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Abstract

Background: Cardiovascular risk is reduced by weight loss and exercise, but their relative effects and independent significance are
unclear.
Objectives: The effect of weight loss and the implementation of an exercise strategy on the lipid panel of overweight middle-aged
men, who lead a sedentary lifestyle, was investigated.
Methods: Eighty four men participated in this 12-week cross-sectional study. Participants were randomly assigned to the four study
groups: endurance sports, energy-restricted diet, endurance sports with boosted nutrition, and control. The energy reduction rate
was the same (approximately 15% of the daily calorie requirement) for the group involved in endurance sports and for the group
with an energy-restricted diet. The participants in the endurance sports with boosted nutrition performed the same exercises but
remained in energy balance due to a 15% increase in calories during training. Participant lipid panel profile and weight loss param-
eters were measured once at the start of the study, and again at the end.
Results: Weight loss was the same between the endurance sports (-6.5± 0.6 kg) and energy-restricted diet (- 6.2± 0.5 kg) groups.
Whereas in the endurance sports with boosted nutrition (-0.8± 0.4 kg), and control (-0.1± 0.7 kg) groups, weight remained con-
stant. Levels of TC and LDL-C decreased in the endurance sports compared to the control group (P < 0.001 for both). This change was
not observed in the energy-restricted diet group (P > 0.11). Differences in TC and LDL-C levels were connected with changes in body
mass (P < 0.01). In the endurance sports with boosted nutrition group, we noted a rise in HDL-C (P < 0.001).
Conclusions: A decrease in body weight caused by exercise reduced pro-atherogenic lipoproteins, while physical activity compen-
sated with energy consumption increased HDL-C.
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1. Background

The inevitable consequences of excessive weight in the
elderly are physical difficulties, higher costs of medical
care (1), as well as increased morbidity and mortality (2).
Over the past decades, the prevalence of overweight and
obesity has increased worldwide (3). Overweight is found
in 70% of middle and older age groups (age ≥ 45 years).
These individuals are at risk for obesity (4). Dyslipidemia
is a significant risk factor for cardiovascular disease, which
is connected with overweight and lack of physical activity
(5, 6). Management of dyslipidemia depends on lifestyle
modifications, like physical activity and diet, in addition to
statin drug interventions (7). Previous studies have shown
the impact of weight loss and physical exercise on lipid

panel and dyslipidemia (8-11). Studies of overweight indi-
viduals have shown that exercise and diet can help reduce
the concentration and composition of the lipid panel, es-
pecially when a low-cholesterol diet is added to exercise
(12, 13). In most cases, weight loss is associated with a
decrease in total cholesterol (TC), triglycerides, and low-
density lipoprotein cholesterol (LDL-C); while exercise in-
dependent from weight loss causes an increase in high-
density lipoprotein cholesterol (HDL-C) (14, 15). Despite
these results, the combined and independent impacts of
physical exercise and weight loss for lipid panel in over-
weight individuals with a sedentary lifestyle are not well
known.
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2. Objectives

This study examined the combined and independent
impacts of physical exercise and weight loss on lipid panel
levels of sedentary overweight men in the middle age cat-
egory.

3. Methods

3.1. Study Population

This cross-sectional study was conducted in the
Ukrainian Sports Medicine Center (Kyiv, summer, and
autumn 2018) for 12 weeks. The available population in-
cluded 107 sedentary, overweight middle-aged men. These
individuals ranged in age from 45 - 65 and had come for
a weight loss consultation. The calculation of sample size
was performed using the following equation, for 0.05
(error of 5%).

(1)

n =
C2Np (1− p)

(A2N) + (C2p [1− p])

=
1.962 × 107× 0.5× (1− 0.5)

(0.052 × 107) + (1.962 × 0.5× [1− 0.5])

' 84

As per our calculation, 84 participants were selected
and assigned randomly to one of the four study groups:
endurance sports (n = 21), energy-restricted diet (n = 21),
endurance sports with boosted nutrition (n = 21), and con-
trol (n = 21). The study inclusion criteria were as follows:
body mass index (BMI) of 25 to 29.9 kg/m2, weight stabil-
ity (± 2 kg, over three months), non-smoker, blood pres-
sure (BP) below 140/85 mmHg; no history of cardiovascular
disease, diabetes, eating disorders, food allergies, chronic
medication use, kidney disease, cancer, or depression. Par-
ticipants with abnormalities in their electrocardiogram or
thyroid gland, including any history of taking weight con-
trol, weight loss or anti-obesity drugs, were also excluded.

