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Abstract Obesity is an unfavorable state of health as a result of which come in the initial adaptation, that couldgradually transform into specific disease condition. The aim of the study was to assess the degree ofmiddle-aged  men  adaptation  to  obesity  in  terms  of  somatic  changes,  exercise  capacity  andcardiopulmonary fitness. The study involved 12 obese middle-aged men (OG) - BMI = 34.32 ± 4.11
kg/m2. The control group (CG) consisted of 12 non-obese middle-aged men- BMI = 23.72 ± 1.83 kg/m2,with  similar  body  height  (BH)  to  OG.  After  recording  somatic  and  physiological  data  at  rest,participants were subjected to the bicycle ergometer test (BT) gradually increasing intensity. Duringthe  BT  aerobic  power  (AP)  was  recorded  and  analyzed  along  with  parameters  characterizing  theefficiency of the circulatory and respiratory systems at anaerobic threshold (AT) and the maximum load(ML). This study has shown that obese men have a higher body mass (BM), a higher content of fat (BF),an increased lean body mass (FFM) and a higher content of water (TBW) than CG (p <0.001). Absoluteand relatively expressed in relation to the FFM respondents’ values of AP and VO2 were similar in both
groups and after taking under the consideration the body weight, they were significantly lower in OGthan in the CG. Furthermore, adverse effects have been observed that emerged on some cardiovascularand respiratory variables at rest in case of OG; these effects did not occur during physical exertion.Beyond negative changes occurring obesity in the first stage led to favorable somatic adaptation thatentails an increase of FFM in OG, which gives a positive impact on the capacity of physical work ofobese men and produces a beneficial effect on the resulting compensation impairment in the respiratoryand circulatory systems of these subjects.
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INTRODUCTION
Obesity is one of the factors affecting inter alia on the quality and duration of life [1], andcausing the premature death [2-3]. It has been noted that obesity reduces vital capacity and itscomponents [4-5].  By modifying the metabolic processes of  the lungs and the mechanics ofbreathing obesity alters the body's exercise tolerance [6]. Also in the circulation system obesityleads  to  adverse  changes,  which  are  manifested  amongst  other  by:  high  blood  pressure,elevated levels of  low-density lipoprotein cholesterol,  low levels of  high-density lipoproteincholesterol [7], increased left ventricular heart mass [8], renal hyperfiltration [9]. These changescan cause low cardiovascular fitness and reduced body's adaptation to physical exertion. Sinceobesity  is  often  accompanied  by  hypertension  hence  these  two  ailments  jointly  affectdeterioration in the structure and function of the cardiovascular system. It is known that thehallmark of hypertension is: an increased total peripheral resistance, a contracted intravascularvolume, maintaining a normal cardiac output and increased left ventricular stroke volume dueto an increased afterload, as well as concentric hypertrophy of left ventricular. In contrast, incase of obese patients the following enhanced values were recorded: intravascular volume, leftventricular filling pressure and cardiac output, but decrease total peripheral and renal vascularresistance. Left ventricular changes consist of eccentric hypertrophy [10].In case of somatic conditions it was observed that obese people have an increased FFM as anexpression of adaptation to the continuous body workload with excess fat and exercise capacityof obese people do not have to be lowered, on the contrary, it may be increased [11].Given the above divergent facts we have decided in  this study to check whether inmiddle-aged men obesity affects  somatic,  exercise capacity,  and the  formation  of  metabolicchanges as well as the efficiency of the circulatory and respiratory systems. MATERIALS AND METHODS
The study involved 12 obese men (OG) and 12 lean men (CG). Twenty four hours beforetesting it was recommended to participants to properly hydrate by drinking 2.5 liters of stillmineral water and to avoid coffee and alcohol consumption at least 12 hours before the testing.Respondents  described their  health  as  good,  have not  used any medication  and 6 of  themcultivated recreational physical activity. In the first stage of  the study respondents’ age andbody height (BH) were recorded. Their body weight (BW), fat  content (BF),  lean body mass(FFM), and the total water content of the body (TBW) were measured using body compositionanalyzer (Tanita BS 418 – MA). Then after 10 minutes of resting (R) in a sitting position systolic(SBP) and diastolic blood pressure (DBP) as well as heart rate (HR – using a device Polar) weremeasured. In the next stage the following values were calculated: mean arterial pressure (MAP),pulse pressure (PP) and the rate pressure product of systolic pressure x heart rate (RPP = SBP *

