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Sedentary Lifestyle Attenuates Positive Metabolic Effect
of Regular Physical Exercise

Anna S. Isayeva®?®, Maryna M. Vovchenko®®, Olga V. Petyunina?

Abstract

Background: The aim of the study was to evaluate the influence of
the duration of sedentary time on blood lipids and anthropometric
parameters in people practicing resistance training in leisure time.

Methods: Our study included 213 subjects without any history of
cardiovascular disease. The target group (169 subjects) had at least
two 90-min sessions of resistance training per week for at least 12
months prior to study commencing. The target group was divided into
four groups according to their sitting time per week. There were no
significant differences in physical activity between groups. The con-
trol group included 44 subjects without a history of cardiovascular
diseases and without any regular physical activity. Anthropometric
parameters, body composition, blood pressure, blood lipids and glu-
cose levels were assessed. The International Questionnaire on long
Physical Activity was used to assess physical activity and sedentary
time. IBM® SPSS® Statistics 19 was used for statistical analysis.

Results: Patients were divided into four groups according to their
sitting time. In the first group, the median of sitting time of 21.05
(14.00 - 21.25) h per week was spent seated; in the second group, 28.0
h (25.0 - 28.7); in the third group, 38.5 h (35.0 - 42.0) and in the fourth
group, 56 h (49.0 - 56.7). After adjustment for age, sex and physi-
cal activity level, we observed a statistically significant association
between sitting time and high-density lipoprotein cholesterol (HDL-
cholesterol) and blood glucose levels. HDL-cholesterol progressively
decreased with a prolonged sitting time (first group: 1.62 (1.45 - 1.75)
mmol/L; fourth group: 1.31 (1.12 - 1.38) mmol/L) and blood glucose
level increased (first group: 4.27 (3.90 - 4.63) mmol/L; fourth group:
4.63 (4.24 - 5.26) mmol/L).

Conclusions: Even in the subjects who are engaged in an appropriate
time of resistance training, the total sitting time may exceed 56 h per
week and attenuates positive effects of resistance training on HDL-
cholesterol and blood glucose level.
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Introduction

Sedentary lifestyle and low level of physical activity are the
main modifiable risk factors of the cardiovascular diseases. Cur-
rently, the 2021 European Guidelines on cardiovascular disease
prevention recommend at least 150 - 300 min of moderate in-
tensity or 75 - 150 min of vigorous intensity aerobic physical
activity a week, or an equivalent combination thereof, to reduce
all-cause mortality, cardiovascular mortality, and morbidity [1].
In the Sport Medicine recommendations of 2020, 3.5 - 7.0 h
of moderate or vigorous physical activity a week, or 30 - 60
min of a daily physical activity, are advised to deliver positive
changes to the lipid profile. The active physical loads allow re-
ducing the triglycerides level by 50%, increasing the cholesterol
level of high-density lipoproteins (HDLs) by 5-10% and reduc-
ing the cholesterol level of low-density lipoproteins (LDLs) by
5%. Physical activity is also associated with other beneficial
effects, such as an increased coronary artery flow and oxygen
supply, and an increase in vessel diameter [2]. The transient
myocardial ischemia induced by exercise increases tolerance
to longer periods of ischemia experienced outside of the active
period. Moreover, regular physical exercise decreases the levels
of inflammatory markers [3] and platelet activation [4, 5]. The
regular sporting activity positively influences levels of leptin,
adiponectin and grehlin [6], optimizing eating behavior. Besides
the positive influence on the cardiovascular system, regular
physical exercises have positive effect on cognitive function [7,
8], mood [9], and reducing the risk of oncogenesis. However,
despite the proven health benefits, patients often have very low
compliance with recommendations to increase physical activity.
Ironically, medical professionals frequently do not meet recom-
mended physical activity levels themselves [10].

