
IDEAL REDUCTION OF CALORIES FOR GREATEST REDUCTION 
OF BODY FAT AND MAINTENANCE OF LEAN BODY MASS

M. Lombardo1, R. Magarotto1, F. Marinelli1, E. Padua1,3, M. Caprio1, G. Annino3, A. Bellia1,2, F. Iellamo3,4

Abstract: Objectives: This retrospective clinical study  was intended to assess the ideal number of calories in the Mediterranean-
style diet (MD) required for maximum weight reduction through a greater decrease in fat mass (FM)  and maintenance of fat-free 
mass (FFM). Methods: We analysed the data of 90 non-smoking subjects (56 females, age = 32.5 ± 9.6 years, BMI = 28.3 ± 5.4 kg/m2, 
data as mean ± SD). The participants underwent two-month individualised MDs with similar macronutrient composition (55% 
carbohydrate, 30% fat, 15% protein and fibre > 30 g) but different amounts of energy, which varied daily from 374 kcal to 1305 
kcal compared with the total energy expenditure measured by metabolic Holter. The sample was divided into nine groups of 10 
subjects in order to establish the amount of energy restriction that was most effective in terms of achieving fat loss and maintaining 
muscle mass. Results: All subject groups had significant improvements in body composition parameters (weight loss = 2.7  ± 1.8 kg, 
FM loss = 2.2 ± 1.2 kg and FFM loss = 0.5 ± 1.3 kg). Differences between the nine groups were not significant but higher FM loss 
was observed in groups one, three, six and eight. Groups one and four had the highest FFM increase and groups two, three and 
eight had the highest FFM loss. Conclusions: These data suggest that increasing the amount of energy restriction in a low-calorie 
MD might be useless in terms of obtaining a higher FM loss but a lower restriction could be more effective for maintaining FFM.
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Abbreviations: MD: Mediterranean-style diet; FM: fat mass; FFM:f at-free mass; WL: weight loss; REE: resting energy expenditure; 
VLCD: very low calorie diet; %FML: % fat mass lost; %FFML: % fat-free mass lost; FFML: fat-free mass lost; FML: fat mass lost.

Background 

For successful long-term weight loss (WL) the focus 
should be on achieving the best body composition for 
maintaining health rather than merely the loss of body 
weight (BW) (1). Since FM is the most metabolically 
dangerous tissue type, it is a more meaningful measure 
of health risk (2). A decrease in weight during a diet 
should aim at the slightest reduction of FFM, trying to 
shift the deficit towards fat, particularly visceral fat (3). 
A variable amount of FFM is often lost in combination 
with fat loss, and  the aim should be to keep this loss to 
a minimum and to preserve resting energy expenditure 
(REE). Weight loss-associated adaptations in REE may 
impair weight loss and contribute to weight regain. 
In contrast to weight-stable subjects, weight regainers 
showed a reduced REE adjusted for changes in organ and 

tissue masses after weight loss (4). 
Promoting eating habits consistent with Mediterranean 

Diet (MD) patterns may be a useful factor in efforts to 
fight obesity. High MD adherence has been associated 
with a significantly lower chance of becoming obese 
among overweight subjects, with stronger associations 
after adjustment for underreporting of dietary data (5).

Reduced-calorie diets result in clinically meaningful 
weight loss regardless of which macronutrients they 
emphasise (6). In a recent trial (7) subjects lost more FM 
than FFM after consumption of different diets, with no 
differences in changes in body composition, abdominal 
fat, or hepatic fat between assigned macronutrient 
amounts. Thus a combination of diet and exercise 
provides greater improvement in physical function than 
either intervention alone (8).