3.2. Procedures

Each participant, regardless of group, received a low-
calorie diet with 30% fat, 15% protein, and 55% carbo-
hydrates based on the dietary recommendations of the
United States Department of Agriculture and Food Stan-
dards Agency of the United Kingdom (16, 17). A deficit of 15%
in daily calorie requirements was considered as weight re-
duction at a healthy and effective rate (17, 18).

The energy reduction rate was the same (approxi-
mately 15% of the daily calorie requirement) for the group

involved in endurance sports and for the group with an
energy-restricted diet.

The endurance sports with boosted nutrition group
performed the same exercises but remained in energy bal-
ance due to the 15% increase in calorie consumption that
was used during training. Energy costs in the exercise
groups (endurance sports with or without boosted nutri-
tion) were increased similarly; this was because they were
controlled by three sessions of endurance exercises with
modalities like stationary cycling, running, and jogging.
Physical exercise was performed in the Hermas Sports
Club.

3.3. Measurement

BMI was determined by dividing weight (kg) by height
(m) squared. Body height and weight were measured with-
out shoes using light street clothing by stadiometer (wall-
mounted) and a digital scale (Scale-Tronix model 5002,
Wheaton, IL, USA), respectively (18-20). The accuracy of
both tools was 0.1 (cm or kg).

High-density lipoprotein cholesterol (HDL-C), low-
density lipoprotein cholesterol (LDL-C), and total choles-
terol (TC) were assessed by enzymatic methods (using
COBAS, Roche Diagnostics, Germany). Exercise intensity
was set between moderate to high or 70% - 85% of maxi-
mum heart rate (20). Heart rate monitors (RS400, Polar
Electro Oy, Kempele, Finland) were utilized for measuring
energy expenditure. To ensure exercise program com-
pliance, the monitors stored data on exercise frequency,
duration and heart rate. Daily calorie requirements were
measured for each participant by the multiplication of
physical activity level PAL and basal metabolism rate
(BMR). A more accurate BMR calculation for men from 45
to 60 years of age was calculated using Equation 2: [(mass
in kg × 11.6) + 879]; and in men who were more than 60
years old, Equation 3: [(mass in kg × 13.5) + 487] was used
(11, 17, 18).

Daily calorie requirements, levels of its changes, and
daily energy consumption are noted in Table 1.

3.4. Method Management

Participants were instructed to complete diary
records, 3 days per week, including 1 day on a weekend, for
a period of four days prior to the research study. The same
procedure was required throughout the study to control
leisure-time physical activity and nutritional habits (18,
19). This study was conducted under the Helsinki Declara-
tion and approved by the institutional ethics committee.
Participants were educated about the research study
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Table 1. Daily Calories Needed, Amount of Change, and Daily Energy Consumptiona

Endurance Sports (N = 21) Energy-Restricted diet (N = 22) Endurance Sports with Boosted
Nutrition (N = 22)

Control (N = 19)

Daily caloric requirementsb 2852 ± 16 2844 ± 11 2863 ± 15 2878 ± 13

Levels of change NA -15% +15% NA

Daily energy consumption, kcal c 2852 ± 16 2417 ± 23 3292 ± 17 2878 ± 13

aValues are expressed as mean ± SD.
bDaily caloric requirements = BMR × PAL.
cDaily energy consumption = (BMR × PAL) - levels of change.

details, they were also provided with a medical certificate
which stated that the study was not contraindicated.
Subsequently, participants provided written informed
consent before enlistment.

3.5. Statistical Analysis

Descriptive study data is noted as means ± SD. Statis-
tical analyses were conducted with SPSS software, version
19. Intra-group changes were assessed using a paired t-test.
Inter-group differences were evaluated by covariance anal-
ysis (ANCOVA) using the values after the intervention as
a dependent variable, with baseline values and group dis-
tribution as covariates. All pairwise comparisons were ad-
justed by using the Tukey procedure. The correlation of the
pre- and post-study data was evaluated using Pearson’s cor-
relation analysis. The significance level was set as P < 0.05.

