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Abstract
Objective: To assess the effectiveness of moderate energy restriction for 6 months with reinforcement of household activities, in Tunisian obese women. 

Design: We conducted a nutritional intervention for 6 months. 

Participants: We included consecutively 75 volunteer obese women in the “Obesity Unit”, Endocrinology Service, La Rabta Hospital, Tunisia; in January 2013.

Intervention(s): We prescribed a diet of 1600 Kcal/day; providing 57% of energy as carbohydrate, 30% as fat, and 13% as protein. We advised the reinforcement of 
the domestic housework activities.

Main outcome measure(s): Demographics, lifestyle behaviors, anthropometrics, biologic parameters and dietary intake were assessed at baseline and at 6 months.

Analysis: All quantitative variables were reported as the mean ± standard deviation. We used paired-samples t test for comparison of two means and Pearson 
correlation coefficient (n > 30) to check for correlations. Significance level was set at 0.05.

Results: Sixty (80%) women were reviewed at 6 months. There was a significant decrease in body mass index and fat mass and a significant increase of the percentage 
of lean mass. The total cholesterol, low-density lipoprotein cholesterol, C-reactive protein and leptin levels were reduced at 6 months. 

Conclusion and implication: The prevention of the cardiovascular complications of the obesity for women of a modest socioeconomic level is achievable through 
readily accessible means.
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Introduction
Obesity, a disorder associated with a myriad of comorbidities 

(diabetes, hypertension, dyslipidemia, cancer, cardiovascular 
diseases…), is increasing at an alarming rate around the word [1-3] 
and listed as the second leading cause of preventable death following 
cigarettes smoking. Facing the global obesity epidemic is a major 
public health challenge nowadays [4]. In Tunisia, the prevalence of 
obesity mainly among adult women increased from 7.8% in 1980 to 
22.7% in 1997 [5] and to 37.7% in 2005 [6]. Currently, nearly 50% of 
Tunisian adult women are overweight or obese (Body mass index: > 
25). Prevalence of overweight and obesity are higher among Tunisian 
women with lower education levels in urban areas [7]. Obesity was 
incremented in a quarter or more of diabetes cases [8]. The increasing 
prevalence of obesity and its strong association with comorbidities 
and mortality have prompted interest in identifying effective measures 
of weight control [9,10]. Given that, pharmacotherapy has limited 
available options and that bariatric surgery is reserved for those who 
are morbidly obese or who have significant comorbidities, the most 
common approach to the treatment of obesity is standard behavioral 

treatment [11,12]. This approach includes behavior modification 
related to eating and activity habits. Diet, a modifiable environmental 
factor, is a mainstay in the management of obese individuals. Creating a 
negative energy balance, by decreasing energy intake, increasing energy 
expenditure or both, is a common strategy for achieving weight loss. 
The search for a weight loss for its beneficial anthropometric, biological, 
and clinical effects is imperative in obese. The change in food intake 
(primarily energy restriction) for obese women remains an essential 
foundation of the dietetic treatment of obesity. Over the years, many 
dietary approaches have been tested as possible alternatives of treating 
obesity [13-18]. Unfortunately, data about the relative benefits, risks, 
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metabolic effectiveness, and sustainability of different approaches have 
been limited. Dietary adherence has been implicated as an important 
factor in the success of dieting strategies; however, studies assessing 
and investigating its association with weight loss success are scarce. The 
various restrictive diets have shown their limits both by their low rates 
of adherence and their adverse health consequences.

In this context, we tested an approach based on a moderate energy 
restriction compared to what is usually consumed (American College 
of Cardiology/American Heart Association 2013). We have proposed 
a reduction of almost 50% of the usual energy consumption while 
improving habitual physical activity in obese women. The objective 
of this work was to measure the effectiveness of moderate energy 
restriction on weight loss and reduction of metabolic risk factors.

Material and methods
Participants 

We conducted a nutritional intervention for a period of 6 months. 
The study involved volunteer obese women who were referred by a 
medical doctor. We included consecutively obese women who came to 
the Unit of obesity, Endocrinology service, La Rabta Hospital, Tunisia; 
to lose weight on January 2013. Inclusion criteria were a high body 
mass index greater or equal to 30 and a desire to lose weight. No other 
inclusion or exclusion criteria were applied. At the beginning, the rate 
of participation was 100% because all eligible women were included 
in the study. All post-program data provided by the participants were 
volunteered. Study’s protocol was approved by the Rabta Hospital 
Ethics Committee and an informed written consent was obtained from 
all participants.

