
693

O R I G I N A L  P A P E R

Nofer Institute of Occupational Medicine, Łódź, Poland

International Journal of Occupational Medicine and Environmental Health 2022;35(6):693 – 706
https://doi.org/10.13075/ijomeh.1896.01963

THE EFFECT OF CALORIE RESTRICTION  
ON THE ANTHROPOMETRIC PARAMETERS,  
HOMA-IR INDEX, AND LIPID PROFILE  
OF FEMALE OFFICE WORKERS  
WITH OVERWEIGHT AND OBESITY:  
A PRELIMINARY STUDY
EWA SADOWSKA-KRĘPA1, AGNIESZKA GDAŃSKA1, MIROSLAVA PŘIDALOVÁ2, MICHAŁ ROZPARA1 
and MAŁGORZATA GRABARA1

1 Jerzy Kukuczka Academy of Physical Education, Katowice, Poland
Institute of Sport Sciences
2 Palacký University, Olomouc, Czech Republic
Department of Natural Sciences in Kinanthropology

Abstract
Objectives: This study evaluates the effect of a 3-month calorie restriction (CR) without snacking on the anthropometric parameters, Homeostatic 
Model Assesment of  Insulin Resistance (HOMA-IR), and lipid profiles of female office workers with overweight or obesity, whose physical activity 
was limited during the COVID-19 pandemic lockdown. Material and Methods: Forty-eight women aged 20–38 years (28.9±5.24) with low physical 
activity levels were divided into a non-snacking (NS) group (N = 21) and a snacking (S) group (N = 27) prior to the dietary intervention. Their daily 
energy intake during the intervention was lowered by 30% compared with the baseline level, and the proportion of polyunsaturated fatty acids and 
fiber in their diet was increased (to >30 g/day). The proportion of saturated fatty acids and simple carbohydrates was also reduced. The study partici-
pants were assessed at the baseline and post-intervention for anthropometric variables (body weight, body fat percentage BMI, waist circumference, 
hip circumference, waist-to-hip ratio) and the concentrations of insulin, total cholesterol (TC), triglycerides (TG), low-density lipoprotein choles-
terol (LDL-C), and high-density lipoprotein cholesterol (HDL-C). Moreover, the values for HOMA-IR, the atherogenic index of plasma (AIP), and 
the ratios of TC/HDL-C, TG/HDL-C, and LDL-C/HDL-C were calculated. Results: All anthropometric parameter values obtained post-intervention 
were lower than the baseline in both groups. The serum insulin concentration and HOMA-IR decreased respectively by an average of 6% and 25% 
in the NS group and 37% and 45% in the S group. The lipid profiles of all participants improved significantly, with the LDL-C concentration showing 
a more promising trend in the S group (decrease by 27%) than in the NS group (17%). Conclusions: The study showed that CR improved the anthro-
pometric parameters, HOMA-IR index, and lipid profiles of all participants. Int J Occup Med Environ Health. 2022;35(6):693 – 706
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for energy intake, stimulate thermogenesis, and im-
prove the rhythm of insulin secretion [13]. It  is argued 
that around 40–60% of daily calories should come from 
carbohydrates with a low glycemic index and load [14], 
30%  from fats, and not more than 10% from animal 
fats [15]. Some authors recommend consuming at least 
0.85  g of high biological value proteins per  kg of body 
mass and ca. 35–45  g/day of fiber-rich foods, eating 
<5 g/day of salt, and having the last meal no later than 
3–4 h before bedtime [16–18].
In most cases, the distinction between a “meal” and a “snack” 
is made based on when they are eaten during the day and/or 
their nutrient composition. A meal is commonly defined as 
one of the main eating occasions of the day, whereas a snack 
is usually understood as food consumed between the main 
meals and additionally boosting postprandial glycemia and 
the insulin response [19,20]. Abstaining from snacks there-
fore helps maintain a negative caloric balance and normal-
izes the blood glucose level [21].
According to one approach, an effective diet is one that 
reduces the initial body mass by 7–10% over a period of 
3 months [22]. With regard to people with overweight 
and obesity, this reduction can be achieved by reduc-
ing their daily calorie intake by around 500–1000 kcal 
below their total daily energy requirement  [23,24]. 
Fast weight-loss plans are advised against as they 
carry the  risk of lean body mass loss, nutritional de-
ficiency disorders, and lowering the resting metabolic 
rate [25]. One of the main problems affecting the effec-
tiveness of calorie restriction diets is snacking, which 
makes it more difficult for the dieting person to achieve 
a healthy BMI [22].
Despite the evidence that a combination of calorie restric-
tion (CR) and physical activity (PA) is the most effective 
in treating overweight and obesity, changing the  eating 
habits and increasing PA at the same time may not be pos-
sible for many practical reasons [26]. For instance, many 
female office workers have little time to exercise, having 

