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Effect of exercise versus diet on visceral adiposity 
indicators in obese postmenopausal diabetic women: 
A comparative study

Abstract

Objective. To evaluate the effect of aerobic exercise versus dietary modi_ication on visceral adiposity indicators in obese 

postmenopausal diabetic women. Design. A prospective, randomized, controlled comparative study.

Methods. Thirty‑six obese postmenopausal women, suffering from type 2 diabetes (T2D), participated in this study. They 

were randomized into two equal groups. The exercise group received aerobic exercise program for 8 weeks (n = 18), 

whereas the diet group received dietary modi_ication for 8 weeks (n = 18). The anthropometric parameters, fasting 

blood glucose (FBG), triglyceride (TG), high density lipoprotein (HDL) and visceral adiposity indicators were evaluated 

for all women in the two groups before and following 8 weeks of treatment. 

Results. All outcome measures showed statistically signi_icant improvements within both groups (p < 0.05), with 

statistically non‑signi_icant differences between both groups after treatment (p > 0.05).

Conclusion. Aerobic exercise and dietary modi_ication have similar positive effects on visceral adiposity indicators in 

obese postmenopausal diabetic women.
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Streszczenie

Cel. Ocena wpływu ćwiczeń aerobowych w porównaniu z mody_ikacją diety na wskaźniki otyłości trzewnej u otyłych 

kobiet z cukrzycą po menopauzie. Projekt. Prospektywne, randomizowane, kontrolowane badanie porównawcze.

Metody. W badaniu wzięło udział 36 otyłych kobiet z cukrzycą typu 2 po menopauzie. Kobiety zostały losowo 

podzielone na dwie równe grupy. Grupa ćwicząca wykonywała program ćwiczeń aerobowych przez 8 tygodni (n = 18), 

podczas gdy grupa dietetyczna zastosowała mody_ikację diety przez 8 tygodni (n = 18). U wszystkich kobiet w obu 

grupach przed i po 8 tygodniach leczenia oceniano parametry antropometryczne, glikemię na czczo (FBG), 

trójglicerydy (TG), lipoproteiny wysokiej gęstości (HDL) oraz otyłość trzewną.

Wyniki. Wszystkie miary wyników wykazały statystycznie istotną poprawę w obu grupach (p < 0,05), przy 

statystycznie nieistotnych różnicach między obiema grupami po leczeniu (p > 0,05).

Wniosek. C;wiczenia aerobowe i mody_ikacja diety mają podobny korzystny wpływ na wskaźniki otyłości trzewnej 

u otyłych kobiet z cukrzycą po menopauzie.
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Introduction
Postmenopausal women have high risk of developing chronic 
diseases, most commonly type 2 diabetes (T2D) [1]. Reduced 
levels of growth and sex hormones after menopause produce 
decreased metabolism in addition to increased general and ab‐
dominal obesity. Visceral adiposity, in postmenopausal wo‐
men, is accompanied by insulin resistance, T2D and 
cardiovascular disease [2, 3]. 
Visceral adiposity indicators, including visceral adiposity in‐
dex (VAI) and lipid accumulation product (LAP), combine 
both anthropometric and lipid measurements. They represent 
novel, simple and more powerful risk markers for T2D among 
women than either traditional anthropometric outcomes or li‐
pid investigations alone, while they were as good as dual­
energy x­ray absorptiometry body fat assessment [4, 5]. 
Since obesity predisposes significantly to T2D, lifestyle stra‐
tegies like exercising and dietary modification represent key‐
stones in management of T2D through achieving weight 
control, improving glycemic control and reducing cardiova‐
scular disease risk factors [6, 7]. 
Although previous studies have investigated the valuable ef‐
fects of exercising and/or dietary modification strategies on 
patients suffering from T2D [6, 8, 9], none of them have com‐
pared their effects on visceral adiposity indicators in diabetics. 
Therefore, the present study aimed to compare the effect of 
aerobic exercise versus dietary modification on visceral adi‐
posity indicators in obese postmenopausal women with T2D. 

