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Purpose: The aim of this study was to compare the effects of lifetime endurance physical activity (PA) on cardiometabolic profile and 
muscle function in middle aged and older men.
Patients and Methods: The study was conducted in 59 men aged 66.7±8.8 years, engaged in endurance training and followed for 
over 30 years. Biochemical and anthropometric measurements were taken. The Homeostasis Model Assessment of Insulin Resistance 
(HOMA-IR) was assessed. The submaximum exercise test was performed to verify physical fitness. The strength of multiple muscle 
groups was measured with dynamometers (Saehan, Microfet 2) and Keiser pneumatic resistance training equipment. Muscle power 
was examined with Keiser equipment and a friction-loaded cycle ergometer. Historical PA data were checked based on PA 
examinations performed in the past. Participants’ PA levels in the last 10 years were categorized and 3 groups with an equal number 
of participants were created: low, medium and high.
Results: The low PA group was characterized by inferior aerobic fitness parameters and higher waist circumference, insulin level and 
HOMA-IR in comparison with the medium and high PA groups, as well as a higher body mass index (BMI) compared with the 
medium PA group. None of the strength and power parameters differed between the PA groups. Many significant relationships between 
PA in different life periods and cardiometabolic profile (negative with body mass, BMI, waist circumference, insulin, HOMA-IR, 
triglycerides and positive with HDL-cholesterol, Augmentation Index and aerobic fitness data) were found but not with strength and 
power measures.
Conclusion: Higher lifetime endurance PA is related to a better cardiometabolic profile in older physically active males but does not 
affect muscle strength and power. These findings emphasize that despite cardiometabolic benefits, endurance PA alone may not be 
sufficient to be prescribed for muscle strength and power preservation in aging.
Keywords: cardiovascular, exercise, muscle, metabolism

Introduction
In the 1970s, endurance physical activity (PA) was considered as a synonym of health training. Some even believed that 
very intensive workouts, such as marathon running, guaranteed protection against atherosclerosis, coronary heart disease 
and myocardial infarction.1 Although this was not confirmed in later observations,2,3 endurance training remains the 
primary mode of exercise for health even today.

With further development of exercise science, other training modes have been included in exercise recommendations, 
especially for different groups of patients and for older individuals.4 Currently, endurance, strength, stretching, balance 
and coordination exercises have been included in recent recommendations.4,5 In rapidly growing older populations, there 
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is evidence indicating an association between muscle strength and mortality.6,7 Furthermore, research shows that muscle 
power has been connected with better preservation of function as compared to muscle strength.8–10 Therefore, power 
training has been proposed to optimally improve neuromuscular function in advanced age.11

Nevertheless, the popularity of long-distance running, including different competitions, and common trust in the 
benefits of running makes many subjects restrict their exercise habits to running. With aging societies, there is a question 
about whether this mode of exercise confer protection against the dangers of declining functionality with advancing age. 
Available literature provides inconsistent results. Growing evidence indicates that resistance training is effective in 
maintaining muscle function with aging, whereas endurance PA is not, as it does not specifically address the preservation 
of muscle strength, contraction velocity and power.12–14 However, a variety of mechanisms, such as improved mitochon
drial function, enhanced motor unit function, and reduced fat infiltration into muscle, explain the role of endurance 
training in the preservation of skeletal muscle mass and function with age.15–18 Some existing studies reveal that aerobic 
physical activity is related to physical function, muscle strength, flexibility and physical fitness in older adults.16,19

Our center provides a unique possibility of monitoring exercising subjects for several decades. Therefore, the aim of 
this study was to compare the effects of lifetime endurance physical activity (PA) on cardiometabolic profile and muscle 
function in middle aged and older men.

Materials and Methods
Study Group
The study was conducted in male volunteers, who were the patients of the Healthy Men Clinic and the Department of 
Preventive Medicine, Medical University of Lodz (Poland), mostly for over 30 years. The initial group of 577 male volunteers 
participated in baseline structured health check-up in 1985–1990. Next, the respondents were invited to take part in regular 
control examinations. Subjects reporting endurance PA at minimum once a week for most study periods were selected for this 
study. The complete recruitment procedure and other methods were described previously in our papers.20,21 Subjects included 
in this study participated in the full panel of diagnostic procedures during at least five examinations between baseline 1985–90 
and the final examination in 2018. The observation period was 28–33 years. The participants from the previous examinations 
were invited to take part in the final study. The inclusion criteria comprised: regular attendance in the control examinations, 
a signed informed consent form, participation in endurance physical activity at least once a week, and no contraindications to 
undergo the full panel of tests. Selected men were involved in purely endurance activities, those involved in resistance training 
were excluded from this study. Of the 75 male participants who provided informed consent, 59 met the inclusion criteria. As 
the PA level may vary within individuals across time, we analyzed PA levels throughout the whole observation. Most subjects 
were characterized by performing non-competitive endurance sports activities like jogging, cycling or swimming, which rely 
on aerobic energy production. Therefore, the final study group was composed of 59 older and middle-aged men aged from 44 
to 87 years (mean age 66.7 ± 8.8 years). Three participants were under the age of 50.

