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Abstract
Background/Objectives Different approaches are used to classify obesity severity. Beyond classical anthropometric measure-
ments, the Edmonton Obesity Staging System (EOSS) considers medical, physical and psychological parameters. However, this
method has some limitations, principally due to the absence of an objective measure for physical impairment. The aim of our
study is thus to overcome this limitation suggesting a new functional parameter obtained by cardiopulmonary exercise testing
(CPET), i.e., cardiorespiratory fitness (CRF), expressed as weight-adjusted peak oxygen consumption (VO2peak/kg).
Subjects/Methods This observational cross-sectional study conducted on a population of 843 patients affected by obesity
finally enrolled 500 subjects. Every patient underwent clinical, anthropometric, biochemical assessment and CPET. First,
participants have been classified according to standard EOSS in five stages. Second, patients were reclassified according to
the new modified EOSS (EOSS-CRF) based on their age- and gender-appropriate VO2peak/kg percentiles as reported in the
healthy normal-weight population of the FRIEND registry.
Results VO2peak/kg was significantly different between standard EOSS classes 1 and 2 and classes 1 and 3 (ANCOVA
p model= 0.004), whereas patients in classes 2 and 3 showed similar CRF. The EOSS-CRF classification varied in number
of patients in each class compared to EOSS, particularly with a shift from class 2 to class 3. Moreover, CRF showed that
physical impairment is less addressed by EOSS when compared to EOSS-CRF.
Conclusions The integration of EOSS with CRF allowed us to assign to each patient a severity index that considers not only
clinical parameters, but also their functional impairment through a quantitative and prognostically important parameter
(VO2peak/kg). This improvement of the staging system may also provide a better approach to identify individuals at increased
risk of mortality leading to targeted therapeutic management and prognostic risk stratification for patients with obesity.

Introduction

Obesity has been spreading worldwide with around 2 billion
adults affected by overweight or obesity [1]. Many medical

societies have now defined obesity as a disease, as reviewed
in a statement from the World Obesity Federation [2]. To
classify obesity and assess cardiovascular risk, body mass
index (BMI) and waist circumference are preferably used in
clinical practice as surrogate measures of body and visceral
fat, respectively [3]. However, the presence of comorbid-
ities or the risk of diseases development can thereby not be
assessed. Indeed, people with the same BMI may have very
different body compositions, whereas a greater amount of
visceral fat predisposes to obesity-related diseases and is
associated with an increased mortality risk [4, 5]. Moreover,
BMI does not provide information regarding functional
capacity, quality of life or other prognostic contextual fac-
tors that may further characterise clinical risk and guide
therapeutic management [6]. Thus, the need to identify
more meaningful criteria to diagnose and classify obesity is
an emerging matter [7]. In 2009, the Edmonton Obesity
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Staging System (EOSS) has provided a five-stage classifi-
cation of obesity, considering medical, physical and psy-
chological parameters, which allowed the clinician to
describe comorbidities associated with excess weight [8]. It
was suggested that EOSS may offer a useful approach to
identify individuals at elevated risk of mortality [9, 10].
Conversely, a recent study has demonstrated that Cardio-
metabolic Disease Staging has better predictive ability for
mortality than EOSS [11]. This fact could be explained by
the different factors included in the evaluations, indeed,
EOSS considers additionally functional and mental status,
which may explain the differences in predicting the mor-
tality risk. Hence, the EOSS criteria provide a wide flex-
ibility in the assessments of these parameters, particularly
for functional performance/impairment, currently rather
subjectively evaluated by patients and clinicians. For
instance, it is very difficult to define and differentiate mild,
moderate and severe functional limitations in activities of
daily living [8]. Therefore, it should be aimed to overcome
this limitation for clinicians by introducing an objectively
measurable parameter to grade functional impairment, i.e.,
cardiorespiratory fitness (CRF), expressed by weight-
adjusted peak oxygen consumption (VO2peak, ml/kg/min),
evaluated through cardiopulmonary exercise testing
(CPET). Indeed, it is well known that CRF is a strong
independent predictor of all-cause and cardiovascular mor-
tality in health and different chronic diseases [12, 13].
VO2peak has an important role in assessing functional
capacity and it can be considered the most direct measure of
a person’s ability to perform physical activity; moreover, it
has a direct impact on activities of daily living and is
associated with future risk of disabilities [14]. The evalua-
tion of CRF has begun to be considered as a vital sign,
depending on its strong improvement of risk prediction and
its association with total patient health [15]. Therefore,
measurements of CRF through CPET may improve EOSS
due to objective assessed functional capacity and impair-
ment in patients with obesity. The objective was thus to
propose a new modified EOSS (EOSS-CRF) in order to
improve the clinical utility of obesity classification with
therapeutic and prognostic impact on patients.

