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Strength gains in obese females are unaffected 
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Summary. This study examined the effects of die- 
tary restriction on strength gains from whole body 
resistance training. Comparisons were made be- 
tween diet-restricted (n=12) and non-diet-re- 
stricted (n = 10) obese women (mean+ SD, 
36.7+7.0% fat) undergoing identical 8-week re- 
sistance training regimens. Diet-restricted subjects 
reduced their dietary intake by 4200 k J /day and 
reduced body mass by 3.9 kg over 8 weeks. Ten- 
repetition maximum masses were compared be- 
tween the groups on biweekly intervals. Results 
indicated no differences between the groups with 
respect to the rate or magnitude of strength gains 
for any of the eight exercises. Significant pre- to 
post-test increases in strength (p<0.05) were 
found for all eight exercises. The rate or magni- 
tude of strength gains induced by resistance train- 
ing does not appear to be affected by moderate 
dietary restrictions in obese females. 
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Introduction 

Dietary restriction can lead to inadequate intake 
of protein, limited amino acid availability as well 
as deamination of muscle proteins (Aoki 1981). 
Decreases in muscle glycogen content have also 
been noted during periods of dietary restriction 
(Aoki 1981; Horton 1982). Since lower muscle 
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glycogen levels have been associated with de- 
creased muscle contraction force (Jacobs et al. 
1981) and fatigue (Horton 1982; Jacobs et al. 
1981), the combination of inadequate protein in- 
take and glycogen depletion could potentially re- 
sult in reductions in strength gains that normally 
occur in response to resistance training. 

To our knowledge, the effects of dietary re- 
striction on resistance training-induced gains in 
strength have not been studied. Thus, the purpose 
of this study was to examine the effects of dietary 
restriction and subsequent body mass loss on re- 
sistance training-induced gains in strength. 

Methods 

Experiment design. Twenty-two obese females (body 
mass=75.9_+7.6kg; fat-free mass=47.7+5.1 kg; percent body 
fat=37.2+7.0; age=32.0+ 1.5 years, height= 1.66_+0.02 m) 
following informed written consent, agreed to participate in an 
8-week strength training study. Subjects were randomly as- 
signed to either a diet-plus-exercise (DPE) (n = 12) or exercise- 
only (EO) (n = 10) group. There were no significant differences 
on the pre-test for body mass, fat-free mass, fat mass and up- 
per-arm muscle and bone area between DPE and EO. 

Dietary intervention. The DPE group reduced dietary intake by 
4.2 M J/day on a diet that included the recommended daily 
allowance for vitamins, minerals and protein. A protein sup- 
plement was given to ensure protein intake > 1.0 g. kg -1 body 
mass. Based on daily food records, dietary intake (including 
the supplement) was approximately 4.9_+0.14 MJ/day, and 
consisted of 27% protein, 50% carbohydrate and 23% fat. The 
EO group maintained normal dietary habits. 

Exercise program. A Universal Power-Pac 2000 Gym was used 
for strength training. Following warmup, the subjects per- 
formed three sets of eight exercises (Table 1), 3 times/week, on 
alternate days, under trained supervision. Ten repetitions were 
completed in the first two sets. The subjects worked to failure 
(unable to voluntarily complete another repetition with a 
partner helping lift the mass past any momentary stoppage) in 
the third set. Strong verbal encouragement was provided 
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Table 1. Resistance training exercises with major muscle in- 
volvement 

Resistance Major muscle involvement 
training exercise 

Arm curl Biceps 
Arm extension Triceps 
Bench press Pectoralis major, triceps 
Lateral pull-down Latissimus dorsi, biceps 
Leg extension Quadriceps 
Leg curl Hamstrings 
Leg press Quadriceps, gluteals 
Calf raise Soleus, gastrocnemius 

throughout by the partner and the exercise supervisor. When 
more than 12 repetitions could be completed in the third set, 
the resistance was increased. The minimum increase in resist- 
ance allowed by the apparatus was 2.3 kg. Records were kept 
by the exercise supervisor of all masses lifted and repetitions 
completed for each individual. 