HR *  1000-1).  The subjects with  breathing mask on  their  face were  attached to a  rapid gasanalyzer (Ergo Card), which recorded the following variables: minute ventilation (VE), minute
oxygen uptake (VO2), minute carbon dioxide excretion (VCO2), respiratory quotient (RER), and
cardiovascular variables such as cardiac output (CO), and stroke volume (SV). Cardiac output(CO) was calculated using the Fick's equation based on a noninvasive method of oxygen uptakeby the body [12].Based on this data were calculated the following physiological variables: oxygen pulse(VO2/HR),  the  ratio  SV/PP,  the  ventilatory  equivalent  for  oxygen  (EQO2-  VE/VO2),  the
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ventilatory  equivalent  for  carbon  dioxide  (EQCO2-  VE/VCO2),  total  peripheral  vascular
resistance  (TPR  =  MAP/CO),  and  the  minute  amount  of  energy  expenditure  (EE)  by  themodified Weir equation [13].

EE = (3.94 x VO2) + (1.1 x VCO2)
where, EE - is the energy expenditure (kcal/min), VO2 - is the volume oxygen uptake (l/min),
VCO2 - is the volume of carbon dioxide excretion (l/min). 

In a further step the subjects performed a bicycle ergometer test (BT) with increasingintensity, where workload was started at the power equal to 60W, then every 3 minutes the loadwas  increased  by  30W  until  the  individual’s  maximum  potential  exertion,  which  wasconsidered to be the maximum aerobic power (APmax). All the above-mentioned physiologicalvariables were measured and the similar calculations were done for all  loads. The dynamicstress changes VE, VCO2 and RER were used to calculate with the method proposed by Beaver
et  al.  [14]  anaerobic  threshold  (AT),  which  was  expressed  in  watts  [W].  After  the  BT hascompleted, the amount of oxygen debt (OD) was measured for five minutes.The  data  was  presented  as  means  and  standard  deviations.  The  significance  ofintergroup differences between the means was calculated with t-test and for the simultaneousdetermination of differences inter- and intra-values obtained in the R, at AT, and at ML wasused a two-way analysis of variance for repeated measures with Bonferoni post hoc test (SPSSsoftware, version Statistics 20). The level of significance was set at 0.05.
RESULTS

The tested people were of similar age and had similar body height (Table 1). On theother hand OG were characterized by higher body weight, BF and BMI, and this group had ahigher absolute as well as lower relative value of FFM, and TBW than CG (p<0.001).Power developed in BT expressed in absolute terms and in relation to FFM was similar in bothgroups, at AT and at ML, while expressed in relations to the body mass was higher at  AT(p=0.011) and at ML (p = 0.01) in CG than OG. Two other variables describing exercise capacity,ie. AT (% VO2max) and the OD did not differ between the two groups (Table 2).
The analysis of  variance  showed that the main effects  of  determining the differencebetween  the  two  groups  occurred  only  for  SV  (F=14.127,  p=0.003),  but  post  hoc  analysisrevealed that the resting variable and attained at the AT for OG were adequately higher (p<0.01and p<0.05) than in the CG. TPR achieved lower values (F=4.967, p=0.048) at rest (p<0.01) in thegroup OG than in CG. In terms of other intergroup variables analyzed at R and during the BTthere  were  not  recorded statistically  significant  main effects  but  post  hoc  calculations haveshown higher resting values of: SBP (p<0,05), CO (p<0,001), MAP (p<0,05) and RPP (p<0,01) inOG compared to CG (Table 3). In addition, despite the absence of the main effects of differences,respiratory variables showed higher post hoc values of VE, VO2 and VCO2 at rest (p<0.001) and

lower resting values for SaO2,  EQO2 and EQCO2 (p<0.05) as well as lower relative VO2max
(p<0 05) achieved at ML in the OG as compared to CG. Also, analysis of variance had shownlack of main statistical effect in relation to EE but in post hoc calculation it was observed thatOG spent at rest more energy (p<0,001) than CG (Table 4). All recorded and calculated variablesin R at AT and at ML during BT beyond the DBP changed significantly under the influence of
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applied effort (p<0.001). With respect to VE, PP, EQO2, EQCO2 and TPR there were significant
interactions group- exercise intensity (Table 3 and 4).
Table 1. Somatic characteristics of investigated subjects.