Materials and methods
Study Design 
The study was designed as a prospective, randomized, con‐
trolled comparative study. Prior to the study initiation, the in‐
stitutional review board at Cairo University's Faculty of 
Physical Therapy gave ethical approval [No: P.T.REC/
012/002984]. The study was carried out in accordance with 
the Helsinki Declaration guidelines on human research. Be‐
tween October 2020 and March 2021, the research was con‐
ducted.

Participants
A sample of thirty­six obese postmenopausal women was re‐
cruited from the National Institute of Diabetes and Endocri‐
nology, Kasr El Ainy, Egypt. Participants were chosen 
ambulant, sedentary, nonsmoking women having menopause 
naturally at least one year prior to participation in the study 
with no history of surgical removal of uterus and/or both ova‐
ries. They had T2D (fasting blood glucose (FBG) was more 
than or equal to 7.0 mmol/L)) [10]. Their age was 50­65 years 
old and their body mass index (BMI) was 30­35 kg/m2. Exc‐
lusion criteria were premature menopause, type 1 diabetes, 
morbid obesity, bariatric surgery, cardiopulmonary, thyroid, 
renal, hepatic or musculoskeletal diseases, anemia, cancer, or 
receiving hormonal replacement therapy, anti­diabetic drugs 
or any weight loss medications within the past 6 months.

Randomization
Each participant received information regarding the study’s 
nature, objective, and benefits, the right of withdrawal or re‐

fusal anytime, and the confidentiality of any data gathered. 
Computer­generated randomization cards preserved in sealed 
envelopes were used to randomize participants into two groups 
of equal number (Exercise group & Diet group). No dropping 
out of subjects was reported following randomization, Figure 1.

Interventions
The exercise group included 18 participants who received ae‐
robic exercise program for 8 weeks, whereas the diet group in‐
cluded 18 participants who received dietary modification 
program for 8 weeks.

Aerobic exercise program 
Each postmenopausal woman in the exercise group participated 
in moderate aerobic exercise on a treadmill, 3 days/week with no 
more than two successive days without exercising, for 8 weeks. 
The exercise intensity for each woman was based on the target 
heart rate (THR) that was calculated in accordance with Karvo‐
nen’s equation, using resting heart rate (HRrest), maximal heart 
rate (HRmax) and training fraction. THR = HRrest (bpm) + 
(HRmax (bpm) – HRrest (bpm)) × training fraction. For HRmax 
calculation, the age was subtracted from 220. For moderate in‐
tensity, the training fraction was 65 to 75% [11]. Each exercise 
session had three phases. The phase of warming up involved 5 
minutes of slow walking on a treadmill [Biodex Gait Trainer 2, 
USA] with training fraction equals 30­40%. During the active 
phase, the speed of the treadmill was gradually raised and deter‐
mined for each woman in accordance with the prescribed inten‐
sity depending on THR. In the first week of training, the active 
phase continued for 20 minutes; then, its duration was gradually 
increased every week by 5 minutes till reaching 55 minutes by 
the end of program. The session terminated with cool down pha‐
se for 5 minutes on the treadmill, whilst its speed was subjected 
to gradual lowering till return of heart rate to its resting level. 
Aerobic exercise program was performed after eating breakfast 
by 2 hours. Blood glucose levels were checked, before and after 
exercising, to avoid the danger of hypoglycemia. Women in this 
group were instructed to follow their habitual diet throughout the 
study period.

