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Abstract
Purpose – The purpose of this paper is to assess eight weeks individualized balanced low-calorie diet on
anthropometric measurements and body composition in apparently healthy obese women.
Design/methodology/approach – Forty apparently healthy obese women (body mass index:
27.5-40 kg/m2 and age: 18-40 years) were recruited from the nutrition clinic in the north-west of Iran, Ardabil
city. Anthropometric measurements and body composition analysis were done at baseline and after the
intervention.
Findings – During eight weeks, individualized balanced low-calorie diet resulted in a significant decrease in
body weight (�4.06 0.3 kg, p < 0.001), body mass index (�1.66 0.1 kg/m2, p < 0.001), waist circumference
(�2.96 0.3 cm, p< 0.001), waist-to-hip ratio (�0.016 0.004, p = 0.001), waist-to-height ratio (�0.026 0.002,
p < 0.001), per cent body fat (�1.16 0.2 per cent, p < 0.001), fat mass (�2.56 0.3 kg, p < 0.001), visceral fat
level (�0.8 6 0.1, p < 0.001), visceral fat area (�11.3 6 2.3 cm2, p < 0.001), trunk mass fat (�1.2 6 0.1 kg,
p < 0.001), left arm mass fat (�0.26 0.03 kg, p < 0.001), right arm mass fat (�0.26 0.03 kg, p < 0.001), left
leg mass fat (�0.4 6 0.1 kg, p < 0.001), right leg mass fat (�0.4 6 0.05 kg, p < 0.001), abdominal volume
index (�1.1 6 0.1 m2, p < 0.001), conicity index (�0.007 6 0.002 m2/3/kg1/2, p = 0.001) and body adiposity
index (1.06 0.1 per cent, p< 0.001).
Research limitations implications – The limitation concerns the generalizability to the general
population of obese women. Future studies should take sex differences into consideration. These studies may
focus on the long-term benefits.
Originality/value – Balanced low-calorie diet-induced moderate weight loss alone may represent an
effective strategy for reducing metabolic risk factors among obese women.

Keywords Weight loss, Anthropometric measurements, Balanced low calorie diet,
Body composition, Obese women

Paper type Research paper

Nomenclature
BMI = body mass index
WC = waist circumference
HC = hip circumference
WHR = waist-to-hip ratio
WHtR = waist-to-height ratio
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BAI = body adiposity index
AVI = abdominal volume index
CI = conicity index
%PBF = per cent body fat
VFL = visceral fat level
VFA = visceral fat area
SMM = skeletal muscle mass
SLM = soft lean mass
TMF = trunk mass fat
LAMF = left arm mass fat
RAMF = right arm mass fat
LLMF = left leg mass fat
RLMF = right leg mass fat
TSLM = trunk soft lean mass
LASLM = left arm soft lean mass
RASLM = right arm soft lean mass
LLSLM = left leg soft lean mass
RLSLM = right leg soft lean mass

1. Introduction
Obesity increases the risk of medical illness and premature death (Kopelman, 2000), and it
affects 30-50 per cent adults (Van Cleave et al., 2010). It imposes an enormous economic
burden on the health-care system. Now, treatment of obesity is widely recognized as a chief
priority for most health-care systems (Mauro et al., 2008), and weight loss is the first phase of
obesity management (Merchant et al., 2006). On the other hand, given the potential side
effects of surgery and drug therapy, dietary interventions for weight loss have always been
the first priority for the obese (Jakicic et al., 2001).

There is substantive evidence that abdominal excess fat is more correlated with obesity-
associated complications than excess total body fat (Aslam et al., 2009). There are numerous
methods to assess body fat, ranging from anthropometrics, to more sophisticated methods,
including bioimpedance analysis (Jaffrin, 2009). Although, body mass index (BMI) appeared
to be related to total body composition, use of BMI is not able to distinguish fat and lean
mass and its usefulness has been questioned (Sardinha et al., 2016). Other methods for
assessing adiposity-related risk include waist circumference (WC), hip circumference (HC),
waist-to-hip ratio (WHR), waist-to-height ratio (WHtR), body adiposity index (BAI)
(Bergman et al., 2011), abdominal volume index (AVI) and conicity index (CI) (Gowda and
Philip, 2016). It seems that the use of different indicators, either alongside or instead of BMI,
can provide complementary information to better screen for weight loss intervention.

Monitoring changes in anthropometric measurements and body composition during
weight loss will be important in the clinical management of obese individuals and
understanding the impact of weight loss interventions on health benefits and risks. Hence, in
view of aforementioned observation, this study designed to evaluate individualized
balanced low-calorie diet on measures of central obesity and body composition.

