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Abstract

:

Cardiorespiratory fitness (CRF) is a strong predictor of morbidity and mortality in patients with obesity. This study investigates the CRF range and its clinical determinants in patients with obesity. Moreover, a practical proposal for CRF interpretation is provided. In this study, 542 patients (69% females) with BMI ≥ 30 kg/m2 performed an incremental cardiopulmonary exercise test (CPET). Patients had a median (IQR) age of 47.0 (6.2) years with a mean BMI of 41.7 ± 6.7 kg/m2. Normal values curves of VO2peak/kg showed a median (IQR) of 20.3 (37.6) mL/min/kg. The lower-quartile threshold of VO2peak/kg was at 17.9 mL/min/kg. Analysis of covariance revealed that VO2peak/kg inversely correlates with age and BMI with a significant age × BMI interaction effect (all p < 0.0001); as BMI class increases, CRF decreases, but a smaller age-related decline in VO2peak/kg is observed. A multivariate logistic regression demonstrated that belonging to the lower quartile of VO2peak/kg was independently determined by age (OR 2.549, 95% CI 1.205–5.392, p < 0.0001) and BMI (OR 5.864, 95% CI 2.920–11.778, p < 0.0001) but not by comorbidities. At very high BMI, the effect of age on functional capacity is lower, suggesting that BMI acts as an “aging factor” on CRF. Age and BMI, but not comorbidities, are independent determinants of low VO2peak/kg.
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1. Introduction


Cardiorespiratory fitness (CRF) is a solid marker of cardiovascular and general health, as well as a strong predictor of cardiovascular and all-cause mortality both in the general population and in patients with chronic diseases [1]. Cardiopulmonary exercise test (CPET) is the gold standard for the evaluation of CRF and the VO2peak results from the integrated efficiency of the systems involved in oxygen delivery and utilization [2], as well as the subjects’ working capacity. Low CRF is associated with a higher risk of mortality, and increasing CRF has a positive impact on lowering this risk [3,4,5]. The linkage between CRF and mortality has also been described in patients with obesity in whom higher CRF improved overall health regardless of body weight [6]. Systematic measurement of functional capacity in clinical practice is, therefore, essential for the evaluation of individuals with chronic diseases.



Obesity is a globally spreading disease that strongly affects the ability to carry out daily life activities and limits the quality of life, both with regard to basic and complex activities [7]. These limitations depend on several factors such as altered biomechanics and posture, balance impairment, reduced muscle strength, and poor work capacity due to low CRF [8]. Therefore, people living with obesity are exposed to a high risk of disability and, as recently described, VO2peak included in the standard Edmonton Obesity Staging System can improve the power of this clinical classification in stratifying the severity of obesity [7]. The assessment of CRF in clinical settings is particularly encouraged due to the high predictive power of cardiovascular disease and mortality in patients with obesity [3]. It is known, indeed, that the high risk linked to fatness may be partially counteracted by fitness and that maintaining or improving CRF is associated with a significant reduction in cardiovascular risk [9]. Obesity is characterized by an accelerated aging process as evidenced by the fact that even young individuals, including children, living with obesity, can have chronic diseases that usefully develop in adulthood or during aging, i.e., diabetes mellitus type 2, high blood pressure, and cancer [10]. These observations are also supported by numerous similarities between the pathophysiological mechanisms of obesity and those related to aging, such as inflammation, the oxidoreductive state, autophagy, and mitochondrial dysfunction [11]. Indeed, both aging and obesity negatively affect functional capacity [7,12]. The negative impact of obesity on all components of the oxygen transport system (i.e., muscular, cardiovascular, pulmonary, metabolic, and autonomic) involved in the response to exercise leads to a lower CRF [13]. CRF is associated with disability and cardio-metabolic syndrome [1], and obesity is itself associated with several comorbidities that may affect functional capacity and life expectancy and can in turn be improved by the practice of regular physical exercise [6,14]. Moreover, it is demonstrated that CRF is a stronger predictor of mortality and cardiovascular outcomes than traditional risk factors, such as obesity, arterial hypertension, type 2 diabetes, and dyslipidemia [1], and even more notably, it has been described that the greatest risk reduction is achieved by moving from the lowest fitness level to the next [15]. It is known, indeed, that men with obesity who are at least moderately fit have a very low risk of death, compared to normal-weight men who are unfit [16]. Furthermore, it has been described that in people with obesity, CRF, but not fat mass, is associated with functional limitations and that unfit subjects with low CRF had a greater impact of disability on activities of daily living [17,18]. Nevertheless, to date, the real distribution and normal range of CRF assessed by maximal cardiopulmonary exercise testing are still unknown for the population with obesity, as well as the respective impact of age, sex, and comorbidities on this important parameter. Furthermore, although it is known that people living with obesity have a reduced CRF with a higher absolute aerobic power, the quantification of this reduction has never been reported in a large population of subjects with various degrees of obesity and assessed with the gold standard method for functional capacity evaluation. Moreover, current formulas for the CRF classification seem to misrepresent the real functional impairment of patients with obesity, especially for the most severe forms. This lack of knowledge currently limits clinical evaluations and decision-making and calls for specific research investigating aerobic capacity in obesity and its determinants for this population.