To overcome low compliance, a number of initiatives
such as educational activities, providing monetary incentives,
insurance coverage and others have been established around
the globe. For example, in western countries, recreational and
sport/fitness centers are one of the main sources of physical ac-
tivity in working adults. At the same time, some research sug-
gests that people who regularly visit sport centers 2 - 3 times a
week, for 1 - 1.5 h duration, frequently also have a sedentary
lifestyle outside these periods of activity. It has been shown
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that this kind of lifestyle is an independent factor, which neg-
atively affects cardiovascular risk. According to Boyle et al,
even the short-time physical activity limitation leads to the
reduction of popliteal and brachial artery flow-mediated dila-
tion and increased elevation of concentrations of endothelial
microparticles. The negative changes in the bloodstream have
already been observed on the fifth day after the physical activ-
ity limitation less than 5,000 steps a day [11]. The correlation
of total and cardiovascular mortality with increased time spent
in a sitting position has been demonstrated. The influence of
sedentary lifestyle on blood lipid levels and its magnitude has
not been investigated previously.

The aim of the study was to evaluate the influence of du-
ration of sedentary time on blood lipids and anthropometric
parameters in people practicing resistance training in leisure
time. We hypothesized that people who have a predominantly
sedentary lifestyle derive no strong beneficial effects from par-
ticipating in leisure sports 2 - 3 times per week, as measured by
metabolic and anthropometric parameters.

Materials and Methods

Participants

The study included people without any history of cardiovascular
disease who have been practicing resistance training 2 - 3 times
per week for at least 12 months prior to the inclusion in the study.
“Resistance training” was defined as any exercise that causes the
muscles to contract against an external resistance, which can be
dumbbells, rubber exercise tubing, or any other object that causes
the muscles to contract. All subjects had at least two sessions per
week with a duration of about 90 min per session.

Exclusion criteria included involvement in the exercise
regimens with a professional personal sport instructor or sig-
nificant regular physical exercise other than resistance train-
ing; pregnancy; participation in weight reduction programs;
significant diet restrictions such as plant-based diet, significant
calorie restriction or other; any lipid lowering therapy; regular
sport supplements intake; hemoglobin level below reference
ranges; glomerular filtration rate below reference range.

Research design

Subjects (n = 268), which were included in the study, attended
four different sport leisure centers in Kharkiv, Ukraine. Upon
enrollment, we assessed the level of general physical activ-
ity with International Physical Activity Questionnaire (IPAQ),
measured weight, height, waist and hip circumference and col-
lected blood samples.

Subsequently, adults with a general physical activity be-
low 25% (n =52, IPAQ < 2,937) quartile and higher 75% quar-
tile (n = 47, IPAQ > 4,194) were excluded from the analysis.
The control group included 44 subjects without a history of
cardiovascular disease who were not engaged in any regular
physical activity. All participants were office workers and had
similar socio-economic status.
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Anthropometry

Weight, height, waist and hip circumference were assessed
before eating in the morning in light clothing without any
footwear. Body weight (to the nearest 0.1 kg) was measured
using scales Technovagy (Ukraine, 2017). The body mass
index (BMI) was calculated using the formula weight (kg)/
height? (m?). The proportion of muscular tissue and fat tissue,
and the level of visceral fat were assessed using a bioelectri-
cal impedance method (Composition Monitor BF511, Omron,
China, 2015). Waist circumference between the lowest rib and
the iliac crest when breathing normally was measured with a
non-elastic tape. Two measurements of each anthropometric
variable were performed, and the average was used for analy-
sis. Blood pressure was measured according to the protocol
recommended by the European Cardiology Society/Hyperten-
sion Society.

Biochemistry

Blood samples were taken from the cubital vein after nine fast-
ing hours. Total cholesterol, triglycerides and HDL-cholesterol
were evaluated with an enzymic method (kits: cholesterol lig-
uicolor, HDL-cholesterol liquicolor, triglycerides liquicolor)
using automatic biochemistry analyzer “HumaStar 200” (Hu-
man, Germany, 2005). Levels of LDL-cholesterol were cal-
culated according to Friedewald W.T. formula. Blood glucose
was assessed using the glucose oxidase method on a biochemi-
cal analyzer “Humalyzer 2000” (No. 18300-5397, kit: Glucose
liquicolor).

Physical activity assessment

We used the IPAQ to assess physical activity and sedentary
time. Data were analyzed using the IPAQ scoring protocol
(https://sites.google.com/site/theipaq/scoring-protocol).