Variables Groups x ±SD t p<
     Age [years] CG 51,50 11,28

OG 48,23 11,00 0,733 0,471
BW [kg] CG 76,62 6,98

OG 109,94 12,81 -7,975 0,001

BH [cm] CG 179,67 4,48
OG 179,08 5,79 0,283 0,780

BF [%] CG 18,98 4,02
OG 31,55 3,87 -7,960 0,001

BF [kg] CG 14,75 4,13
OG 34,88 7,63 -8,097 0,001

FFM [%] CG 81,00 4,02
OG 68,45 3,89 7,932 0,001

FFM [kg] CG 61,87 4,01
OG 75,06 7,85 -5,220 0,001

TBW [%] CG 59,28 2,95
OG 50,10 2,84 7,926 0,001

TBW [kg] CG 45,28 2,94
OG 54,95 5,73 -5,231 0,001

    BMI [kg/m2] CG 23,72 1,83
OG 34,32 4,11 -8,201 0,001

Table 2. Exercise capacity and physical fitness of investigated subjects
Variables Groups x ±SD t p<
APAT [W] CG 150,00 65,23 0,654 0,519OG 133,85 58,24
APML [W] CG 195,00 56,49 -0,767 0,451OG 210,00 40,62

APAT/BW [W/kg] CG 1,94 0,75 2,761 0,011OG 1,23 0,54
APML/BW [W/kg] CG 2,54 0,63 2,823 0,010OG 1,93 0,43
APAT/FFM [W/kg] CG 2,40 0,96 1,822 0,081OG 1,78 0,75
APML/FFM [W/kg] CG 3,13 0,80 1,172 0,253OG 2,81 0,56

AT[%VO2max] CG 72,54 11,19 0,698 0,493OG 69,19 12,31
OD [l/5min] CG 2,98 1,60 -0,514 0,612OG 3,24 0,71

OD [ml/kg/5min] CG 38,18 17,49 1,649 0,12OG 29,31 6,42
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Table 3. Cardiovascular variables of investigated subjects 

Variables
Gro

ups

Exercise Group Exercise
Group vs.Exerciseintensity(Interaction)R AT ML

x SD x SD x SD F p< F p< F p<

HR[ud/min]
CG 74,50 14,68 147,92 23,06 170,08 22,85

0,972 0,345 221,29 0,001 2,795 0,109
OG 78,75 9,25 133,00 23,14 164,00 19,40

SBP[mm/Hg]
CG 124,58* 11,17 196,25 35,04 209,17 30,96

2,651 0,132 118,950 0,001 0,853 0,455
OG 139,58 12,69 208,33 27,50 227,50 19,48

DBP[mm/Hg]
CG 83,75 6,78 87,50 10,55 86,67 11,74

1,875 0,198 0,932 0,425 0,399 0,681
OG 92,50 11,18 92,50 12,70 91,25 13,67

CO[l/min]
CG 4,50*** 0,90 16,83 4,61 19,33 4,29

1,959 0,189 334,560 0,001 0,615 0,560
OG 6,83 1,27 17,67 3,08 20,92 2,23

SV[ml]
CG 61,78** 14,17 113,66* 21,56 113,66 19,79

14,127 0,003 110,111 0,001 0,772 0,488
OG 82,57 20,43 134,27 18,93 129,10 17,88

MAP[mmHg]
CG 97,42* 7,55 123,83 17,11 127,50 16,26

3,877 0,075 59,820 0,001 0,129 0,880
OG 108,25 10,91 131,08 10,08 136,67 9,97

RPP[mmHg/bpm]
CG 9,30* 2,19 29,19 7,18 35,70 7,17

0,26 0,730 169,514 0,001 1,691 0,233
OG 11,00 1,1,71 28,15 8,09 37,41 6,34

TPR[mmHg/l/min]
CG 22,36** 4,65 7,93 2,80 6,99 2,31

4,967 0,048 106,679 0,001 6,97 0,013
OG 16,38 3,65 7,60 1,23 6,63 1,08

VS/PP[ml/mmHg]
CG 1,58 0,47 1,11 0,33 0,98 0,32

0,818 0,385 23,605 0,001 1,895 0,201
OG 1,78 0,49 1,27 0,46 0,98 0,25

*- statistical difference between CG and OG; *-p<0,05; **-p<0,01; ***-p<0,00
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Table 4. Respiratory variables and energy expenditure of investigated subjects 

Variables
Gro

ups

Exercise Group Exercise
Group vs.Exerciseintensity(Interaction)R AT ML

x SD x SD x SD F p< F p< F p<

VE[l/min]
GK 10,20*** 1,59 60,10 30,87 99,67 41,82

0,853 0,376 82,299 0,001 4,103 0,050
GO 14,57 2,88 59,87 14,43 116,24 17,99

VO2max
[l/min]

