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Nutrition
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nnnn Dietary intake, plasma lipids, lipoprotein and apolipopro-
tein levels, anthropometric measurements and anaerobic per-
formance were studied in eleven judo athletes during a period
of weight maintenance (T1) and after a 7d food restriction (T2).
Dietary data were collected using a 7-day diet record. Nutrient
analysis indicated that these athletes followed a low carbohy-
drate diet whatever the period of the investigation. Moreover,
mean micronutrient intakes were below the French recommen-
dations. Food restriction resulted in significant decreases in
body weight. In addition, it had significant influence on trigly-
ceride and free fatty acid, although glycerol, total cholesterol,
LDL-C, HDL-C, apolipoprotein A-1 and B did not alter. Left arm
strength and 30 s jumping test decreased significantly. The 7 s
jumping test was not affected by the food restriction. Regard-
less of psychological parameters, tension, anger, fatigue and
confusion were significantly elevated from T1 to T2; vigor was
significantly lower. The data indicated that a 7-day food restric-
tion adversely affects the physiology and psychology of judo
athletes and impairs physical performance, possibly due to in-
adequate carbohydrate and micronutrients.

n Key words: Diet, performance, lipid profile, psychological
state, judo.

Introduction

Competitions in wrestling or boxing are contested in weight
classes, and most athletes compete in a class 5 ± 10% below
their usual weight [8]. Dietary studies have indicated that
there is extreme variability in the dietary regimes looking for
the optimum athletic diet. Little information is available on
judo athletes. Nevertheless, it is known that they typically

lose weight rapidly before competitions by a reduction in food
intake, sweating through intensive exercise in plastic suits to
promote water loss, fluid restrictions and even the use of
diuretics. However, such body weight reduction may affect
plasma and blood volume [3], endocrine function [8], induce
a physiological and a psychological stress [22, 44] and have
immediate effects on sports performance on aerobic endur-
ance capacity [14,49]. Effects on anaerobic performance is
more controversial [14]. Weight reduction may also lead to al-
terations in lipid and lipoprotein profile with a reduction of
total cholesterol (TC), LDL-C and an increase of HDL-C
[50, 27]. Nevertheless, these alterations depend on the type of
weight loss (gradual or rapid weight loss) [27, 33] of the sport
practised (aerobic versus anaerobic) [9,15,27, 39], of the in-
tensity of the exercise [34] and of the type of diet (i.e, high
fat or high carbohydrate diet) [7]. However, the data are con-
troversial [2, 28].

The purpose of this study was to investigate the influence of 7-
d food restriction on physical performance, plasma lipids, lipo-
proteins and apolipoproteins, and psychological profile in a
group of elite male judo athletes preparing for a national
championship, a sport that requires both glycolytic energy
production, and an adequate aerobic reserve to sustain activity
over the five-minute match duration [41]. In order to evaluate
the food restriction, a 7d food record was used during a period
of weight maintenance and after a 7d food restriction.

Methods

Eleven athletes from the Auvergne League were assessed two
months and one day before a major national competition.
Physical characteristics of the subjects are presented in Table 1.

Their mean period of practising this sport was 10 � 3.2 years.
All participated in six to nine hours of training per week and
had competitive experience in regional and national tourna-
ments. One had competed internationally. Their technical level
ranged between 2nd and 3rd Dan black belt. All the sportsmen
fought in a category less than 73 kilograms. Subjects signed a
letter of informed consent after being informed of the risks in-
volved. They were not taking any drugs or medication and had
no history or endocrine disorders before or during this study.
They were not taking any supplements.
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Assessments (weight, performance, psychological test, nutri-
tional status, blood samples) were made during a period of
weight maintenance (T1) and after a 7d food restriction (T2),
one day before a national championship. The period of weight
maintenance was considered a baseline phase and judo ath-
letes performed their regular regimens of judo and interval
and resistance training. Judo training sessions were normally
2 h in duration, consisted of judo specific skills and drills and
randori (fighting practice).