2. Materials and methods
2.1. Subjects
We recruited 40 volunteer obese individuals from the nutrition Clinic in the north-west of
Iran, Ardabil city from January 2017 till May 2017. Inclusion criteria were apparently
healthy, non-pregnant, non-lactating and non-menopausal obese women, with a BMI
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ranging from 27.5 to 40 kg/m2 and among those aged between 18 and 40 years. They had no
participation in weight loss programs including self-imposed or formal diet and activity
program in the previous six months. Exclusion criteria included taking dietary supplements
or drug for weight loss, regular participation in heavy physical activities and pregnancy. At
the initial intervention, the participants were screened for study eligibility. Written informed
consent document was obtained from the subjects. The protocol of the study was approved
by the Ethics Committee of Ardabil University of Medical Sciences with code number
IR.ARUMS.REC.1396.97.

2.2. Anthropometric measurements
Participants’ body weight was measured in light clothing and without shoes using a
balanced scale (Omron BF511), which records body weight to the nearest 0.1 kg. Height was
measured using a wall-mounted stadiometer and recorded to the nearest 0.1 cm. The BMI
was calculated as weight (kg) divided by squared height (m2) of each participant. The
circumferences of the waist and hip were measured according to the World Health
Organization protocol (World Health Organization, 1998). The WHR (ratio of WC to HC),
WHtR (ratio of WC to height), BAI (HC divided by height (m)1.5 and subtracting 18 from the
result), AVI (2� (WC(m)2þ (0.7� (WC(m)-HC(m)2) and CI (WC(m)/[0.109�H(wt(kg)/ht(m)])
were calculated.

2.3. Body composition
Body composition was assessed using a bioelectrical impedance analysis (X-CONTACT
356; JAWON MEDICAL Co. Ltd., Republic of Korea); after standardized procedures
including a minimum of 2-h fasting, no drinking, voiding the bladder and resting for 15 min
before the start of the measurement. X-CONTACT 356 is a tetra-polar electrode method
using eight touch electrodes at three specific frequencies (5, 50 and 250 kHz). This analysis
was included per cent body fat (%PBF), visceral fat level (VFL), visceral fat area (VFA), soft
lean mass (SLM), skeletal muscle mass (SMM), fat mass and regional composition [trunk
mass fat (TMF), left arm mass fat (LAMF), right arm mass fat (RAMF), left leg mass fat
(LLMF), right leg mass fat (RLMF), trunk soft lean mass (TSLM), left arm soft lean mass
(LASLM), right arm soft lean mass (RASLM), left leg soft lean mass (LLSLM) and right leg
soft lean mass (RLSLM)]. The validity of bioelectrical impedance analysis to estimate body
composition exhibited high relative agreement in normal weight, overweight and obese
persons (Jaffrin, 2009).

2.4. Weight loss intervention program
The participants were enrolled in an eight-week weight loss program. Prior to starting the
intervention, to determine dietary intake, three-day food records were conducted on
randomly selected days (two weekdays and one weekend day) for every individual. The
participants were received an individualized balanced low-calorie diet with an energy deficit
of 500 calories of daily average energy intake that was calculated for every person at
achieving a safe rate of weight loss of 0.5 kg/week (Verdich et al., 2011). The macronutrient
content of diet was based on per cent of ingested calories and was approximately 55 per cent
carbohydrate, 15 per cent protein and 30 per cent fat. All diets were designed according to
Dietary Guidelines for Americans, 2010 (USDA, 2010). The intervention was provided by a
registered dietitian. During the eight-week period, the participants met with dietitian every
two weeks to review food intake diaries. The post-intervention assessment was repeating
the samemeasurements as at the beginning.
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2.5. Data analyses
All statistical analyses were performed using the Statistical Package for Social Science
(SPSS version 23.0, SPSS Inc., Chicago, IL). All data were checked for normality using the
Shapiro–Wilk’s test in SPSS. If data were not normally distributed, a natural logarithm
transform was applied. Descriptive statistics including mean values and standard
deviations were calculated for all outcome measurements. Paired-samples t-test was used to
compare the data pre- and post-intervention. The significance level was set at p< 0.05.

3. Results and discussion
The mean age, energy intake and recommended energy intake was 28.40 6 7.98 (years),
2715.40 6 753.89 (kcal/day) and 2241.78 6 219.02 (kcal/day), respectively. The post-
intervention changes in the anthropometric and body composition variables in comparison
with the baseline values were shown in Tables I and II, respectively. Based on the results, a
significant reduction in the average of body weight, BMI, WC, HC, WHR, WHtR, PBF, VFL,
VFA, fat mass, LAMF, RAMF, LLMF, RLMF, TMF, SLM, SMM, LLSLM, RLSLM, TSLM,
AVI, CI and BAI was 4.8, 4.9, 3.1, 1.8, 1.1, 3.4, 2.8, 5.6, 8.7, 7.4, 9.8, 11.1, 7.4, 6.8, 7.1, 2.9, 2.9,
4.4, 3.5, 2.6, 5.9, 0.6 and 2.7 per cent, respectively, during the eight-week intervention. The
significant changes were not seen in LASLM and RASLM after intervention.