Outcome measures

Demographics, lifestyle behaviors, anthropometrics, biologic 
parameters and dietary intake were assessed at baseline and at 6 
months with standard instruments. The women underwent an initial 
examination at time 0, a review at 6 months after the prescription of the 
diet without any contact in between.

Dietary intake

The dietary survey technique used to estimate usual nutrient intake 
was diet history. As first proposed by Burke the method consisted of an 
interview to obtain usual diet [19,20]. The diet history method does not 
involve recall over a specific period; it rather attempts to obtain a semi-
quantitative picture of typical or habitual intake as reflected by intake 
in the immediate past. The main advantage of the diet history method 
is that if successfully carried out, it can provide an estimate of habitual 
intake for individuals [21,22]. Data were obtained during a face-to-face 
interview between the patient and a qualified nutritionist. In detail, 
the dietary interview allowed to quantify foods and drinks by using 
a photographic food atlas of known portion sizes to ensure accurate 
completion of the records [23]. For each meal the food frequency and 
the amount of food consumed by each individual was recorded. The 
participants were asked to recall the food intake during the immediate 
past 6 months. For each food, they were asked to mark a cross on the 
manual photos that they believed represented most closely the size of 
the portion they had consumed. This food photography manual has 
the advantage of being the first to represent a wide list of food usually 
consumed by the Tunisian population and requiring a visual aid for 
estimating portion sizes.

The usual dietary intake of participants was transformed into key 
macro and micronutrients using the NUTRISOFT BILNUT software 

version 2.01 whose food composition table has been supplemented by 
a list of food and especially Tunisian dishes.

Anthropometric measurements
The degree of obesity was established on the basis of Body Mass 

Index (BMI) cut-off points of 30.0–34.9 kg/m2 (class I obesity), 35.0–
39.9 kg/m2 (class II obesity), and ≥ 40.0 kg/m2 (class III obesity). 
Waist Circumference (WC) was measured to the closest 0.1cm with 
a non-extensible tape. The measurements were made with the subject 
standing upright, feet together, and arms hanging freely at the sides, 
with the subjects standing and breathing normally. WC was measured 
at the midpoint between the inferior costal margin and the upper 
iliac crest. We measured waist size as the mean of 2 readings at the 
umbilicus of the participant using a tape measure. At each intervention 
session, body weight (BW) was determined to the nearest 100 g using a 
calibrated balance beam scale with the participant in light clothing and 
not wearing shoes. The same balance accurate to ± 0.5 g was used for all 
measurements. This scale is widely used in the research and is known 
to provide valid measures of weight Percent weight reduction was 
calculated as [(initial BW − final observed BW) / initial BW] × 100%. 
Height without shoes was measured to the nearest centimeter, using a 
measuring rod. The determination of body composition: fat mass, lean 
mass was performed by bioelectrical impedance analysis. The BMI was 
computed as weight (kg) divided by height squared (m2).

In all individuals, systolic (SBP) and diastolic (DBP) blood pressures 
were measured in three times, two minutes apart, with a random zero 
sphygmomanometer after the subject had been sitting for at least 10 
min. The average of the second and third reading was recorded.

Fasting blood samples were collected in the morning after an 
overnight fast of 12 hours at baseline and 6 after months. We obtained 
blood samples after an overnight fasting on lithium heparin tubes 
for the lipid profile. The determination of total cholesterol (TC), 
triglycerides (TG) and HDL cholesterol (HDL-C) was produced by 
enzymatic colorimetric method on a Hitachi brand PLC Type 912. 
We used the Friedewald formula to calculate LDL cholesterol. Plasma 
concentrations of leptin were determined by radioimmunoassay. 
The dosage of adiponectin was directed by the Enzyme Linked 
Immunosorbeent Assay (ELISA, using radioimmunoassays and 
enzyme-linked immunosorbent assays). Hypertension was defined 
as SBP ≥ 140mmHg or DBP ≥ 90mmHg on two different occasions 
or taking antihypertensive medication. Hypercholesterolemia was 
defined as a fasting blood total cholesterol level ≥ 190 mg/dL or use of 
lipid-lowering medication, hypertriglyceridaemia as fasting blood TG 
levels ≥ 150 mg/dL or use of lipid-lowering medication [24]. 