All subjects participated in anthropometric and biochemical measurements, PA questionnaires, the graded submax
imal exercise test and muscle strength and power examinations.

The study was approved by the Bioethics Committee of the Medical University of Łódź (RNN/174/18/KE) and 
complies with the Helsinki Declaration and Good Clinical Practice Guidelines.

Anthropometric, Biochemical and Arterial Stiffness Measurements
Body weight was measured to the nearest 0.1 kg in light indoor clothes and without shoes on a calibrated scale (Radwag, 
model C315.100/200.OW-3). Height was measured to the nearest 0.5 cm. Waist circumference was measured to the 
nearest 0.5 cm in the standing position with a tape measure at the midpoint of the distance between the lowest rib and the 
iliac crest. Body mass index (BMI) was calculated as weight (kilograms) divided by the square of height (meters).

Fasting blood samples were drawn from the antecubital vein. To determine serum total cholesterol, triglycerides (TG), 
and glucose, enzymatic methods were used (COBAS INTEGRA 400 Plus, Roche). High-density lipoprotein cholesterol 
(HDL-C) was measured by the precipitation method while low-density lipoprotein cholesterol (LDL-C) was estimated 
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using the Friedewald formula. Glucose was given in mmol/l. Insulin was measured by the electrochemiluminescence 
method and given in mU/l.

The Homeostasis Model Assessment of Insulin Resistance (HOMA-IR) was used to assess participants’ insulin 
resistance. The HOMA-IR index was calculated using fasting glucose and fasting insulin levels using the following 
formula: HOMA-IR = (fasting glucose (mmol/l))*(fasting insulin (mU/l))/22.5.22

Augmentation Index (AI) was provided by the Endopat device and it was given in percentages (%). AI measures the 
arterial stiffness, reporting the difference between first (P1) and second (P2) peaks of the arterial waveform according to 
the equation: (AI (%)=(P2-P1)/P1).23

Physical Activity Level
Historical PA data were verified based on PA levels reported during past examinations. It was assessed for each subject 
according to Kriska et al24 This is a validated tool designed to retrospectively evaluate PA levels throughout different 
periods of life. The questionnaire is divided into three main components: the Leisure Physical Activity section, the 
Occupational Activity section, and the Inactivity and Sedentary Behavior section. The participants were asked to recall 
the type of physical activities in the following life periods: 12–34, 35–49, over 50 years old period, the last 5 years, the 
last 10 years and the whole period from 12th year of life to the day of examination. These activities were summed up 
according to their duration, frequency, and intensity. All results were summed up according to hours per year, weeks of 
activity during the month, months of activity during the year, and years of activity during the examined period. The 
number of hours obtained during the examined period was divided by the number of years. Finally, the results of 
historical PA are expressed as hours per year and the weighted MET-hours per year (MET·hour·year −1). For comparing 
cardiometabolic parameters in different PA groups, PA level in last 10 years was categorized and 3 groups the best 
matched with the number of participants were created: low (PA level <1600 MET·hour·year−1), medium (1600 
MET·hour·year−1 ≤ PA level >2250 MET·hour·year−1) and high (PA level >2250 MET·hour·year−1).

Physical Fitness
Resting electrocardiographic examination was performed using a FARUM E60 model. The graded submaximal exercise test 
was performed on a Monark type 818E (Stockholm, Sweden) with continuous VO2 uptake and 12-lead electrocardiographic 
monitoring using Cardiovit CS-200 Ergo Spiro system (Schiller, Switzerland). The exercise test protocol included an initial 
workload of 60 Wat (W) and an increase of the workload by 30 W every 3 minutes to achieve at least 85% of maximal age- 
predicted heart rate (220-age). After completing the exercise phase, participants were monitored for five minutes or longer if 
necessary. A cooldown phase consisted of two minutes of unloaded pedaling and then three to five minutes of rest. Blood 
pressure was measured at rest, within the last 30 seconds of each stage of the exercise test, and every two minutes during the 
recovery phase. The two aerobic fitness measures were calculated: peak oxygen uptake (VO2peak) and physical working 
capacity at 85% of the maximal heart rate (PWC85%HRmax). VO2peak was defined as the highest value of VO2 achieved 
during the exercise test. VO2peak was expressed in absolute values (VO2peak) and relative to body mass (VO2peak∙kg−1)]. 
Heart rate (continuous ECG tracing) was regressed against the three last workloads. The resultant linear regression equation 
was used to calculate the second aerobic capacity index, ie, PWC85%HRmax PWC85%HRmax was calculated by interpolating the 
workload-heart rate regression line at the point of 85% of the maximal age-predicted heart rate.25 This methodology, even 
with a lower (PWC75%HRmax) exercise test intensity level, has been proposed as a valuable measure of aerobic power for 
epidemiological studies. PWC85%HRmax was expressed in absolute values [PWC (W)] and relative to body mass [PWC∙kg−1 

(W∙kg−1)]. This procedure ensures the use of the same units (W) for aerobic and anaerobic power assessment.