According to the World Health Organization report, one-third of the population is obese.
This condition is considered the 5th leading cause of global mortality (Taylor, 2018). The
increasing prevalence of obesity has resulted in an increase in the research on diet-induced
weight loss interventions, as the most common method of obesity reduction (Kim et al.,
2009). Traditionally, weight loss success has been determined by comparing body weight at
a specific time point to an original weight, which was calculated at the beginning of the
weight loss attempt (Miller et al., 2007). However, the distribution of body fat is known to be
important in the development of obesity-associated metabolic disorders (Miyashita et al.,
2004). It seems that the changes in total body composition will occur during a weight loss
program (Minderico et al., 2008); however, its evaluation is essential to assess efficacy of the
diets (Geliebter et al., 2013).

In this study, anthropometric measurements and body composition analysis showed
positive changes in the obese women following an individualized balanced low-calorie diet
during eight weeks. The per centage change in the weight and BMI were greater than for the

Table I.
The changes in
anthropometric
measurements
(n = 40)

Variable
Baseline Follow-up Change %

Change
95% CI

p-value^Mean6 SD* Mean6 SD Mean6 SE** Lower-Upper

Weight (kg) 82.56 6.9 78.56 6.6 4.06 0.3 4.8 3.3-4.7 <0.001
BMIa (kg/m2) 32.66 2.8 31.06 2.5 1.66 0.1 4.9 1.3-1.9 <0.001
WCb (cm) 94.86 4.9 91.96 4.7 2.96 0.3 3.1 2.2-3.6 <0.001
HCc (cm) 106.26 4.6 104.36 3.6 1.96 0.4 1.8 1.1-2.7 <0.001
WHRd 0.896 0.04 0.886 0.04 0.016 0.004 1.1 0.004-0.02 0.001
WHtRe 0.596 0.03 0.576 0.03 0.026 0.002 3.4 0.01-0.02 <0.001
AVIf (m2) 18.16 1.8 17.06 1.7 1.16 0.1 5.9 0.8-1.3 <0.001
CIg (m2/3/kg1/2) 1.26 0.02 1.26 0.2 0.0076 0.002 0.6 0.003-0.01 0.001
BAIh (%) 35.96 3.5 34.96 3.2 1.06 0.1 2.7 0.7-1.3 <0.001

Notes: *standard deviation; **standard error; ^Analyzed using paired-samples t-test; aBody mass index;
bWaist circumference; cHip circumference; dWaist-to-hip ratio; eWaist-to-height ratio; fabdominal volume
index; gconicity index; hbody adiposity index
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WHtR, WC andWHR (4.8 vs 3.4 per cent, 3.1 and 1.1 per cent, respectively). The per centage
change in the arm, leg and TMF, fat mass and VFA were 6.8-11.0 per cent. On the other
hand, the per cent change in SMM and SLM were less than fat mass (respectively, 2.9 and
2.9 vs 7.4 per cent). Based on the results, we found that body weight decreased by 2 kg per
month during the intervention. This is in line with our study design. The degree of dietary
adherence is directly related to weight loss (Sacks et al., 2009). In this study, the participants
were received an individualized balanced low-calorie diet with an energy deficit of
500 calories of daily average energy intake. This diet is recognized to be a fundamental
therapy for weight reduction (American Dietetic Association, 2014). It seems that this
individualized diet is easy for follow. A principle of balanced low-calorie diet is to provide an
adequate amount of macro and micronutrients, and to restrict energy (Martin et al., 2004).
According to findings, this diet was successful in reducing fat mass with a minimal
reduction in lean bodymass.

