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Hariraja Muthusamy, MPTa, Faizan Z. Kashoo, MPTa, Mukhtar M. Salah, PhDb

Abstract 
Background: Circuit training that combines aerobic and resisted training is reported to reduce body fat, weight, and improve 
exercise capacity than performing either type of exercise independently. There is no study evaluating the combined effect of circuit 
training exercise (CTE) and dietary intervention (low-carbohydrate [LC] diet) among young males with obesity.

Methods: A randomized control trial was conducted to explore the effects of a combined program of CTE and a LC diet for 
adults with mild or moderate obesity. Seventy adults with obesity were allocated randomly into 2 groups. The experimental group 
(group 1) received circuit training with LC diet intervention, whereas the control (group 2) received only circuit training. The study 
variables such as exercise capacity, body composition, and cardiometabolic indices were measured at the baseline and the end 
of 60 days of intervention.

Results: The participants of group 1 showed significant improvements in body composition (body weight, body mass index, 
waist circumference, waist hip circumference, and body fat percentage), exercise capacity (maximal oxygen consumption), and 
cardiometabolic indices (high-density lipoprotein, low-density lipoprotein, triglycerides, and total cholesterol) with a P < .05 for all 
the variables, when compared with group 2.

Conclusions: The combined structured CTE with controlled LC diet intervention in obese adults caused significant reduction 
in body composition and cardiometabolic indices variables and an increase in exercise capacity.

Abbreviations: BMI = body mass index, CTE = circuit training exercise, HR = heart rate, LC = low carbohydrate.

Keywords: aerobic exercise, body composition, cardiometabolic indices, circuit training, low-carbohydrate diet, obesity, resis-
tance training

1. Introduction

The prevalence of obesity across the globe has almost tripled 
from 4% in 1975 to 18% at present. According to the World 
Health Organization, the worldwide obesity represents 13% of 
the world adults account for more than 650 million adults, 18 
years and older, were obese.[1,2] More than one-third of adults 
in Kingdom of Saudi Arabia (KSA) are considered to be obese. 

The overall prevalence of obesity in KSA is 3.6 million, and 
Saudis 15 years old or older were found to be obese.[3] in the 
KSA, the overall estimate percentage of the population of obe-
sity or with risk of obesity is 69%.[4] Obesity seems to be popu-
lar among adults, but now it appear among young adults as its 
prevalence is rising every year.[5] Obesity is predisposing factor 
for multisystem disorders such as diabetes mellitus, coronary 
artery diseases, some neoplasms, renal diseases, sleep disorders, 
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joint degeneration, and gouty arthritis.[6] Thus, obesity is one of 
the leading causes of mortality and short lifespan.[7] The epide-
miology of obesity continues to increase [8,9] due to mismatch 
between energy consumed and expanded. Research reports that 
an obese individual is in a constant state of inflammation due to 
steady release of adipokines into the circulation.[10] A well-bal-
anced exercise routine with dietary intervention is required to 
normalize the body composition, glycemic control, and restore 
hormonal balance.[11]

Resistance training and aerobic exercises are customized to 
help control obesity and the associated risk factors.[12] Both 
types of exercise have been prescribed to sedentary and obese 
individuals and have resulted in improved blood pressure (BP), 
heart rate (HR), body composition, biochemical markers, and 
strength.[13,14] Combined training (i.e., aerobic and resistance 
training combined) is reported to improve BP, arterial stiffness, 
body composition, and maximal oxygen consumption (VO2max) 
than performing either type of exercise independently.[15,16] Thus, 
combined training may be a more optimal mode of exercise pre-
scription for the obese population. Even though aerobic exercise 
is reported beneficial, it has its own limitations. The routine aer-
obic exercises sometimes become repetitive and demotivating. 
Repetitive nature of these exercises are not suitable for people 
with arthritis or morbid obesity. Resistance exercise training are 
reported to consume calories during and after the exercise due 
to muscle repair and recovery.[17]