Body composition

At T1 and T2, the weight and height of each subject were meas-
ured and the percentage of body fat mass was estimated from
four measurements of skinfold thickness according to Durnin
and Rahaman [10]. A Harpenden caliper was used to measure
the thicknesses, i.e., biceps, triceps, subscapular and suprailiac
on the right side of the body with the subject in a standing po-
sition. Weight was measured on a digital scale with an accura-
cy of 0.1 kg.

Dietary intake

Values for nutrient intakes were obtained from a 7d food rec-
ord kept during a period of weight maintenance and after a
7d food restriction. The diet for food restriction was self-se-
lected. All participants received a detailed verbal explanation
and written instructions. Subjects were asked to eat normal-
ly and to remain as close as possible to their usual dietary
habits during the period of diet recording and to be as accu-
rate as possible in recording the amount and type of food
and fluid consumed. They were asked to record brand names
of all commercial and ready-to-eat foods consumed and
method of preparation. A list of common household meas-
ures, such as cups and tablespoons, and specific information
about the quantity in each measurement (grams, etc.) was
given to each participant. Any questions, ambiguities, or
omissions regarding the type and amount of food and bev-
erages consumed were resolved with individual judo athletes
and controls via direct interviews. A color photo exhibit [40]
of commonly consumed foods and their portion sizes was
used during the interview to assist in estimating amounts
consumed. Daily energy and nutrient intakes were calculated
by a computer program developed by SCDA Nutrisoft (Bil-
nut.4 software package, France). This diet analysis program
accesses French nutrient data base for standard reference
[11].

Physical performance measures

In order to evaluate the performance of each subject, we chose
specific tests of this sport, which seemed to be adequate to re-
present aspects of physical fitness in judo [41]. This perform-
ance was done 30 min after anthropometric assessment. The
order of the tests was always 1) static strength and 2) vertical
jump.

Muscular strength measures included right and left-grip
strength (Harpenden dynamometer, British Indicators, Ltd.).
The strength score, recorded in kilograms, was the average of
two trials.

Vertical jumping height was determined on a platform [4]
which was connected to a digital timer. The test battery con-
sisted of vertical jumps performed from a standing position
1) without a preliminary counter movement jump, squat-
jump (SJ), 2) with a preliminary counter movement jump
(CMJ).

The mechanical power of the lower limb extensor muscula-
ture was measured in a jumping test. The subjects performed
successive maximal jumps (CMJ) on the platform during a
period of 1) 7 s and 2) 30 s keeping their hand on their hips.
The cumulative flight time and the number of jumps per-
formed formed the basis for the calculations of mechanical
power [5].

Blood collection and biochemical analysis

After their full informed consent, experiments were conducted
in accordance with general ethical rules. Blood samples (5 ml)
were drawn from the antecubital vein into plain vacutainer
tubes using EDTA (1 mg � 1 ml±1) as anticoagulant after a
twelve-hour overnight fast, and at least twenty-six hours after
the last training session. The proportion of cholesterol, and tri-
glycerides (TG) and phospholipids was analysed by enzymatic
techniques in HITACHI 911 (Roche Diagnostics) according to
the manufacturer�s protocol. The HDL fraction of cholesterol
was measured after precipitation of VLDL and LDL by phospha-
tic acid. The fraction related to the LDL was precipitated by
BIOMERIEUX reagent.

The apolipoproteins A1 and B were measured using DADE-
BEHRING Turbiquant reagents by immunoturbidimetry meth-
ods.

The FFA were determined with enzymatic reaction using acet-
yl-CoA synthetase and acetyl-CoA oxydase produced for Wako
Laboratories.

Glycerol was phosphorylated by glycerol kinase and ADP. The
ADP was reconverted into ATP by PEP with the aid of pyruvate
kinase with the protocol edited for Boehringer.

