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Abstract
Introduction: Until now it has not been fully elucidated whether metabolic risk is most effectively reduced by increases 

in self-reported activity energy expenditure (AEE), total body movement, or objectively measured cardiorespiratory fitness 
(¦O2max). On the other hand, data concerning the association between AEE, ¦O2max, body composition and risk factors 
in young, lean individuals are incomplete.

Aim of the study: Our study aimed at the examination of the associations between AEE, ¦O2max, body composition 
and risk factors in college-aged lean men and women. 

Methods: In 76 males with body fat ≤ 20% and 71 females with body fat ≤30% AEE was assessed using Seven-Day-
Activity Recall (SDPAR), ¦O2max was determined during bicycle exercise until exhaustion. Subjects daily energy intake 
was briefly assessed from 24 h dietary recalls collected over 4 days preceding blood sampling. Blood was withdrawn from 
the antecubital vein under fasting conditions. Plasma glucose and lipoproteins levels were assayed colorimetrically. Circu-
lating homocysteine was determined using FPIA method. Plasma insulin concentrations were determined using a standard 
radioimmunoassay.

Results: Exclusively in men AEE was significantly and inversely correlated with percent of body fat (r=-0.270, P<0.001) 
and markedly and positively correlated with ¦O2max. In women there was a tendency of higher LBM and lower circulating 
glucose, in men a tendency of lower plasma homocysteine levels with increasing AEE. In men ¦O2max was significantly and 
inversely correlated with body fat (r=-0.340, P<0.003), circulating total cholesterol (r=-.286, P<0.02) and LDL-cholesterol 
(r=-0.292, P<0.02). In women significant correlations was noted between ¦O2max and surrogate index of insulin resist-
ance – HOMA-IR (r=-0.234, P<0.05). Multiple regression analysis has revealed that neither in men nor in women beneficial 
metabolic effects of ¦O2max were mediated by decreases in body fat stores with increasing cardiorespiratory fitness. 

Conclusions: In young, lean men, but especially in women AEE effects on metabolic risk factors are minor. On the 
contrary, ¦O2max effects on metabolic risk factors seems to be sex-related, in men positively affecting circulating lipopro-
teins, in women decreasing index of insulin resistance-HOMA-IR. However, in both sexes ¦O2max exerts positive action 
irrespectively of the changes in body fat stores. 
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Introduction
It is well documented that physical activity, irre-

spectively of age and sex, is associated with lower risk 
of metabolic disturbances and their adverse health 
consequences (1-3). 

However, physical activity can be defined by 
several terms including time spent in activities, total 
body movement, activity energy expenditure (AEE) 
per kg of body mass, and physical activity level (PAL) 
defined as daily energy expenditure as a multiple of 
resting energy expenditure (4). It is worth noting that 
until now it is not fully elucidated whether metabolic 
risk is most effectively reduced by increases in self-re-
ported activity energy expenditure (AEE), total body 
movement, or objectively measured cardiorespiratory 
fitness (¦O2max). 

In children and adolescents ¦O2max was more 
strongly related to cardiovascular risk factors than 
physical activity expressed as total body movement, 
however, in adolescents aged 15-16 years the contribu-
tion of physical activity was greater than in children 
aged 9-10 years (5). In addition, in men younger than 
65 years ¦O2max but not self-reported physical activ-
ity was a predictor of coronary events (6). However, 
in men over 65 years old both physical activity and 
¦O2max were of similar importance. On the contrary, 
in middle-aged men and women the association of 
metabolic syndrome risk factors with physical activ-
ity measured using heart rate monitoring was three 
times greater than with ¦O2max, but ¦O2max modi-
fied the relationship between physical activity and 
metabolic syndrome (7). Furthermore, it was shown 
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that over a period of 5.6 years self-reported physical 
activity predicted the progression toward metabolic 
syndrome irrespectively of ¦O2max (8). The differ-
ence between metabolic effects of physical activity 
and ¦O2max was further supported by study which 
indicated that in men and women aged 26-36 years the 
associations between cardiometabolic risk, physical 
activity (self-reported and measured using pedometer) 
and VO2 max were relatively independent, suggesting 
that a range of physical activity and fitness measures 
are needed to most accurately quantify associations 
between health and physical activity (9). 