Materials and methods

Patients

In this observational cross-sectional study 843 patients with
obesity were consecutively studied at the Center for the
Study and Integrated Treatment of Obesity, Hospital Uni-
versity of Padua, Italy, in the period between 2014 and 2019.
All patients underwent a multi-disciplinary evaluation
according to a standardised clinical protocol and were

subsequently assigned to surgical or medical treatment
according to European criteria [16]. Consistent with the local
diagnostic-therapeutic pathway of clinical assistance, patients
were also evaluated at the Sport and Exercise Medicine
Division of the University of Padua. In patients with indi-
cation for surgical treatment, who represent the majority of
study population, the two evaluations were scheduled before
bariatric surgery and before receiving a pre-surgery 4-week
very low-calorie diet and physical activity prescriptions.
Specific exclusion criteria for this study were previous bar-
iatric surgery, anaemia, sign, symptoms and severe diseases
that contraindicated maximal exercise stress test. Further-
more, only patients who presented all data to stage according
EOSS classes were included. Thus, 500 patients (BMI
42.78 ± 6.63, range 30.02–67.90 kg/m2) were enrolled.

All subjects gave written informed consent in accordance
with the Declaration of Helsinki. The protocol was
approved by the ‘Padua Ethical Committee for Clinical
Research’ (2892P, 10 June 2013).

Anthropometric measurements

All anthropometric measurements were taken with subjects
wearing only light clothes without shoes. Height was
measured to the nearest 0.01 m using a stadiometer. Body
weight was determined to the nearest 0.1 kg using a cali-
brated balance beam scale. BMI was calculated as weight
(kg) divided by height squared (m2).

Biochemical assessment

For each patient we measured fasting plasma glucose (FPG),
insulin, lipid profile [total cholesterol, high-density lipoprotein-
cholesterol and low-density lipoprotein-cholesterol (LDL),
triglycerides], full blood count, alanine aminotransferase,
aspartate aminotransferase and gamma glutamiltrasferase. All
blood tests were performed after 8-h fasting. Samples were
stored at −20 °C until analysis. All biochemical blood ana-
lyses have been performed with standard diagnostic kits
according to the WHO First International Reference Standard.
LDL cholesterol was calculated according to Friedewald [17].
In patients without known diabetes, a 3-h oral glucose toler-
ance test (OGTT) was performed monitoring blood glucose
and insulin plasma levels after glucose load (75 g) [18].
Homeostasis model assessment-insulin resistance index
(HOMA) was used to calculate the insulin-resistance index:
[fasting serum insulin (μU/ml) × FPG (mmol/l)]/22.5 [19].
HOMA was not calculated for patients in insulin treatment.

Cardiopulmonary exercise testing (CPET)

Incremental and maximal CPET was performed pre-
ferentially on treadmill (COSMOS, T170 DE-med model)
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with the modified Bruce protocol (n= 430); bicycle erg-
ometer with adapted protocols was used in patients with
orthopaedic limitations (n= 70). Subjects were verbally
encouraged to reach maximal exertion. Criteria of exhaus-
tion were a Borg rating of perceived exertion of 18/20 [20],
associated with either a maximal heart rate ≥85% of pre-
dicted (220 bpm – age) or a peak Respiratory Exchange
Ratio >1.10 [21]. ECG, arterial blood pressure and per-
ipheral oxygen saturation were continuously monitored at
rest, during exercise as well as in the recovery phase.
Ventilatory and gas exchange measurements were sampled
breath-by-breath and measured by a low-resistance turbine
and mass spectrometry, respectively (Masterscreen CPX
Jaeger, Carefusion, Hoechberg, GE system) [22]. Main
parameters of CRF and efficiency are here reported, i.e.,
VO2peak/kg and the oxygen uptake efficiency slope,
determined as the coefficient of the linear relationship
between VO2 and the logarithm of total ventilation [23].