The aim of this study is therefore to describe the distribution of VO2peak assessed by cardiopulmonary exercise testing (CPET) among subjects with a large range of obesity, according to sex, age, and BMI classes. In addition, the impact of comorbidities on CRF will be explored.




2. Materials and Methods


This is an observational cross-sectional study involving a large sample of patients with obesity consecutively referred to the Sports and Exercise Medicine Division of the University of Padova for functional evaluation. Study participants were enrolled between February 2014 and February 2018. The study included patients with different degrees of obesity, all showing a body mass index (BMI) > 30 kg/m2. Exclusion criteria were conditions contraindicating the CPET execution [19]. A large number of the samples met the selection criteria, which may provide an indication for bariatric surgery. Anamnestic data about family history, presence of cardiovascular risk factors, diabetes mellitus, obstructive sleep apnea (OSA), arthropathy, depression, asthma, and dyslipidemia were collected. The current pharmacological therapy was also reported. Patients’ physical activity was evaluated by questions commonly used in clinical settings and related to the type of exercise, training frequency, and workout intensity. The initial examination included anthropometric measurements, and all subjects performed maximal CPET. The whole population was divided into BMI classes, based on the WHO obesity classification (1st, 2nd, 3rd obesity degrees and patients with BMI > 45 kg/m2). The CPET was fully explained to each patient, with a clarification of risks and benefits, before all subjects gave written informed consent in accordance with the Declaration of Helsinki. The protocol was approved by the “Padova Ethical Committee for Clinical Research” (2892P, 10 June 2013).



2.1. CPET Protocol


CPET was mainly carried out on a treadmill or, alternatively, in a small number of cases, on a cycle-ergometer (generally when patients presented musculoskeletal problems that prevented the achievement of an adequate intensity level on the treadmill test). Before each test, the system was calibrated according to the indications of the manufacturer, and each patient performed a resting spirometry. The ventilatory and gas exchange parameters were sampled breath by breath (Jaeger-Masterscreen-CPX exhaled gas analysis system, Carefusion) at rest, during the whole exercise phase, and four minutes of recovery. An incremental ramp exercise protocol was used, specifically adapted from the “Bruce protocol”, i.e., a standard Bruce ramp incremental protocol performed after a 5 min constant-load phase (at 2.7 km/h and 0% slope). In the case of patients performing a cycle-ergometer test, a standardized ramp protocol was used (+15 Watts/min). The following were considered as criteria of exhaustion, defining a maximal exercise test: a respiratory exchange ratio (RER) ≥ 1.10, Borg rating of perceived exertion 18/20, and a reached heart rate ≥ 85% of the predicted value by age [20]. All patients who did not reach at least one criterion were excluded from the study. The subjects were continuously monitored by a 12-lead electrocardiogram during the exercise and the recovery phases. Blood pressure was measured by auscultatory method at rest, during exercise, and during the recovery phase. Peripheral oxygen saturation was assessed by pulse oximeter in each test phase. Functional capacity was reported as the absolute aerobic power (VO2peak L/min), the VO2peak in relation to body weight (VO2peak mL/kg/min), as well as the percentage of the predicted value for age, sex, and weight (VO2peak%). VO2peak% was calculated by dividing the obtained VO2peak value by the expected one according to Wasserman’s equation [21]. Other reported CPET parameters are oxygen uptake efficiency slope (OUES), VE/VCO2 slope, oxygen pulse (VO2/HR mL/min/bpm), and breathing reserve (expressed as the difference between calculated maximal voluntary ventilation and measured maximal ventilation at peak exercise, expressed as percentage).