However, it should be stressed that the relationships 
between metabolic effects of physical activity and/or 
¦O2max are even more complicated since there are 
data indicating no relationship or close associations 
between both variables (10,11). 

Additionally, controversy exists concerning the re-
lationship between beneficial effects of physical activity 
and/or ¦O2max and body fat stores. Li et al. (12) have 
demonstrated that self-reported physical activity and 
excessive fat stores independently contribute to the devel-
opment of coronary heart disease in women aged 34-59 
years. Moreover, Nassis et al. (13) have noted that in over-
weight and obese girls aged 13 years improved ¦O2max in 
response to 12 weeks aerobic training decreases metabolic 
risk without any changes in body fat. Similarly, Eklund et 
al. (14) have found that increased level of physical activity 
registered using a heart rate monitor reduces metabolic 
risk in the absence of improved body fatness in middle-
aged men and women. On the contrary, Arsenault et al. 
(15) have found that in healthy men lower body fat and 
metabolic risk is observed in subjects with higher than 
with lower ¦O2max.

The reasons for above discrepancies were partially 
highlighted by Eklund et al (16) who have demonstrated 
that physical activity measured using accelerometer and 
¦O2max are separately and independently associated 
with individual and clustered metabolic risk factors in 
children. ¦O2max effects on risk factors are mediated or 
confounded by adiposity, which does not mediate physi-
cal activity action. Additionally, Holt et al. (17) have found 
that in middle-aged men ¦O2max affects the whole body, 
liver and adipose tissue insulin sensitivity. On the con-
trary, physical activity action was limited to liver insulin 
sensitivity. Thus, it seems that AEE and ¦O2max actions 
are targeted on different metabolic processes.

Due to worldwide escalation of obesity most of 
above cited studies were performed in overweight and 
obese subjects or populations characterized by wide 
range of adiposity (from lean to obese) (18). Data con-
cerning the association between AEE, ¦O2max, body 
composition and risk factors in young, lean individuals 
are scarce and incomplete. White et al. (19) have indi-
cated a significant relationship between metabolic risk 
factors (lipoprotein profile, HOMA-IR, homocysteine, 

CRP and IL-6) and intramuscular lipids in physically 
active men and women aged 21-36 years. However, 
in the cited study the effects of physical activity and 
cardiorespiratory fitness on tested variables was not 
evaluated. Sadhan et al. (20) have shown that in lean 
men and women aged 19-26 years the effects of car-
diorespiratory fitness on body fat and blood pressure 
differ with respect to sex affecting body fat and systolic 
blood pressure in male and exclusively systolic blood 
pressure in female subjects. Unfortunately, in this study 
metabolic risk factors were not measured. 

Taking all the above together, the purpose of our 
study was to examine the associations between self-
reported physical activity, ¦O2max, body composition 
and risk factors (circulating plasma glucose, insulin, 
total homocysteine and lipoproteins as well as calcu-
lated index of insulin resistance -HOMA-IR) in col-
lege-aged lean men and women. 

Materials and methods
Subjects

The participants were recruited on the basis of 
advertisements in student dormitories and by word of 
mouth. A total of 83 college-aged men and 80 women 
volunteered to participate in the study. All the subjects 
were healthy non-smokers not taking any medication on 
a regular basis and they gave their written consent prior 
to the participation in the study. Any subject was engaged 
in high-performance activity. In all volunteers (83 men 
and 80 women) body mass and height were measured 
with calibrated physicians’ scale and BMI was calculated 
(kg/m-2 ). Five men and five women were excluded be-
cause of BMI>30 (21). In 78 men and 75 women body 
fat was determined using the bioelectrical impedance 
method and BC 418 MA equipment (Tanita Co., Japan). 
Inter- and intra-assay coefficients of variation for body fat 
measurements did not exceed 5 %. For further procedure 
only lean subjects (76 men with body fat ≤ 20% and 71 
women with body fat ≤ 30 %) were accepted (22). The 
study protocol was approved by the Ethics Commission 
in the University of Physical Education in Warsaw. 