INTRODUCTION
Although peripheral insulin resistance (IR) and hyper-
insulinemia are more likely to develop in people with 
obesity, IR is also diagnosed in individuals who are not 
obese [1]. They, too, are prone to metabolic syndrome, but 
because their body mass is in the normal range (BMI of  
18.5–24.9), they are usually not treated until some health 
problems arise  [2]. Insulin resistance leads to the  de-
velopment of metabolic disturbances in various tissues. 
There is a decrease in glucose uptake and consumption by 
oxidation as well as impaired glucose storage as glycogen 
in the  skeletal muscle. In adipose tissue, insulin has no 
inhibitory effect on lipolysis; IR is the main pathogenic 
factor of type 2 diabetes mellitus. The decreased insulin 
sensitivity of the  tissues is compensated by hyperinsu-
linemia, thanks to which some patients with IR do not 
develop type 2 diabetes for many years, instead devel-
oping other elements of metabolic syndrome, i.e.,  ab-
dominal obesity, hypertension, and atherogenic dyslipid-
emia [1,3].
Determining which diets are the  most effective in im-
proving glucose/insulin homeostasis and managing obe-
sity is a  matter of ongoing debate. Among the  obesity 
monitoring and weight management strategies that have 
been proven to be effective and are increasingly used 
in recent years are low-carbohydrate diets [4], the low-
calorie ketogenic diet  [5], intermittent fasting (IF)  [6], 
and personalized nutritional programs based on biologi-
cal evidence of differential responses to foods/nutrients 
depending on the  phenotypical traits and genotype of 
an individual  [7]. With regard to the  more traditional 
diets, the Mediterranean diet [8,9], DASH [10], and low-
calorie, nutrient-modified diets  [11] are recommended 
for people with obesity. These diets emphasize calorie 
restriction, high nutrition density, low energy value, 
and foods with a  high satiety index  [12]. Some guide-
lines on obesity management advise eating at regular 
intervals (4–5 times/day, every 3 h) to lower the demand 
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Methods and procedures
The study protocol conformed to the  ethical guidelines 
of the World Medical Association Declaration of Helsinki 
and was approved by the Ethics Committee of the Jerzy 
Kukuczka Academy of Physical Education in Katowice 
(Poland). All participants were familiarized with its 
protocol and purpose and gave their written consent to 
participate in it. They were also advised that they could 
withdraw from the study at any time.
The daily energy intake of participants was estimated 
from the food diaries they received to record the weight 
and number of meals they had each day for 7 days prior 
to the intervention [29].
The study was conducted in September–November 2020, 
when the participants were physically less active having 
to stay and work from home due to the  pandemic and 
lockdown. In  order to determine their actual PA levels, 
they were asked by the dietician during one of the first 
control meetings to fill in the Seven-Day Physical Activity 
Recall questionnaire (SDPAR).

Anthropometric measurements
The anthropometric parameters were measured before 
and after the intervention in the morning hours after an 
overnight fast. Body height was measured only once, at 
the  baseline. Body mass and body fat percentage (BFP) 
were determined using an InBody®570 Multifrequency 
Bioelectrical Impedance Analyzer (Biospace Co., Ltd., 
Seoul, Korea). Waist circumferences (WC) were measured 
at the midpoint between the lowest rib and the iliac crest 
and hip circumferences (HC) around the  largest part of 
the buttocks to the nearest 0.5 cm in a standing position.