Muscle Strength
Three different methods were used to assess muscle strength of the participants

1. A handgrip test using a hydraulic hand dynamometer (Saehan, Korea) was used to assess the muscle strength of the 
upper extremities.26 Participants, standing upright with their arms at their sides without touching the body, were 
instructed to squeeze the dynamometer with maximal force. The test was performed in three trials for each hand, with 
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a 20–30-second pause between trials to avoid muscle fatigue. The highest value was used for analysis. Results were 
recorded to the nearest kilogram.

2. Muscle strength of lower extremities was determined using Keiser pneumatic resistance training equipment fitted with 
A300 electronics (Keiser Sports Health Equipment, Fresno, CA), as previously described.27 One-repetition maximum (1RM) for 
bilateral leg press and leg extension was assessed, with each leg evaluated separately. For the leg press assessment, the seat 
position was adjusted to achieve a 90° angle between the thigh and the lower leg at the knee joint. Participants were instructed to 
fully extend both legs while keeping their arms crossed over the chest. For the leg extension assessment, participants were seated 
upright with their arms crossed over the chest and instructed to extend the knee (right and left legs tested separately) as forcefully 
as possible. The 1RM was determined by progressively increasing the resistance to the maximum load that allowed completion 
of the full range of motion.

3. The maximal voluntary force of 11 muscle groups of both extremities was measured with a handheld dynamometer 
(Microfet 2, Hogan Health Industries, USA): wrist, elbow extension, elbow flexion, shoulder extension, shoulder flexion, 
shoulder abduction, hip flexion, hip abduction, ankle dorsiflexion, knee extension, and knee flexion.28 All tests were 
performed according to the instruction manual of the manufacturer. Each movement was tested twice, and the average 
scores were included in the analysis. Mean strength of particular muscle groups was the result of measurements and was 
given in kilograms.

Muscle Power
Two methods were used to assess the muscle power of the participants.

1. Keiser pneumatic resistance training equipment fitted with A300 electronics (Keiser Sports Health Equipment, 
Fresno, CA). Leg press and leg extension power were assessed at 40% and 70% of 1RM.27 In the leg press trial, the 
highest power of both legs was recorded, while for the leg extension, the highest power of each leg, separately, was taken 
for further analyses.

2. Friction-loaded cycle ergometer (Monark type 818E Stockholm, Sweden) equipped with a strain gauge (KMM20 
type, 200N, WObit, Poznan, Poland) and an incremental encoder (Rotapuls141-H-200ZCU46L2 type, 200 pts/turn, Lika 
Electronic, Carre, Italy) for measurement of the friction force applied by the tension of the belt that surrounded the 
flywheel and the flywheel displacement, respectively.

Maximal short-term power (Pmax) and corresponding optimal movement velocity (υopt) which is defined as velocity at 
which the power reaches its maximum value were calculated from a third-order polynomial function. Pmax was expressed 
as absolute values [Pmax (W)] and relative to body mass [Pmax/kg (W∙kg−1)]. υopt was expressed in the number of 
rotations per minute (rpm).29

Statistical Analysis
All analyses were performed with Statistica version 13 CSS software (StatSoft, Krakow, Poland). Data were verified for 
normality of distribution and equality of variance. Numeric variables were presented as mean ± standard deviation (SD) 
for data with normal distribution or median (quartile) for data without normal distribution. Correlations between 
quantitative variables were tested with the Spearman rank correlation test or Pearson correlation. To compare cardio
metabolic indices in three historical PA groups, the One-way Analysis of Variance (ANOVA) with LSD post-hoc test or 
Kruskal–Wallis analysis of variance by ranks and Dunn post-hoc test were used in variables with and without normal 
distribution, respectively. To examine whether the strength of the association between physical activity and aerobic 
power differed from that between physical activity and anaerobic power, Steiger’s test for comparing dependent 
correlations was conducted. Effect sizes based on Cohen’s d were reported. An effect size of 0.2 to < 0.5 and ≥ 0.5 to 
< 0.8 has been suggested to represent a small and medium effect, respectively, while an effect size ≥ 0.8 represents 
a large effect. The limit of significance was assumed as a p-value of 0.05 or less for all analyses.