One weight loss method that has gained popularity in the 
face of modest supportive scientific evidence is the low-carbo-
hydrate (LC) diet. A popular version of LC diet recommends the 
extreme restriction of carbohydrate intake to less than 20 g/d 
initially. This level of carbohydrate restriction can induce serum 
and urinary ketones and weight loss.[18,19] LC diet has a positive 
effect in reducing body weight (BW) and the risk factors that are 
associated with diseases of other systems, which are predisposed 
by obesity. The acute LC diet is recommended for its safety and 
therapeutic effect.[20] The diet plan of LC diet includes high-fiber 
content of vegetables, fruit, low-glycemic-index carbohydrates, 
and healthier fat sources.[21] Thus, the combined effects of LC 
diet and circuit training exercise (CTE) would help reduce the 
risks among obese adults.

This study aimed to investigate the effect of the combined 
program of CTE (aerobic and resistance exercises) and LC diet 
in the obese sedentary adults in KSA.

2. Materials and Methods

2.1. Research design

This study was conducted at King Khalid General Hospital, Al 
Majmaah, KSA. This study followed the Declaration of Helsinki 
principles. The Majmaah University Institutional Review Board 
of the Basic and Health Science Research Center provided ethi-
cal approval for this study. The approval number was MUREC-
Apr. 11/COM-2017/15. All the participants signed a written 
informed consent form before participation.

2.2. Participants

Seventy mildly (obesity class I 30–34.99 kg/m2) and moder-
ately (obesity class II 35–39.99 kg/m2) obese,[22,23] previously 
untrained males were recruited from the Sudair region of 
Riyadh province. To ensure maximum recruitment of poten-
tial participants, distribution of pamphlets and advertisement 
in the hospital, and community awareness program was con-
ducted before the commencement of recruitment process. None 
of them had received any exercise program prior to participa-
tion in the study. They were randomly assigned into 2 groups. 
Group 1 was receiving circuit training with diet recommen-
dations. Group 2 was the control group, which received diet 

recommendations. The randomization process was carried out 
by a research assistant who was not involved in the process 
of randomized control trial, using a randomization scheme. 
The scheme was generated using the randomization func-
tion of Microsoft Excel, Microsoft corporation, Redmond, 
Washington, USA
.

2.3. Inclusion and exclusion criteria

Inclusion criteria were: being between 20 and 39 years old; 
previously sedentary; defined as no strength training and less 
than 150 minutes of brisk walking or moderate exercise per 
week and less than 60 minutes of vigorous exercise per week in 
the preceding 6 months,[24,25] having a body mass index (BMI) 
between 30 and 40 kg/m2.[23] Exclusion criteria were having 
pacemakers, implanted defibrillators, a history of heart prob-
lems, chronic respiratory condition, stroke, diabetes, recent can-
cer, other life-threatening illness, or any condition that limited 
their ability to engage in moderate-intensity exercise.

2.4. Procedure and measures

2.4.1. Experimental measurements.  Body composition 
and anthropometric assessment, BW, height, BMI, skinfolds 
(3  sites), and waist circumference (WC)/hip circumference 
(HC) were measured before and after the 60 days program. 
BMI was calculated as BW in kilograms divided by the square 
of height in meters (kg/m2).[23] Participants’ weight was 
measured in kilograms (kg) (to the nearest 0.1 kg), height was 
measured in centimeters (cm) (to the nearest 0.5 cm). Skinfold 
thickness measurements were performed by skin fold calipers 
on the right side of the body. The 3 measurement sites were 
the chest, abdominal, and thigh skinfolds. The calculation of 
the body density (BD) was based on the sum of the skin fold 
thickness in the 3 sites (S3SF) using a specific equation. BD 
= (1.10938–[0.0008267 × S3SF]) + (0.0000016 × [S3SF]2)–
(0.0002574 × age). After calculating BD, body fat percentage 
(BF%) was determined as follows. BF% = (495/BD)–450.[26] 
The assessment of central obesity was based on WC, HC, 
and waist hip ratio (WHR). The standardized measurement 
procedure was followed for the measurement of WC and HC. 
The participants were instructed to stand erect, relaxed, arms 
at the side and feet close together. The WC was measured by 
using measuring inch tape at the midway between the inferior 
border of the rib cage and iliac crest. The reading was taken 
at the end of a normal expiration. The HC was measured at 
the level of greater trochanter of femur (widest part of the 
hip). The measuring tape was positioned parallel to floor while 
measuring WC and HC. The WHR is an index of abdominal 
to lower body fat distribution. The WHR was obtained by 
dividing WC by HC.