Physical activity
The participants’ weekly energy expenditure was assessed 
and converted into kilocalories by means of SDPAR, where 
a score of 10 metabolic equivalent of task (MET) is equivalent 
to highly vigorous PA, 6 METs to vigorous PA, and 4 METs 

to take care of their work duties, children, and household 
chores. Long periods of physical isolation imposed by 
the current COVID-19 pandemic also discourage people 
from engaging in physical activity [24,27].
As lowering the dietary energy intake is known to reduce 
body mass and improve glycemic control and lipid man-
agement  [28], this study set out to assess the  effect of 
a 3-month CR on the anthropometric parameters, Homeo-
static Model Assesment  of Insulin Resistance (HOMA-IR), 
and lipid profiles of female office workers with overweight 
and obesity who had or had not snacked before a dietary 
intervention. A  hypothesis was formulated that having 
the participants reduce their calorie intake and have meals 
at regular intervals would protect them from the adverse 
effects of hyperglycemia and hyperinsulinemia and would 
help reduce their body mass while improving their insulin 
concentration levels and lipid profiles.

MATERIAL AND METHODS
Participants
The study involved female office workers with overweight 
or obesity, who were forced to reduce their physical activ-
ity as a result of the COVID-19 pandemic lockdown. All 
participants were recruited when visiting a  dietitian for 
advice. Of the  65 women invited, 48 (ages 20–38 years 
old; 2 M±SD 8.9±5.24) met the enrollment criteria (good 
health, female gender, low physical activity, and overweight 
or obesity) and were enrolled. Women who smoked or had 
type 2 diabetes, arterial hypertension, congenital insulin 
resistance, hypothyroidism, polycystic ovary syndrome, 
or other hormonal disorders, or who were moderately or 
highly active, were excluded from the study.
Participants were divided into those who did not have 
the  habit of snacking between main meals (NS group, 
N  = 21) and those who had 1–5 snacks/day (i.e.,  fruit, 
yogurt, nuts and sweets, sweet drinks, chips, cookies, 
etc.) before the diet intervention, contributing on average 
410.93±228.38 kcal (S group, N = 27).
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lin sensitivity using the  homeostatic model assessment 
(HOMA) as described by Matthews [33].
The concentrations of serum total cholesterol (TC), high-
density lipoprotein cholesterol (HDL-C), triglycerides (TG), 
and glucose were measured using enzymatic assays and 
commercially available diagnostic kits (Randox  UK, Cat. 
No. CH 200, CH 203, TR 1697, and GL 2623, respectively). 
The  intra- and inter-assay coefficients of variation  (CV) 
were 1.98–4.28% for TC, 1.10–4.01% for HDL-C, and 2.69–
4.57% for TG; the CV ranges for glucose were not stated by 
the  kit manufacturer. The  concentrations of low-density 
lipoprotein cholesterol (LDL-C) were calculated from TC, 
HDL-C, and TG as per Friedewald’s formula [34]. The risk 
for vascular diseases in both groups was estimated based 
on the lipid ratios (TC/HDL-C, LDL-C/HDL-C, TG/HDL-C) 
and the atherogenic index of plasma where TG and HDL-C 
are expressed as molar concentrations [35]:

	 AIP = log10(TG/HDL-C)� (1)

where:
AIP – atherogenic index of plasma, 
HDL-C – high-density lipoprotein cholesterol,
TG – triglycerides.

The formula for calculating the HOMA-IR was the follow-
ing:

	 HOMA-IR = glucose (mmol/l)×insulin (mIU/l)/22.5.� (2)

Following the  instructions of the  assay manufacturers, 
biochemical analyses were performed by a  laboratory 
certified as conforming to PN-EN ISO 9001:2015.

Statistical analysis
The data is presented as mean values (M) and standard 
deviations (SD). The normality of distributions and ho-
mogeneity of variance were tested by the  Shapiro-Wilk 

to moderate PA [30]. The physical activity of each participant 
was compared with the American College of Sports Medi
cine (ACSM) recommendations, according to which adults 
aged 18–64 years should engage in moderate-intensity aero-
bic PA for at least 30 min on 5 days each week or in vigorous-
intensity aerobic PA for at least 20 min on 3 days [31].