Results
The age and historical PA data are presented in Table 1. The age of the three compared groups was not statistically 
different. PA differed between the groups by design.
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Table 1 Age and Historical PA Data of the Whole Group and Divided Into Low, Medium and High Last 10 years PA

Characteristics Total 
Mean ± SD/Median 

(quartile) 
N=59

Low PA 
Mean ± SD/Median 

(quartile) 
N= 19

Medium PA 
Mean ± SD/Median 

(quartile) 
N=20

High PA 
Mean ± SD/Median 

(quartile) 
N=20

ANOVA/Kruskal– 
Wallis

Age, years 66.6 ± 8.8 64.5±8.26 68.3±7.71 67.0±10.14 NS

Historical PA

12-34 years (Hours/Year) 161.2 (46.8; 338.0) 65.0 (10.4; 161.2) 182.0 (62.6; 338.0) *280.8 (130.0; 343.8) 0.030

12-34 years (MET· hour·year−1) 1289.6 (405.6; 2574.0) 436.9 (83.0; 1128.0) 1451.0 (500.8; 2650.4) *1703.2 (1166.6; 2744.3) 0.001

35-49 years (Hours/Year) 254.8 (150.8; 322.4) 104.0 (41.6; 182.0) *254.8 (234.0; 292.8) *343.2 (296.4; 494.0) <0.001

35-49 years (MET· hour·year−1) 1784.0 (1066.0; 2740.4) 655.1 (280.8; 1066.0) *1872.0 (1458.6; 2508.5) *†2883.4 (2655.9; 3422.5) <0.001

Over 50 years (Hours/Year) 260.0 (182.0; 306.8) 130.0 (78.0; 182.0) *260.0 (234.0; 312.0) *306.8 (270.4; 442.0) 0.001

Over 50 years (MET· hour·year−1) 2012.400 (1420.0; 2490.0) 915.2 (406.0; 1420.0) *2080.0 (1683.0; 2199.6) *†2606.9 (2163.2; 2964.0) <0.001

Over 12 years (Hours/Year) 201.0 (134.0; 254.8) 104.0 (67.6; 166.4) *201.0 (161.2; 239.2) *†286.9 (239.2; 348.4) <0.001

Over 12 years (MET· hour·year−1) 1492.4 (938.0; 2106.0) 587.6 (397.8; 1165.0) *1492.4 (1300.0; 1755.0) *†2373.8 (2104.1; 3283.8) <0.001

Last 5 years (Hours/Year) 249.6 (182.0; 331.0) 140.4 (98.8; 182.0) *254.8 (213.2; 317.0) *†334.5 (304.2; 418.6) <0.001

Last 5 years (MET· hour·year−1) 1919.0 (1365.0; 2574.0) 1157.0 (655.2; 1430.0) *1966.0 (1812.0; 2304.0) *†2756.0 (2394.1; 3283.8) <0.001

Last 10 years (Hours/Year) 260.0 (182.0; 338.0) 135.2 (83.2; 166.4) *260.0 (223.6; 306.0) *†370.4 (314.6; 408.2) <0.001

Last 10 years (MET· hour·year−1) 2002.0 (1385.8; 2574.0) 1029.6 (468.2; 1370.2) *2012.4 (1812.2; 2200.0) *†2999.1 (2685.8; 3248.7) <0.001

Notes: * p < 0.05 as compared with the low last 10 years PA. † p < 0.05 as compared with the medium last 10 years PA.
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Table 2 shows anthropometric indices, cardiometabolic profile and exercise test results. Participants in the low PA level 
group presented significantly higher insulin level, HOMA-IR, and waist circumference in comparison with the medium and 
high PA level groups. BMI was significantly higher in the low PA group compared to the medium PA level group.

The VO2peak of the low PA level group was significantly lower in comparison with that of the medium and high PA 
level groups. PWC and PWC∙kg−1 showed a tendency to increase with higher PA levels.

Supplementary Figure 1 presents BMI, HOMA-IR, insulin, and aerobic power in participants characterized with low, 
medium and high historical PA in the last 10 years.

None of strength and power parameters differed between the groups with low, medium and high PA levels 
(Supplementary Table 1).

Table 3 shows the relationships between anthropometric indices, cardiometabolic profile, aerobic exercise test data, 
and historical PA in the whole studied group. Many significant relationships were found with PA in different life periods. 
Anthropometric indices (body mass, BMI, and waist circumference) were negatively related to three of the historical PA 
periods. Insulin levels as well as HOMA-IR were negatively correlated with the level of PA in all studied periods. HDL 
levels were positively related to most PA periods (except for the 12–34-year period). Similar relationships were observed 
for AI. Negative correlation was significant for TG level and one PA period (over 12 years). Aerobic exercise test data 
were also generally positively related to most historical PA periods.

In contrast to cardiometabolic profile data, muscle strength and power parameters were not related to historical PA. 
Moreover, from a few significant relationships, those with negative signs were observed. Relationships between muscle 
strength and power parameters and historical PA in the whole studied group are presented in Supplementary Table 2. 
Despite statistically significant relationships being found, all reported correlation coefficients were relatively low (all 
were characterized by r < 0.5) which may be related to the small final sample size of the study. Effect sizes were small.

The relationships between aerobic (PWC85%HRmax) and anaerobic (Pmax) power expressed relative to body mass with 
the last 10 years of PA level are presented in Supplementary Figure 2. A positive correlation between aerobic power and 
PA was found, while anaerobic power was not related to PA.