2.4.2. Assessment of exercise capacity.  The renowned-
modified sub-maximal treadmill exercise test, which is the 
leading indicator of exercise capacity (EC), was done to calculate 
VO2max. The test began with a warm-up at a speed of 2.7 km/h 
for 5 minutes, and the speed was increased every 3 minutes, until 
the participant exerted the maximum effort and stopped upon 
exhaustion. The HR and BP were monitored throughout the test 
using Polar Electro Oy (Karnily, Italy) and Sphygmomanometer, 
respectively, and were recorded at the end of each level of the 
test. The brief period of 3 to 5 minutes of cooling down was 
done upon the completion of the final stage of the test. Verbal 
encouragement was provided throughout the test to ensure 
that the maximal effort was achieved. The prediction of the 
peak VO2max was done using the specific equation. Oxygen 
consumption VO2max (mL/kg/min) = 14.76–(1.379 × T) + (0.451 
× T2)–(0.012 × T3).[27,28]
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2.4.3. Cardiometabolic indices.  Blood samples were collected 
to analyze the concentrations of total cholesterol (Tot. Chol), 
high-density lipoprotein (HDL), low-density lipoprotein (LDL), 
and triglycerides (TGs). Serum specimens for the measurements 
of lipids and lipoproteins were obtained in the mornings after 
at least 8 hours of fasting blood samples before and after the 
program. Blood was centrifuged for 15 minutes at 520 × g and 
4°C to separate plasma from blood cells, and it was stored at 
–20°C until the analysis. The analysis of plasma Tot. Chol, 
HDL, and TG concentrations were done using enzymatic 
kits, standardized reagents, and VP Auto-analyzer (Abbott 
Laboratories, North Chicago, IL). The LDL concentrations 
were calculated using Friedewald equation (LDL-c [mg/dL] = 
TC [mg/dL]–HDL-c [mg/dL]–TG [mg/dL]/5). The within-run 
CVs were 2.1% for Tot. Chol concentrations, 1.9% for HDL 
concentrations, and 3.2% for TG concentrations.[29,30]

2.4.4. Training protocols.  The participants randomized to 
group 1 began the CTE with the following parameters for the 
first 30 days, 10 minutes of warming-up followed by 30–45 
minutes of conditioning protocol at an intensity of 70% of 
maximum HR. The circuit training was customized as 10 
minutes of aerobic exercise and 5 minutes of resistance exercise. 
This cycle was repeated 3 times upon completion, with a 
frequency of 5 days per week for the first stage (first 30 days) of 

the program. The cool-down period in the form of walking on a 
treadmill was done at low intensity for 5 minutes. The mode of 
aerobic exercise used was the electronic braked cycle ergometer, 
treadmill walking, rowing on row-ergometer, hand cycling on 
arm-ergometer. Resistance exercise training was tailored in 
the form of 8 different exercises as follows: military press, leg 
extension, bench press, standing leg curl (ankle weights), lateral 
pull-down, dumbbell triceps push-down, dumbbell seated biceps 
curl, and sit-ups (abdominal curls). In the second stage of the 
study (i.e., the next 30 days), the duration of resistance exercises 
was increased from 5 minutes to 10 minutes in each cycle along 
with the same aerobic exercise protocols performed in stage 1. 
Hence, the total time of CTE increased from 30–45 minutes to 
60–75 minutes in stage 2.[27,31]