VO2peak/kg reference values and relative percentiles of
the FRIEND registry, which considered healthy and
normal-weight subjects, were used to classify our study
population regarding functional capacity [24]. Moreover,
patients were thereby grouped according to the VO2peak/kg
percentiles reported for age and gender, respectively:

● Patients with VO2peak/kg over the 25th percentile were
considered with a normal functional capacity.

● Patients with VO2peak/kg between the 10th and 25th
percentile were considered with a mild reduction of
functional capacity.

● Patients with VO2peak/kg between the 5th and 10th
percentile were considered with a moderate reduction of
functional capacity.

● Patients with VO2peak/kg lower than the 5th percentile
were considered with a severe reduction of functional
capacity.

EOSS classification

We classified our population according to patients’ gly-
cemic profile [18] in normal glycaemia, affected by pre-
diabetes (pre-DM) (impaired fasting glycaemia and/or
impaired glucose tolerance at the OGTT) and type 2 dia-
betes mellitus. Diagnosis of arterial hypertension (HYPT)
[25], dyslipidaemia (DLP) [26], obstructive sleep apnoea
syndrome (OSA) [27] and non-alcoholic fatty liver disease
(NAFLD) [28, 29] was based on recent guidelines. We
categorised patients to EOSS classes by using the highest-
stage risk factor for each patient [8, 30]. Patients without
any medical, functional and psychiatric symptoms were
considered EOSS stage 0. Patients with obesity-related
subclinical risk factors (i.e., pre-DM, subclinical DLP), as

well as mild medical, functional and psychiatric symptoms
were classified as EOSS 1. Patients with established
obesity-related chronic disease (i.e., HYPT, DLP, OSA,
NAFLD, gastric esophageal reflux, goat), those receiving
pharmacological therapy or presenting moderate medical,
functional and psychiatric symptoms, were considered
EOSS 2. Patients with end-organ damage (e.g., heart failure,
myocardial infarction, stroke, renal injury, cirrhosis) or
significant medical, functional, psychiatric symptoms were
included in EOSS 3. Patients with severe and potentially
end-stage disabilities from obesity-related chronic diseases,
severe disabling psychopathology or functional limitations,
and those with impairment of well-being were classified as
EOSS 4 [8, 30]. In the standard EOSS classification we
used not quantitative parameters to define functional
impairment as mild, moderate, severe and end-stage, con-
sidering limitations in activities of daily living and/or
impairment of well-being (i.e., being able to tie your shoes
or to do housework). In particular, when the distinction
between classes was not adequately clear, patients who
underwent a treadmill CPET were considered as mildly
limited and thus included in EOSS 1, while people who
were not able to perform a standard exam and need a
bicycle ergometer for CPET were classified as moderately
limited, i.e., EOSS 2. Patients with articular prosthesis or
previous joint surgery were considered affected by sig-
nificant functional limitation and thus assigned to EOSS 3.
Patients with potentially end-stage functional limitation
unable to perform CPET were excluded from the study. In
the new EOSS-CRF we associated with each EOSS stage an
objectively measured functional capacity marker in order to
overcome these limitations. Moreover, clinical and psy-
chiatric parameters of the standard EOSS were associated
with ranges of VO2peak/kg percentiles to reclassify our
patients in the new EOSS-CRF.

Statistical analysis

Data have been analysed with IBM SPSS Statistics (IBM
Corp. Released 2017. IBM SPSS Statistics for Windows,
Version 25.0. Armonk, NY: IBM Corp.). All continuous
variables were analysed by normality tests (Shapiro–Wilk
test). ANCOVA analysis was used to assess and compare
estimated means of VO2peak/kg, corrected by age and gen-
der covariates. The estimated sample size, applying an alpha
error cut-off of 5%, is 165, obtaining a statistical power of
80%. P value ≤ 0.05 was considered statistically significant.