GK 0,30*** 0,07 2,20 1,02 2,94 0,95
0,395 0,542 297,419 0,001 1,859 0,206

GO 0,49 0,12 2,23 0,61 3,20 0,55

VO2max
[ml/min/kg]

GK 3,92 1,00 28,33 11,32 37,83* 10,19
4,225 0,064 210,819 0,001 3,198 0,084

GO 4,50 1,24 20,42 5,77 29,83 5,25

VCO2[l/min]
GK 0,25*** 0,05 2,21 1,01 3,32 0,85

0,703 0,420 222,875 0,001 2,835 0,106
GO 0,42 0,11 2,23 0,60 3,64 0,35

RER GK 0,85 0,05 1,00 0,02 1,15 0,11
0,34 0,857 306,071 0,001 0,193 0,827

GO 0,86 0,04 1,00 0,02 1,13 0,11

SaO2[%]
GK 96,17* 1,27 93,83 1,47 93,25 1,60

0,001 1,000 20,504 0,001 2,815 0,107
GO 95,17 1,27 94,17 1,11 93,92 1,50

VO2/HR
[ml/bpm]

GK 4,13** 1,21 14,76 5,26 17,47 4,44
2,233 0,163 314,488 0,001 0,376 0,696

GO 6,27 1,76 16,53 3,05 19,82 3,80

PP[mmHg]
GK 40,83 8,21 108,75 29,40 122,50 25,72

0,875 0,370 156,108 0,001 6,054 0,019
GO 47,08 8,65 115,83 34,17 136,25 26,12

EQO2
GK 35,11* 6,01 27,01 2,41 33,71 4,65

0,044 0,838 22,520 0,001 5,713 0,022
GO 30,49 4,44 27,21 2,38 37,30 8,58

EQCO2
GK 41,00* 6,27 26,89 2,43 33,71 4,65

0,223 0,646 47,022 0,001 8,093 0,008
GO 35,23 5,15 27,12 2,09 37,31 8,58

EE [kcal/min] GK 1,46*** 0,34 11,10 5,13 15,23 4,68 0,444 0,519 299,562 0,001 2,233 0,158GO 2,39 0,60 11,23 3,08 16,62 2,39
*- statistical difference between CG and OG; *-p<0,05; **-p<0,01; ***-p<0,001
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DISCUSSION 
The main achievement of this work is that obese men compared to lean individuals, whoare the same age and have similar body height, have reached a higher FFM and TBW. Highervalues  FFM are the expression of a specific body's adaptation to continuous load excess withbody mass in obese individuals [15-16]. Our studies of the people led us to the fact that FFM inobese men were significantly higher than in CG (p<0.001) and this increase was due to "staticcontinuous training" of these persons consisting in the carrying of excess body weight. Thisincrease  in  FFM  in  obese  individuals  is  a  paradox  in  which  the  pathophysiologic  factorundermining  health  may  also  become  an  advantage,  improving  the  functioning  of  thebody [17]. Occurring in sports increase of FFM is stimulated in a different way, because thephysiological factors, which is training loads affecting only sessionally the body and as a resultis a significant increase in this variable by the strength training [18] and endurance training [19],or specific loads used during sports team games  [19]. Appearing at the same time increasedFFM  and higher TBW in OG is an indirect proof of the increased muscle mass in this groupcompared to CG, since among the FFM muscles are the largest tissue containing about 65-80%water. In Aiello et al. [11] studies increase of FFM in obese people has led to an increase in theabsolute exercise capacity. In our study, aerobic power reached at AT and ML in both groupswas similar,  but  when the values  of  these  two powers  were divided by the  weight  of  thesubjects, the computed indicators were significantly higher for CG than OG. After calculatingaerobic power in relation to FFM it was found that the two so calculated relations between theinvestigated groups did not differ statistically, and this proves that exercise capacity of bothgroups was similar. Thus, occurring obesity has not diminished exercise capacity in OG butthanks to the kind of training, consisting in constant carrying of increased body mass there wasno  reduction  in  muscle  mass,  despite  commonly  less  occurring  physical  activity  in  obeseindividuals  [20].  Other  indirect  indicators  assessing  physical  performance  subjects  such  asVO2max or OD did not differ between the two groups, which points to their similar physical