Activity energy expenditure and cardiorespiratory 
fitness

In all subjects accepted for the study activity energy 
expenditure (AEE) was evaluated by an experienced 
interviewer using Seven-Day Physical Activity Recall 
(SDPAR) (23). This is a detailed quantitative question-
naire assessing the duration, frequency and intensity 
of the most common life style and structured leisure-
time activity. Light, moderate, hard and very hard 
physical activity was define as MET 1.5, 4, 6, and 10 
respectively and finally expressed in kcal/day and in 
kcal/day/ kg of body mass. 

Cardiorespiratory fitness (¦O2max) was determined 
on an mechanically braked ergometer Ergomedic 874 
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E (Monark, Sweden). Oxygen uptake was measured 
with breath-by-breath using respiratory gas exchange 
analyzer (Sensor Medics 2900/2900c, USA). The gas 
analyzer was calibrated before each test with gases of 
known concentration. All subjects cycled for 4 min at 0 
W. Thereafter the work rate increased by 15 W/min until 
volitional exhaustion and highest individual oxygen 
uptake was recognized as ¦O2max. Participants were 
verbally encouraged to provide a maximal effort. The 
pedal rate was 60 rpm throughout the test (24). 

Dietary records
Daily energy intake was briefly assessed from 24 

h food records collected over 4 days preceding blood 
collection and analyzed using computer program. 
A set of meals and different foods were shown to 
the participants by an experienced interviewer. The 
household measures of food intake were converted into 
gram weights. An interviewer assigned codes to the 
food reported by the subjects and performed computer 
analysis using the Food 2 program purchased from the 
Institute of Food and Nutrition in Warsaw.

Calculation of basal metabolic rate (BMR)
BMR was calculated from lean and fat mass ac-

cording to the formula: 
[116,76 x LBM (kg)] + [26.88 x fat mass (kg)] 

(25).
Daily energy intake to BMR ratio (EI/BMR) was 

calculated to validate the dietary records. EI/BMR 
values lower than 1.35 indicated underreporting of 
daily energy intakes.

Blood sample collection and biochemical analyses
Blood was drawn between 8:00–8:30 a.m. after over-

night fasting from the antecubital vein under aseptic 
conditions using disposable needles and syringes into 
plastic tubes containing lithium heparin. To separate 
plasma, blood samples were immediately centrifuged 
(15 min, 4000 rpm, 4° C) and stored at –70° C until 
analysis. Plasma glucose levels were determined using 
the oxidase method. Plasma triacylglycerols (TG), 
total cholesterol (TC), and HDL-cholesterol (HDL-
C) concentrations were assayed colorimetrically. All 
analyses were performed using Randox commercial 
kits (Randox Laboratories, United Kingdom). Inter 
and intra-assay coefficients of variation for glucose, 
TG, TC and HDL-C determination did not exceed 
5%. Plasma LDL-cholesterol levels were calculated 
according to Friedewald formula (26). Plasma total 
homocysteine (Hcy) concentrations were determined 
by fluorescence polarization immunoassay (FPIA) and 
Abbot commercial kits (USA). Inter-and intra-assay 
coefficients of variation for the Hcy assay did not 
exceed 5.2%. Insulin concentrations were measured 
by a standard radioimmunoassay method with mono-

clonal antibodies against insulin, using BioSource 
commercial kits (Belgium). Inter- and intra-assay 
coefficients of variation for insulin were 2.2% and 
6.5%, respectively. All assays were run in duplicate. 
Insulin resistance index (HOMA-IR) was evaluated 
by homeostasis assessment model and calculated from 
fasting insulin and glucose concentrations [insulin 
(μIU·ml-1) x glucose (mmol·L-1)/22.5] (27). 

Statistical analyses
Data distribution was evaluated using the Shapiro-

Wilk test. The comparisons of variables in male and 
female subjects were performed using either unpaired 
Student t-test (body mass, body height, body fat, lean 
body mass, ¦O2max, TC, HDL-C) or the Mann-
Whitney test (age, physical activity, glucose, insulin, 
HOMA-IR, triacylglycerols, LDL-C, Hcy). Spearman 
rank correlations were calculated between variables 
which were not normally distributed. For normally 
distributed data correlations were calculated accord-
ing to Pearson. To evaluate the contribution of body 
composition and cardiorespiratory fitness or activ-
ity energy expenditure to the variation in metabolic 
variables multiple regression analyses were performed. 
Data are presented as means ± SD. Significance was 
set at P<0.05. All calculations were performed using 
Statistica v.7.1 (Statsoft, USA). 