The degree of caloric restriction, exercise and rate of 
weight loss influences the percentage of fat-free mass 
lost (%FFML). Comparison diets with similar nutrient 
composition show that the degree of caloric restriction 
impacts on %FFML, at least in the short term (9).  A 
very low calorie diet (VLCD) is a diet with extremely 
low daily food energy consumption (800 kilocalories 
per day or fewer). VLCD provides quite rapid weight 
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loss and higher loss of LBM. An accurate assessment 
of EE is necessary to determine caloric needs and to 
provide optimal nutrition support for in-patients, as well 
as nutrition counselling for outpatients (10). 

This retrospective clinical study  was intended to 
assess in the short term the ideal reduction of calories 
in subjects following an MD to obtain the maximum 
weight reduction through a greater decrease in FM and 
maintenance of FFM.

 
Subjects and methods

All 90 subjects were adult Caucasians and provided 
written informed consent to participate. The investigation 
was conducted in accordance with the Declaration of 
Helsinki.  Exclusion criteria were as follows: age <15 
years or >55 years; pregnancy or nursing; any lifestyle 
treatment in the year before; alcoholism; diabetes 
mellitus; chronic kidney disease; glucocorticoids, 
oestrogens and anti-convulsant therapies; history of 
cardiovascular, neoplastic or other systemic diseases 
(both chronic and acute). All subjects underwent 
thorough medical examination and subsequent food 
history, physical examination and evaluation of body 
composition. Weight and height were measured after 
subjects fasted overnight and were wearing only 
underwear. Body composition: fat mass (FM), fat-free 

mass (FFM) and hydration status (TBW) were recorded 
by the BIA Tanita BC-420 MA, a validated instrument 
with DXA (11), which measures values from a standing 
position and without the use of electrodes to within 100 
grams. 

The same protocol with detection of the above 
information was carried out two months later. Patients 
were required to observe the following guidelines 
before body composition analysis: at least three hours 
after awakening and the beginning of the normal daily 
activities; three hours or more after meals and not eating 
or drinking too much the day before the measurement; 12 
hours or more after a hard workout; urinating before the 
measurement; avoiding alcohol 12 hours before the visit 
and avoiding menstruation. 

The total energy expenditure was measured by 
a multisensory armband (SenseWear Pro2 Armband, 
Bodymedia Inc., Pittsburgh, PA, USA) worn on the back 
of the upper right arm that recorded data for at least 48 
hours in a free-living context. The measured values are 
represented by TEE (total energy expenditure), the steps 
taken, the energy expenditure during exercise and daily 
METs. All subjects were also asked to maintain the same 
lifestyle and sporting activity consistently for the duration 
of the study.

All participants were placed on a two-month 
hypocaloric nutritionally balanced MD tailored to the 

Table 1
Composition and mean characteristics of the basal diet

Composition of basal diet

n=90 (56 F) Mean Std Dev Median Min Max Range L. Quartile U. Quartile

TOTAL CALORIES (kcal) 1756 346.0 1691 1212.0 2694.0 1482.0 1496 1964
PROTEIN  (gr) 89.5 19.9 85.9 58.0 155.2 97.2 75.5 97.8
PROTEIN (%) 20.5 2.0 20.5 16.5 28.5 12.0 19.1 21.6
CARBOHYDRATES (%) 50.9 3.1 51.3 42.6 57.4 14.8 49.2 53.2
FIBRE  (gr) 33.0 6.2 33.0 9.8 47.0 36.4 30.2 36.8
FATS (%) 28.5 2.4 28.5 20.1 36.4 16.4 27.0 30.0
SFA (gr) 11.7 3.7 10.8 6.0 25.1 19.1 8.9 13.9
PUFA (gr) 6.5 2.9 6.1 3.2 28.0 24.8 5.2 7.2
MUFA (gr) 28.5 6.8 27.8 11.2 48.5 37.3 23.0 35.0

Distribution of calories throughout the day (%).