Intervention
Exercise goal 

Sedentary lifestyle is often assumed to be a contributing factor 
in obesity. The number of steps taken by an individual each day 
is considered as a marker of such activity. For instance, a sedentary 
lifestyle is defined as a daily step count that is less than 5,000 steps, 
whereas an active lifestyle is defined as a daily step count of more than 
8,000–10,000 steps [25]. Throughout the obesity literature, the majority 
of studies combine numerous types of dietary interventions with 
various types of recommendations to increase physical activity ranging 
from basic advice to increase steps taken throughout the day (habitual 
activity) to carefully select and monitor exercise ‘prescriptions. The 
choice of the model of physical activity proposed in our study, namely 
a reinforcement of the usual physical activities including walking and 
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the domestic housework activities, was conditioned by physiological 
considerations which stipulate that the rate of oxidation of the lipids 
during exercise varies greatly from one individual to another (high 
inter individual variability) and is between 25 and 65% of VO2 max 
[26]. It is therefore very difficult to determine the rate of oxidation of 
the lipids of each person during the hospital medical consultations or 
nutritional surveys in order to indicate the intensity and duration of the 
adequate activity. On the other hand, the majority of the obese women 
retained in our study came from modest or unfavorable socioeconomic 
conditions that could not allow them to attend sport halls with 
expensive subscriptions or to equip themselves with home-suitable 
material (carpet, ergocycle...). Physical activity is not part of the habits 
of this Tunisian age group. The same is true for the low intellectual level 
of our population, which would have negatively affected the degree of 
adherence to the instructions for physical activity as demonstrated in 
other studies [27]. All participants were largely sedentary with low socio-
economic status. Women were asked to improve the usual housewife 
physical activity and to maintain it during the 6 months intervention.

We did not provide an exercise program for participants, but 
only advised them to gradually increase habitual physical activity. 
Participants were instructed to increase their physical activity gradually, 
primarily via walking. Exercise during the program was not controlled, 
but regular low to moderate exertion was encouraged.

Energy and macro-nutrients gram goals

To achieve weight loss, an energy deficit is required. Several 
approaches can achieve energy deficit. First, specification of an energy 
intake target that is less than that required for energy balance, usually 
from 1 200 to 1 500 kcal/day for women and from 1 500 to 1 800 
kcal/day for men (American College of Cardiology/American Heart 
Association 2013). The second approach consists of an estimation of 
individual energy requirements according to expert guidelines (World 
Health Organization 1985) and prescription of an energy deficit of 500 
kcal/day or 750 kcal/day or 30 percent energy deficit. The nutritional 
intervention consisted of a prescription of 1600 Kcal/day with moderate 
macronutrient distribution providing 57% of energy as carbohydrate, 
30% as fat, and 13% in the form of protein. It was demonstrated that 
an energy restriction respecting the balance between the macro-
nutrients is more effective on the weight loss and fat mass decrease 
while maintaining the lean mass. Hypocaloric diets (1600 Kcal) were 
prescribed individually for all participants by expert dieticians at the 
Department of Nutrition, La Rabta University Hospital, Tunis. The 
diet was designed to provide 50% less energy than the baseline. The 
fat, carbohydrate and protein gram goal were 30%, 57% and 13% of the 
total daily calories according to the recommendations. 

Measure of adherence

Adherence to the energy goal was calculated by dividing the total 
number of energy consumed by the calorie goal, then multiplying it by 
100 to express the value as a percentage. Based on the calculation of 
adherence to the energy intake goals, participants were categorized as 
adherent (reported consuming 85%–115% of the daily goals) and non-
adherent (reported consuming < 85% or > 115% of the daily goals [27].

Statistical analysis
Data were analyzed using SPSS software (version 20). Significance 

level was set at p value ≤ 0.05. All quantitative variables were reported as 
the mean ± standard deviation. The results are shown for the 6-months 
comparison to baseline measurements as means ± standard deviation 
for all parameters. Percentage change was calculated as:

Pretest refers to the value at T0 and posttest refers to the value at 
T6. To test for changes in anthropometric, clinical characteristics and 
dietary intakes before and after the program; we used paired-samples 
t test for comparison of two means in paired samples (n > 30) and 
Pearson correlation coefficient (n > 30) to check for correlations 
between quantitative variables.