The 1st training day consisted of instruction in proper lift- 
ing techniques, selection of proper 10-repetition maximum (10 
RM) work loads and three sets at that work load. Any under or 
over estimations of the 10 RM work load were corrected prior 
to the next exercise session. The starting masses used for sta- 
tistical analysis (week 0) are those of the 2nd training day of 
the study. 

Body composition and upper-arm muscle and bone area. The 
procedures used to determine body composition and upper- 
arm muscle and bone area have been published elsewhere 
(Ballor et at. 1988). Briefly, body density was ascertained via 
hydrostatic weighing following the method of Katch et al. 
(1967) with a residual lung volume correction. Percent fat was 
calculated using the Siri formula (Siri 1961). Upper-arm mus- 
cle and bone areas were determined by analysis of radiographs 
taken of the right upper-arm in a horizontal position, as de- 
scribed by Katch and Behnke (1984). A planimeter was used to 
trace the muscle and bone area on the radiograph bounded by 
perpendicular lines drawn 10% and 80% of the longitudinal 
length of the humerous, starting from the distal edge. 

Ten-repetition maximum changes. A 10 RM test was used to 
evaluate changes in strength over the 8-week training period. 
It was decided that testing the subjects in a manner consistent 

with their training regimen was more appropriate than using a 
1-repetition maximum test since training adaptations have 
been shown to be best assessed by tests similar in nature to the 
method used in training (Rasch and Morehouse 1957). Thus, 
we have chosen to define strength as a l0 RM. We acknowl- 
edge that this definition includes a muscular endurance com- 
ponent. The 10 RM represents the mass used for a particular 
exercise by a subject at the time of measurement. 

Statistical analyses. A 2 x 5 (group: DPE, EO; time: weeks 0, 
2, 4, 6, 8) repeated measures ANOVA was used to test for dif- 
ferences between strength gains for the two groups. When sig- 
nificant F-ratios were found (p < 0.05), a Newman-Keuls post 
hoc test (p<0.05) was used to determine specific mean differ- 
ences. Paired and unpaired t-tests were used where appro- 
priate to determine between and within group differences for 
body composition and upper-arm muscle and bone area com- 
parisons. All data are presented as mean+ SD. 

Results 

Table 2 presents the pre-test, post-test and change 
scores for body composition. The DPE group ex- 
hibited statistically significant reductions in body 
mass (-5%),  and fat mass ( -14%) while the EO 
group did not change. Fat-free mass increased 
modestly for both groups, but the change did not 
achieve statistical significance. Both groups sig- 
nificantly increased their upper-arm muscle and 
bone area by approximately 6%. Analysis of the 
change scores revealed that only the body mass 
and fat mass changes were different between the 
groups, with the DPE groups losing significantly 
(p <0.05) more body mass and fat mass than the 
EO group. 

The dietary restriction did not differentially 
affect the rate or magnitude of strength gain as 
evidenced by lack of statistically significant diet 
treatment main effects for all eight exercises 
(p>0.05). Therefore, the two groups were com- 
bined for the purposes of analyzing adaptations 

Table 2. Body mass, fat-free mass, fat mass and upper-arm area changes with resistance training 
(mean + SD) 

Variable Group Pre-test Post-test Post-test minus 
Pre-test 

Body mass DPE 77.5 + 6.1 73.6 + 6.3 - 3.9 + 1.3 *a 
(kg) EO 73.9 _ 10.4 74.3 + 11.3 0.4 + 2.0* 

Fat-free mass DPE 47.6 + 4.5 48.1 +__ 4.4 0.5 +__ 0.9 
(kg) EO 47.7___ 5.7 48.8+ 5.7 1.1+0.8 