2.2. Statistical Analyses


All data were collected in an EXCEL spreadsheet and analyzed by a statistician with the SAS 9.4 program (SAS Institute Inc., Cary, NC, USA) for Windows. The statistical significance level was set at 5%. Data related to RER, VE/VCO2 slope, breathing reserve, VO2peak%, VO2/HR, VO2peak/kg, VO2peak, and OUES were compared with BMI categories by variance analysis, as they all showed normal distribution. A covariance analysis model (ANCOVA) was performed to evaluate the BMI category effect and the impact of sex and age on cardiorespiratory CPET indices, including individual factors and their interactions. In the case of statistical significance, coupling comparisons were made using Bonferroni’s method (Tukey). Potential predictors of VO2/kg < 17.8 mL/min/kg (lower-quartile cut-off value of data distribution) were assessed by a univariate binary logistic regression model. The statistically significant predictors have been incorporated into a multivariable binary logistic regression model. The results are presented with a statistical significance “p” value, odds ratio estimation, and 95% confidence interval.





3. Results


3.1. Population Characteristics


Clinical characteristics of the population are summarized in Table 1.



The studied sample involved 542 patients with obesity (69% females) with a mean age (±SD) of 45.5 ± 12.3 years. The mean BMI was 41.7 ± 6.7 kg/m2. CPET was mostly performed on a treadmill (84%). The most frequent comorbidity was arterial hypertension, which affects about one-third of the studied population. Arthropathy, dyslipidemia, and type 2 diabetes were present in approximately 20% of the population. OSA and hypothyroidism showed a prevalence of 14% in the whole population. All hypothyroid patients were euthyroid with hormonal supplementation. Asthma and depression affected 8.3% and 6.6% of patients, respectively. The chi-squared test revealed a higher prevalence of arterial hypertension (48.8% vs. 27.1%), type 2 diabetes (27.1% vs. 14.9%), dyslipidemia (27.7% vs. 16.0%), and OSA (31.3% vs. 6.4%), in man than in women, while hypothyroidism was more frequent in women than in men (17.6% vs. 6.6%). For the remaining comorbidities, the sex difference was not statistically significant.




3.2. Functional Capacity: Distribution and Determinants


Evaluating patients’ aerobic capacity, VO2peak/kg in the whole population was on average 20.9 ± 4.8 mL/kg/min, while the absolute VO2peak was 2.41 ± 0.6 L/min. The VO2peak value represented 101.3 ± 16.7% of predicted for age and sex. As shown in Figure 1, VO2peak/kg was found normally distributed in this population. The subdivision into quartiles allowed us to identify 17.865 mL/kg/min as the upper value of the lower quartile.



Functional parameters were then described according to BMI classes, and results are displayed in Table 2. The VO2peak% was significantly lower for the BMI > 45 kg/m2 category when compared to those in the 30–35 kg/m2 (p < 0.017) and 40–45 kg/m2 group (p < 0.001). The difference between VO2peak/kg values was highly significant among all pairwise comparisons (p < 0.0001), excluding that between the 35–40 kg/m2 and 40–45 kg/m2 groups.