Several anthropometric indicators of fat distribution have been proposed as predictors of
body fat level and its distribution (Sun et al., 2010). These new indexes are characterized by
higher sensitivity and specificity (Jabłonowska-Lietz et al., 2017). It seems that the use of
these valid measures can help to attain an early identification of individuals at risk of
developing diseases, and treatment of obesity (Pereira et al., 2015). Central obesity was
defined as either a WC of� 88 cm (World Health Organization, 1998), or WHR of> 0.85 and
orWHtR of> 0.5 in females (Fu et al., 2012). Also, the cutoff point for CI was considered 1.18
for females (Diniz Araújo et al., 2012). Based on these classifications, the central obesity was
prevalence among participants. Although, anthropometric measurements and body
composition analysis showed positive changes in study, pre-post changes in WC, WHR,
WHtR and CI were not clinically meaningful, as the women remained in at the risk category
after eight-week intervention. In the present study, a decrease of 8.6 per cent in VFA was
achieved at the eight-week diet. It has been shown that the body composition is more

Table II.
The changes in body
composition (n = 40)

Baseline Follow-up Change %
Change

95% CI
Variable Mean6 SD* Mean6 SD* Mean6 SE** Lower-Upper p-value^

SLMa (kg) 44.86 3.1 43.56 3.0 1.36 0.1 2.9 1.0-1.6 <0.001
SMMb (kg) 26.86 1.7 26.16 1.8 0.86 0.1 2.9 0.6-0.9 <0.001
LASLMc (kg) 3.16 0.3 3.06 0.3 0.046 0.03 1.3 �0.02-0.09 0.19
RASLMd (kg) 3.16 0.3 3.16 0.3 0.0076 0.04 0.2 (�0.07)-(0.08) 0.85
LLSLMe (kg) 8.36 0.7 7.96 0.6 0.46 0.04 4.4 0.3-0.5 <0.001
RLSLMf (kg) 8.36 0.6 8.06 0.6 0.36 0.04 3.5 5.1-5.4 <0.001
TSLMg(kg) 22.06 1.4 21.46 1.4 0.66 0.05 2.6 0.5-0.7 <0.001
PBFh (%) 40.06 2.4 38.96 2.5 1.16 0.2 2.8 0.7-1.5 <0.001
VFLi 14.46 1.8 13.66 1.9 0.86 0.1 5.6 0.5-1.1 <0.001
VFAj (cm2) 131.96 34.6 120.76 32.1 11.36 2.3 8.6 6.5-16.0 <0.001
LAMFk (kg) 2.06 0.3 1.86 0.3 0.26 0.03 9.8 0.1-0.3 <0.001
RAMFl (kg) 2.26 0.3 1.96 0.3 0.26 0.03 11.0 0.2-0.3 <0.001
LLMFm (kg) 6.16 0.7 5.66 0.7 0.46 0.1 7.4 0.3-0.6 <0.001
RLMFn (kg) 6.06 0.7 5.66 0.7 0.46 0.05 6.8 0.3-0.4 <0.001
TMFo (kg) 17.16 2.0 15.86 2.1 1.26 0.1 7.1 0.9-1.5 <0.001
Fat Mass (kg) 33.16 4.2 30.66 4.0 2.56 0.3 7.4 1.9-3.0 <0.001

Notes: *standard deviation; **standard error; ^Analyzed using paired-samples t-test; asoft lean mass;
bskeletal muscle mass; cleft arm soft lean mass; dright arm soft lean mass; eleft leg soft lean mass; fright leg
soft lean mass; gtrunk soft lean mass; hper cent body fat; ivisceral fat level; jvisceral fat area; kright arm
mass fat; lright arm mass fat; mleft leg mass fat; nright leg mass fat; otrunk mass fat
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favorable following a slow weight loss (Ashtary-Larky et al., 2017). However, it seems that
reduction of fat mass, especially VFA, and maintenance of fat-free mass can lead to
improvements in obesity related risk factors (Danielsen et al., 2013) and minimize the
decrease in resting energy expenditure following weight loss (Stiegler and Cunliffe, 2006;
USDA, 2010). So, the routine evaluation of body fat composition and its distribution needs to
be strengthened.

4. Limitation and implications
Our study demonstrates two principal findings. First, fat mass and VFA in obese women
can be reduced by balanced low-calorie diet-induced weight loss during short term. Second,
the reduction in SMM, in response to weight loss seems to be lower (reduction of 2.9 per cent)
than that in other fat compartments (for example: fat mass 7.4 per cent).

In this study, the major strengths were the use of an individualized balanced low-calorie
diet and careful monitoring of the diet. Our study had several limitations. The primary
limitation concerns the generalizability to the general population of obese women. Future
studies should take sex differences into consideration. The duration of our intervention
program was eight weeks. The obesity-control needs to follow-up for a longer period. These
studies should focus on the long-term benefits after eight-week diet and a cost-benefit
analysis.

5. Conclusion
In conclusion, eight weeks of dietary intervention resulting in a reduction in body weight of
4.8 per cent reduced the fat mass content by 7.4 per cent in apparently healthy obese women.
These data support the value of short-term diet in reducing fat mass. The balanced low-
calorie diet-induced weight loss may represent an effective strategy, similar to weight loss
strategies such as very low-calorie diets and bariatric surgery.
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