Steiger’s test for comparing two dependent correlations indicated the correlation between physical activity and 
aerobic power (r = 0.309) was significantly stronger than the correlation between physical activity and anaerobic 
power (r = 0.03); t(56) = −2.07, p = 0.043.

Discussion
Among dozens of results of PA, benefits for cardiovascular risk factors and cardiometabolic profile are among the most 
important. The effects of PA for physical performance should also include maintaining physical fitness, muscle strength 
and power, which becomes crucial while getting older. Our study results showed that a higher lifetime endurance PA 
level in adult men was connected with better cardiometabolic profile in old age; however we did not find long-term 
benefits for muscle strength and power.

In our study, BMI and waist circumference were negatively correlated with historical PA in the age group 35–49 years 
old, during the over 50 years old period and the last 10 years period. These results indicate the protective role of 
longitudinal PA in avoiding becoming overweight/obese. Literature confirms the negative directions of the relationships 
between longitudinal PA and weight gain, waist circumference and prevalence of obesity30,31 Available literature shows 
that PA has a positive impact on insulin sensitivity.32 PA may significantly lower insulin levels, and high-intensity 
physical activity still has additional potential benefits for insulin levels.33 In our study, insulin level and HOMA-IR were 
negatively correlated with PA level in all studied periods while glucose level was not. It shows that even in a physically 
active group a higher level of PA is related to better insulin sensitivity. Further reduction of glucose level is obviously not 
desirable in subjects with proper glycemia. However, our results may also emphasize the importance of measuring insulin 
rather than relying solely on glucose measurements in routine blood analyses. Previous studies showed that aerobic 
exercises significantly reduce TC, triglycerides, and LDL cholesterol, while increase HDL cholesterol in the older 
population.34 Our study did not reveal differences in the complete lipid profile between the three PA groups, but the level 
of HDL cholesterol was significantly related to PA in most of the analyzed periods. Triglycerides were inversely related 
to the PA period over 12 years of age. Nevertheless, the observed correlations were generally low.
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Table 2 Cardiometabolic Parameters of the Whole Group and Divided Into Low, Medium and High Last 10 years PA

Characteristics Total 
Mean ± SD/Median 

(quartile) 
N=59

Low PA group 
Mean ± SD/Median 

(quartile) 
N= 19

Medium PA group 
Mean ± SD/Median 

(quartile) 
N=20

High PA group 
Mean ± SD/Median 

(quartile) 
N=20

ANOVA/Kruskal– 
Wallis

Cardiometabolic profile

Body mass (kg) 80.8 ± 12.2 86.3±12.0 77.6±11.4 78.9±12.1 NS

BMI (kg·m−2) 26.5 ± 3.40 28.0±3.77 *25.3±2.62 26.2±3.31 0.034

Waist circumference (cm) 95.1 ± 10.4 100.8±11.2 *91.2±9.68 *93.6±8.29 0.009

Fasting plasma glucose (mmol·l−1) 5.46 ± 0.52 5.57±0.53 5.34±0.54 5.28±0.38 NS

Insulin (mIU·l−1) 7.88 ± 5.12 12.23 ± 6.45 *5.89 ± 2.92 *5.74 ± 2.04 <0.001

Total cholesterol (mmol·l−1) 5.51 ± 1.12 5.58±1.25 5.38±1.06 5.57±1.10 NS

LDL-C (mmol·l−1) 3.49 ± 0.91 3.58±1.05 3.44±0.80 3.46±0.92 NS

HDL-C (mmol·l−1) 1.51 ± 0.36 1.44±0.27 1.50±0.47 1.59±0.32 NS

TG (mmol·l−1) 0.97 (0.80; 1.29) 1.06 (0.83; 1.42) 0.95 (0.76; 1.11) 0.90 (0.77; 1.18) NS

AI (%) 20.0 (11.0; 39.0) 13.0 (6.0; 35.0) 20.5 (15.5; 36.0) 28.0 (14.5; 42.0) NS

HOMA-IR (score) 1.96 ± 1.36 3.08 ± 1.72 *1.44 ± 0.78 *1.39 ± 0.52 <0.001

Heart rate (bpm) 72.7 ± 10.4 72.8 ± 9.38 71.2 ± 12.5 74.1± 9.24 NS

Systolic blood pressure (mmHg) 131.7 ± 14.7 130.5 ± 13.6 130.0 ± 16.5 134.5 ± 14.1 NS

Diastolic blood pressure (mmHg) 81.1 ± 9.26 78.3 ± 10.1 83.0 ± 9.65 81.7 ± 7.77 NS