The absolute VO2peak was significantly higher in the group of patients with BMI > 45 kg/m2 when compared with those of BMI 30–35 kg/m2 (p = 0.004) and 35–40 kg/m2 (p = 0.002). The covariance analysis (ANCOVA) illustrated in Figure 2 showed that the VO2peak/kg decreased with increasing age and BMI.



The effect of these two variables is observable in both sexes, with an impact of age in all categories but less evident in patients with higher BMI. In fact, the only significant interaction term was found between age and BMI (p < 0.0001). The same analysis conducted for the absolute VO2peak (Figure 3) showed that the aerobic power increases as the BMI increases with a higher maximum oxygen consumption in the upper BMI group. Conversely, the absolute VO2peak decreased as age increased, with similar trends in the different BMI classes, but with a steeper slope in males than in females. In this case, the only significant interaction term was between age and sex (p < 0.001). Females showed significantly lower VO2peak than males for each BMI class.



Univariate logistic regression analysis showed that the odds of being in the lower VO2peak/kg quartile were significantly determined by age, BMI > 45 kg/m2, and the presence of more than two comorbidities (Table 3).



A multivariate logistic regression confirmed the independent role of age and BMI in determining functional capacity but excluded the independent relationship with comorbidities (Table 4). In particular, the <39 years class, compared to the two oldest population groups (i.e., 47–54 and >54 years classes), showed an odds ratio and the respective confidence interval of approximately 2.549 (1.205–5.392) and 6.132 (2.859–13.153), respectively. Regarding the BMI classes, the comparison between the 30–35 kg/m2 category and the >45 kg/m2 category was statistically significant, with an odds ratio and the related 95% confidence interval of 5.864 (2.920–11.778).




3.3. Cardiovascular and Cardiopulmonary Efficiency


Cardiovascular and cardiopulmonary efficiency parameters (Table 2) showed significant differences among BMI classes. The oxygen pulse was progressively lower passing from the lowest to the highest BMI class. The OUES was different for all pairwise comparisons, excluding that between the 30–35 kg/m2 and 35–40 kg/m2 BMI groups. The VE/VCO2slope differed significantly only between the lowest and highest BMI classes (p = 0.022), while breathing reserve varied significantly among all groups and decreased progressively with increasing BMI.





4. Discussion


The main findings of this study are that patients with mild, moderate, and severe obesity have a reduced functional capacity. The average VO2peak/kg is 20.9 mL/kg/min and by subdividing the population into quartiles of weight-related CRF, a VO2peak/kg equal to 17.9 mL/kg/min is identified as the upper limit of the first quartile and may represent a reference point for the definition of “reduced functional capacity” in patients with obesity. Furthermore, our data suggest that, despite a normal reduction in functional capacity with aging, the higher the BMI values, the smaller the effect of age on VO2peak/kg, while the impact of BMI is higher for younger people, explaining most part of the reduction in functional capacity. Thus, BMI seems to act as an early functional “aging factor”.