Dietary intervention
Individual dietary plans (allowing for participants’ pre-
ferred meal times and foods) were prepared by a  dieti-
cian based on the  participants’ food diaries and inter-
views using the Diet Perfect website [32]. Dietary nutri-
ent ratios were calculated as per the  revised nutritional 
norms for Poland’s population [17]. The focus of the plans 
was on reducing the daily intake of calories (by 30% com-
pared with the baseline level), fatty acids, and simple car-
bohydrates, while increasing the proportion of poly- and 
monosaturated fatty acids and dietary fiber (>30 g/day). 
Participants were advised to have 4–5 meals/day at regu-
lar intervals, to eat the  last meal 3–4 h before bedtime, 
and to abstain from snacking. However, they were free to 
drink water, fruit and herbal teas, or black tea and black 
coffee without sugar between meals ad libitum.
The participants’ compliance with the  dietary regi-
men was ensured by checking their food diaries during 
the weekly, obligatory meetings with the dietician, which 
were conducted in strict conformity with the COVID-19 
safety rules. As part of the  meetings, the  participants’ 
body mass and body composition were also assessed.

Biochemical analysis
Fasting blood samples were taken at the  baseline and 
post-intervention between 8:00 and 10:00 a.m., also 
after an overnight fast. Blood serum was separated in 
the usual manner and stored frozen at –80oC until analy-
sis. The serum insulin levels were determined by the im-
munoradiometric method (Insulin IRMA IM3210, sen-
sitivity 2.0 mIU/ml, Immunotech SA, France), and insu-
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The PA levels determined from the  SDPAR did not sig-
nificantly differentiate the snacking group from the non-
snacking one (Table 2). High-vigorous PA was not reported 
by either group. The weekly duration of moderate physical 
activity (DMPA) and duration of vigorous physical activ-
ity (DVPA) of the studied women were insufficient to meet 
the  the American College of Sports Medicine (ACSM) 
recommendations  [31]. The  weekly energy expenditure 
of all women due to moderate or vigorous physical activ-
ity (EEM-VPA) was estimated at around 500 kcal.
In both groups, significant decreases (p < 0.001) in the par-
ticipants’ body mass, BMI, WC, HC, and F were recorded 
at month 3; in the  snacking group, a  significantly lower 
WHR (p < 0.05) was also observed (Table 3). In 21 women 
(7 in the NS group and 14 in the S group), the post-inter-
vention BMI was <25, and in 9 women (3 in the NS group 
and 6 in the S group), it was <30.
The glucose concentrations, HOMA-IR index, athero-
genic index of plasma (AIP), and all lipid profile markers 
measured after the intervention were significantly lower 
(p < 0.001) than at the  baseline in both groups. In  the 
S group, a significant decrease (p < 0.001) in the insulin 
concentration was also noted (Table 3).

DISCUSSION
The COVID-19 pandemic, with its lockdowns, working 
from home, and concerns of contracting coronavirus, 
is conducive to overeating while discouraging physical 
activity  [38,39]. In  these circumstances, calorie restric-
tion diets may prove an effective way to help people 
maintain a healthy body mass and lipid profile [40–42]. 
The main aim of this study set out to determine the effect 
of a  3-month CR (without snacking between meals) on 
the  anthropometric parameters, HOMA-IR index, and 
lipid profiles of 48 female office workers with BMIs ex-
ceeding the normal range by as much as 12%. The study 
participants were divided into 2 groups: one consisting of 
women who did not snack before the  intervention, and 

test and Levene’s test, respectively. Between-group differ-
ences in physical activity and pre-intervention diet were 
analyzed using the Mann-Whitney test. The significance 
of the differences between the anthropometric variables 
and the  biochemical variables (lipid, glucose, and insu-
lin concentrations) measured before and after the inter-
vention was assessed by the paired-samples t-test when 
a variable had a normal distribution; otherwise, the Wil-
coxon signed-rank test was used. The effect size was evalu-
ated using the Cohen’ s d (dc, the paired-samples t-test)
 (the paired-samples t-test):

	– 0.2 to <0.3 – small effect,
	– 0.5 to <0.8 – medium effect,
	– ≥0.8 to  large effect [36],

as well as the r index (the Wilcoxon signed-rank test):
	– 0.1 to <0.3 – small effect,
	– 0.3 to <0.5 – medium effect,
	– ≥0.5 to large effect [37].