performance. The relatively high values of AT (%VO2max) oscillating around 70% did not differ
between the two groups and indicate good adaptation of the respondents to exercise [21-22]. Itis difficult to point to factors that could cause so high VO2max at AT workload, although in an
interview with the tested men it was found that in the each group (OG and CG) were threepersons,  who  in  the  past  practiced  competitive  sports  and  currently  continued  with  arecreational training. While in the case of OG one could postulate that the relatively high valueVO2 achieved at the AT results in a longer training as an effect of carrying excess body weight,
in the case of CG is difficult to name the factor for the increase in exercise capacity.Observation of resting and exercise variables depicting the pulmonary function suggestsa slightly severe adverse changes occurring in obese people. They were manifested in the rangeof larger values of VE, VO2 and VCO2 measured at rest (p<0.001) and lower rest value of SaO2,
EQO2 and EQCO2 and lower relative VO2max (p<0.05) in OG as compared to CG. It should be
noted that there were no statistically significant effects in comparisons of the mean values of thetwo  groups  in  terms  of  the  variables  described  above.  With  some  certainty  it  could  beconcluded that these unfavorable changes occurring in the OG had not yet reached an advancedstage and the emergence of such a strong stressor, which was the applied physical effort led totheir temporary leveling off. Larger rest values of VE in obese people may partially result from
changes in the relations of end-expiratory lung volume (EELV) to the inspiratory capacity (IC =
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IRV + VT), which may be accompanied by adverse effects of excessive body fat distribution
affecting the thickening of the chest wall and in this way could occur disorder in respiratorymechanics of these people [15,23]. Some slight impairment of respiratory mechanism in OG inrelation to CG is also indicated by reduced resting of SaO2,  EQO2 and EQCO2 values [6,11].
Larger rest VE value may also be due to greater body mass and/or FFM, as it was also shown
by the higher resting values of VO2 and VCO2 of obese men in relation to CG. The negative
impact of excess body mass in OG ultimately lead to lower relative VO2max for this group,
which contributed to achieving smaller relative values (to body mass) of the AP, at the AT andML than in CG. However, both the absolute values of the AP, and VO2 achieved at AT and ML
were similar, hence the physical capacity of the two groups were not considered statisticallydiffered. Similar  negative  effects  as  in  the  respiratory  system  were  observed  in  certaincardiovascular variables. So there were main effects between groups in terms of SV and TPR.Moreover, post hoc calculations indicated that in OG was observed the higher resting values ofSBP, MAP, RPP, CO than in CG, where there was observed the absence of the main effects ofthese  variables.  Elevated  resting values  of  SBP,  MAP,  RPP in  OG should be  considered asadverse effects occurring in the circulatory system [10,24,25]. However increased FFM occurringin OG caused a particular compensation effect through the function helping to pump bloodthrough increased skeletal muscle mass, exemplified by the increased value of the SV and CO.This compensated circulatory benefit function was also manifested by a higher resting valueVO2/HR in OG as compared with CG; it was also stated in previous studies [11]. Significantly
lower resting TPR observed in OG in comparison to CG is an interesting achievement of thispaper, but Lavie and Messerli (1986) [10] have considered reduced TPR in a group of obesepeople as an negative circulatory change.Chaput et al. [26] defined obesity as a chronic excess of energy accumulated in the bodythen increased value of the rest EE OG in relation to CG is a results of higher body mass ornatural defensive response connected with energy excretion.Significant changes of all respiratory and cardiovascular variables during R at AT and at MLduring BT beyond the DBP under the influence of applied effort are well known and they arenot being commented in this paper.Portrayal of adverse changes in respiratory and circulatory systems only under restingconditions the above-mentioned variables (with no main effect analysis of variance in the rangeof intergroup comparison of these parameters) as well as presence of the main effects on the SVand TPR, and the appearance of significant interactions (group-exercise intensity) involving VE,
SV, EQO2, EQCO2, and TPR indicates a deterioration of cardiopulmonary conditions in obese
people.  These interim adverse effects occurring at the stage of  obesity I0 in OG are mostlycompensated during the exercise test performed by both groups at similar load, which waspositively impacted by higher FFM occurring in the obese group.
CONCLUSIONS 

1. Obese men characterized by a greater FFM and TBW than CG, which suggests that thefirst group had more muscle mass. 
2. Increased FFM in obese men lay at the root of relative exercise capacity in the researchedgroups, due to that fact it was similar in OG and CG. 
3. Obesity Io occurring in OG leads to adverse changes in the respiratory and circulatory
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systems observed only at rest and regressing under workloads. 
4. Reasons  for  the  lack  of  differences  in  exercise  adaptation  of  the  respiratory  andcirculatory  systems  in  the  research  groups  should  be  seen  in  their  similar  exercisecapacity, adjusted in OG by a greater FFM in respect to CG. 
5. Expanded  research  on  people  with  obesity  IIo and  IIIo should  complement  thecontroversial results of the present study. 
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