4. Results

4.1. Study Population

Out of the 84 participants, four participants dropped
out; two participants cited a loss of motivation, and two
others reported a fear of needles. In total, eighty partici-
pants completed the research study; their descriptive char-
acteristics are presented in Table 2.

4.2. Baseline Characteristics

No significant differences in group data were found be-
tween groups in terms of the percentage of energy con-
sumed as dietary fat, and minutes of leisure-time physical
activity (P > 0.05). As can be observed in Table 3, there were
no significant differences in weight, TC, LDL-C, and HDL-C
prior to the start of the study (P > 0.05).

4.3. Outcomes of the Study

After participating in the research study, individuals
in the endurance sports and energy-restricted diet groups
lost weight. The weight loss noted in the endurance
sports and energy-restricted diet groups in comparison
with the endurance sports with boosted nutrition and con-
trol groups was significantly different (P < 0.05, Figure 1A).
The TC reduction in the endurance sports group was me-
diated by a decline in LDL-C level (P < 0.01), and variations
in TC were connected with LDL-C level changes (P < 0.001,
Figure 1B). LDL-C and TC were not affected in the energy-
restricted diet group compared to control (P > 0.05), al-
though within the energy-restricted diet, there was a there
was a tendency to reduce within TC (P = 0.05) and LDL-C (P
= 0.08) as shown in Figure 1B and C. HDL-C (P > 0.05 for
all comparisons) was not impacted by the interventions,
but HDL-C in the endurance sports with boosted nutrition
group rose from the level noted initially within the group
(P < 0.001, Figure 1D). Changes in the LDL-C and TC were
linked to differences in weight (P < 0.01). Leisure time dif-
ferences were not significant between groups (P > 0.05).

5. Discussion

The influences of physical exercise and weight loss on
lipid panel in overweight middle-aged men were explored
in this study both independently and collectively. Our
main finding was that exercise with TC and LDL-C depletion
had the most significant impact on cardiovascular risk;
whereas, dietary-induced weight loss did not result in sig-
nificant study outcomes (Figure 1B and C). Moreover, HDL-
C considerably improved only after exercise training with
boosted nutrition (and, therefore without losing weight,
Figure 1A and D). This shows that such beneficial changes
require a neutral energy balance. The triglyceride levels of
blood depend on food intake.

Thus, similar to previous research studies (18-20), we
also chose to omit this variable.
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Table 2. Initial Characteristics of All Groupsa

Descriptive Statistics Endurance Sports (N = 21) Energy-Restricted diet (N = 22) Endurance Sports with Boosted Nutrition (N =
22)

Control (N = 19)

Age, years 59.8 ± 8.3 59.5 ± 7.8 59.2 ± 6.8 58.9 ± 8.5

Height, cm 173 ± 4.3 176 ± 6.2 174 ± 4.2 172 ± 5.6

BMI, kg/m2 29.1 ± 2.3 29.2 ± 2.5 28.8 ± 2.4 28.6 ± 2.3

SBP, mmHg 126.8 ± 7.4 128.8 ± 6.5 127.3 ± 5.7 126.3 ± 6.2

DBP, mmHg 80.1 ± 3.5 81.2 ± 3.2 80.3 ± 3.5 79.7 ± 4.2

Abbreviation: BMI, body mass index; DBP, diastolic blood pressure; SBP, systolic blood pressure.
aValues are expressed as mean ± SD.