Results

Anthropometric and functional characteristics of 500 patients
with obesity (BMI 42.78 ± 6.63, range 30.02–67.90 kg/m2)
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are reported in Table 1, where patients are also grouped by
standard EOSS and EOSS-CRF, separately. Most patients
belonged to EOSS 2, according to both standard (n= 401)
and modified (n= 252) EOSS classification. Already from
this first descriptive analysis, we observed the changes in
distribution of patients among the two different classifica-
tions (Fig. 1). The diversion involved mainly patients in
EOSS 2 who were redistributed in EOSS-CRF 3. Other
patients were assigned from EOSS 1 to EOSS-CRF 2 or
EOSS-CRF 3 and three patients from EOSS 0 to EOSS-CRF
1 or 2. EOSS 0 and EOSS 4 were excluded from further
analyses because of small sample sizes.

Figure 2 shows estimated average values of VO2peak/
kg corrected for age and gender covariates as main
intrinsic determinants, in different standard EOSS classes.
Comparing these corrected values between groups, the
ANCOVA model results statistically highly significant
(p= 0.009), determined by the difference between EOSS 1
and EOSS 2 and EOSS 1 and EOSS 3. Interestingly,
patients belonging to EOSS 2 and EOSS 3 displayed
similar VO2peak/kg values.

The prevalence of the most important comorbidities
associated with obesity is shown in Fig. 3 for EOSS and
EOSS-CRF, respectively. Patients included in EOSS
1 showed obesity-related subclinical risk factors as well
pre-DM or an alteration of plasma lipids without an overt
DLP. In the modified version, the assignment versus a
worse stage (EOSS 1 to EOSS 2 or 3, EOSS 2 to EOSS 3)
explains different frequencies of comorbidities among the
two classifications. Comorbidities did not show any sig-
nificant differences between EOSS and EOSS-CRF, with
the exclusion of NAFLD between EOSS 3 and EOSS-CRF
3 (p= 0.024).

On the other hand, Fig. 4 elucidates the severity of
functional impairment according to the different classifica-
tions. Moreover, the evaluation of functional aspects as it
was described by EOSS turned out difficult to apply,
leading to fewer data than objective assessment through
CPET in EOSS-CRF. In fact, 55.3% of the reclassified
patients in EOSS-CRF 1 presented a mild functional
impairment versus 20.3% of EOSS 1. Among EOSS-CRF 2
patients, 47.2% showed a mild impairment (versus 15%),
whereas 27% displayed a moderate one (versus 9%). Most
patients of EOSS-CRF 3 (93.2%) were affected by a severe
reduction of functional capacity, while in standard EOSS 3
only 11.8% of patients were evaluated as severely func-
tionally impaired.

To better understand the role of functional impairment
and thus the impact of CPET in the evaluation of patient
with obesity, Fig. 5 shows the reasons why patients were
assigned to a specific group, visually comparing EOSS and
EOSS-CRF. In other words, clinical and functional deter-
minants were analysed for the assignment of patients to Ta
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each EOSS class according both standard (inner circle) and
modified EOSS (exterior circle). In classical EOSS, func-
tional and clinical classifications agreed to determine the
belonging classes in a smaller percentage of patients when
compared to the modified version. Furthermore, in the
EOSS-CRF, functional evaluation plays a more relevant
role in staging, particularly for class 3, where patients were
majorly assigned to this group for severe functional
impairment (EOSS-CRF 85.5% versus EOSS 11.8%) and
not for purely severe clinical reasons.