Results
Study population consisted of 75 obese women. The baseline 

characteristics were summarized in  Table 1. The average age of 75 
obese women was 45.6 ± 12.1 years ranging between 20 and 68 years. 
BMI average was 40.6 ± 6.8 Kg/m2 (Table 1). BMI ranged from 30 to78 
kg/m2 with 45.3% of subjects have a BMI value greater than or equal 
to 40. The most present cardiovascular risk factors were hypertension 
(46.7%), diabetes (21.3%), hyperlipidemia (21.3%); 5.3% of the patients 
were tobacco smoking. 

Of the 75 women enrolled in the initial review sixty (80%) were 
reviewed at 6 months. Table 2 showed the reported nutrients intake 
at baseline and after 6 months. The level of energy intake at 6 months 
of obese women (2572 Kcal) was higher than the recommended value 
prescribed (1600 Kcal). Analysis of nutritional intake (Table 2) showed 
a decrease (relative to baseline) of total energy intake (Kcal) (-12.2 ± 

  Mean SD
Age (years) 45.3 12.1
Weight (Kg) 103.6 17.3
Waist circonference (cm) 116.6 12.8
BMI (Kg/m2) 40.6 6.8
Fat mass (kg) 45.3 14.5
Fat mass (%) 43.6 5.7
Lean mass (kg) 57.5 5.5
Lean mass (%) 56.2 5.6
Systolic blood pressure 133.8 20.9
Diastolic blood pressure 78,7 12.2
Glucose (g/l) 1.17 0.51
Cholesterol total (g/l) 1.93 0.41
LDL cholesterol (g/l) 1.37 0.65
HDL cholesterol (g/l) 0.44 0.25
Triglycerides (g/l) 1.32 0.67
C-reactive protein (mg) 10.01 9.52
Leptin (ng/ml) 33.23 16.82
Comorbidity n %
Diabetes 16 21.3
Hypertension 35 46.7
Coronary artery disease 2 2.7
Hyperlipidemia 16 21.3
Cigarette smoking 4 5.3
Education 
None/primary 40 53.3
Secondary 22 29.3
Vocational/higher 10 13.3
Occupational activity
No occupation 51 68
Laborer 10 13.3
Retired 1 1.3
Employed 10 13.3
Physical activity 9 12

Table 1. Basic clinical and sociodemographic data of study participants (N=75)
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22.7%), lipid (g) (9.8 ± 40.7%), carbohydrate (g) (-11.6 ± 27.5%) and 
increased protein intake as a percentage of energy intake (19.7 ± 70.8) 
at 6 months. As expected by the study protocol the energy distribution 
of macronutrients (57%, 30% and 13% of calories derived respectively 
from carbohydrate, fat, and protein), was respected at 6 months.

Change in anthropometric characteristics after 6 months was 
shown in Table 3. A significant reduction in body weight was seen after 
6 months. Participants lost an average of 3 kg of body fat (P < 0.000). 
Change in waist circumference and fat mass were also similar to those 
seen weight. In women, mean (SD) body weight decreased by 2.9 ± 4.8 
% (change from baseline) and waist size by 4.9 ± 5.8 %. Prior to starting 
the program, the mean BMI of participants was 40.3 ± 5.7kg/m2. Mean 
reduction in BMI was -2.6 ± 5.2 (%), (P < 0.001) after the program. At 
the beginning study 45.3% of the subjects had a BMI value greater than 
or equal to 40 as against 36.5% after intervention. Weight reductions 
were highly associated with waist size reductions (Pearson correlation 
coefficient r = 0.60, p < 0.001) at 6 months.

Comparison of clinical characteristics before and after the 6 
months program was shown in Table 4. Prior to the program the mean 
total cholesterol among participants was 1.97g/l, LDL-C was 2.15g/l, 
HDL-C was 0.44 g/l, and triglycerides were 1.31g/l. After 6 months, 
serum lipid profiles changed modestly.Restricted diet reduced mean 
total cholesterol, Cholesterol/HDL-ch (p < 0.01) and LDL-ch/HDL-ch 
(p=0.02). No effect of dietary treatment was evident in fasted plasma 
glucose and triglycerides at 6 months. The intervention diet reduced 

C-reactive protein levels significantly (-11.3 ± 54.9%, p < 0.001) and 
leptin level (-5.3 ± 90.1%, Table 4). 