2.4.5. Low-carbohydrate diet.  Participants of both groups 
received the same regulations and instructions on LC diet. 
Experienced staff in nutrition was consulted and additional 
handouts were used to instruct the practitioner of both groups 
to reduce carbohydrate intake to less than 20 g per day. There 
was no strict dietary plan observed among participants; 
however, participants in both groups (1 and 2) were allowed 
to eat healthy animal products (chicken, fish, and fat-free 
meat), green leaves vegetable salad, and 1 cup of LC vegetables 
(broccoli, squash, or cauliflower). The participants of both 

Figure 1.  Flowchart representation of the study. BMI = body mass index.
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groups were instructed to increase their fluid intake (i.e., at 
least 3 liters of water every day).[32]

2.5. Data analysis

Sample size was calculated based on the mean and standard 
deviation (7.9% ± 1.6%) obtained from the earlier research 
on met-analysis using the same variables.[33] The required sam-
ple size was determined as 30 participants in each group using 
the formula, sample size (n) = z2ơ2/d2 (z2 = square of z-score, 
σ² = variance of population, d2 = margin error).[34] The data 
obtained from both the group showed Gaussian distribution. 
The data measured at the baseline and after the intervention 
(after the 60th day of intervention) included anthropological 
data, plasma lipid profile, and EC. The data collection proce-
dure and sequence were the same for all the participants in both 
groups. Statistical analysis was performed using the Statistical 
Package for the Social Sciences (SPSSv1.0.0.1406). Parametric 
analysis was done using the paired-sample t test, and 2-way 

analysis of variances to determine the significance of pre- and 
post-intervention outcome measurements among the intra-
groups. The comparison between group 1 and group 2 was made 
using the statistical test independent sample t test. Comparisons 
were considered significant at a P of .05 or less.

3. Results
Seventy participants with a mean age of 30.3 ± 5.23 years were 
participated in the study, 35 participants in each group.

In group 1, from the 35 obese men who were recruited, 
4 dropped out after the baseline assessment (2 lost interest in 
the study and 2 moved away). Therefore, the data for 35 par-
ticipants were available for the initial assessment but 31 partic-
ipants were included in the final analysis. In group 2, from the 
35 participants, 6 dropped out after the baseline assessment as 
they lost interest in the study (Fig. 1).

Our findings were classified as follows: combined effects of 
CTE and LC diet on cardiorespiratory fitness, anthropometric 
body properties, central obesity, peripheral obesity, and serum 
lipid profile. For group 2, the same measurements were done.

All the baseline assessment comparisons between participants 
in the 2 groups (pre-intervention) were performed using the inde-
pendent sample t test (Table 1). The results revealed that there 
was no significant difference between groups in anthropometric 
body properties, central obesity, peripheral obesity, cardiorespi-
ratory fitness, and serum lipid profile as shown in Table 1.

The within-group (pre-post testing) comparison for group 1 
showed statistical significant difference in weight (P = .001), BMI 
(P = .001), WC (P = .001), WHR (P = .002), BF% (P = .001), 
HDL (P = .001), LDL (P = .013), TG (P = .001), cholesterol 
(P = .001), and VO2max (P = .028) (see Table 2). However, group 
2 showed statistical significant difference in weight (P = .001), 
BMI (P = .001), WC (P = .009), WHR (P = .029), BF% (P = .012), 
VO2max (P = .001), but not for HDL (P = .977), LDL (P = .058), 
TG (P = .218), and cholesterol (P = .051) (see Table 3).

A between-group comparison between the post-mean val-
ues of group 1 and group 2 showed a significant difference 
for weight (P = .044), BMI (P = .015), BF% (P = .025) HDL 
(P = .033) and VO2max (P = .028) but not for WC (P = .613), 
WHR (P = .553), LDL (P = .244), TG (P = .456), and cholesterol 
(P = .297) (see Table 4).