Dietary modification program
Each postmenopausal woman in the diet group followed dieta‐
ry modification program of food quantity and quality for 8 we‐
eks. Firstly, the total energy requirement per day was 
determined by multiplying the Harris­Benedict equation by 1.2 
[12]. Then, the daily caloric intake was restricted by 500 Kcal 
daily (Daily caloric intake = total energy requirement per day ˗ 
500 kcal). The calories were divided into three meals and three 
snacks with keeping a well­proportioned diet, incorporating 
carbohydrates, fats and proteins of 55%, 30% and 15% respec‐
tively. Regarding carbohydrates, low glycemic index diet, 
whole grains, fruits, vegetables, legumes and low­fat dairy we‐
re emphasized, while added sugar, as well as sweetened foods 
and beverages (including fruit juices) were limited. Regarding 
fats, monounsaturated (e.g. olive oil) as well as polyunsatura‐
ted omega­3 types (e.g. nuts, oily fish and seafood) were em‐
phasized, while saturated and trans fats were restricted to not 
more than 10% of the daily caloric intake. Regarding proteins, 



44

nr 2/2022 (22)

www.fizjoterapiapolska.pl

plant protein sources (e.g. legumes) were emphasized, while 
animal protein sources rich in saturated fats (e.g. red meat and 
eggs) were reduced [9,13]. All postmenopausal women in the 
diet group adhered closely to the diet program and were reas‐
sessed every week through follow up visits to note their im‐
provement in weight and identify the new total energy 
requirement per day and the new daily caloric intake that sho‐
uld be followed.

Outcome measures
Anthropometric parameters
Anthropometric parameters, involving weight, height and wa‐
ist circumference (WC), were assessed for all postmenopausal 
women in both groups before and after the end of treatment. 
The weight and height were measured using a weight­height 
scale without shoes and with light clothes. Then, weight was 
divided by height squared (kg/m2) to calculate the BMI. At 
the exhalation end, WC was measured in standing position by 
a tape measure, which was placed horizontally at the narro‐
west point between rib cage bottom and iliac crests top.
Biochemical parameters
The levels of biochemical parameters, including fasting blood 
glucose (FBG), triglyceride (TG) and high density lipoprotein 

(HDL), were measured for all postmenopausal women in both 
groups before treatment program initiation and after the end of 
treatment program by 72 hours. Blood samples were obtained 
at 9:00–10:00 a.m. following 8 hours of fasting. Then, they 
were subjected to centrifugation, plasma separation and storage 
at −20ºC till analysis. The COBAS 8000 Modular Analyzer 
(Roche Diagnostics GmbH) was used to measure the fasting 
levels of FBG, TG and HDL [4]. 

Visceral adiposity indicators
The visceral adiposity indicators, including visceral adiposity 
index (VAI) as well as lipid accumulation product (LAP), were 
calculated for all postmenopausal women in both groups befo‐
re and after the end of treatment, in accordance with the follo‐
wing equations [5]: 

Sample size estimation and statistical analysis
Test size estimation was performed preceding the investigation 
utilizing G*POWER statistical programming (version 3.1.9.2; 

Figure 1. Flow chart of the randomized trial 
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Table 1. Baseline characteristics of postmenopausal women in both groups

Franz Faul, Universitat Kiel, Germany) [F tests­ MANOVA: 
Special effects and interaction, α = 0.05, β = 0.5, Pillai V = 
0.35, and effect size = 0.53] and revealed that the appropria‐

te sample size for this study was N = 34]. This effect size cal‐
culated from pilot study on12 participants (6 in each group) 
(figure 2).

Characteristics Exercise group
(n = 18)

Diet group
 (n = 18)

p value

Age [years]

Height [m]