When compared with the reference population (provided by the FRIEND study), the functional capacity measured in this population shows an average value well below the reference value in the same age group, both in men and women [12]. Several studies have corroborated the evidence that CRF is one of the major prognostic predictors, even when compared to the main cardiometabolic risk factors [1]. Therefore, it is crucial to identify subjects with reduced CRF and to implement actions to remove causes of functional limitation and to improve functional capacity. In particular, it has been described that in patients with obesity, absolute aerobic power increases with increasing BMI, while the maximal aerobic capacity relative to body weight (VO2peak/kg) is significantly reduced. Conversely, an inverse effect is detectable after bariatric surgery, when absolute aerobic power slightly decreases and functional capacity significantly increases [22]. Nevertheless, VO2peak/kg is the parameter that really reflects the ability to carry out daily activities and represents the strongest long-term prognostic marker for both disability and mortality [1]. In the present study, we have described clinical aspects associated with the variability of functional capacity among patients with obesity. Similar to people with normal weight, VO2peak/kg decreases with increasing age and BMI in both men and women with obesity. However, the higher the BMI values, the smaller the effect of age on VO2peak/kg. As shown in Figure 2, the decrease as a function of age is smaller for the higher BMI class, and conversely, the impact of BMI is higher for younger people. This seems to suggest that BMI acts as an early functional aging factor that later in life is exceeded by the age itself. This pathophysiological pattern has been recently outlined by Tam et al. who described obesity and aging as “two sides of the same coin” [11]. This review of literature, indeed, pointed out that obesity is a disease that accelerates aging, and this is established in genetic and epigenetic modifications, mitochondrial function, redox homeostasis, immunity, body composition, inflammation, and also functional decline [11]. Our study highlights that the CRF of patients with severe obesity is markedly reduced in young individuals. The hypothesis that obesity leads to early aging is supported by clear evidence regarding the increased risk of age-related diseases, such as arterial hypertension and type 2 diabetes, even in children living with obesity [23]. In addition, in this population, the declining trend of VO2peak/kg with increasing age and BMI was similar between the sexes, and sex was not associated with the likelihood of belonging to the lowest quartile of VO2peak/kg. Nevertheless, females showed, as expected, a lower CRF than males for each BMI class, indicating a more severe functional limitation. It is known that a lower VO2peak/kg can lead to a lower functional ability and barriers affecting the quality of life, especially when the values result close to or lower than those required to carry out activities of daily living. Former findings described that the age-related drop in VO2peak/kg follows a non-linear trend with a steeper decrease after 45 years, and this behavior is similar in men and women [24]. On the other hand, absolute VO2peak decreases as age increases with a steeper slope in men than in women; our study confirms this sex effect on absolute VO2peak [25]. In addition, the increasing BMI values are correlated to the decrease in VO2peak/kg regardless of age and sex. Nevertheless, in a multivariate logistic regression model, only the highest BMI class was a significant and independent determinant of the lowest VO2peak/kg quartile, indicating that extremely low values of functional capacity are more frequent among people with higher BMI. Furthermore, it should be noted that metabolic, cardiovascular, and cardiopulmonary efficiency parameters also vary significantly as BMI increases (Table 2), evidencing the numerous obesity-related cardiorespiratory changes. These results are in line with previous literature, but they clearly and originally show the significant difference in these parameters among different BMI classes. In particular, there is a progressive decrease in RER at peak exercise, suggesting the decreased ability to select substrates during exercise (metabolic inflexibility) [26]. The progressive decrease in VE/VCO2slope may be associated with the increase in CO2 during exercise, while the reduction in breathing reserve may stay in line with the mechanical ventilatory constraint already described in these subjects [27]. Finally, the oxygen pulse at peak exercise is also progressively reduced with increasing BMI; this is currently of uncertain clinical meaning but may also indicate possible cardiac involvement and/or cardiovascular inefficiency in patients with severe obesity [22].



For all these reasons and for many other concomitant factors, it is reasonable to trust in findings indicating that obesity reduces life expectancy and increases disability and limitations during activities of daily living [28,29]. Previous knowledge has widely highlighted that obesity is a complex condition that triggers neuro-endocrine, inflammatory, and metabolic mechanisms that inexorably lead to the development of cardiovascular diseases [30,31]. The role of physical activity in improving health and preventing disability has been largely described [32,33], and recently, it has been summarized that physical exercise improves the cardio-metabolic profile, general health, and CRF in people with obesity [34]. However, the actual interaction between comorbidities and CRF has not yet been sufficiently explained. In this regard, despite the univariate logistic regression analysis (Table 3) showed a correlation between the presence of a high number of comorbidities and a VO2peak value of less than 17.86 mL/kg/min, the multivariable logistic regression analysis (Table 4) does not provide statistically significant values. Therefore, those who present a high number of comorbidities (≥2) are more frequently in the lowest quartile of VO2peak/kg, but this effect is more attributable to age and high BMI values, which are the strongest and independent determinants of CRF.