Results
Daily physical activity of female participants ex-

pressed in kcal/day or in kcal/day/kg was significantly 
lower than in their male counterparts (by 35.5% and 
by 8.1%, respectively, P<0.001) (Table 1). Daily energy 
intake in females was markedly lower than in males 
(by 37.3% and 19.3% for kcal/day and kcal/day/kg, 

Table 1. Subjects characteristics (means ± SD)

Men (n=76) Women (n=71)
Age (years) 19.8 ± 0.8 20.3 ±1.2

Body mass (kg) 75.4 ± 8.9 58.7 ± 5.7
Body height (cm) 180.6 ± 6.1 167.2 ± 5.4

Fat (%) 11.8 ± 4.5 22.2 ± 4.2
Fat (kg) 8.9 ± 3.2 13.1 ± 3.2

LBM (kg) 66.5 ± 6.5 45.6 ± 4.0
AEE (kcal/day) 792.7 ± 334.0 511.9 ± 338.1*

AEE (kcal/day/kg) 10.5 ± 4.4 8.6 ± 5.3*
¦O2max (ml/kg/min) 49.3 ± 6.1 41.5 ± 4.4*
Energy intake (kcal/day) 2814 ± 695 1767 ± 560*
Energy intake (kcal/day/kg) 37.3 ± 10.7 30.1 ± 10.0*

BMR (kcal)a 1914 ± 188.8 1723 ± 175.9*

Energy intake/BMR 1.53 ± 0.41 
(18.4)b

1.07 ± 0.34* 

(47.8)b

a calculated basal metabolic rate; b - percent of underreporters; * P<0.001
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respectively, P<0.001). Similarly, calculated BMR 
value in women was markedly lower than in men (by 
11%, P<0.001). However, a much higher percent of 
females (47.8) than males (18.4) underreported their 
daily energy intake.

Plasma glucose concentrations in females were 
slightly (by 6.4%) but significantly (P<0.002) lower 
than in males (Table 2). In contrast, plasma insulin 
levels in female subjects were markedly higher (by 
23.5%, P<0.001) than in their male counterparts. 
Surrogate index of insulin resistance (HOMA-IR) in 
female participants was significantly higher than in 
males (by 15.7%, P<0.005). Plasma TG concentrations 
in women were significantly lower than in men (by 
12.5 %, P<0.05). No sex-related differences were found 
with respect to TC and LDL-C plasma levels. However, 
circulating HDL-C concentrations in women were 
slightly (by 7.1%, P<0.05), but significantly higher than 
in men. Total plasma Hcy levels in men was markedly 
higher than in women (by 22.9%, P<0.001).

Table 2. Biochemical variables in male and female partici-
pants (means ± SD)

Men (n=76) Women (n=71)
Glucose (mmol/l) 4.7 ± 0.5 4.4 ± 0.4*
Insulin (μIU/ml) 6.8 ± 2.0 8.4 ± 2.9**

HOMA-IR 1.420 ± 0.044 1.643 ± 0.051***
TG (mmol/l) 0.8 ± 0.3 0.7 ± 0.3****
TC (mmol/l) 4.5 ± 0.7 4.5 ± 0.7

HDL-C (mmol/l) 1.4 ± 0.4 1.5 ± 0.3*****
LDL-C (mmol/l) 2.6 ± 0.7 2.6 ± 0.4

Hcy (μmol/l) 10.2 ± 3.0 8.3 ±2.4**
*P<0.002; **P<0.001; ***P<0.005; ****P<0.05; *****P<0.03–significantly 
different vs. men

Table 3. Correlation coefficients between AEE (kcal/day/
kg), and ¦O2max, body composition and biochemical vari-
ables in male and female subjects