56.00 ± 3.27

1.60 ± 0.06

56.72 ± 3.06

1.62 ± 0.07

0.499NS

0.279NS

NS p > 0.05 = non­significant, S p < 0.05 = significant, p = probability

Figure 2. Plot of sample size calculation

The data was presented as a mean with a standard deviation. 
Data were examined for normality, homogeneity of variance, 
and the existence of extreme scores before final analysis. This 
investigation was carried out as a prerequisite for the study of 
difference's parametric computations. As shown by the Shapi‐
ro­Wilk test (p > 0.05), data for anthropometric parameters 
(weight, BMI, and WC), biochemical parameters (FBG, TG, 
HDL), and visceral adiposity indicators (VAI and LAP) were 
normally distributed; no univariate or multivariate outliers 
were found, as determined by boxplot and Mahalanobis di‐
stance (p > 0.05), respectively; there were linear relationships, 
as determined by scatterplot; no multicollinearity. According 
to Levene's test of homogeneity of variances and Box's M 
test, there was homogeneity of variances (p > 0.05) and cova‐
riances (p > 0.05). Accordingly, 2×2 mixed design MANOVA 
was utilized for comparing the anthropometric parameters, 
biochemical parameters and visceral adiposity indicators at 
different measuring periods at both groups. The Statistical 
Package for the Social Sciences (SPSS) computer program for 

windows, version 23 (SPSS, Inc., Chicago, IL) was utilized for 
statistical analysis. The p­value of ≤ 0.05 was considered signi‐
ficant.

Results
Before commencement of treatment, both groups were similar in 
age, height and all outcome measures (p > 0.05) (Tables 1­2).
All anthropometric and biochemical parameters showed stati‐
stically significant reductions (p < 0.5) within both groups, 
except for HDL that revealed a statistically significant increase 
(p < 0.05) within both groups. Comparison of the two groups 
after treatment showed statistically non­significant differences 
in all anthropometric and biochemical parameters (p > 0.05) 
(Table 2).
The visceral adiposity indicators (VAI and LAP) showed stati‐
stically significant reductions (p < 0.5) within both groups. 
However, comparison of the two groups after treatment sho‐
wed statistically non­significant differences in both visceral 
adiposity indicators (p > 0.05) (Table 2).
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Exercise group
(n = 18)

Diet group
 (n = 18)

p value

Pre­treatment
Post­treatment

p value**

Pre­treatment
Post­treatment

p value**

Pre­treatment
Post­treatment

p value**

Table 2. Anthropometric parameters, biochemical parameters and visceral adiposity indicators for the two groups

95.00 ± 7.46
87.44 ± 7.07

0.0001S

36.92 ± 1.50
33.96 ± 1.48

0.0001S

116.59 ± 3.57
113.93 ± 3.34

0.0001S

98.35 ± 8.38
89.05 ± 7.20

0.0001S

37.27 ± 1.24
33.77 ± 1.30

0.0001S

119.00 ± 4.46
115.59 ± 4.40

0.0001S

0.227NS

0.513NS

0.462NS

0.699NS

0.091NS

0.225NS

Body weight [kg] 

BMI [kg/m2]

WC [cm]

* Inter­group comparison; ** intra­group comparison of the results pre­ and post­treatment; NS P > 0.05 = non­significant, S P < 0.05 = significant, P = Probability

Variable

Anthropometric parameters

Pre­treatment
Post­treatment

p value**

Pre­treatment
Post­treatment

p value**

Pre­treatment
Post­treatment

p value**

11.19 ± 1.11
10.72 ± 1.10

0.0001S

2.00 ± 0.28
1.88 ± 0.23

0.0001S

1.03 ± 0.15
1.17 ± 0.13

0.0001S

10.53 ± 1.23
10.16 ± 1.23 

0.0001S

2.02 ± 0.18
1.84 ± 0.17

0.0001S

1.01 ± 0.09
1.12 ± 0.07

0.0001S

0.110NS

0.175NS

0.865NS

0.532NS

0.696NS

0.267NS

FBG [mmol/l]

TG [mmol/l]

HDL [mmol/l]