Discussion
In this study, we examined therapeutic efficacy of moderate 

energy restriction with a reinforcement of habitual physical activities 
by population for 6 months on dietary intake, anthropometry, body 
composition and biomarkers in obese women. Moderate energy 
restriction will prevent the physiological adaptation and the reduction 
of consecutive basic metabolism to a sizeable energy restriction [28]. 
It was demonstrated that an energy restriction respecting the balance 
between the macro-nutrients is more effective on the weight loss and 
fat mass decrease while maintaining the lean mass. 

Sixty (80%) of the 75 women enrolled in the initial review were 
reviewed at 6 months. Such results are consistent with the literature. 
The choice of the model of physical activity proposed in our study, 
namely a reinforcement of the usual physical activities including 
walking and domestic housework activities, was conditioned by 
physiological considerations which stipulate that the rate of oxidation 
of the lipids during exercise varies greatly from one individual to 
another (high inter individual variability) and is between 25 and 65% 
of VO2 max [26]. It is therefore very difficult to determine the rate 
of oxidation of the lipids of each person during the hospital medical 
consultations or nutritional surveys in order to indicate the intensity 
and duration of the adequate activity. In addition, the majority of the 

Nutrients Baseline Mean ± SD 6 months Mean ± SD Change (%) Mean ± SD p value
Energy (Kcal)  2972 ± 572  2572 ± 683  -12.2 ± 22.7 <0.001

Protein (g)  87.6 ± 19.4  82.0 ± 19.2  -0.3 ± 45.7 0.060
Protein (%)  12.0 ± 1.4  14.4 ± 9.2  19.7 ± 70.1 0.052

Fat (g)  93.9 ± 28.0  78.1 ± 26.9  -9.8 ± 40.7 0.001
Fat (%)  28.5 ± 6.1  28.0 ± 6.5  -3.3 ± 35.1 0.654

Carbohydrate (g)  442.2 ± 96.4  382.9 ± 117.5  -11.6 ± 27.5 <0.001
Carbohydrate (%)  59.5 ± 6.2  59.1 ± 5.7  0.4 ± 14.5 0.715

Table 2. Comparison of energy and macronutrient intake before and after 6 months program participation (n=60)

SD: standard deviation, Kcal: kilo-caloric, g: grams.

Baseline Mean ± SD 6 months Mean ± SD Change (%) Mean ± SD P value
Weight (Kg) 102.4 ± 15.3  99.5 ± 16.2  -2.9 ± 4.8 <0.001

Waist circonference (cm) 116.2 ± 12.3 111.3 ± 12.3 -4.9 ± 5.8 <0.001
Fat mass (kg)  44.3 ± 12.5  42.5 ± 12.5  -6.3 ± 9.5 0.270
Fat mass (%)  43.5 ± 5.4  41.9 ± 6.1  -3.9 ± 5.5 <0.001

Lean mass (Kg)  57.2 ± 5.4  57.1 ± 5.4  -0.2 ± 2.1 0.800
Lean mass (%)  56.4 ± 5.4  57.9 ± 6.0  2.7 ± 5.1 <0.001

Body mass index (Kg/m2)  40.3 ± 5.7  39.3 ± 6.2  -2.6 ± 5.2 0.001

Table 3. Comparison of anthropometric characteristics before and after 6 months program participation (n=60)

SD: standard deviation, Kg: kilograms, cm: centimeter, m: meter.

Number Baseline Mean ± SD 6 months Mean ± SD Change (%) Mean ± SD P value
Glucose (g/l) 54  1.20 ± 0.55  1.21 ± 0.68  2.1 ± 38.4 0.53

Cholesterol (g /l) 55  1.97 ± 0.43  1.91 ± 0.42  -2.7 ± 10.5 0.025
HDL-ch (g/l) 52  0.44 ± 0.27  0.44 ± 0.09  5.8 ± 17.3 0.86
LDL-ch (g/l) 52  2.15 ± 0.50  2.07 ± 0.39 -11.3 ± 41.9 0.17

Cholesterol/HDL-ch 52  4.70 ± 1.43  4.37 ± 1.29  1.35 ± 68 0.010
LDL-ch/HDLch 52  3.03 ± 1.16  2.71 ± 1.09 -35.1 ± 172 0.002
Triglycerides (g) 55  1.31 ± 0.68  1.39 ± 0.79  12.2 ± 50.5 0.40