Limitations and Perspectives


Despite the large population, it was not possible to identify precise reference values due to the narrow age range and asymmetric age distribution in different BMI classes. Furthermore, longitudinal data were not available at the moment, limiting the possibility of identifying a precise CRF level linked to a higher risk of cardiovascular events or all-cause mortality. Therefore, this is a preliminary analysis aimed at investigating the main functional parameters detectable in the cardiopulmonary exercise test specific for patients with obesity. This work can serve as a guide for further studies characterized by a greater sample heterogeneity, in order to establish reference values of functional and aerobic capacity that could be effectively implemented in the functional evaluation of this population. Future studies may also consider the role of physical activity in determining CRF and hard clinical endpoints. The spread of the practice of clinicians to collect the level of physical activity as a vital sign will allow to have a large number of data and to better define the role of this parameter in patients’ health. Indeed, recent recommendations on exercise prescription endorsed by the European Society for the Study of Obesity pointed out that any type of exercise may improve functional capacity in patients with overweight or obesity [34]. A further limitation is that the majority of patients performed the test before undergoing bariatric surgery: They were therefore selected according to eligibility criteria such as BMI > 40 kg/m2 or greater than 35 kg/m2 if associated with comorbidities. To avoid this selection bias, statistical analyses were adjusted.





5. Conclusions


In conclusion, the present study quantifies the functional impairment of people with varying degrees of obesity, by using the gold standard method for the evaluation of cardiorespiratory fitness and efficiency, i.e., CPET. These data suggest that age and BMI, more than comorbidities, are the main determinants of CRF. In particular, the highest levels of BMI appear a stronger modifier than age in affecting functional capacity, and this is also evident in young individuals. A possible BMI-related “aging effect” could thus be hypothesized, independently from the presence of main comorbidities linked to obesity. This study indirectly highlights the important role of functional evaluation and the associated therapeutic exercise prescription in these patients. To improve the management of these patients, functional aspects must also be considered and implemented in order to guarantee a higher life expectancy and a better quality of life.
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Figure 1. VO2peak/kg (mL/kg/min) distribution in the whole population. The figure shows the distribution of the VO2peak/kg in the whole population of patients with obesity. Discrete VO2peak/kg values derived from the quartile cut-off point may serve as a reference for the comparison and evaluation of functional capacity in patients with obesity. 
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Figure 2. Analysis of covariance (ANCOVA) for VO2peak/kg among BMI classes corrected for age and sex. The figure shows the relationship between age and functional capacity expressed as VO2peak/kg for each sex and in different BMI groups. It clearly shows the change in this relationship among BMI classes and also in different sexes. The figure visually shows a kind of “aging effect” determined by BMI. Indeed, it is appreciable that young subjects with very high BMI have a similar functional capacity to older subjects also suffering from obesity, but with a lower BMI. * BMI is expressed as kg/m2. 
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Figure 3. Analysis of covariance (ANCOVA) for VO2peak among BMI classes corrected for age and sex. The figure shows the relationship between age and absolute aerobic capacity expressed as VO2peak (L/min) for each sex and in different BMI groups. It clearly shows the different slope of this relationship between age sexes. * BMI is expressed as kg/m2. 
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Table 1. Clinical characteristics of the whole population.
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	Age, Years
	45.5 ± 12.3



	BMI, kg/m2
	41.7 ± 6.7



	Hypertension, N (%)
	183 (33.8)



	Arthropathy, N (%)
	111 (20.5)



	Dyslipidemia, N (%)
	106 (19.6)



	Type 2 diabetes, N (%)
	101 (18.6)



	Hypothyroidism, N (%)
	76 (14.0)



	OSAS, N (%)
	76 (14.0)



	Asthma, N (%