Biochemical parameters

Pre­treatment
Post­treatment

p value**

Pre­treatment
Post­treatment

p value**

4.01 ± 0.35
3.41 ± 0.23

0.0001S

117.3 ± 17.01
105.11 ± 13.87

0.0001S

4.16 ± 0.50
3.52 ± 0.35

0.0001S

122.99 ± 14.05
105.88 ± 13.49

0.0001S

0.316NS

0.279NS

0.302NS

0.871NS

VAI

LAP 

Visceral adiposity indicators

Discussion
Menopause is associated with general obesity as well as vi‐
sceral adiposity due to fat accumulation redistribution from 
periphery towards intra­abdominal area, leading to develop‐
ment of T2D [14, 15]. Thus, this study aimed to compare the 
impact of aerobic exercise versus dietary modification on vi‐
sceral adiposity indicators in obese postmenopausal women 
with T2D. 
The present study’s results demonstrated significant reduc‐
tions in anthropometric parameters, FBG, TG and visceral 
adiposity indicators, along with a significant increase in HDL 
within both exercise and diet groups. These results indicated 
the positive effects of either program on improving anthropo‐
metric and biochemical parameters, as well as visceral adipo‐
sity indicators in obese postmenopausal diabetic women.
Regarding the exercise group, the results of the present study 
came in line with early studies reporting the effectiveness of 
regular aerobic training in decreasing body weight and visce‐
ral adiposity, as well as improving glucose homeostasis and 
lipid parameters in T2D [16,17]. Additionally, previous stu‐
dies reflected the valuable effect of moderate aerobic exercise 

on reducing visceral fat measures of obese persons [18,19]. 
Moreover, recent research investigated the beneficial impact of 
physical exercise on visceral adiposity indicators, including 
LAP in overweight diabetic women [20] and VAI in obese pre­
diabetic men [21].
As for the best parameters of aerobic exercise program for im‐
provement of glycemic control and entire health, the American 
Diabetes Association recommended moderate aerobic exerci‐
sing for 150 minutes per week as a minimum, distributed over 
at least 3 days, with no more than two successive days with no 
training [9]. In addition, a systematic review by De Sá et al. 
[22] concluded that performance of moderate intensity aerobic 
exercise for ≥ 3 days/week has significant reducing effects on 
WC and glycemia in T2D. 
In the current study, the favourable effects of aerobic exercise 
could be related to fat burning effect for getting energy, central 
fat mobilization during regular exercising and anti­inflamma‐
tory mechanisms modulated via cytokines and chemokines, le‐
ading to anthropometric parameters reduction and body 
composition alterations, with subsequent improvements in in‐
sulin sensitivity, glucose levels and lipid profile of diabetics 
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[23­25]. Since anthropometric and lipid parameters are used 
for calculation of visceral adiposity indicators [5], reductions 
in VAI and LAP could be attributed to reductions in anthropo‐
metric parameters and TG levels in addition to increase in 
HDL levels in the exercise group of the current study. 
In contrast to our results, Silva et al. [26] found that 8 weeks 
of moderate aerobic exercise resulted in significant improve‐
ment of glycemic control, without changing adiposity as well 
as TG and HDL levels in diabetics. Also, Arslan et al. [24] re‐
ported significant reductions in anthropometric measures with 
non­significant differences in lipid profile following 12 weeks 
of aerobic exercise in T2D. In addition, Colberg et al. [27] 
stated that exercise performance for less than one hour daily is 
not effective for achieving weight loss in T2D. Moreover, Ri‐
beiro et al. [28] revealed that 4 months of aerobic training re‐
sulted in significant reduction of WC, without modifying 
weight and BMI, as well as levels of glucose and lipid para‐
meters. Furthermore, Zoppini et al. [29] showed that 6 months 
of moderate aerobic program produced 12% increase in HDL 
levels, with no alterations in anthropometric parameters, FBG 
and TG levels. The controversy between the findings of those 
previous studies and our results could be related to the diffe‐
rences in age and sex of studied sample as well as exercise 
parameters (intensity, frequency and duration).
Regarding the diet group, the results of the current study co‐
uld be supported by Dietary Guidelines Advisory Committee 
2015 that recommends consumption of healthy food groups 
instead of following a single diet plan for achieving healthy 
eating patterns [30]. Also, the American Diabetes Association 
recommends consumption of different fiber­rich food groups 
(e.g. fruits, vegetables and whole grains) and avoidance of ad‐
ded sugar foods and beverages in order to achieve glycemic 
and lipidemic control [31]. Similarly, several studies reported 
the importance of optimizing food quantity and quality not 
only to treat T2D [13,32], but also to prevent its occurrence in 
high­risk population [8]. 
The mechanisms underlying the positive effects of dietary 
modification on anthropometric, glycemic and lipidemic para‐
meters in the diet group cannot be limited to one food compo‐
nent; however, they are related to the synergistic effect of 
whole food components in addition to the powerful effect of 
caloric restriction and distribution of calories over three meals 
and three snacks. Energy deficit of 500­750 kcal/day is suc‐
cessful in achieving weight reduction. Obese persons with 
T2D showed glycemic and lipidemic improvements after loss 
of more than 5% of their body weight [33]. Additionally, ca‐
loric distribution on three meals and three snacks has a valu‐
able impact on maintaining blood glucose levels consistency 
and minimizing glycemic variability and its consequential 
complications [32]. Moreover, optimization of food quality 
impacts positively the diabetic patients [13,32]. High con‐
sumption of whole grain, legumes, vegetables and fruits pro‐
vides the body with fibers, antioxidants, vitamins and 