n=90 (56 F) Mean Std Dev Median Min Max Range L. Quartile U. Quartile

Breakfast (%) 16.4 3.3 16.4 5.1 25.5 20.4 14.6 18.0
Morning snack(%) 6.8 5.3 5.1 3.0 32.3 29.3 4.4 7.6
Lunch (%) 33.7 5.8 34.0 7.4 42.4 35.0 32.4 36.6
Afternoon snack (%) 8.3 5.9 9.0 3.2 36.2 33.0 5.1 11.0
Dinner (%) 31.5 5.1 33.0 4.0 42.2 38.2 30.2 35.2
After dinner snack (%) 4.3 2.7 4.4 2.7 12.8 10.0 3.6 6.6
SFA: saturated fatty acids. MUFA: monounsaturated fatty acids. PUFA: polyunsaturated fatty acids
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individual. The nutritional patterns of the MD and the 
distribution of the daily food ration are shown in Table 
1. A diet with a higher number of calories in the first part 
of the day was elaborated in order to establish a greater 
reduction in fat mass as we demonstrated before (12). The 
main features of MD are as follows (13): eating primarily 
plant-based foods, such as fruits and vegetables, whole 
grains, legumes, and nuts; replacing butter with healthy 
fats such as olive oil; using herbs and spices instead of 
salt to flavour foods; limiting red meat to no more than 
a few times a month; and eating fish and poultry at least 
twice a week. Nutritional intakes were divided into three 
main meals and two or three snacks. Twice a month 
patients met a dietitian for a nutritional rehabilitation 
programmed designed to improve and promote change 
in eating habits and consisting of individual sessions 
(dietary assessment, evaluation of nutrient intake and 
adequacy, nutritional status, anthropometric data, 
eating patterns, readiness to adopt change). Patients 
were required to complete a three-day diet diary at the 
beginning of the study and then weekly throughout 
the follow-up. Diaries included one weekend day. In 
order to achieve a more favourable body composition 
regarding total fat and muscle mass, we recommended a 
combination diet with endurance and strength training 
tailored to the individual by a personal trainer (14). The 
sample was divided into nine homogeneous groups of 10 
subjects in relation to the difference% (Δkcal%) between 
caloric intake and TEE. 

Figure 1
Correlation between fat mass loss (%FML) and calorie 

restriction (A), daily METs (B), diet protein (gr) for weight 
(kg) (C), and daily steps (D)

Statistical analyses

The data were analysed with SOFA Statistics ver. 1.4.2 
open source software. Results for descriptive statistics 

were expressed as mean ± standard deviation or median 
(range). Statistical comparisons of continuous variables 
among the groups were performed with one-way 
ANOVA. A P-value of <0.05 was considered statistically 
significant.

Results
 

Baseline characteristics of the 90 (56 women, age 32 ± 
10 years) participants recruited to the study are shown 
in Table 2. Subjects showed an average BMI of 28.3 ± 
5.4 kg / m2 and FM of 25.3 ± 10.2 kg (38.3%), FFM 53.3 
± 12.6 Kg (61.7%) and TBW of 39.8 ± 9.2 kg (41.3%). 
The sample at the beginning of the study had a mean 
total energy expenditure of 2513 ± 541 kcal, an active 
energy expenditure of 330 ± 236 Kcal and daily average 
METs of 1.4 ± 0.2. The subjects wore the instrument 
metabolic Holter SenseWear® Armband for an average 
2.13 ± 1.2 days continuously, performing a total number 
of steps of 7040 ± 3019. Correlations between %FML 
and calorie restriction (A), daily METs (B), diet protein 
(gr) for weight (kg) (C), and daily steps (D) are shown 
in Figure 1. Significant correlations were found for %FL 
and daily METs (p= 0.037) and diet protein (p= 0.017). 
Figure 2 shows the correlation between %FFML values 
and calorie restriction (A), daily METs (B), protein (gr)  
diet for weight (kg) (C), and daily steps (D). No statistical 
correlation was found between these values.