The level of significance in all tests was set as α = 0.05. 
All statistical procedures were performed in IBM SPSS 
Statistics 26.0 (IBM Corporation, Armonk, NY, USA).

RESULTS
Baseline measurements
The mean height of the participants was 166.2±8.73 cm in 
the NS group and 164.9±6.2 cm in the S group. Body mass 
index measurements showed that 35 participants were 
overweight (15 and 20 in the NS and S groups, respective-
ly) and 13 were obese (5 and 8 in the NS and S groups, re-
spectively). Before the intervention, women in the S group 
consumed significantly (p < 0.05) more calories, protein, 
and dietary fiber compared with the NS group. The diets of 
the women in both groups and their eating habits before 
the intervention are characterized in Table 1.

Changes following calorie restriction
The intervention diet was the same in both groups regarding 
total energy content and particular components (Table 1).



O R I G I N A L  P A P E R      E. SADOWSKA-KRĘPA ET AL.

IJOMEH 2022;35(6)698

Ta
bl
e 1

. D
iet

 an
d m

ea
l fr

eq
ue

nc
y o

f t
he

 st
ud

ied
 w

om
en

 be
fo

re
 an

d d
ur

ing
 in

te
rv

en
tio

n,
 th

e s
tu

dy
 w

as
 co

nd
uc

te
d a

t t
he

 di
et

ici
an

’s o
ffi

ce
 in

 Ry
bn

ik 
an

d t
he

 Je
rzy

 Ku
ku

cz
ka

 Ac
ad

em
y  

of
 Ph

ys
ica

l E
du

ca
tio

n i
n K

at
ow

ice
, S

ep
te

m
be

r–
No

ve
m

be
r 2

02
0

Va
ria

ble

Pa
rti

cip
an

ts
(N

 =
 48

)
(M

±
SD

)

be
fo

re
 in

te
rv

en
tio

n
du

rin
g i

nt
er

ve
nt

ion
a

to
ta

l
no

n-
sn

ac
kin

g g
ro

up
(N

 =
 21

)
sn

ac
kin

g g
ro

up
(N

 =
 27

)
to

ta
l

no
n-

sn
ac

kin
g g

ro
up

(N
 =

 21
)

sn
ac

kin
g g

ro
up

(N
 =

 27
)

To
ta

l e
ne

rg
y i

nt
ak

e [
kc

al]
22

46
.88

±
35

4.7
5

21
16

.71
±

31
1.1

7
23

48
.11

±
35

8.7
2*

15
64

.33
±

99
.16

15
77

.37
±

10
7.8

9
15

54
.19

±
92

.62

W
at

er
 [g

]
96

4.6
7±

25
4.2

5
98

6.7
1±

21
5.3

9
94

7.5
2±

28
3.6

8
90

9.1
3±

74
.51

92
3.0

1±
74

.94
89

8.3
4±

73
.75

Pr
ot

ein
 [g

]
67

.26
±

19
.38

62
.24

±
19

.15
71

.17
±

18
.99

*
84

.81
±

8.3
9

84
.10

±
9.7

2
85

.37
±

7.3
4

En
er

gy
 fr

om
 pr

ot
ein

 [%
]

11
.94

±
2.6

8
11

.67
±

2.5
6

12
.15

±
2.8

0
21

.64
±

1.7
1

21
.34

±
1.6

7
21

.86
±

1.7
4

Fa
t [

g]
85

.66
±

11
.17

86
.40

±
13

.67
85

.08
±

9.0
0

48
.02

±
8.4

6
49

.18
±

7.6
0

47
.11

±
9.1

0

En
er

gy
 fr

om
 fa

t [
%

]
33

.31
±

6.0
3

32
.14

±
5.9

3
34

.22
±

6.0
6

27
.66

±
4.7

4
28

.36
±

4.6
2

27
.12

±
4.8

5

Ca
rb

oh
yd

ra
te

s [
g]