minerals, helping glucose and lipids control in diabetic indivi‐
duals. Diet concentrating on low glycemic index and limiting 
added sugar is accompanied by weight loss, enhanced function 
of beta cells and reduced plasma levels of insulin, glucose and 
lipids [8,13]. Diet rich in monounsaturated and polyunsatura‐
ted fats improves metabolic risk factors among T2D patients, 
through optimizing lipid levels in blood [34,35]. Replacement 
of animal protein with plant protein sources provides signifi‐
cant improvements in fasting glucose and insulin levels along 
with a greater lowering in serum cholesterol levels in diabetics 
[36,37]. 
The advantageous effect of dietary modification on visceral 
adiposity indicators in the diet group could be confirmed by 
Magkos et al. [38] who reported that losing 5% of weight thro‐
ugh dieting reduces intra­abdominal adipose tissue in obese 
persons. Also, eating low glycemic index food and restricting 
added sugar induce visceral fat reduction [8]. Consequently, 
the positive effect of dieting on visceral fat, as well as different 
anthropometric and lipid parameters could explain the impro‐
vements in VAI and LAP in the diet group of the current study. 
 The results of the present study revealed non­significant diffe‐
rences between the exercise and diet groups in all outcome 
measures. The review of literature did not discover any study 
comparing the impact of aerobic exercise versus dietary modi‐
fication on visceral adiposity indicators in obese postmenopau‐
sal diabetic women. Therefore, the current work is considered 
the first one studying this point. Consequently, the results can‐
not be compared or discussed with other research outcomes but 
reflected the same beneficial effects of either exercise or dieta‐
ry programs on obese postmenopausal diabetic women.
The current study’s first limitation is its short duration. Thus, 
additional research is desirable to investigate the longitudinal 
impact of exercise versus diet on visceral adiposity indicators 
in obese postmenopausal diabetic women. Another limitation is 
the lack of measuring levels of various markers of inflamma‐
tion, such as cytokines and chemokines as well as high­sensiti‐
vity C­reactive protein. Therefore, additional research is 
desired to assess the influence aerobic exercise versus dietary 
modification on inflammatory markers in obese postmenopau‐
sal diabetic women.

Conclusion
Aerobic exercise and dietary modification have similar impro‐
ving effects on anthropometric, glycemic and lipidemic para‐
meters, as well as visceral adiposity indicators in obese 
postmenopausal women suffering from type 2 diabetes.
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