Exercise test parameters

VO2peak (l/min) 2.22 ± 0.55 1.94 ± 0.44 *2.33 ± 0.49 *2.34 ± 0.62 0.034

VO2peak·kg−1 (mL/kg/min) 28.1 ± 7.11 23.2±5.88 *30.7±6.95 *29.8±6.29 0.001

PWC85%HRmax (W) 130.5 ± 38.6 125.9±678.0 126.7±27.9 138.5±53.0 NS

PWC85%HRmax·kg−1 (W·kg−1) 1.64±0.43 1.50±0.36 1.66±0.35 1.73±0.54 NS

Notes: * p < 0.05 as compared with the low last 10 years PA. Bold values indicate statistical significance at p < 0.05. 
Abbreviations: BMI, body mass index; LDL-C, low-density lipoprotein cholesterol; HDL-C, high-density lipoprotein cholesterol; TG, triglycerides; HOMA-IR, the Homeostasis Model Assessment of insulin resistance; AI, Augmentation 
Index; VO2peak, peak oxygen uptake; VO2peak∙kg-1, peak oxygen uptake relative to body mass; PWC85%HRmax, physical working capacity at 85% of the maximal heart rate; PWC85%HRmax·kg,−1 physical working capacity at 85% of 
the maximal heart rate relative to body mass; PA, physical activity; ANOVA, Analysis of Variance; NS, non-significant.
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Table 3 Relationships Between Anthropometric, Cardiometabolic, Aerobic Exercise Test Data and Historical PA in the Whole Group

12-34 
Years 

(Hours/ 
Year)

12-34 Years  
(MET·hour·year−1)

35-49 
Years 

(Hours/ 
Year)

35-49 Years  
(MET·hour·year−1)

Over 50 
Years 

(Hours/ 
Year)

Over 50 Years  
(MET·hour·year−1)

Over 12 
Years 

(Hours/ 
Year)

Over 12 Years  
(MET·hour·year−1)

Last 5 
Years 

(Hours/ 
Year)

Last 5 Years  
(MET·hour·year−1)

Last 10 
Years 

(Hours/ 
Year)

Last 10 Years  
(MET·hour·year−1)

Body mass (kg) −0.193 −0.168 −0.359** −0.341** −0.309* −0.251 −0.205 −0.209 −0.194 −0.177 −0.222 −0.251

BMI (kg·m−2) −0.207 −0.169 −0.421*** −0.415** −0.347* −0.286* −0.195 −0.211 −0.243 −0.227 −0.271* −0.265*

Waist 
circumference (cm)

−0.213 −0.211 −0.359** −0.397** −0.315* −0.310* −0.155 −0.220 −0.202 −0.247 −0.235 −0.277*

Fasting plasma 
glucose (mmol·l-1)

−0.207 −0.209 −0.216 −0.182 −0.151 −0.104 −0.215 −0.221 −0.236 −0.182 −0.209 −0.224

Insulin (mIU·l−1) −0.356** −0.384** −0.436 
***

−0.523*** −0.400** −0.464*** −0.377** −0.433*** −0.371** −0.451*** −0.376** −0.478***

HOMA (score) −0.398 ** −0.426 *** −0.473 

***

−0.552 *** −0.455 *** −0.509 *** −0.422 *** −0.479 *** −0.415 ** −0.495 *** −0.419** −0.529 ***

Total cholesterol 
(mmol·l−1)

0.013 −0.008 0.123 0.122 0.117 0.062 −0.006 0.059 0.089 0.073 0.050 0.084

LDL-C (mmol·l−1) −0.037 −0.068 0.070 0.050 0.060 −0.027 −0.064 −0.010 0.021 −0.031 0.006 0.002

HDL-C (mmol·l−1) 0.218 0.245 0.265* 0.313* 0.279* 0.376** 0.278* 0.327* 0.251 0.309* 0.188 0.316**

TG (mmol·l−1) −0.228 −0.239 −0.116 −0.151 −0.128 −0.119 −0.277 * −0.196 −0.037 −0.061 −0.106 −0.120

AI (%) 0.121 0.133 0.331* 0.325* 0.364** 0.423** 0.161 0.269* 0.393** 0.408** 0.356** 0.346**

Heart Rate 0.157 0.096 0.180 0.123 0.091 −0.030 0.097 0.030 0.080 −0.008 0.113 0.069

RRs (mmHg) 0.158 0.131 −0.010 −0.075 0.022 −0.007 0.070 0.020 0.101 0.051 0.101 0.078

RRd (mmHg) 0.237 0.286* 0.069 0.074 0.183 0.172 0.153 0.168 0.217 0.228 0.198 0.175

PWC85% HR max 
(W)

0.018 0.030 0.124 0.133 0.265 0.320* 0.198 0.248 0.247 0.321* 0.075 0.241

PWC85% 
HRmax·kg−1 

(W·kg−1)

0.163 0.163 0.248 0.251 0.298* 0.340* 0.181 0.250 0.245 0.308* 0.166 0.309*

VO2peak (l/min) 0.138 0.190 0.166 0.254 0.109 0.190 0.252 0.280* 0.156 0.285* 0.163 0.281*