Statistical analysis

Continues variables were presented as median, 25% and 75%
quartiles, and categorical variables were presented as absolute
values and their percentages. Analysis of variance (ANOVA)
test was used to compare age, anthropometric parameters,
and lipids glucose, and uric acid levels. Multivariable linear
regression model including age, sex and general physical ac-
tivity, was used to adjust anthropometric parameters, blood
lipids, glucose and uric acid values. P < 0.05 means the dif-
ference was statistically significant. IBM® SPSS® Statistics 19
was used for statistical analysis.

Ethical issues

The study protocol was approved by Ethics and Deontology
Committee of L.T. Malaya National Institute of Therapy of
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Figure 1. General physical activity levels and sitting time in the target and control groups. The size of the circle corresponds to

sitting time in hours per week.

National Academy of Medical Science of Ukraine (protocol
No. 8; 08.06.2018). All procedures performed in the study
were in accordance with the ethical standards of institutional,
national research committee, and with the 1964 Helsinki Dec-
laration and its later amendments.

Results

The target group was divided into four groups according to
their sitting time per week. The median sitting time was 21.05
(14.00 - 21.25) h per week in the first group, 28.0 (25.0 - 28.7)
h per week in the second group, 38.5 (35.0 - 42.0) h per week
in the third group, and 56 (49.0 - 56.7) h per week in the fourth
group. The level of general physical activity did not differ sig-
nificantly between groups (Fig. 1). Sitting time in the control
group was similar to the fourth group (55.4 (47.7 - 57.5) h per

week), but the physical activity level was significantly lower.

Anthropometric parameters in four studied groups are pre-
sented in Table 1. Briefly, the age varied from 22 to 37 years
old (median 23 - 31.5) and the proportion of female adults var-
ied from 41.4% to 52.5%.

After adjustment for age, sex, and physical activity, no
statistically significant difference for anthropometric param-
eters was found. Although total cholesterol, LDL-cholesterol,
triglycerides and uric acid levels did not differ significantly
between groups, prolonged sitting time was associated with a
lower HDL-cholesterol level and a higher blood glucose level
(Table 2). HDL-cholesterol level progressively decreased from
the first to fourth group time (first group: 1.62 (1.45 - 1.75)
mmol/L; fourth group: 1.31 (1.12 - 1.38) mmol/L) and was the
lowest in the fourth group (F = 4.67; P = 0.035) (Fig. 2). On
contrary, blood glucose level increased with the prolonged sit-
ting time (first group: 4.27 (3.90 - 4.63) mmol/L; fourth group:

Table 1. Age, Sex and Anthropometric Parameters in Studied Population According to Sitting Time per Week in Groups

Parameters First group n=53)  Second group (n =29) Third group (n=47) Fourth group (n =40) P value
Age, years 31.00 (22.00 - 37.00)  31.50 (26.00 - 38.80) 29.00 (24.50 - 37.00)  29.50(23.00 - 36.50)  0.353
Male/female 27/26 17/12 23/24 19/21 0.81
Female, % 26 (49.1%) 12 (41.4%) 24 (51%) 21(52.5%)

BMLI, kg/m? 24.30 (22.50-27.00)  23.10(21.00 - 22.80) 22.40 (20.3525.35) 24.40 (22.20-30.90)  0.135
Fat tissue proportion, % 25.6 (20.00 - 34.30) 24.90 (13.80 - 22.70) 25.40 (22.60 - 30.80)  28.90 (19.30-39.30)  0.261
Muscle tissue proportion, %  43.40 (28.00 - 39.70)  42.40 (34.00 - 43.90) 33.45(28.40 - 36.85)  27.90 (23.80-37.80)  0.072
Visceral fat proportion, % 5.00 (4.00 - 8.00) 4.00 (3.00 - 5.00) 4.00 (3.00 - 6.00) 9.90 (7.50 - 10.00) 0.061
Calipometry, mm 13.00 (11.00 - 21.00)  55.00 (10.00 - 18.00) 18.00 (10.00 - 24.00) ~ 24.00 (10.00 - 30.00)  0.125
Waist circumference, cm 73.00 (71.25-77.20)  72.50 (68.50 - 76.25) 72.00 (69.00 - 76.50)  85.00 (75.75 - 89.50)  0.086
Hip circumference, cm 93.75(97.75 - 105.25)  94.50 (90.50 - 96.00) 97.50 (94.00 - 102.00) 110.00 (97.50 - 118.00) 0.071