Discussion

EOSS provides a useful method to overcome BMI limits in
the evaluation of patients with obesity. Nevertheless, dif-
ferent levels of physical impairment included as main EOSS
criteria currently result not well defined and difficult to
accurately assign [8, 30]. This could lead to a bias in
assigning patients to the correct class, with a general
underestimation of the importance of functional aspects in
determining the severity of obesity. In fact, our study has
shown how the traditionally defined functional capacity

only minimally impacts the standard EOSS, which mostly
depends on clinical parameters. In our study, to assign
functional limitation according to standard EOSS, we have
not only analysed patient’s history data, but also the ability
of patients to perform exercise on treadmill rather than
bicycle ergometer. This assessment may improve quality
of functional parameter, but still remains not objectively
quantifiable.

Therefore, 500 patients’ CRF was systematically eval-
uated, with the aim of proposing an integration for EOSS.
This EOSS-CRF could make clinical and functional eva-
luation easier and more accurate when compared to EOSS
in order to more appropriately classify patients’ severity of
obesity as a chronic multi-dimensional disease.

Indeed, CRF is a strong independent predictor of all-
cause mortality and cardiovascular disease [12, 13] and
can quantitatively evaluate functional physical impair-
ment. Moreover, VO2peak/kg can importantly decrease in
individuals suffering from obesity, but represents a more
reliable parameter than the absolute value of oxygen
consumption in evaluating the ability to carry out activities
of daily living [15, 21]. Indeed, VO2peak/kg is used in
other clinical settings, for the assessment of patients with
heart failure as objective criteria for transplantation, also
due to its impact on functional performance and thus
quality of life [31–33].

Fig. 1 Distribution of patients among the two different classifica-
tions, Edmonton Obesity Staging System (EOSS) and modified
EOSS (EOSS-CRF). Results are presented as number of patients,
consensually to data presented in Table 1, considering all five classes.

Fig. 2 Weight-adjusted peak oxygen consumption (VO2peak/kg)
(ml/kg/min) in the three groups of patients with obesity, classified
according to the standard Edmonton Obesity Staging System
(EOSS). Statistical analysis of estimated means of VO2peak/kg was
performed by ANCOVA and corrected by age and gender. * means
VO2peak/kg (ml/kg/min) estimated, corrected by age (45.53 years old)
and gender (0.281 with female= 0 and male= 1).
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We compared estimated average values of VO2peak/kg,
corrected for age and gender, in different standard EOSS
classes and showed limited functional distinguishability
between classes. This fact might be explained by the defi-
ciency of the traditional staging system in differentiating the
severity of functional impairment.

Thus, we have suggested to assign mild, moderate and
severe reduction in functional capacity according to
percentile-ranges based on the FRIEND registry [24]. In
fact, it is known that a reduction of CRF below the 25th
percentile is associated with a two- to five-fold increase in
cardiovascular risk or death for all causes independently of

Fig. 3 Prevalence of the most important obesity-related comor-
bidities (type 2 diabetes mellitus, T2DM; prediabetes, pre-DM;
hypertension, HYPT; dyslipidaemia, DLP; obstructive sleep
apnoea, OSA; non-alcoholic fatty liver disease, NAFLD) grouped

by both Edmonton Obesity Staging System (EOSS) and modified
EOSS (EOSS-CRF) classifications. Results were presented as fre-
quency (percentage) of patients in each class, considering class 1,
2 and 3.

Fig. 4 Severity of functional impairment according to the two different classifications, Edmonton Obesity Staging System (EOSS) and
modified EOSS (EOSS-CRF). Results are presented as frequency (percentage) of patients in each class, considering class 1, 2 and 3.
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other risk factors [34]. Because of the absence of functional
capacity reference values for patients affected by obesity,
we have considered functional CPET data from literature
related to other fields of studies. Moreover, while a mini-
mum of 15 ml/min/kg VO2peak might be needed to perform
activities of daily living [35]. Other guidelines consider a
VO2peak of 12–14 ml/min/kg as threshold for cardiac
transplantation in heart failure [32]. Nevertheless, at the
moment, no studies have demonstrated direct correlation
between VO2peak and the impairment of daily activities in
patients with obesity. However, it can be suggested that
CRF could include in a single parameter all aspects of
functional limitation during daily living. [15] Thus, from
these general considerations, we used the classification
based on percentile-ranges previously described in the
Method section.