Figure 2
Correlation between fat-free mass loss (%FFML) values 
and calorie restriction (A), daily METs (B), diet protein 

(gr) for weight (kg) (C), and daily steps (D)

There were no significant nutritional differences 
between the nine groups except diet’s calories. Group 
nine had the highest amount of dietary restriction 
(1305kcal) and group one had the lowest (374kcal). 
Dietary features, energy expenditure and body 
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composition of the nine groups are shown in Table 3. 
Groups 8 and 9 had the highest energy expenditure for 
sporting activity and higher daily average METs.

The differences for all subjects between the values at 
the beginning (T0) and end of the study (T1) are shown 
in Table 4.  All subjects’ results returned the following 

changes (Δ): Δweight equal to 2.68 ± 1.79 kg, ΔBMI equal 
to 0.93 ± 0.6 kg / m2, %FML equal to 2.2 ± 1.2 kg, FFML 
equal to 0.46 ± 1.3 kg and TBWL 0.5 ± 0.9 kg. Table 5 
shows differences in the average kg of fat mass between 
the start and end of the study sample for the nine groups. 

A significant decrease of FM was observed in all 

Table 2
Body composition, energy expenditure, and other characteristics of subjects

n=90 (56 F) Mean Std Dev Median Min Max Range L. Quartile U. Quartile
AGE  (yrs) 32.5 9.6 32 15 52 37 25 38
WEIGHT (kg) 81.3 19.3 76 53.5 138.2 84.7 67.7 92.4
HEIGHT  (m) 1.69 0.1 1.68 1.52 1.98 0.46 1.63 1.75
BMI (Kg/m2) 28.3 5.4 27 20 44.4 24.5 24.4 30.7
FM (kg) 25.3 10.2 24.3 7.9 57.1 49.2 17.3 31.8
FFM (kg) 53.3 12.6 48.7 37.3 92.2 54.9 43 61.6
TBW (kg) 39.8 9.2 36.5 27.8 67.8 39.8 32 45.9
DAILY STEPS (n) 7040 3019 6419 732 16088 15356 4851 9323
AEE  (kcal) 330 236 294.5 32 1623 1591 162 448
TEE (kcal) 2513 541 2407 1737 4175 2438 2089 2789
METs 1.4 0.2 1.4 0.9 2.0 1.1 1.20 1.60
n: number of subjects ; BMI: body mass index; FM: fat mass; FFM: fat-free mass; TBW: Total body water; AEE (active energy expenditure); TEE: total energy 
expenditure; METs: Daily metabolic equivalent task

Table 3
Difference between  diet features, body composition and energy expenditure parameters between the nine groups

Composition of basal diet

Group n TOTAL CALORIES 
(kcal)

PROTEIN  
(gr/kg)

CARBOHYDRATES 
(%)

FIBRE  
(gr)

FATS 
(%)

SFA 
(gr)

PUFA 
(gr)

MUFA
(gr)