4. Discussion
Our present study shows that combining the CTE program (aer-
obic and resistance training) and LC diet significantly reduces 
the BF%, BW, LDL, and TGs concentration in the blood plasma 
and has greater incremental effects on the EC/CV fitness and 

Table 1

Baseline characteristics of participants of group 1 and group 2.

Variables Group 
Preintervention 

P Significance X ± SD

Weight (kg) Group 1 109.9 ± 11.2 .826 NS
Group 2 111.1 ± 9.7

BMI (kg/m2) Group 1 35.4 ± 2.5 .617 NS
Group 2 34.9 ± 3.1

WC (cm) Group 1 114.1 ± 5.8 .888 NS
Group 2 114.2 ± 5.9

WHR (%) Group 1 0.96 ± 0.01 .759 NS
Group 2 0.96 ± 0.02

BF% Group 1 27.7 ± 1.5 .803 NS
Group 2 27.6 ± 1.6

HDL (mg/dL) Group 1 49.5 ± 5.8 .851 NS
Group 2 49.9 ± 5.6

LDL (mg/dL) Group 1 107.9 ± 18.9 .764 NS
Group 2 109 ± 16.6

TG (mg/dL) Group 1 113.6 ± 23.7 .996 NS
Group 2 112.4 ± 21

Chol. (mg/dL) Group 1 183.5 ± 22.3 .897 NS
Group 2 182.6 ± 21.1

VO
2max

 (mL/kg/min) Group 1 30.3 ± 4.5 .635 NS
Group 2 29.6 ± 4.9

BF% = body fat percent, BMI = body mass index, Chol. = total cholesterol, HDL = high-density 
lipoprotein, LDL = low-density lipoprotein, NS = non significant, P = probability level,  
SD = standard deviation, TG = triglyceride, VO

2max
 = maximum oxygen consumption, WC = waist 

circumference, WHR = waist hip ratio, X = mean.

Table 2

The preintervention and postintervention comparison of characteristics of group 1.

Variables 
Preintervention Postintervention 

P CR (%) Significance X ± SD X ± SD

Weight (kg) 109.9 ± 11.2 96.6 ± 14.4 .000 12.1% *
BMI (kg/m2) 35.4 ± 2.5 32.1 ± 2.2 .000 9.3% *
WC (cm) 114.1 ± 5.8 109.4 ± 4.8 .001 4.1% *
WHR (%) 0.96 ± 0.01 0.95 ± 0.02 .002 1.0% *
BF% 27.7 ± 1.5 23.9 ± 2.3 .001 13.7% *
HDL (mg/dL) 49.5 ± 5.8 52.3 ± 5.3 .000 5.7% *
LDL (mg/dL) 107.9 ± 18.9 103.8 ± 16.5 .013 3.8% *
TG (mg/dL) 113.6 ± 23.7 104.5 ± 22.7 .000 8.01% *
Chol. (mg/dL) 183.5 ± 22.3 165.8 ± 22.1 .001 4.2% *
VO

2max
 (mL/kg/min) 30.3 ± 4.5 33.6 ± 6.0 .028 10.9% *

BF% = body fat percent, BMI = body mass index, Chol. = total cholesterol, CR = change ratio, HDL = high-density lipoprotein, LDL = low-density lipoprotein, P = probability level, SD = standard deviation, 
TG = triglyceride, VO

2max
 = maximum oxygen consumption, WC = waist circumference, WHR = waist hip ratio, X = mean.

*Significant.
NS nonsignificant .
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HDL concentrations in the blood plasma compared with the 
group 2 participants with regard to LC diet only.