Psychological measurements

The profile of the mood states (POMS) [29] was used to assess
changes in tension, anger, confusion, vigor, depression, and fa-
tigue during weight loss.

Table 1 Anthropometric parameters measured during a weight main-
tenance period (T1) and after a 7d food restriction (T2) (Mean � SD)

BW
(kg)

Height
(cm)

% Body
fat

BMI
(kg � m±2)

FFM
(kg)

T1 75.1 � 2.6 172.9 � 1.5 17.3 � 2.1 24.9 � 1.2 62.1 � 2.2

T2 71.5 �1.3* 16.8 � 1.4 23.1 � 0.7* 59.8 � 2.7

Change
(%)

±4.9 � 1.2 ±1.8 � 1.8 ±6.8 � 1.1 ±3.7 � 2.1

N = 11, *P < 0.05 (T2 vs T1)

Lipid Levels and Performance After Food Restriction Int J Sports Med 2001; 22 455
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Statistical method

Anthropometric data, physical performance and psychological
parameters are expressed as a mean and standard deviation.
Lipid values and nutrient intake are presented as mean � SE.
We used the nonparametric Wilcoxon�s test to test differences
within a procedure (T1 vs T2). The SPSS/PC statistical package
was used and the criterion for significance was set at P < 0.05.

Results

Table 1 shows the mean values (� SD) of height, body weight
(BW), body mass index (BMI), fat free mass (FFM) and the % of
body fat obtained during a weight maintenance period (T1)
and after a 7d food restriction (T2), together with percentages
changes pre to post weight loss. The weight-loss period result-
ed in significant decreases in BW (P < 0.05), BMI (P < 0.05). FFM
had a tendency to decrease.

Mean (� SE) physical performance are presented in Fig.1. We
noted a significant decrease of left hand grip values (LHG) at
T2 compared to those observed at T1 (P < 0.05) although no dif-
ferences appeared in right hand grip (RHG). Simple Jump (SJ)
or counter movement jump (CMJ) were not influenced by a
period of food restriction. Weight reduction did not affect total
work output during the 7-s test but induced a decrease during
the 30 s test (P < 0.05) (Fig.1).

The mood states of confusion, anger, fatigue and tension were
significantly higher after weight loss (Fig. 2). Vigor was signifi-
cantly lower after the period of food restriction (P < 0.05).

Serum lipid, lipoprotein and apolipoprotein levels are shown
in Table 2. No significant differences were observed in serum
total cholesterol (TC), phospholipids (Ph-lipids), glycerol, LDL-
C, HDL-C, apolipoprotein B (Apo-B), and A-1 (Apo-A1). How-
ever, the level of triglycerides and free fatty acid (FFA) were
significantly higher at T2 (P < 0.05).

Table 3 shows dietary intake at baseline (weight maintenance
T1) and after the 7d food restriction. Compared with baseline,
energy intake was significantly (P < 0.01) lower during weight
reduction procedure. The proportion of total calories from car-
bohydrates was low compared to French recommendations
[19] whatever the period of investigation. Excluding thiamin,
and vitamin A and E, micronutrient intakes during weight re-
duction were lower (P < 0.01) than during baseline [T1]. All
mean micronutrient intakes were below the respective recom-
mendation [18] whatever the period of this investigation (Ta-
ble 4).

Discussion

The objective of this investigation was to determine whether
the physiology and psychology of judo athletes who lose
weight after a 7d food restriction as well as their physical per-
formance is affected. The main results were the decrease in an-
aerobic performance, the modification in psychological profile
and the increase of TG and FFA.