Anthropometric parameters were compared across groups with ANOVA test after adjustment for age, sex and general physical activity. Sex was com-
pared with Chi-square test. P value below 0.05 means the difference was statistically significant. BMI: body mass index; ANOVA: analysis of variance.
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Table 2. Metabolic Parameters in Studied Population According to Sitting Time per Week in Groups

Parameter

First group

Second group

Total cholesterol, mmol/L
Triglycerides, mmol/L

LDL-cholesterol, mmol/L
HDL-cholesterol, mmol/L

4.18 (0.84 - 4.91)
1.18 (0.84 - 1.91)
2.07 (1.80 - 2.88)
1.53 (1.27 - 1.67)

4.66 (4.08 - 5.13)
1.16 (0.83 - 1.78)
2.42(2.05-3.37)
1.50 (1.29 - 1.75)

Third group Fourth group P value
4.49 (3.95-5.17) 4.99 (4.49 -5.71) 0.101
1.08 (0.80 - 1.47) 1.24 (1.01 - 1.83) 0.130
2.57(2.05-2.97) 2.8(1.9-3.3) 0.097
1.52 (1.13 - 1.68) 1.37 (1.03 - 1.68) 0.035

Uric acid, pmol/L 228.0 (183.0 - 281.0)

Glucose, mmol/L 4.27 (3.90 - 4.63)

250.0 (181.5 - 295.0)
4.36 (4.34 - 5.26)

236.0 (190.0 - 265.0)
4.46 (4.10 - 4.94)

256.0 (220.0 - 281.0)  0.544
4.63 (4.24 - 5.26) 0.001

The groups were compared with ANOVA test after adjustment for age, sex and general physical activity. P value below 0.05 means the difference
was statistically significant. LDL: low-density lipoprotein; HDL: high-density lipoprotein; ANOVA: analysis of variance.

4.63 (4.24 - 5.26) mmol/L) and was the highest in the fourth
group (F =17.6; P=0.001).

Discussion

Variation in sitting time

We demonstrated that a decrease in HDL-cholesterol and an
increase in blood glucose level (within reference ranges) were
associated with a sedentary lifestyle, in spite of regular physi-
cal exercise. Our study complements the previous studies dem-
onstrating that increasing the duration of physical activity does
not necessarily protect from the negative effects of long sitting
[12, 13]. It was suggested that sitting time was an independent
risk factor for being overweight or obese and developing dia-
betes mellitus type 2, cardiovascular diseases and death.
However, in general, a high level of leisure-time physical
activity is usually associated with less sitting time [14, 15]. Pi-
irtola et al studied a Finnish twin cohort, which included more
than 5,000 twin adults over 35 years. Investigators highlighted
that aside from encouraging physical activity in leisure time,

1.7

16

HDL-cholesterol, mmolil
I
|

sitting time outside of those activities should be decreased as
well [16]. This concept was supported by Paivarinne et al and
Bonomi et al [17, 18].

A number of studies investigated the variation in sitting
time in different groups. Matusiak-Wieczorek et al (2020)
demonstrated that medical students generally participate in
moderate-to-high intensity leisure sports yet sit for 5 to 8§ h
per day [19]. People with higher levels of education were re-
ported to have a more sedentary lifestyle [20]. In the review
of Mclaughlin et al (2020), the authors found that the indi-
viduals from higher-income countries tended to report sitting
longer than those from lower-income countries, potentially on
account of a higher proportion of the population being engaged
in sedentary occupations, such as being employed in service-
related industries, as opposed to agriculture or manufacturing
[21]. Interestingly, the median of mean daily sitting time (by
Tremblay et al [22] definition) was 4.7 h across all countries,
corresponding to weekly sitting time in the first and second
groups in our study. This highlights the fact that the partici-
pants in the fourth group and control group had significantly
higher sitting time in comparison with the numbers previously
reported for the general population.

