in¯u-
ence on Na=K pump activity.12

The present study showed a 2.9 kg decrease in body
weight but only 1 kg FFM loss after 1 week when
calculated from changes in TBN. Nearly 2 kg FFM
were lost when calculated from DEXA and nearly
3 kg when using different calculations based on results
of 40K measurement by whole body counting.

Similar differences were observed after 2 weeks of
VLCD. Again, the mean loss of FFM calculated from
40K was close to 4 kg, while only 2.4 kg loss of FFM
was found by DEXA measurement.

The results of the present study con®rm the previous
observations regarding the discrepancies between dif-
ferent methods of measuring body composition during
body weight reduction.13 ± 18 Some of the methods used
in this study belong to the two-compartment methods
(body fat and FFM). However, it was emphasized
previously19 that the composition of the FFM (water,
minerals, protein and glycogen) is not constant.

The rapid decrease of FFM was higher than the
decrease of body fat after 1 week of VLCD. This
contradicts the concept of a protein-sparing effect of
ketone bodies (augmented by the supplementition by
MCT) and=or free fatty acids, which reach the peak
values during the ®rst few days of fasting.20,21

On the basis of the above observations it seems
reasonable to assume that 40K measurements after
short periods of rapid weight reduction are grossly
overestimating the losses of FFM.

The results of the present study seem to indicate
that the estimations of body composition are likely to
have some methodological errors in¯uencing the esti-
mates of body composition during the ®rst few weeks
of rapid weight reduction with a VLCD.

FFM loss after 1 week of VLCD constituted 94% of
the total weight loss when calculated according to
Forbes' formula (from 40K), 66% when calculated
from DEXA measurements and 99% when calculated
from TBN. After 2 weeks of VLCD the corresponding
numbers were 68% for 40K and 46% for DEXA, and
after 6 months of LCD 25% for 40K and 12% for
DEXA. Thus it seems plausible to assume that the 40K
and TBN measurement-based calculations tended to
overestimate the FFM losses associated with short-
term rapid weight losses.

Apart from methodological differences the present
®ndings indicate that a positive nitrogen balance
which increases successively during ongoing energy
reduction is associated with consecutively increasing
contribution of body fat to the total body weight loss.

This phenomenon may be associated with a well
known metabolic adaptation dependent on successive
change from glycolysis to lipolysis and increased oxida-
tion of fat. After the ®rst week nitrogen balance becomes
less negative and the contribution of FFM to the total
body weight loss decreases. Nevertheless short-term
VLCD is inevitably associated with a proportionally
higher loss of FFM than those observed during the LCD.

At the baseline, there was a signi®cant correlation
between DEXA and 40K measurements. The choice
between these two methods at base-line may not be so
important as when trying to evaluate the changes of
body composition related to reduction of body weight.
DEXA seems to be the most adequate method and 40K
and TBN overestimate losses of FFM after short-term
calorie deprivation. The same applies for the bioim-
pedance method with a tendency to overestimate FFM
after weight loss.17 Results of the present study
indicate anyway that DEXA is the best method to
evaluate changes in body composition during short-
and long-term dietary treatment.
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Beside the decrease in soft tissue, BMD also
decreased on a VLCD. Whether this is secondary to
reduced body size (BMD is calculated in relation to
body mass) or a true decrease in bone area is not
known. Total bone calcium content, however, was not
affected by the diet.

The formula diet used in the dietary treatment in
both groups of patients contained MCT. MCT are
metabolized in a different way from long chain
triglycerides (LCT). Their oxidation rate is higher
and calorie value lower than LCT.22 Furthermore,
MCT are more ketogenic than LCT and are therefore
responsible for a speci®c anorectic and protein-spar-
ing effect.22,23

In conclusion, 1 week of VLCD resulted in muscle
glycogen depletion but increased muscle potassium
content in spite of decreased total body potassium.
FFM contributed to the main part of body weight loss
during short periods of severe energy restriction, but
remained unchanged during long-term dietary treat-
ment. Body fat became mostly responsible for the
body weight loss during a long-term LCD. Calcula-
tions of changes of FFM from 40K and TBN seem to
overestimate the FFM decrease associated with short-
term VLCD.
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