Men (n=76) Women (n=71)
¦O2max (ml/kg/min) 0.385* 0.168

Body fat (%) -0.270** 0.070
LBM (kg) 0.070 0.222***

Glucose (mmol/l) -0.048 -0.226****
Insulin (μIU/ml) -0.070 0.070

HOMA-IR -0.105 0.018
TG (mmol/l) 0.040 0.017
TC (mmol/l) -0.024 -0.137

HDL-C (mmol/l) -0.127 -0.020
LDL-C (mmol/l) 0.135 -0.138

Hcy (μmol/l) -0.212*** -0.144
* P<0.001; ** P<0.02; ***P<0.07; ****P<0.06

Table 4. Correlations coefficients between VO2 max, (ml/kg/
min), body composition and biochemical variables in male 
and female subjects

Men (n=76) Women (n=71)
Body fat (%) - 0.340* -0.216***

LBM (kg) -0.050 0.198
Glucose (mmol/l) -0.159 -0.059
Insulin (μIU/ml) -0.063 -0.216***

HOMA-IR -0.118 -0.234****
TG (mmol/l) 0.094 0.044
TC (mmol/l) -0.286** -0.174

HDL-C (mmol/l) 0.050 -0.209*****
LDL-C (mmol/l) -0.292** -0.044

Hcy (μmol/l) 0.040 -0.090
* P<0.003; ** P<0.02; *** P<0.08; **** P<0.05; ***** P<0.09

Table 5. The best models predicting circulating TC and LDL-C in young, lean men (A) and HOMA-IR in young lean women (B)

A.

*Dependent variable Independent variables Multiple correlation 
coefficients

Partial correlation 
coefficients P

TC Body fat (%) 0.331  
(P<0.0096)

-0.046 0.0678
¦O2max -0.325 0.0028

LDL-C Body fat (%) 0.344  
(P<0.0071)

0.003 0.015
¦O2max -0.324 0.0030

B. 

*Dependent variable Independent variables Multiple correlation 
coefficients

Partial correlation 
coefficients P

HOMA-IR Body fat (%) 0.300  
(P<0.033)

0.109 0.355
¦O2max -0.249 0.032
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Exclusively in men AEE expressed in kcal/day/
kg was significantly and positively correlated with 
¦O2max (P<0.001) and significantly and inversely 
correlated with percent of body fat (P<0.02) (Table 
3). There was a tendency of lower total plasma Hcy 
levels with increasing AEE in male (P<0.07) but not 
in female participants. On the contrary, in women 
there were no apparent effects of AEE on any tested 
variables, however, with increasing AEE there was a 
tendency to higher lean body mass (P<0.07) and lower 
plasma glucose levels (P<0.06). Neither in men nor in 
women was AEE correlated with circulating glucose, 
insulin, lipoproteins and HOMA-IR. 

In men a significant and inverse correlation was 
noted between ¦O2max, percentage of body fat 
(P<0.003), TC (P<0.02) and LDL-C (P<0.02) (Table 
4). In women the tendency of lower body fat and lower 
circulating insulin (P<0.08) with increasing ¦O2max 
was observed. Exclusively in women ¦O2max was 
significantly and inversely correlated with HOMA-IR 
(P<0.05). In female participants plasma lipoprotein 
levels were not affected by ¦O2max, however the 
tendency (P<0.09) of lower plasma HDL-C concentra-
tions with increasing ¦O2max was observed. 

Multiple regression analyses revealed that both in 
men and women body fat did not contribute to the 
effects of ¦O2max on metabolic variables. In men 
cardiorespiratory fitness had a beneficial effect on 
circulating TC and LDL-C with no effect of body fat 
stores (Table 5A). Similarly in women HOMA-IR was 
positively affected by cardiorespiratory fitness with 
non-significant contribution of the percent of body 
fat (Table 5B).

Discussion
In participants of our study body fat stores was low-

er and lean body mass was higher than that reported 
by Pichard et al. (28) and Kyle et al. (29) in healthy 
young subjects of similar age. However, the mean AEE 
of our participants was higher than recommended for 
one’s health and ¦O2max were characteristic for active 
subjects, both contributing to decreased body fat and 
increased lean body mass in comparison with the gen-
eral population of a similar age (30). The mean daily 
energy intake of both men and women was similar to 
that found in our previous study (31). Significantly 
higher plasma insulin and HDL-C levels as well as 
HOMA-IR, but lower circulating TG in females than in 
males were found by others in healthy subjects (32,33). 
In addition, higher plasma Hcy levels in men than in 
women has been noted in other studies (34,35). 