C-reactive protein(g) 43  8.39 ± 10.60  6.53 ± 5.58 -11.31 ± 54.9 0.005
Leptin (ng/ml) 30 34.01 ± 16,56 31.50 ± 24.19  -5.3 ± 90.1  0.57

Table 4. Comparison of clinical characteristics before and after 6 months program participation (n= 60)

SD: standard deviation, g: grams, g/l: grams/liter, mg: milligrams, ng/ml: nanograms /milliliters, 
*: p < 0.05, ND: Not determined
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obese women included in our study came from modest or unfavorable 
socioeconomic conditions that could not allow them to attend sports 
halls with expensive subscriptions or to equip themselves with home-
suitable material (carpet, ergocycle...). Physical activity is not part of 
the habits of this Tunisian age group. The same is true for the low 
intellectual level of our population, which would have negatively 
affected the degree of adherence to the instructions for physical activity 
as demonstrated in other studies. All participants were largely sedentary 
with lower socio-economic status. Women were asked to improve the 
usual housewife women physical activity and to maintain it during the 
6 months intervention. Compared with being inactive, doing half the 
recommended amount of physical activity  is associated with a lower 
incidence of several common biological cardiovascular diseases risk 
factors. Given these benefits, half the recommended amount of physical 
activity is an evidence based target for inactive adults [29]. 

It seems that the significant reduction in energy intake, lipid 
and carbohydrate contributed to the weight loss seen in the obese. 
A significant positive correlation between changes in fat intake 
(percentage) and BMI was observed (r=0.420, p=0.001) in our obese 
which is consistent with the results of the study Field, et al. [30]. These 
beneficial effects of a moderate fat intake seem to be related to both the 
quantity and quality of dietary fat [31]. Diets rich in unsaturated fats, 
including mono-unsaturated fats and poly-unsaturated fats, compared 
to diets high in saturated fats, are more metabolically beneficial for 
weight loss due to the higher thermogenesis and fat oxidation. Long-
term dietary interventions also support the notion that unsaturated 
fats induce greater energy expenditure, diet-induced thermogenesis, 
and/or fat oxidation versus saturated fatty acids and that a high 
monounsaturated fatty acids diet induces more weight loss compared 
to a high saturated fatty acids diet [32]. 

Adherence rate was 20%. A meta analysis [27] has shown 
that intervention overall adherence rate was 60.5 (10% to 99.5%). 
Understanding the reasons for non-adherence can facilitate 
intervention strategies. Several studies discussed factors associated 
with lower adherence.  These included lower socioeconomic status 
(education and income),  higher weight. Others studies [33] found 
associations between higher adherence and older age, higher income, 
and higher education. Increased adherence appears to be associated 
with greater weight loss and cardiac risk factor reduction [27]. 
Programs supervising attendance, offering social support, and focusing 
on dietary modification have better  adherence  than interventions 
not supervising attendance, not offering social support, and focusing 
exclusively on exercise [27]. Implementation of short-term patient 
empowerment as applied to Mediterranean diet adherence was shown 
to improve anthropometric and metabolic parameters in prediabetic 
overweight or obese subjects. This is of considerable importance, 
given that diet must be the cornerstone of treatment in patients with 
type 2 diabetes [33]. A good working relationship with health care 
professionals is described as an important factor in long-term weight 
management [34].

The results show that the intervention leads to significant weight 
loss. The average weight loss observed at 6 months is 2.8 ± 5.4 kg (2.8 
± 4.8%). Although the magnitude of the weight loss associated with 
intervention seems rather modest, it is similar to that reported by 
other studies. It is well established that even a modest weight loss of 
5% is associated with health benefits [35,36]. This amount of weight 
loss is typically associated with positive clinical effects, namely an 
improvement in cardiovascular risk factors [37]. Weight reductions 
were highly associated with waist size reductions (r=0.60 at 6 months; 

P < 0.001).Changes in other anthropometric parameters associated 
with cardiovascular risk, including BMI, body fat percentage, and 
waist circumference were also significant in this study, similar to other 
interventions [37]. BMI, waist circumference, and fat mass decreased 
after program participation. On the other hand, lean mass (percentage) 
increased by 2.7 ± 5.1% at 6 months. The loss of fat can be negated to 
some degree by a corresponding rise in lean muscle mass, which leads 
to difficulties in interpreting results when outcome is assessed solely 
by changes in body weight. On the other hand, lean mass (percentage) 
increased by 2.7 ± 5.1% at 6 months. The loss of fat can be negated to 
some degree by a corresponding rise in lean muscle mass, which leads 
to difficulties in interpreting results when outcome is assessed solely by 
changes in body weight.