4.1. Body composition

In the current randomized trial, the examined body fat indica-
tors such as BMI, BF% (P < .05), WC, and WHR decreased 
significantly in the group 1 participants compared with group 
2, which agrees with the previous studies that investigated the 
combination of exercise programs and LC diet.[35] The mean of 
BF% decreased from 27.7 ± 1.5 to 23.9 ± 2.3 for group 1 and 
from 27.6 ± 1.6 to 25.2 ± 1.5 for group 2 after 60 days of inter-
vention, respectively. In agreement with the previous systematic 
review and meta-analysis that compared the effects of low-fat 
diet and LC diet on body composition insinuates that LC diet 
is more significantly effective in inducing weight loss than low-
fat diets.[36] Group 1 participants more significantly reduced the 
BF% and BD than group 2 participants. This implies that there 

is a greater decrease in visceral adipose tissue in the abdomen, as 
visceral adiposity is associated with the prevalence of metabolic 
syndrome and cardiovascular disease (CVD).[37] In addition, the 
fat deposition in the abdominal area increases the risk of athero-
sclerosis, as it discharges free fatty acids into hepatic circulation, 
thereby increasing the lipoprotein level in the blood plasma.[38] 
Hence, group 1 participants exhibited a significant reduction 
in BF%, which reduces the risk of metabolic syndrome and 
CVD.[39,40] The results of the current study support that the 
combined CTE and LC diet (group 1) significantly reduces BW 
which is in accordance with previous studies.[41]

4.2. Exercise capacity

Previous studies have found that the CTE program can increase 
the VO2max (mL/kg/min) (EC) up to 18% from the baseline val-
ues.[42] Another study has reported that the resistance circuit 
training causes changes in the mechanism of oxygen transport 
and utilization and the utilization of energy by the muscles.[43] 
As the muscle work during the resistance training degrades the 
levels of phosphagen and glycogen, there will be greater utiliza-
tion of the intramuscular TGs. All these changes in the mech-
anisms of energy utilization will improve the consumption of 
oxygen during the resistance training. Group 1 in the current 
trials showed that there is a greater increase in the VO2max when 
compared with group 2 participants. Therefore, the applica-
tion of CTE and aerobic training among the obese population 
increases EC.[44]

4.3. Cardiometabolic indices (blood biochemistry)

Previous study reported that the combined exercises such as 
circuit training and aerobic training increases the activity of 
the extracellular enzyme, lipoprotein lipase, which is respon-
sible for the breakdown of TG. This, in turn causes, molecular 
increase in HDL.[45] Our current findings showed significant 
improvement in the lipid profile values (HDL, LDL, TG, and 
Tot. Chol) in group 1 (P < .05), whereas group 2 participants 
exhibited insignificant lipid profile variables (P > .05), which is 
in accordance with Azarmehr et al,[40] who displayed a greater 
reduction in TG, a significant increase in HDL, and no signifi-
cant effect on the LDL after 8 weeks of circuit resistant training 
in women over the age of 50 with type 2 diabetes mellitus. 
In contrast, Watts et al[46] found no differences in plasma lip-
ids in 19 adolescent obese participants after 8 weeks of circuit 
training. This may be because the age of the participants was 
14.3 ± 1.5 years and the exercise training frequency was only 
1 hour per week. There will be an increase in the process of 
mitochondrial biogenesis due to the adaptation to the exercise 

Table 3

The preintervention and postintervention comparison of characteristics of group 2.

Variables 
Preintervention Postintervention 

P CR (%) Significance X ± SD X ± SD

Weight (kg) 111.1 ± 9.7 106.1 ± 9.6 .001 4.5% *
BMI (kg/m2) 34.9 ± 3.1 33.3 ± 3.2 .001 4.6% *
WC (cm) 114.2 ± 5.9 109.6 ± 4.9 .009 4% *
WHR (%) 0.96 ± 0.02 0.95 ± 0.01 .029 1% *
BF% 27.6 ± 1.6 25.2 ± 1.5 .012 8.7% *
HDL (mg/dL) 49.9 ± 5.6 50.1 ± 4.9 .977 0.4% NS
LDL (mg/dL) 108 ± 16.6 104.7 ± 16.2 .058 3.1% NS
TG (mg/dL) 112.4 ± 21 108.2 ± 22.8 .218 3.6% NS
Chol. (mg/dL) 182.6 ± 21.1 169.7 ± 23.5 .051 7.1% NS
VO