30
5.8

2±
61

.90
29

4.3
3±

46
.64

31
4.7

6±
71

.16
19

7.4
0±

26
.16

19
4.5

9±
27

.27
19

9.5
8±

25
.56

En
er

gy
 fr

om
 ca

rb
oh

yd
ra

te
s [

%
]

54
.48

±
6.6

4
55

.95
±

6.6
1

53
.33

±
6.5

6
50

.70
±

4.4
1

50
.30

±
4.4

0
51

.01
±

4.4
8

Sim
ple

 ca
rb

oh
yd

ra
te

s [
g]

13
.73

±
8.9

2
12

.87
±

6.7
0

14
.41

±
10

.40
2.2

5±
1.5

6
2.3

6±
1.6

1
2.1

7±
1.5

4

Di
et

ar
y fi

be
r [

g]
26

.83
±

6.2
0

24
.60

±
5.9

0
28

.57
±

5.9
6*

34
.73

±
2.8

3
34

.35
±

2.8
8

35
.02

±
2.8

2

Fa
ts 

[g
]

un
sa

tu
ra

te
d

12
.35

±
4.7

9
12

.43
±

4.8
5

12
.26

±
4.8

3
15

.48
±

2.6
3

15
.14

±
2.9

3
15

.82
±

2.3
8

m
on

ou
ns

at
ur

at
ed

 
7.1

9±
0.9

8
7.6

1±
1.7

3
6.7

6±
1.9

0
8.7

6±
1.0

2
8.6

4±
1.4

4
8.8

7±
1.5

3

po
lyu

ns
at

ur
at

ed
5.1

6±
1.3

4
4.8

2±
1.1

3
5.5

0±
1.3

6
6.7

3±
0.2

8
6.5

0±
0.5

7
6.9

5±
0.7

1

To
ta

l c
ho

les
te

ro
l [

g]
62

3.6
5±

13
8.3

7
59

5.1
9±

12
2.5

6
64

5.7
8±

14
7.9

6
32

3.1
8±

21
.23

32
2.8

7±
17

.40
32

3.4
2±

24
.12

M
ea

ls 
[n

]
4.4

4±
0.7

7
4.2

3±
0.7

5
4.4

4±
0.8

0

Br
ea

ks
 be

tw
ee

n m
ain

 m
ea

ls 
[h

]
3.5

8±
0.8

5
3.6

2±
0.8

0
3.5

6±
0.8

9

* p
 <

 0.
05

 fo
r t

he
 di

ffe
re

nc
e b

et
we

en
 no

n-
sn

ac
kin

g g
ro

up
 an

d s
na

ck
ing

 gr
ou

p a
cco

rd
ing

 to
 th

e M
an

n-
W

hit
ne

y t
es

t.
a  Th

er
e w

er
e n

o s
ta

tis
tic

all
y s

ign
ifi

ca
nt

 di
ffe

re
nc

es
 ac

co
rd

ing
 to

 th
e M

an
n-

W
hit

ne
y t

es
t.



THE CALORIE RESTRICTION AND LIPID PROFILE IN WOMEN    O R I G I N A L  P A P E R

IJOMEH 2022;35(6) 699

3.8%, and WHR by 5.8%. In a study [46] with former ath-
letes whose daily calorie intake was reduced for 6 weeks by 
20% and 30%, respectively, compared with their total daily 
energy expenditure, a  greater improvement in the  body 
composition variables was recorded in the second group.
Insulin resistance results from obesity and overweight 
are mainly caused by unhealthy eating and snacking [47]. 
Increasing insulin resistance causes fat tissue to release 
substances such as adiponectin, growth factors, and free 
fatty acids that enter hepatic circulation and damage 
the  liver tissue [48], further adding to IR. Research has 
shown that decreased insulin sensitivity, which may 
precede the  occurrence of T2DM by >10 years, is an 
independent and strong factor contributing to its de-
velopment  [49,50]. It  has also been demonstrated that 
the rhythm of insulin secretion can be improved by regu-
lar meals and abstaining from snacks with a high glyce-
mic load and index [51].
Numerous studies indicate that reducing body mass by 
means of a restricted calorie intake raises insulin sensitiv-
ity, protects pancreatic beta cells, and prevents the pro-