The present findings showed that twenty-four weeks individualized 
training program may induce small to moderate effect on blood 
biomarkers, in terms of glucose, TG, HDLch in obese women. These 
results are consistent with other studies. Lang, et al. reported a 3.2% 
reduction in body weight in response to a program for 8 weeks 
associated with physical activity and nutrition education did not cause 
a reduction in concentrations of fasting glucose, despite the observed 
improvements in blood lipid profiles [38]. It appears that the serum 
lipid profiles are more sensitive to the modest weight loss than the 
concentration of glucose in the blood. A decrease in C-reactive protein 
(p < 0.01) and leptin level was observed at 6 months. Leptin and 
adiponectin are adipose tissue-specific proteins, and obese people are 
reported to have higher leptin and lower adiponectin concentrations. 
In the present study, average serum leptin decreased after 6 months in 
obese women. This is consistent with the finding that at least 5% weight 
loss is necessary to decrease the concentrations of leptin in obese 
people. The results of Klempel study demonstrated that even a slight 
loss of weight induced by energy restriction can have beneficial effects 
on leptin levels, but it has no clear impact on the adiponectin [39]. 
Obesity is associated with increased blood levels of CRP. A decrease in 
C-reactive protein (p < 0.01) was observed at 6 months. A systematic 
review concluded that weight loss through various mechanisms reduces 
CRP [40]. Dietary intervention designed to elicit weight loss with or 
without exercise reduced overall inflammation in obese women [41].

An important strength of our study is the choice of an intervention 
based on a careful consideration of the target population’s 
characteristics: a combination of dietary changes and a encouragement 
to engage in types of physical activities that were judged as easily 
accessible by the studied women. Compared with being inactive, doing 
half the recommended amount of physical activities is associated with 
a lower incidence of several common biological cardiovascular diseases 
risk factors [30]. Given these benefits, half the recommended amount of 
physical activity is evidence-based target for inactive adults. 

Based on the data presented, it is clear that moderately restricted 
energy diets with moderate energy distribution of macronutrients and 
a reinforcement of the usual physical activities including walking and 
the domestic housework activities can reduce weight and improve 
metabolic markers in obese patients. But as with most diets’ energy 
restriction is difficult to maintain long-term, and therefore the positive 
health outcomes are not usually kept. Increased adherence appears to 
be associated with greater weight loss and cardiac risk factor reduction. 
To optimally manage a national epidemic of excess body weight and 
associated cardiac risk factors, practical techniques to increase dietary 
adherence rates are urgently needed.

There were several limitations. The results should be interpreted 
with caution given the absence of a control group and that future studies 
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with Randomized Control Trials design are needed. The extrapolation 
of our results to a more heterogeneous population might be limited 
because the women included in our study were lowly educated and 
comprised a fairly homogenous population. However, the metabolic 
characteristics are generally consistent with those observed in the obese 
population in Tunisia [7,9,10]. Thus, the sample of our study is not 
different from the Tunisian obese women population. Our study is 
also limited by the use of self- reported dietary and physical activity 
data, which may result in under or over reporting of these measures. 
Our study was not having a control comparison which may limit the 
accuracy of comparison. The extrapolation of our results to a more 
heterogeneous population might be limited because the women 
included in our study were lowly educated and comprised a fairly 
homogenous population. Thus, the sample of our study is not different 
from the Tunisian obese women population

Implications for research and practice

Based on the data presented, it is clear that moderately restricted 
energy diets with moderate energy distribution of macronutrients and 
a reinforcement of the habitual physical activities including walking to 
go shopping and the domestic housework activities can reduce weight 
and improve metabolic markers in obese patients. But as with most 
diets’ energy restriction is difficult to maintain long-term, and therefore 
the positive health outcomes are not usually kept. Behavior change 
requires time and must be maintained. At this maintenance period, 
numerous barriers, including the absence of social support, a lack of 
time management, health status changes, life transitions, and lack or 
decline of motivation can impact on the original success of weight loss. 
To optimally manage a national epidemic of excess body weight and 
associated cardiac risk factors, practical techniques to increase dietary 
adherence rates are urgently needed. Furthermore, a good working 
relationship with health care professionals is described as an important 
factor in long term weight.
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