2max
 (mL/kg/min) 29.6 ± 4.9 32.2 ± 4.8 .001 8.8% *

BF% = body fat percent, BMI = body mass index, Chol. = total cholesterol, CR = change ratio, HDL= high-density lipoprotein, LDL = low-density lipoprotein, NS = nonsignificant, P = probability level,  
SD = standard deviation, TG = triglyceride, VO

2max
 = maximum oxygen consumption, WC = waist circumference, WHR = waist hip ratio, X = mean.

*Significant.

Table 4

The preintervention and postintervention comparison of 
characteristics between group 1 and 2.

Variables Group 
Postintervention 

P Significance X ± SD

Weight (kg) Group 1 96.6 ± 14.4 .044 *
Group 2 106.1 ± 9.6

BMI (kg/m2) Group 1 32.1 ± 2.2 .015 *
Group 2 33.3 ± 3.2

WC (cm) Group 1 109.4 ± 4.8 .613 NS
Group 2 109.6 ± 4.9

WHR (%) Group 1 0.95 ± .02 .553 NS
Group 2 0.95 ± 0.01

BF% Group 1 23.9 ± 2.3 .025 *
Group 2 25.2 ± 1.5

HDL (mg/dL) Group 1 52.3 ± 5.3 .033 *
Group 2 50.1 ± 4.8

LDL (mg/dL) Group 1 103.8 ± 16.5 .244 NS
Group 2 104.7 ± 16.2

TG (mg/dL) Group 1 104.5 ± 22.7 .456 NS
Group 2 108.2 ± 22.8

Chol. (mg/dL) Group 1 165.8 ± 22.1 .297 NS
Group 2 169.7 ± 23.5

VO
2max

 (mL/kg/min) Group 1 33.6 ± 6.0 .028 *
Group 2 32.2 ± 4.8

BF% = body fat percent, BMI = body mass index, Chol. = total cholesterol, CR = change ratio, 
HDL= high-density lipoprotein, LDL = low-density lipoprotein, NS = nonsignificant, P = probability 
level, SD = standard deviation, TG = triglyceride, VO

2max
 = maximum oxygen consumption,  

WC = waist circumference, WHR = waist hip ratio, X = mean.
*Significant.
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training, which will have a positive effect over the lipid profiles 
and the intake of glucose. This will, in turn, reduce the risk of 
CVD.[47] On the other hand, in addition to CTE, the LC diet 
has the advantage of increasing the sensitivity of insulin, reduc-
ing the concentration of serum insulin, and decreasing hun-
ger hormones, leptin and ghrelin, which increases the energy 
expenditure during the exercise/activity.[36,48,49] Therefore, it is 
important to combine the LC diet with CTE or aerobic exer-
cises to achieve a maximal incremental effect in the levels of 
HDL, Tot. Chol level and to reduce the levels of LDL and TG 
in the body.

5. Limitations
There are limitations in our study. The sample size is relatively 
small and lack long-term follow-up. There could be attrition 
bias due to drop-out rate in our study. Our study might suffer 
from sampling bias because participants were recruited from 
one province of Saudi Arabia.

6. Summary and Conclusion
A combined CTE and nutritional intervention for obesity 
in adults resulted in favorable weight loss, reduced BMI, 
decreased BF%, and improved exercise fitness. The interven-
tion focused mainly on CTE training and dietary education. 
The rationale of our program design of 5 guided training 
sessions and emphasis on nutritional education was to make 
it more motivating and challenging to the participants. The 
future researches are recommended by including nondiabetic 
overweight individuals.
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