Fat mass DPE 29.9_+ 7.1 25.6+ 6.6 - 4 . 3 +  1.3"" 
(kg) EO 26.2_+ 7.4 25.6_+ 8.4 - 0 . 6 + 1 . 6 "  

Upper-arm muscle DPE 175.8 _+ 12.2 187.0 _+ 12.2 11.2 + 6.0 a 
and bone area (cm 2) EO 173.8-+2t.7 184.3+__23.2 10.5+6.4 a 

"Post-test significantly different from pre-test (within a group), p < 0.05 
* DPE change significantly different from EO change, p < 0.05 
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Table 3. Changes in 10 RM during 8 weeks of  resistance train- 
ing exercise (mean_+ SD) 

Exercise Group  Week 0 Week 8 Week 8 minus 
Week 0 

Arm curl DPE 9.1 15.4 6.3* 
(kg) ___ 1.7 _ 2.1 

EO 11.4 16.1 4.7* 
+ 1.6 + 1.9 

Arm extension DPE 13.3 18.6 5.3* 
(kg) + 1.7 _+ 1.7 

EO t4.6 18.5 3.9* 
_+ 2.8 + 2.2 

Bench press DPE 23.3 29.3 6.0* 
(kg) _+ 3.5 __ 4.2 

EO 26.5 31.9 5.4" 
+ 4.7 + 7.3 

Lateral pull-down DPE 24.3 34.0 9,7* 
(kg) + 3.8 5 : 5 . 5  

EO 26.3 36.7 10.4" 
+_ 3.2 _+ 6.0 

Leg extension DPE t8.1 35,9 17.8" 
(kg) __ 5.2 _+ 7.6 

EO 18.9 36.9 18.0" 
+ 4.7 + 9.5 

Leg curl DPE 12.3 18.5 6.2* 
(kg) ___ 2.8 _ 1.7 

EO 11.8 18.1 6.3* 
___ 3.8 _+ 4.1 

Leg press DPE 62.5 121.6 59.1" 
(kg) ___ 15.2 + 14.2 

EO 66.4 124.3 57.9* 
+11.1 +25.0 

Calf  raise DPE 64.4 137.5 73.1" 
(kg) + 17.0 5:11.4 

EO 68.2 128.4 60.2* 
+_ 15.2 _+35.7 

* Week 0 to week 8 change significantly different, p<0 .05 .  
Statistics are comparisons of  marginal means and represent 
analysis of the combined scores of the groups 
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Fig. 1. Changes in arm curl and bench press 10 RM during 8 
weeks of resistance training exercise. M e a n _ S D .  Open 
squares, DPE. Solid squares, EO. * Significantly different 
from all other weeks, p<0.05 .  ** Significantly different from 
weeks 0, 6, 8, p < 0.05. Significantly different from weeks 0, 
2, 4, p < 0.05. Statistics are comparisons of marginal means and 
represent analysis of the combined scores of the groups 

to training. Although the groups have been com- 
bined for the purposes of statistical analysis, the 
means and standard deviations of each group are 
included in the table and figures. Any time related 
comparisons (i.e., week 0 to week 8), however, 
represent changes determined by analyzing the 
means of the combined groups. 

Table 3 contains the initial (week 0), final 
(week 8) and 8-week increase in 10 RM masses for 
the EO and DPE groups. As might be expected, 
statistically significant increases in 10 RM masses 
(p < 0.05) were found for all eight exercises. The 
percentage of increase in strength was smaller for 
the arm and trunk exercises (bench press=23%, 
arm extension=33%, arm curl= 52% and lateral 
pull-down=41%) then for lower body exercises 
(leg extension=98%, leg curl=53%, calf 
raise = 100% and leg press = 92%). With the excep- 
tion of the leg curl exercise, the magnitude (kg) of 
all lower body changes are larger than those of 
the upper body exercises. 