 There are two important findings in the present 
study. First of all the effects of AEE or ¦O2max on body 
composition and metabolic parameters in young, lean 
subjects are markedly different and this is in agreement 
with others data (16,17). Secondly, the response of 

body composition and metabolic variables either to 
AEE or ¦O2max seems to be sex-related. 

Our data concerning significant correlations of 
AEE with body fat in men and no effect of AEE on 
body fat in women corroborate previous results of 
Westerterp et al. (36) and may be due to more efficient 
fat protection in female than in male subjects (37).

Interestingly, AEE effects on metabolic variables 
both in men and women was minor. This may be due 
to relatively small number of participants affecting 
accuracy and precision of AEE measurement, since 
several population-based studies have indicated ben-
eficial effects of AEE on metabolic variables (38). How-
ever, it should be pointed out that a tendency of lower 
plasma Hcy levels in men and glucose concentrations 
in women with increasing AEE is beneficial for health 
(39,40). Moreover, slight but positive effect of AEE on 
LBM in women possibly has more positive effects than 
that tested in our study due to significant relationship 
between LBM, basal metabolic rate, insulin sensitivity 
and fat metabolism (41-43). 

Additionally it is worth noting that exclusively in 
male subjects of our study AEE was significantly and 
positively correlated with ¦O2max. The reason for 
discordant results in men and women is unclear, how-
ever data in the literature has indicated that females 
more frequently overreport their physical activity 
and underreport daily energy intake (44,45). Taking 
into account that almost 48% of our female subjects 
underreported their energy intake, it seems feasible 
that they overreported their daily physical activity and 
in consequence no correlations between objectively 
measured ¦O2max and AEE has been found. 

The effect of ¦O2max on metabolic variables differs 
with respect to sex. Our data indicated that in men 
increasing ¦O2max resulted in lower plasma TC and 
LDL-C concentrations possibly due to lower body 
fat stores significantly and inversely correlated with 
¦O2max. This assumption seems feasible since it is 
well documented that free fatty acids released from 
adipose tissue contribute to liver lipoprotein synthesis 
and prevalence of upper body fat in men make them 
more susceptible to disturbances in lipoprotein profile 
(46,47). However, multiple regression analyses have 
revealed that in lean subjects of the current study 
¦O2max effect on lipoprotein profile is not mediated 
by its effect on body fat stores. 

In females participants metabolic response to 
¦O2max is more complicated. Significant decrease 
in HOMA-IR with increasing fitness is undoubtedly 
beneficial for health especially in females who are 
probably genetically predisposed to lower insulin 
sensitivity than males (48). However, the tendency of 
lower HDL-C level with increasing fitness indicates 
adverse possible health consequences of strenuous 
physical activity in women due to disturbed sex hor-
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mone secretion (49). This assumption seems feasible 
since there were no associations between circulating 
HDL-C and dietary habits of our female participants 
(Lutosławska et al., unpublished). On the other hand, 
taking into account a close relationship between in-
sulin sensitivity and lipoprotein metabolism (50) and 
marked improvement of HOMA-IR in response to 
increasing fitness it could not be excluded that slight 
adverse effect of fitness on HDL-C in lean females is 
of minor importance. 

It is worth noting that in lean women of our study 
positive effect of cardiorespiratory fitness on HOMA-
IR was not mediated by its effect on body fat stores. 

The comparison of the effects of ¦O2max on meta-
bolic risk factors in lean men and women probably 
indicates that they are differently targeted with respect 
to sex with more pronounced action on lipoprotein 
metabolism in men and markedly greater influence 
on insulin sensitivity in women. 

Summing up, in young lean men, but especially 
in lean women activity energy expenditure (AEE) 
obtained from self-reported questionnaires is poorly 
correlated with metabolic variables and body com-
position. More information is provided by precisely 
measured ¦O2max, however its effects on metabolic 
variables and body composition at least in lean sub-
jects, are sex-related and not mediated by its influence 
on body fat stores. 
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