Food records, as used in this study, are considered the standard
for dietary assessment and provide a quantitative account of
an individual�s diet during a specific period. Although the judo
athletes in this study were highly motivated, underreporting
errors may have occurred. Therefore, it is important to view
the report data as the mean intake for these athletes. Baseline
energy intake (T1) was average for athletes practising high in-
tensity weight loss sports but low compared with 3000±
4800 kcal � d±1 reported for male endurance athletes [13]. The
average caloric intake during the food restriction period was
2107 � 179.4 kcal � d±1, which induced a decrease of body
weight (4.9 + 1.2%), which was in accordance with other ath-
letes practising weight loss sports [35]. The loss of body
weight represented an average of 3.6 kg in absolute (Table 1).
The deficit in energy intake represented about 1000 kcal per
day, i. e. 7000 kcal for a week. This corresponded to less than
1 kg of body fat. So, the main part of the body weight loss was
body water loss. We reported that the proportion of total calor-
ies from carbohydrates was low compared to French recom-
mendations [19] whatever the period of the investigation. In a

Table 2 Serum lipid, lipoprotein and apolipoprotein levels of judo athletes. For comparison, reference range for adults were listed (Mean � SD)

TC
mmol � l±1

TG
mmol � l±1

Ph-lipid
mmol � l±1

FFA
mmol � l±1

Glycerol
mmol � l±1

LDL-C
mmol � l±1

HDL-C
mmol � l±1

Apo
g � l±1

Apo-A1
g � l±1

B/A1

T1 4.50 � 0.2 0.63 � 0.06 2.50 � 0.1 0.31 � 0.05 0.17 � 0.01 2.57 � 0.2 1.15 � 0.05 0.83 � 0.05 1.04 � 0.04 0.77 � 0.06

T2 4.58 � 0.2 0.92 � 0.08* 2.68 � 0.1 0.53 � 0.2* 0.12 � 0.0 2.62 � 0.2 1.09 � 0.08 0.79 � 0.04 1.04 � 0.07 0.81 � 0.08

Norm 3 - 6 0.5 - 1.6 2 - 3.2 0.1 - 0.5 0.05 - 0.2 2.9 - 4 0.75 - 1.6 0.45 - 1.2 1 - 1.8

N = 11. *: P < 0.05 (T2 vs T1)

Fig. 2 Profile of mood states at T1 and T2.

Fig. 1 Right (RHG) and left hand grip (LHG) (kg), simple (SJ) and
counter movement jump (CMJ) (cm), 7 s and 30 s jumping tests
(W � kg±1) measured before (T1) and after a 7d food restriction (T2)
(Mean � SD) *: P < 0.05 (T2 vs T1).

Int J Sports Med 2001; 22 Filaire E et al456
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hypoenergy diet, a relatively low (about 1g � kg±1 � d±1) protein
intake, such as in the present study, may be inadequate to
maintain muscle protein [23]. Regarding carbohydrates, an in-
take < 500 g � d±1 may be too small to ensure rapid glycogen re-
synthesis after training sessions [25]. Although the amount of
carbohydrates needed by judo athletes on a daily basis is not
known, a low carbohydrate intake may impair recovery and in-
crease loss of body protein and intracellular water [13]. We
also noted that the micronutrient intakes were below the re-
commendations [19], whatever the period of this investiga-
tion. However, van Dale et al. [47] have reported that for ath-
letes, good status of thiamin, riboflavin, B6, and magnesium

(i. e., vitamin and mineral element needed as enzyme activa-
tors in muscle metabolism) are particularly important.