1 1882.9 1.2 50.5 34.8 27.6 13.3 6.7 30.6

2 1767.8 1.2 51.9 33.7 28.3 11.3 6.5 28.8

3 1966.0 1.3 49.1 30.7 29.8 14.5 10.0 31.9

4 1697.0 1.1 50.3 34.3 28.5 11.2 6.1 27.5

5 1889.1 1.0 51.8 34.0 28.9 12.8 6.6 31.1

6 1643.2 1.1 51.9 34.0 27.9 10.0 5.6 26.7

7 1623.2 1.1 51.3 32.9 28.0 10.5 5.7 26.3

8 1627.1 1.0 51.2 31.7 28.9 10.7 5.9 27.4

9 1722.0 1.0 50.5 30.6 28.7 10.6 5.8 26.4

Energy expenditure and body composition of 9 groups

Group n TEE METs Δkcal Δkcal % STEPS AGE BMI FM (Kg) % FM FFM TBW

1 2256.7 1.4 374 11.6/18 6402.9 28.9 ± 12.7 28.7 ± 10.4 24.2 29.2% 54.1 40.9

2 2190.4 1.4 423 18/21.3 6883.1 35.3 ± 14 26.3 ± 8.3 21.9 29.7% 49.9 36.9

3 2562.2 1.4 596 21.9/24.7 5194.1 28.8 ± 11.3 27.7 ± 9.3 21.8 26.7% 56.2 41.7

4 2303.1 1.2 606 24.7/27.7 4929.8 35.4 ± 13.7 29.7 ± 11.1 29.7 34.7% 51.6 38.9

5 2683.7 1.3 794 28/31.3 7839.9 33.6 ± 13.6 31.1 ± 11.1 30.4 33.0% 56.1 42.3

6 2414.4 1.4 771 31.3/32.7 7618.3 38 ± 14.6 27 ± 9.9 24.6 31.5% 49.6 37.0

7 2452.8 1.4 830 32.8/34.8 5716.2 27.3 ± 10.5 26.6 ± 9.2 25.1 31.8% 49.0 36.6

8 2645.3 1.5 1018 35/40.3 9206.6 34.5 ± 14.7 28.8 ± 10 25.6 30.6% 53.6 39.9

9 3027.3 1.6 1305 40.8/53 9572.8 30.3 ± 13.5 28.5 ± 10 24.5 28.5% 59.4 43.8

Data are mean values. Every group is formed by 10 subjects. TEE: total energy expenditure AEE (active energy expenditure); METs: daily metabolic equivalent task; 
STEPS: daily steps; BMI: body mass index; FM: fat mass; %FM: % fat mass, FFM: fat-free mass; TBW: total body water.
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groups with different numbers of calories and energy 
expenditure reduction; the groups with greater 
restriction, such as eight and nine, had decreases 
comparable to groups with less restriction, such as one 
and three. Furthermore, the analysis of variance between 
groups (ANOVA) did not find any significant difference.

Discussion

Our findings suggest that different rates of 
energy restriction result in similar body composition 
variation after two months of MD in overweight or 
obese individuals (15). Common findings suggest the 
necessity for acute energetic imbalance; in our results 
there appears to be no relationship between an higher 
energy deprivation and better body composition 
results after MD. Our data confirm the idea of a more 
complex network of factors that influence overall body 
composition and health issues for adults (16).

Typical weight loss rules assert that a energy deficit 
of 7700 kcal is required to lose 1 kg of body weight, 
or equivalently 32.2 MJ per kg. However, it has been 
pointed out that FFM is lost in concert with FM during 

WL and thus it is now generally accepted that these rules 
overestimates FML%.  A more recent rule on expected 
fat-free mass (FFM) states that approximately one-quarter 
of weight loss will be FFM (i.e. ΔFFM/ΔWeight = ~0.25), 
with the remaining three-quarters being FM (17). The 
ideal number of calories for maximising FM loss while 
preserving FFM has not been established in previous 
study (5).

All nine groups achieved weight reductions between 
2 and 3.6 kg in the observation period or in two months; 
parameters are in line with the recommendations set by 
the National Institute of Health of between 250 and 1000 
grams per week. Most patients trying to lose weight do 
not employ the recommended combination of reducing 
calorie intake and engaging in leisure-time physical 
activity of 150 minutes or more per week. The degree 
of caloric restriction, exercise and rate of weight loss 
influence the proportion of weight lost. Comparison 
of different diets gives clear evidence that the degree 
of caloric restriction affects %FFML. Previous studies 
demonstrated that the increased initial rate of weight 
loss achieved using VLCDs compared with LCDs may be 
the cause of the greater FFM loss on these diets, at least 
in the short term (9). VLCDs provide quite rapid weight 