Figure 1 presents the bi-weekly changes in 10 
RM for the arm curl and bench press exercises. 
The bi-weekly changes in 10 RM for the other ex- 
ercises are similar to those depicted in Fig. 1 and 
exhibit an asymptotic characteristic such that 
there were progressively smaller increases in 
strength over time. The leg press and calf raise 10 
RM mass increases (not shown) were statistically 
different from each preceding 2-week period 
(p<0.05). In contrast, the 10 RM mass increases 
for all other exercises (not shown) plateaued with 
the 6th and 8th week 10 RM training mass in- 
creases not statistically different from each other 
(p > 0.05). The data in Fig. 1 clearly show the lack 
of difference between the curves for the DPE and 
EO groups. 

Discussion 

Dietary restriction and body mass loss did not af- 
fect the strength gains for the obese subjects in 
this study. There were no statistically significant 
differences (p > 0.05) between the DPE and EO 
groups for any of the exercises. Apparently, for 
obese females, a 5 M J/day energy intake is suffi- 
cient to allow strength increases to take place. 

The strength changes reported here are similar 
to those reported by others for males and females 
who trained but did not diet or lose body mass. 
Mayhew and Gross (t974) reported that 17 fe- 
males, following 9 weeks of resistance training, 
increased their 10 RM by 5.9 kg and 4.8 kg for the 
bench press and arm curl, respectively. This is re- 
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markably similar to the 5.7 kg and 5.6 kg found 
for the groups in this study. Allen et al. (1976) re- 
ported 8 RM increases for men that were larger in 
magnitude than those of the current study but 
slightly smaller as a percentage of starting value 
(leg curl = 27%, bench press = 44%, leg press = 71%). 

The asymptotic nature of the strength in- 
creases reflects a combination of neural and mus- 
cular adaptations. Initial rapid gains followed by 
slower sustained increases in strength have been 
reported previously and are thought to represent, 
first, neurally mediated increases in strength fol- 
lowed by slower muscle growth-induced strength 
gains (Hakkinen and Komi 1983). Increases in 
muscle mass following resistance training were 
found for the females in this study using X-ray 
(Table 2) and by others using computer-aided to- 
mography (Cureton et al. 1988). Thus, our data 
are consistent with rapid initial neural adapta- 
tions followed by a slower muscle growth compo- 
nent. 

Other measures of maximum performance 
also do not seem to be affected by moderate die- 
tary restrictions in lean or obese individuals. For 
example, Hagan et al. (1986) examined the effects 
of a 5.0 MJ intake on changes in I?o 2 maximum 
during 12 weeks of aerobic training for 96 obese 
men and women. Although the diet-restricted 
men and women lost 12% and 10% of their body 
mass, respectively, their improvement in l?o 2 max- 
imum (1- min-  1, ml. min-  1. kg-FFM- 1) was the 
same as that of the obese men and women un- 
dergoing the same training protocol without body 
mass loss. Finally,. McMurray et al. (1985) found 
no decrement in Vo2 maximum following 7 days 
of 4.2 M J/day dietary restriction in six lean endu- 
rance training males. 

In summary, it is apparent that dietary restric- 
tion and subsequent body mass loss had little af- 
fect on the rate of strength gain for the obese wo- 
men in this study. Apparently, in the mildly obese 
female, those factors responsible for stimulating 
muscle strength gains operate during moderate 
boy mass loss (via diet and exercise). This may 
not be the case for normal or underweight indi- 
viduals undergoing reductions in dietary intake, 
since a greater stress may be placed on protein re- 
serves of lean individuals who may not have ade- 
quate fat reserves to supply all the necessary ener- 
gy. For example, Keys et al. (1950) reported re- 
ductions of approximately 29% in maximal fore- 

arm and back strength for normal weight males 
losing 24% of their body weight over 24 weeks. 

It would appear, based on the present study, 
that 10 RM strength can improve in moderately 
obese females who undergo moderate dietary re- 
striction and body mass loss. 
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