By re-classifying patients according to the new EOSS-
CRF, we first noticed a numerical redistribution compared
to standard EOSS for all classes but particularly affecting
classes 2 and 3. Some differences in average values of age,

BMI and gender were observed between EOSS and EOSS-
CRF. These data can be easily explained by the fact that
higher values of VO2peak/kg are expected from younger
subjects, males and from patients with a lower BMI. By
applying the modified criteria, patients were generally
assigned to a worse EOSS-CRF stage, which explains dif-
ferent frequencies of comorbidities among the two classi-
fications. However, only the NAFLD prevalence resulted
statistically significant different between EOSS 3 and
EOSS-CRF 3. This fact could be explained by the ectopic
deposition of free fatty acids in patients with obesity, which
involves also peripheral skeletal muscles and may thus
reduce functional capacity and CRF.

Particularly, the new EOSS-CRF reassigned patients
from classes 2 to 3, thereby distributing the well-known
80% of patients usually belonging to standard EOSS 2 [30].
Moreover, introducing this new measurable parameter of
CRF, allows us to objectively evaluate a decrease in func-
tional capacity that would otherwise not affect the overall
clinical, physical and psychiatric disease severity in obesity.

Fig. 5 Impact of Edmonton
Obesity Staging System
(EOSS) in assigning patients to
a specific group. The reasons
were only clinical, both clinical
and functional or only
functional. Results are presented
as frequency (percentage)
comparing (EOSS) (inner circle)
and modified EOSS (EOSS-
CRF) (exterior circle)
classifications.
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Moreover, the new staging method revealed an increase in
numbers of patients reporting an impairment of functional
capacity (mild, moderate or severe) in each class, compared
to the standard EOSS. Conversely, the impact of only
clinical parameters markedly decreased applying the EOSS-
CRF, particularly for class 3. Indeed, patients were pre-
dominantly (85.5%) assigned to this group for severe
functional impairment, while the previous functional mar-
kers determined EOSS class 3 in only 11.8%. Hence, we
demonstrated that objectively measured CRF, as marker of
physical impairment, should play a major role in deter-
mining clinically and prognostically useful, obesity-related,
disease severity classes.

This study came across some limitations of the EOSS,
which should be addressed by future trials. First, we enrolled
patients affected by obesity in a centre where bariatric sur-
gery is a commonly suggested treatment option because of
selected patient recruitment. This may explain the high
prevalence of obesity-related comorbidities. Second, psy-
chiatric parameters are gained on self-reported patient his-
tory data only, even though based on Diagnostic and
Statistical Manual of Mental Disorders classification. Con-
versely, we overcame some limitations such as the defini-
tions and cut-offs for HYPT, DLP or glycaemic impairment
that have been all updated at the current guidelines. Third, as
shown in literature, EOSS class 0 and 4 are characterised by
relatively small sample size in this population, which had
thus to be excluded from further analyses [30]. A possible
small bias of this study may consist in the inclusion of both
treadmill and bicycle ergometer to perform CPET, with the
risk of underestimation of VO2peak by the latter [36].
Nevertheless, this was clinically conditioned and may indeed
reflect functional impairment in case of walking difficulties.
Moreover, one of the major strengths of our study is that all
patients performed a maximal exercise test. Finally, this
study does not assess the predictive value of the new clas-
sification and a follow-up project will be requested.

In conclusion, we hereby propose an integration of
EOSS, demonstrating that not only clinical aspects but also
the impairment of functional capacity and CRF, measured
by VO2peak/kg, affect the severity of obesity. Thus, CRF,
as one of the most important prognostic marker of all-cause
and cardiovascular mortality [12, 15], could be the right
missing piece to have as global an evaluation as possible of
this chronic disease. Furthermore, the EOSS-CRF allowed
us to assign to each patient a disease severity index and thus
to probably better identify individuals at elevated risk of
mortality [9, 10], overcoming the restraints linked to the
previously encountered limitation in evaluating patients’
functional impairment [11]. Consequently, EOSS-CRF may
lead to clinical implications regarding therapeutic manage-
ment and prognostic risk stratification for patients with
obesity, just like in other chronic diseases [6].
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