VO2peak·kg−1 (mL/ 
kg/min)

0.270* 0.289* 0.335** 0.405** 0.281* 0.331* 0.358** 0.407** 0.244 0.362** 0.280* 0.407**

Notes: * p < 0.05; ** p< 0.01; *** p<0.001. 
Abbreviations: BMI, body mass index; HOMA-IR, the Homeostasis Model Assessment of insulin resistance; LDL-C, low-density lipoprotein cholesterol; HDL-C, high-density lipoprotein cholesterol; TG, triglycerides; AI, Augmentation 
Index; RRs, systolic blood pressure; RRd, diastolic blood pressure; PWC85%HRmax, physical working capacity at 85% of the maximal heart rate; PWC85%HRmax·kg-1, physical working capacity at 85% of the maximal heart rate relative 
to body mass; VO2peak, peak oxygen uptake; VO2peak∙kg-1, peak oxygen uptake relative to body mass.
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The mechanisms of the relationships between PA and cardiovascular diseases (CVD) may be explained with the 
beneficial effects of PA on exercise capacity, endothelial function, and influence on biomarkers of atherosclerosis, 
including inflammatory markers and adipokines.35 The results of the British Regional Heart Study showed that a higher 
PA level from midlife to old age was associated with a lower risk of all-cause mortality, cardiovascular mortality, 
coronary heart disease, and all cardiovascular events.36 A dose–response relationship was found. In the population-based 
cohort study, older participants who maintained moderate PA levels in a ten-year follow-up were at a lower risk of all- 
cause mortality compared with those who presented low PA levels throughout the whole follow-up period.37 The results 
of the present study show positive relationships between aerobic exercise capacity and historical PA in a homogenous 
group of persistently active men. Significant differences were observed between low and medium as well as between low 
and high PA levels. These results underline the role of a higher level of lifetime PA in maintaining exercise capacity and 
aerobic power in older age.

As the relationship between long-life PA for cardiometabolic health in older age was found in our study, and the effect 
of PA for cardiometabolic profile and mortality was observed in some prospective studies, the interesting question is 
whether all analyzed periods of PA play a similar role. According to the British results, the most important factor for the 
protection against mortality was the most recent PA. Participants characterized with increasing PA over the 20-year 
follow-up (inactive at baseline and active at the final examination) exhibited a reduced mortality risk, similar to that of 
persistently active individuals.36 Other study participants who presented a decline in PA level were characterized with 
similar mortality to those who maintained a low PA level.37 In our study, the number of significant correlations between 
cardiovascular parameters and specific historical PA periods was lowest for the 12–34 years period (4 variables) and 
highest for participants over 50 years old (10 variables) and for the last 10 years (9 variables). However, it is worth 
emphasizing, as confirmed by other authors, that being active in earlier life periods is crucial for the continuation of PA in 
subsequent years.36

In contrast to the cardiometabolic profile, our results did not reveal relationships between lifetime endurance PA and 
muscle strength and power in later life. As numerous studies show that muscle strength wasting may be decelerated by 
regular PA, the role of strength training is indisputable and well documented.12–14 The available evidence on endurance 
training is inconclusive. While most studies report no significant improvements in muscle strength and power, some 
suggest a potential beneficial effect. According to the study on the skeletal muscle phenotype, aerobic PA partially 
protects from the effects of ageing on muscle phenotype, mitochondrial content, and lipid accumulation.18 Distefano 
et al16 showed that older subjects performing regular aerobic exercise presented similar mitochondrial function to young, 
physically active individuals. Additionally, the time required to complete the physical tests was significantly longer in 
sedentary subjects. Another study revealed that higher level of lifelong aerobic PA was correlated with more favourable 
fitness outcomes (higher lower and upper limb strength, lower body flexibility and aerobic capacity) in older women.19

Although potential positive effects of endurance training on muscle strength have been reported,15 many studies have 
demonstrated a lack of effect compared with resistance training, as endurance training does not specifically target 
improvements in muscle mass, muscle strength, or agility. In a Norwegian study, endurance-trained master athletes were 
characterized by a lower proportion of type II fibers in comparison with strength-trained older master athletes, similarly 
to recreationally active older adults. Compared to non-active as well endurance-trained groups, strength-trained athletes 
were characterized with less prevalent myofiber grouping and lower fiber atrophy, exhibiting a signs of myocellular 
denervation.12 In another study, endurance master athletes were characterized with longer contraction time (in compar
ison with power master athletes and nonathletes) suggesting that regular endurance sport activity exacerbates skeletal 
muscle slowing in ageing.13 Endurance athletes presented higher VO2peak, as well as the peak rate of fat oxidation 
during steady-state cycling in comparison with power athletes, while the anaerobic power was higher in power than 
endurance athletes.38 In summary, while showing the benefits of regular PA, these studies also point to the specificity of 
different training modes on muscle morphology and functioning.