the other group of women who had 1–5 healthy and un-
healthy snacks per day, which increased their daily calo-
rie intake [43] by ca. 110 kcal more compared with the NS 
group and triggered an extra release of insulin inhibit-
ing fatty acid oxidation and fat tissue reduction [13,44]. 
The baseline concentrations of insulin exceeded the upper 
limit of normal by almost 2‑fold in both groups, being 
higher by 11% in the  S group. The  HOMA-IR index, 
a measure of insulin resistance and a predictor of cardio-
metabolic risk in non-diabetic women ages <50 years 
old [45], exceeded its cut-off value of 2.5 in both groups 
and was higher in the S group by 9%. This suggested that 
study participants may have developed IR.
The intervention was designed to reduce calorie intake 
by 30% as well as the proportion of saturated fatty acids 
and simple carbohydrates and to increase the dietary con-
tent of fiber. As a  result, it lessened the  anthropometric 
risk factors for metabolic syndrome in all participants. 
The  participants’ body mass decreased by an average 
of 8%, mainly due to fat tissue reduction (by 5.8% on aver-
age). This improved their BMI by 7%, WC by 5.8%, HC by 

Table 2. Typical physical activity of the studied women during the intervention period, the study conducted at the dietician’s office in Rybnik  
and the Jerzy Kukuczka Academy of Physical Education in Katowice, September–November 2020

Variable

Participants
(N = 48)
(M±SD)

total
non-snacking group

(N = 21)
snacking group

(N = 27)

DMPA [min/week] 68.96±47.52 71.67±51.95 66.85±44.68

EEMPA [kcal/week] 393.30±270.98 408.65±300.91 381.36±250.50

DVPA [min/week] 13.85±30.95 14.76±32.81 13.15±30.04

EEVPA [kcal/week] 116.59±265.69 123.19±280.61 111.46±258.79

DM-VPA [min/week] 82.81±56.85 86.43±61.50 80.00±53.98

EEM-VPA [kcal/week] 514.71±392.25 537.55±423.93 496.95±373.02

DMPA – duration of moderate physical activity (4 METs); DM-VPA – duration of moderate to vigorous physical activity; DVPA – duration of vigorous physical activity (6 METs); 
EEMPA – energy expenditure of moderate physical activity; EEM-VPA – energy expenditure of moderate to vigorous physical activity; EEVPA – energy expenditure of vigorous 
physical activity.
There were no statistically significant differences according to the Mann-Whitney test.
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Table 3. Changes in the variables in the studied women between baseline and month 3, the study conducted at the dietician’s office in Rybnik  
and the Jerzy Kukuczka Academy of Physical Education in Katowice, September-November 2020

Variable

Participants
(N = 48)
(M±SD)

non-snacking group
(N = 21)

snacking group
(N = 27)

M±SD effect size M±SD effect size

Anthropometric 
body mass [kg]

baseline 79.21±11.74 78.11±12.27
month 3 72.58±11.99a*** 0.56dc 71.17±12.28a*** 0.57dc

BMI [kg/m2]
baseline 28.61±2.90 28.70±3.73
month 3 26.17±2.87a*** 0.84dc 26.14±3.75a*** 0.69dc

waist circumference [cm]
baseline 86.00±6.79 86.00±8.44
month 3 81.76±7.52a*** 0.58dc 81.41±7.68b*** 0.88r

hip circumference [cm]
baseline 105.14±8.11 104.85±6.94
month 3 101.05±7.29a*** 0.50dc 101.00±6.60b*** 0.88r

waist-to-hip ratio
baseline 0.82±0.05 0.82±0.06
month 3 0.81±0.06b 0.28r 0.81±0.07b* 0.40r

body fat [%]
baseline 34.30±4.75 35.46±5.36
month 3 32.08±4.88a*** 0.46dc 32.37±4.87a*** 0.59dc

Biochemical
glucose [mmol/l]

baseline 5.94±0.52 5.84±0.60
month 3 4.89±0.60a*** 1.87dc 4.98±0.62a*** 1.41dc

insulin [mU/l]
baseline 29.71±13.50 32.99±10.45
month 3 27.68±15.26b 0.26r 20.76±10.09a*** 1.19dc