Table 3. Individual Characteristics in Each Group Before and After Research Participation Plus P Value of Comparing Mean Within

Study Groups Endurance Sports (N = 21) Energy-Restricted Diet (N = 22) Endurance Sports with Boosted Nutrition (N = 22) Control (N = 19)

Pre-intervention

Weight, kg 87.3 ± 4.5 87.6 ± 5.7 86.5 ± 5.4 85.4 ± 4.7

TC, mmol/L 4.91 ± 0.18 4.94 ± 0.13 4.97 ± 0.17 4.93 ± 0.16

HDL-C, mmol/L 1.33 ± 0.06 1.32 ± 0.09 1.31 ± 0.07 1.33 ± 0.08

LDL-C, mmol/L 3.15 ± 0.11 3.25 ± 0.11 3.21 ± 0.11 3.19 ± 0.1

Post-intervention

Weight, kg 80.8 ± 5.5b , c , d 81.4 ± 4.7b , c , d 85.7 ± 5.4 85.3 ± 5.7

TC, mmol/L 4.11 ± 0.11b , c , d 4.43 ± 0.12 5.16 ± 0.15 4.94 ± 0.15

HDL-C, mmol/L 1.28 ± 0.06 1.39 ± 0.08 1.48 ± 0.05d 1.34 ± 0.07

LDL-C, mmol/L 2.48 ± 0.13d 2.95 ± 0.18 3.41 ± 0.17 3.17 ± 0.15

Abbreviations: HDL-C, high-density lipoprotein cholesterol; LDL-C, low-density lipoprotein cholesterol; TC, total-cholesterol.
aValues are expressed as mean ± SD.
bP < 0.05 in compare to control.
cP < 0.05 in compare to endurance sports with boosted nutrition.
dP < 0.05 in compare to baseline.

Elevated lipids levels in the blood are risk factors for
cardiovascular disorders and worsen with age (21). Previ-
ous research suggests that the lipid panel can be strongly
influenced by weight loss (11, 22). Wood et al. (13) show
that the lipid panel improves to a greater extent when
weight loss is added to exercise. Further evidence indi-
cates that diet and physical exercise independent from
each other have positively impact lipoproteins (23). How-
ever, contrary to dietary alterations, exercise training was
conducted on a daily basis in these studies. Our research
showed that LDL-C and TC declined with weight loss due
to exercise (Figure 1B and C). In a study conducted by
Weiss et al., they assessed the impacts of a 7% weight loss
from caloric limitation and exercise over the course of
three months (24). They examined the effects of exer-
cise and dietary changes separately and concurrently as a
mixed regiment in overweight middle-aged men and post-
menopausal women. They did not include a control group
in their study. Similar to the results we obtained, they

noted a decrease in LDL-C and TC in all study groups. In
the current research study, we observed that LDL-C and TC
were reduced only in the group that lost weight from ex-
ercise compared to the control group. These results are in
disagreement with the outcome reported by Rezaeipour et
al. (18) and Pedersen et al. (25) about weight loss using di-
etary restrictions and exercise. However, our findings are
in agreement with the results obtained by Rosenkilde et al.
(26). Also, in line with studies conducted by Gondim et al.
(27) and Rezaeipour et al. (11), changes in body weight were
positively related to LDL-C and TC variables. This provides
evidence that weight reduction can improve cardiovascu-
lar risk.

The plasma level of HDL-C is often increased as a re-
sult of exercise (18, 19), but in our study this mainly led
to an increase in HDL-C; as the calories expended during
exercise were replaced by an increase in energy consump-
tion, as seen in the endurance sports with boosted nutri-
tion group (Figure 1D). It was expected that the level of
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Change in Mass, kg
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Figure 1. The mean changes of lipid panel variables, within and between the groups

HDL would have also risen during exercise or weight loss
if the energy balance had been restored to neutral levels;
however, participants in the endurance sports and energy-
restricted diet groups were still in a catabolic condition
when samples were collected after the study. Incremental
beneficial impacts of exercise exercise and diet on HDL-C
were illustrated in a study by Sopko et al. (28), utilizing the
same study design as the current study. Due to gender dif-
ferences, our results cannot be generalized to women. We
recommend that future studies conduct similar studies on
different genders and ages.

5.1. Conclusions

Each one of the weight loss and exercise strategies can
result in independently significant health benefits. Exer-
cise, coupled with weight loss, leads to lower TC and LDL-C,
known as pro-atherogenic lipoproteins. In addition, when
exercise was accompanied by additional energy intake, we
noted an increase in HDL-C. Thus, this led to an overall im-
provement in the lipid panel of sedentary men with excess
weight.

Supplementary Material

Supplementary material(s) is available here [To read
supplementary materials, please refer to the journal web-
site and open PDF/HTML].
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