The effect of food restriction, especially of a low carbohydrate
diet (45.4 % of total calories as it is the case in our study), on
anaerobic performance is unclear. To our knowledge, no data
are available in judo. However, several studies investigated in
wrestlers the effect of weight loss on performance tests that
included muscle strength and arm or leg-Wingate tests, but
the results are under debate [18,24,49]. In our study, we noted
that the values of the hand grip were lower at T2 compared to
those observed at T1, especially for the left hand grip (LHG) val-
ues (P < 0.05) (Fig.1). Moreover, a significant decrease is noted
in the 30 s jumping tests (P < 0.05), which evaluated the power
of the leg extensor muscles, considered to reflect anaerobic
characteristics [5]. An explanation for this decrease in per-
formance is the possibility of altered acid-base balance after
subjects had lost weight. Greenhaff et al. [17] suggest that,
even with adequate energy intake, a low carbohydrate diet
may diminish the buffering capacity of the blood. So, acidosis
from the combination of weight loss and a low carbohydrate
intake would decrease the muscle hydrogen ion efflux, which
is known to accelerate fatigue during intense muscular con-
tractions. In the present study, energy intake was 30 % lower
(Table 3) with a contribution of carbohydrates inferior to
French recommendations [19]. It may be the reason for the re-
duction of the static strength. Elevated plasma fatty acids ob-
served at T2 (Table 2) and the subsequent inhibition of glycoly-
sis [36] are also a possible explanation of the decreased per-
formance after a 7d food restriction. In fact, a decreased rate
of glycolysis due to elevated free fatty acids would limit the an-
aerobic metabolism required to sustain the high intensity of
arm cranking. Moreover, van Dale et al. [47] found that a
weight-reducing diet combined with exercise may impair vita-
min B6 status. In our study, we found a decrease of this vita-
min after T2 (P < 0.05) (Table 3). This was also the case for the
magnesium values. Vitamin B6, a cofactor for glycogen phos-
phorylase and magnesium, an activation for kinases, are need-
ed for glycogenolysis. An impaired status might decrease an-
aerobic capacity [14].

No changes in the 7s-jumping test were observed after the de-
crease of bodyweight (Fig.1). One factor responsible for the
impaired capability in force production after weight reduction
could concern the contractile part of the muscle cells or the
nervous system. In the case of vertical jumping, possible
changes in the visco-elastic properties of the muscular system
may also be of importance [48]. Moreover, in the 7s-jumping
test, the energy liberated from the phosphagen stores is of high
importance. Houston et al. [24] found no changes in muscles�
ATP and CP concentrations after a 4-day period of weight loss
achieved by reduction in the food and liquid intake (as it is the
case in our study, Table 3). The lack of changes in the 7-s jump-
ing test in our study corroborated these previous results.

Concerning the lipid profile, we first noted that our values
were in agreement with the reference norms. Our results, sec-
ondly, also showed that 7-d food restriction and a decrease of
body weight produced no change in C, LDL-C and HDL-C con-
centrations nor in apolipoprotein A1 and B (Table 2). These re-
sults were not in agreement with previous studies [27, 45]
which noted significantly reductions in C and LDL-C where
body weight decreased during exercise training and food re-

Table 4 Mean intake of micronutrients for judo athletes at T1 and T2
(Mean � SD). For comparison, French norms are listed [19]

T1 T2 French Norm

A (mg) 1 500 � 250.2 1 449 � 362.8 2 000

E (mg) 9.5 � 2.7 9.1 � 1.9 30

Thiamin (mg) 1.5 � 0.2 1.15 � 0.1 5 ± 10

Riboflavin (mg) 7.05 � 0.6 3.6 � 0.1**
(49 %)

12

B3 (mg) 18.1 � 1.5 12.8 � 1.2**
(29 %)

30

B6 (mg) 2.8 � 0.3 1.8 � 0.08
(38 %)

20

B12 (mg) 12.9 � 0.8 9.1 � 0.7**
(30 %)

10 ± 20

B5 (mg) 14.1 � 0.5 9.8 � 0.4**
(35 %)

20

Magnesium
(mg)

396 � 12.2 216.8 � 15.6**
(40 %)

700

Potassium (g) 3.5 � 0.7 2.2 � 0.1
(36 %)

5.25

Sodium (g) 4.2 � 0.6 2.7 � 0.1*
(34 %)

6.6

N = 11. *: P < 0.05; **: P < 0.01 (T2 vs T1)

Table 3 Mean nutrient intake of judo athletes at T1 and T2 (Mean �
SD). For comparison, French norms for sportsmen are listed [19]

T1 T2 French Norm

Energy intake
(kcal � d±1)