HOMA-IR
baseline 7.85±3.64 8.63±3.17
month 3 5.91±3.18b** 0.57r 4.67±2.52a*** 1.37dc

cholesterol [mg/dl]
total

baseline 193.38±30.78 199.47±25.59
month 3 170.40±19.74b*** 0.88r 164.89±14.73b*** 0.87r
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In another study with men and women aged 45–65 years, 
a  calorie restriction diet reduced insulin and glucose 
levels and improved insulin sensitivity [56].
The calorie restriction intervention in this study im-
proved blood insulin concentrations in both groups, re-

gression of prediabetes to diabetes  [52–54]. An  im-
provement in insulin sensitivity was observed in healthy 
people with a short-term and very low-calorie diet, where 
caloric consumption was 500 kcal/day [55]. The diet re-
duced the abdominal adipose tissue and adipocyte size. 

Variable

Participants
(N = 48)
(M±SD)

non-snacking group
(N = 21)

snacking group
(N = 27)

M±SD effect size M±SD effect size

Biochemical – cont.
LDL

baseline 116.71±21.32 124.84±20.42
month 3 96.32±12.74a*** 1.10dc 90.03±13.87a*** 1.94dc

HDL
baseline 46.92±11.91 47.50±11.22
month 3 52.43±10.82b*** 0.83r 55.37±8.87a*** 0.76dc

TG [mg/dl]
baseline 135.67±35.83 129.70±40.07
month 3 105.14±34.61a*** 0.87dc 97.59±31.69b*** 0.87r

TC/HDL
baseline 4.27±0.79 4.34±0.77
month 3 3.33±0.46a*** 1.34dc 3.04±0.45a*** 1.88dc

LDL/HDL
baseline 2.61±0.70 2.75±0.72
month 3 1.91±0.44b*** 0.88r 1.68±0.41a*** 1.65dc

TG/HDL
baseline 3.03±0.99 2.82±0.94
month 3 2.08±0.75b*** 0.88r 1.80±0.67a*** 1.19dc

atherogenic index of plasma
baseline 0.10±0.15 0.06±0.17
month 3 –0.07±0.17b*** 0.88r –0.13±0.16b*** 0.86r

HDL – high-density lipoprotein, LDL – low-density lipoprotein, TC – total cholesterol, TG – triglicerydes.
HOMA-IR – Homeostatic Model Assesment of Insulin Resistance.   
* p < 0.05; ** p < 0.01; *** p < 0.001 for the difference between post-intervention and baseline measurements.
a paired-samples t-test; b Wilcoxon signed-rank test.
Cohen’s d (dc) – paired samples t-test effect size (0.2 to <0.3 – small effect, 0.5 to <0.8 – medium effect, and ≥0.8  large effect); r – Wilcoxon signed-rank test effect size 
(0.1 to <0.3 – small effect, 0.3 to <0.5 – medium effect, ≥0.5 – large effect).

Table 3. Changes in the variables in the studied women between baseline and month 3, the study conducted at the dietician’s office in Rybnik  
and the Jerzy Kukuczka Academy of Physical Education in Katowice, September-November 2020 – cont.
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carbohydrates and increasing the proportion of polyunsatu-
rated fatty acids and fiber in the diet can significantly curtail 
the prevalence of cardiovascular diseases and lower the con-
centration of LDL-C by even as much as 5–10% [62].

Study limitations
The 3 main limitations of the  present study consist of the 
small sample size, non-random selection of study partici-
pants, and lack of a control group for comparison purposes.

CONCLUSIONS
The study has shown the following:

	– a 3-month calorie restriction diet can improve the an-
thropometric parameters, HOMA-IR indexes, and lipid 
profiles of women with overweight or obesity who are 
physically inactive;

	– regular meals without snacking can influence the gly-
cemic levels and sensitization of cells to insulin (women 
who had snacked before the  intervention had lower 
levels of insulin, LDL-C, and HOMA-IR indices);

	– a calorie restriction diet can be recommended as 
a means of preventing the development of cardiovas-
cular diseases.
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