Table 4
Body composition of all subjects before and after the two-month study

T0 T1 Δ p
n=90 (56 F) Mean Std Dev Mean Std Dev Mean Std Dev
WEIGHT (kg) 81.3 19.3 78.6 18.4 2.7 1.8 <0.001
BMI (Kg/m2) 28.3 5.4 27.3 5.2 0.9 0.6 <0.001
FM (kg) 25.3 10.2 23.0 9.6 2.2 1.2 <0.001
FFM (kg) 53.3 12.6 52.8 12.4 0.5 1.3 ns
TBW (kg) 39.8 9.2 39.3 9.1 0.5 0.9 ns
Data are mean values. n: number of subjects; FM: fat mass; FFM: fat-free mass; TBW: total body water

Table 5
Difference in body composition parameters between the nine groups before and after study

Group n Δkcal Δkcal % ΔWEIGHT ΔBMI %FML ΔTBW ΔFFM p
1 374 11.6/18 -2.7 1.0 -10.5 -0.4 0.4 ns
2 423 18/21.3 -2.2 0.8 -6.3 -0.6 -0.3 ns
3 596 21.9/24.7 -2.6 0.9 -10.1 -0.5 -0.1 ns
4 606 24.7/27.7 -2.2 0.7 -7.8 -0.3 0.3 ns
5 794 28/31.3 -2.9 1.0 -7.9 -0.7 0.1 ns
6 771 31.3/32.7 -2.3 0.8 -10.2 -0.2 0.1 ns
7 830 32.8/34.8 -2.7 0.9 -9.2 -0.5 0.2 ns
8 1018 35/40.3 -3.6 1.3 -10.7 -0.8 -0.1 ns
9 1305 40.8/53 -2.9 1.0 -9.6 -0.5 0.1 ns
Δkcal: mean difference in Kcal between caloric intake and energy expenditure; Δkcal%: % difference between caloric intake and energy expenditure (minimum and 
maximum value of the group); ΔWEIGHT: mean difference in weight in Kg between the start and end of study; ΔBMI: mean difference in BMI  between the start 
and end of study; %FML: mean difference of % fat mass between the start and end of study; ΔTBW:  mean difference in total body water (TBW); ΔFFM: mean FFM 
difference in Kg between the start and end of the study. There is no statistically significant difference between the groups.
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loss and substantial loss of FFM, but stable weight may 
be more important in terms of the long-term benefits of 
living a healthier lifestyle. 

Exercise training is associated with an increase in 
energy expenditure, thus promoting changes in body 
composition and bodyweight while keeping dietary 
intake constant. The advantages of strength training may 
have greater implications than initially proposed with 
respect to decreasing percentage body fat and sustaining 
FFM (18). 

Group one, which had the smaller caloric restriction, 
obtained one of the best results in terms of fat mass loss 
and muscle maintenance. We may therefore conclude 
that excessive caloric restriction is not required to achieve 
the best results. A less restrained diet would be easier 
to maintain in the long term because it requires fewer 
sacrifices (19).

These results also show that as regards the 
effectiveness of the diet correct directions by the dietitian 
on nutritional choices and physical activity are more 
important than the degree of caloric restriction. Perhaps 
we simply need to tell our patients which food they need 
to avoid and what sort of physical activity they should do 
without stringent and often unrealistic calorie restrictions.

Our retrospective study found useful conclusions in 
relation to the various degrees of calorie restriction for 
proper weight loss. It could be argued that a smaller 
restriction of daily calorie intake results in the short term 
in a significant decrease in weight in terms of fat mass 
and stabilisation of lean body mass. On the other hand, 
it is clear that a higher caloric restriction did not lead to a 
more significant FM decrease. The study could open up 
new areas of inquiry in relation to healthy lifestyle and 
physical activity prescriptions for ideal weight loss.

Conclusions

Patients usually lose weight while on a programme but 
regain weight after they revert to their former lifestyle. 
We demonstrated that a lower energy restriction is 
enough to obtain similar %FML and preserve FFM than 
more unrealistic weight loss programmes not suitable for 
long-term lifestyle results.
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