Some authors emphasized that aerobic training combined with resistance exercises is an effective way to improve 
endurance and muscle strength.39,40 Positive long-term effects of this type of training on muscle strength and power were 
observed after 12 weeks in healthy middle-aged and older participants aged between 50 and 73 years.40 Better long-term 
effects for muscle strength have been obtained while strength exercises were performed before aerobic training.39 Moderate-to 
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-high intensity aerobic exercise in young and middle-aged trained male individuals affected muscle strength decline, while 
aerobic training with low intensity did not. Moreover, aerobic training that lasts over 30 minutes resulted in a large acute 
decline in muscle strength, and  ≤ 30 min of aerobic training was connected with a moderate decline. These results indicate the 
key issues that are connected with the intensity and length of aerobic training before strength exercises.41

There is evidence indicating an association of muscle strength and mortality, as a recent cohort study of older women 
showed that higher skeletal muscle strength was associated with significantly lower all-cause mortality.6 Other studies 
show that muscle power is a superior predictor of functional performance and mortality than muscle strength.8,9 In a large 
prospective study, relative muscle power was found as a stronger predictor of mortality than relative muscle strength in 
middle-aged and older men and women.10 Therefore, power training has been proposed to optimally improve neuro
muscular function in advanced age.11,42,43

Previous studies showed that age-associated decline in anaerobic power is steeper than that of aerobic power and 
habitual PA alleviates an aerobic but not anaerobic power decline in older adults.44–46 Our results extend the findings of 
previous studies. Out of many different methods used and a great number of analyzed parameters of muscle strength and 
power, the results of the present study did not show relationships between lifetime habitual endurance PA level and 
muscle strength and power in older age.

Some limitations of this study should be acknowledged. Firstly, the relatively small sample size may limit the strength 
and generalizability of the findings. Secondly, the lack of a control group makes it impossible to compare active 
participants with their inactive peers. Thirdly, PA data were collected using a retrospective questionnaire rather than 
direct measurement methods, what may introduce a risk of recall bias, particularly for early life periods. Some 
engagement in other types of physical activity, such as resistance workouts, cannot be undoubtedly excluded. 
Moreover, due to the exclusion of participants with severe conditions at various stages of the study, we were unable 
to assess the prevalence of cardiovascular incidents, chronic conditions and functional outcomes in more and less active 
groups. The participants were all male and the majority had been physically active for most of their lives, making the 
group relatively homogeneous. However, this homogeneity enhances the value of our study – participants were carefully 
selected for each examination stage, and the analysis focused on physically active individuals. The long follow-up period 
and the comprehensive assessment of PA and physiological outcomes allowed us to investigate whether lifetime 
endurance PA provides benefits for cardiometabolic health, muscle strength, and muscle power.

Conclusions
In summary, our study confirms that lifelong endurance training is important for maintaining a healthy cardiometabolic 
profile in older age. Moreover, physical activity provide additional long-term benefits. However, despite cardiometabolic 
benefits, lifelong endurance activity does not significantly impact muscle strength and power. These findings may be 
valuable for practitioners when prescribing endurance training to improve overall health, particularly cardiometabolic 
health. At the same time, they highlight that endurance training alone is not sufficient to preserve muscle strength and 
power in older adults. Further longitudinal studies are needed to determine the amount of strength and power training that 
should be incorporated into endurance exercise programs to support muscle strength and power in later life.

Abbreviations
1RM R, one repetition maximum, right leg; 1RM L, one repetition maximum, left leg; AI, Augmentation Index; 
ANOVA, Analysis of Variance; BMI, body mass index; HDL-C, high-density lipoprotein cholesterol; HOMA-IR, 
Homeostasis Model Assessment of Insulin Resistance; LDL-C, low-density lipoprotein cholesterol; MET, Metabolic 
Equivalent of Task; NS, non-significant; p, statistical significance; P40% LE R, muscle power of low force/high velocity 
(40%), leg extension, right leg; P70% LE R, muscle power of high force/low velocity (70%), leg extension, right leg; 
P40% LE L, muscle power of low force/high velocity (40%), leg extension, left leg; P70% LE L, muscle power of high 
force/low velocity (70%), leg extension, left leg; P40% LP, muscle power of low force/high velocity (40%), leg press; 
P70% LP, muscle power of high force/low velocity (70%), leg press; PA, physical activity; Pmax, maximal short-term 
power; Pmax·kg-1, maximal short-term power relative to body mass; PWC85%HRmax, physical working capacity at 85% 
of the maximal heart rate; PWC85%HRmax·kg-1, physical working capacity at 85% of the maximal heart rate relative to 
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body mass; rpm, number of rotations per minute; RRs, systolic blood pressure; RRd, diastolic blood pressure; SD, 
standard deviation; TG, triglycerides; W, watt; VO2peak, peak oxygen uptake; VO2peak∙kg−1, peak oxygen uptake 
relative to body mass; υopt, optimal movement velocity corresponding to Pmax.
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