sitting groups

Figure 2. Age, sex and general physical activity-adjusted levels of HDL-cholesterol (F = 4.67; P = 0.035). HDL: high-density lipoprotein.
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Influence of sedentary lifestyle on cardiovascular out-
comes, diabetes mellitus and mortality

In the meta-analysis by Bailey et al, which included the results
of nine studies with a total of 448,285 participants, the total
daily sitting time was associated with a significantly increased
risk of cardiovascular disease (hazard ratio (HR): 1.29, 95%
confidence interval (CI): 1.27 - 1.30, P < 0.001) and diabetes
mellitus (HR: 1.13, 95% CI: 1.04 - 1.22, P < 0.001). Impor-
tantly, the risk of cardiovascular diseases and diabetes remained
significant after adjustment for physical activity [23]. Similarly,
a meta-analysis of 18 studies with 794,577 participants by Wil-
mot et al reported that higher levels of sedentary behavior were
associated with a 112% increase in the risk of diabetes, 147%
increase in the risk of cardiovascular disease, 90% increase in
the risk of cardiovascular mortality and 49% increase in the
risk of all-cause mortality [24]. Stamatakis et al in their study
of 149,077 subjects over 8 years of follow-up also confirmed a
negative effect of sitting on all-cause mortality. However, sit-
ting was mostly associated with increased mortality only among
the least physically active groups (sitting time more than 8 h
per day) [20]. Reviews by Bakker et al (2018) and Henschel et
al (2017) supported the claim that both increasing the level of
physical activity and reducing the sitting time are important in
preventing cardiovascular diseases [25, 26].

Influence of sedentary lifestyle on other metrics and meas-
urements

Reid et al included data from 123 community-dwelling adults
(65 - 84 years, 63% female). They demonstrated that a high
total daily sitting time was independently associated with a
lower proportion of lean mass and higher total body fat mass.
More frequent breaks during the sitting period were associated
with a 45% reduced risk of pre-sarcopenia. No associations
with muscle strength or inflammation were found [27].

On contrary, in the study by Dempsey et al (2018), which
included 3,429 participants at average age 58 + 10 years with-
out any history of diabetes or cardiovascular disease, blood
lipids and adiposity indicators were significantly worse among
higher levels of sitting for TV viewing and computer use. At
the same time, occupational sitting after all adjustments did not
negatively affect lipids and anthropometric parameters [28].
Similar findings were reported in adolescents. Penning et al
reported that a reduction in school day sitting time resulted in
significant improvements in apoB/apoA-1 ratio, with medium
size effect on total cholesterol, HDL-cholesterol and total cho-
lesterol/HDL ratio. An additional benefit of reducing sitting
time was an improvement of cognitive function in a 6-month
period [29]. Benatti and Ried-Larsen demonstrated that having
breaks during a period of prolonged sitting has positive effect
on metabolic outcomes [30]. Lurati also found an increased
risk of trauma due to muscles weakness and detraining [31].

In our paper, we assessed metabolic parameters in young
men and women without a history of cardiovascular events,
who regularly attended sports centers for at least 12 months.
Although they had similar levels of physical activity, sitting
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time varied significantly between groups. We demonstrated
that it is not enough to have regular, time-limited physical ex-
ercises. Sitting more than 8 h per day attenuates the positive
metabolic effects of strength exercises. It is therefore crucial to
promote everyday active lifestyles, limit transport use where
possible, give preference to stairs rather than elevators, and to
take short periods of physical exercise during the working day.

Limitations

This study has several limitations. First, we studied adults at-
tending major sport centers, which limits generalizability of
the findings to the other social groups. While we enrolled
adults with similar socio-economic status, the latter was not
formally assessed. While we only enrolled patients with no
cardiovascular disorders, family history was not assessed. Fi-
nally, a larger sample size would allow drawing more robust
conclusions.

Conclusions

Even in the subjects who are engaged in an appropriate time of
resistance training, the total sitting time may exceed 56 h per
week and attenuates positive effects of resistance training on
HDL-cholesterol and blood glucose level. Given our findings,
additional educational activities may be promoted to ensure
that adults maintain an appropriate level of physical activity
every day. More research is needed to assess the influence of
baseline sedentary lifestyle on cardiovascular outcomes.
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