3 029 � 281.6 2 101.7 � 179.4**
(30 %)

3 000 ± 3 500

Total protein
(g � d±1)

124.9 � 16.2 88.3 � 8.5*
(29 %)

81

Total Fat
(g � d±1)

118.2 � 9.9 85.7 � 8.5**
(27 %)

100

Carbohydrate
(g � d±1)

360.7 � 52.2 236.5 � 25.1 450

% Protein 16.3 � 0.8 17.1 � 0.9 15

% Fat 35.5 � 3.0 37.4 � 2.4 < 30

% Carbohydrate 48.0 � 3.0 45.4 � 2.8* 60

Water (g) 2 684.7 � 352.7 1 915.7 � 7.1**
(28 %)

3 500

Cholesterol (mg) 493.7 � 79.9 332.5 � 32.9 350

N = 11. *: P < 0.05; **: P < 0.01 (T2 vs T1)

Lipid Levels and Performance After Food Restriction Int J Sports Med 2001; 22 457
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striction. Moreover, Thompson et al. [45] reported that a low
carbohydrate diet (17 % proteins, 43 % carbohydrates and 40%
lipids) induced an increase of HDL-C and Apo-A1. These con-
tradictory results can be due to the timing of lipid measure-
ments in the interpretation of the plasma lipid response to
weight loss. Other important factors like the dietary composi-
tion of the weight loss strategy, or the type of exercise during
weight loss, must be taken into account and can explain the
controversial data in the literature [32]. LDL-C concentrations
at T1 and T2 were lower than the reference values, corroborat-
ing other studies, which observed the involvement of physical
activity on reduction in the LDL-C preventing arthrogenic risks
[20]. Most of the studies interested in relationship between ex-
ercise and plasma lipoproteins showed significantly higher
plasma HDL-C values in athletes compared to those noted in
inactive controls, particularly in endurance-trained men [1].
These high HDL-C values would induce risk factors for corona-
ry heart disease [16]. However, the influence of exercise on
HDL-C depends in the characteristics of the sport practised.
Several studies have noted that sportsmen participating in
speed or power events, like weight lifting, have plasma HDL-C
values similar those of sedentary controls [12]. Our results
were in agreement with these studies. It has also been shown
that weight reduction may lead to alterations in lipid and lipo-
protein file with a reduction of TG [27]. However, the results
are under debate, predominantly because of the different re-
gimes used in studies. Moreover, the different lipid parameters
are influenced by the type of sport and anaerobic activities
have received little attention. In our study, baseline TG values
(T1) were low (0.63 � 0.07 mmol � l±1). These values were in
agreement with other previous studies, which also reported
lower basal plasma TG concentrations in sportsmen, whatever
the sport practised, compared with the general population
[20]. The FFA increase observed in our study after food restric-
tion (P < 0.05: Table 2) may be the consequence of the increase
of the lipolysis of TG in adipose tissue and circulating TG [26],
and of the hormonal adaptations induced by training, i. e. sen-
sitivity to catecholamines, which improves lipids utilisation
[6, 46]. The lack of changes of glycerol levels may be attributed
to the use of the glycerol by the hepatic neoglucogenesis indu-
cing from the low carbohydrates intake.

The findings of the mood states showed that subjects were
characterised by the ªicebergº profile at T1 previously identi-
fied in sport research as a successful mood profile [21]. How-
ever, weight loss eliminated this profile by lowering the posi-
tive mood state of vigor and increasing the negative mood
states of tension, anger, fatigue and confusion. Our data are in
agreement with those of Newton et al. [31] and Steen et al. [38]
in competitive bodybuilders or in wrestlers. These modifica-
tions noted in the POMS tend to mirror the changes that occur
when athletes overtrain [30].

In conclusion, the data indicate that a 7-day food restriction
adversely affects the physiology and psychology of judo ath-
letes and impairs physical performance, possibly due to inade-
quate intake of carbohydrates and micronutrients.
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