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Obesity is a chronic disease that is defined as abnor-
mal or excess adiposity causing physical or meta-
bolic harm.1 The 2020 Canadian clinical practice 

guideline for obesity in adults2 highlighted the need for 
comprehensive clinical assessment of people living with 
obesity, including the use of both obesity classification 
(based on body mass index [BMI]) and stage of disease 
(based on the Edmonton Obesity Staging System [EOSS]) 
(Figure 1).3,4 The EOSS is a clinical tool that evaluates 
obesity-related comorbidities according to a 5-stage scale; 
staging on this scale has been demonstrated to correlate 
with clinical outcomes.3,5–7

The EOSS allows assessment of the effect of obesity-
related comorbidities on individuals, beyond weight.5 These 
comorbidities drive increases in morbidity, mortality and 
health system costs for people living with obesity.8–12 Advanc-
ing care for those living with obesity requires efficient access 
to point-of-care tools for collating and synthesizing increas-
ingly complex information at both the individual and the 
practice level.3

Applying the EOSS in routine clinical practice is hampered 
by the lack of standardized, user-friendly EOSS tools that take 
advantage of data from electronic medical records.3 In this 
pragmatic clinical feasibility study, we aimed to use data from 
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Background: The Edmonton Obesity Staging System (EOSS) combined with body mass index (BMI) enables improved functional 
and prognostic assessment for patients. To facilitate application of the EOSS in practice, we aimed to create tools for capturing 
comorbidity assessments in electronic medical records and for automating the calculation of a patient’s EOSS stage. 

Methods: In this feasibility study, we used cross-sectional data to create a clinical dashboard to calculate and display the relation 
between BMI and EOSS and the prevalence of related comorbidities. We obtained data from the Northern Alberta Primary Care 
Research Network and the Canadian Primary Care Sentinel Surveillance Network (CPCSSN). We included patients at least 18 years 
of age with BMI between 30 and 60 who visited a network clinic between July 2016 and July 2019. We calculated descriptive statis-
tics and used stepwise ordinary least squares regression to assess the contributions of age, sex and BMI to EOSS variation.

Results: We created a clinical dashboard using the CPCSSN data presentation tool. Of the total 31 496 patients included in the 
study, 23 460 had a BMI of at least 30; BMI was unavailable for 8036 patients. Within each EOSS disease severity stage, there were 
similar proportions of patients from each BMI class (e.g., patients with EOSS stage 2 included 51.8% of those with BMI class I, 
55.3% of those with BMI class II and 58.8% of those with BMI class III).

Interpretation: Using data from primary care electronic medical records, it was feasible to create a clinical dashboard for obesity that 
highlighted the severity and stage of obesity. Making this information easily accessible for individual clinical care and practice-level 
quality improvement may advance obesity care.
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electronic medical records to develop case definitions for 
obesity-related comorbidities used in the EOSS disease sever-
ity stage; to determine the availability of suitable electronic 
data to calculate EOSS stages and identify data limitations; to 
describe the relation between BMI and EOSS, as well as the 

prevalence of obesity-related comorbidities in the study popu-
lation; and to create a clinical dashboard to visualize obesity 
classification and staging, as well as relevant comorbidities, to 
support clinicians’ efforts to improve care for people living 
with obesity. 
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Figure 1: Assessment of obesity according to the Edmonton Obesity Staging System (EOSS) and by body mass index (BMI) class. Figure component 
modified, with permission, from Atlantis and colleagues,3 and table component modified, with permission, from Rueda-Clausen and colleagues.4
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Methods

Setting and study design
This population-based feasibility study involved a partner-
ship between the Physician Learning Program13 and the 
Northern Alberta Primary Care Research Network 
(NAPCReN),14 which is 1 of 13 primary care research net-
works in Canada contributing data from electronic medical 
records to the Canadian Primary Care Sentinel Surveillance 
Network (CPCSSN).15 Our setting included 80 clinicians 
across 18 cities in Alberta, Canada, with 103 153 patients 
contributing to the NAPCReN network.

The CPCSSN is Canada’s first multidisease medical 
record surveillance system providing opportunities to inform 
and advance primary care.15 With a national reach and an 
ability to consolidate information for several electronic med-
ical record systems, the CPCSSN was suitable for creating 
the EOSS tool and enabled incorporation into practice of 
recommendations from the 2020 Canadian obesity guideline 
for adults.2 The Physician Learning Program, which is 
funded by the Alberta government, aligns with health system 
stakeholders to serve as an implementation hub to integrate 
best-available evidence and data on problems of clinical 
importance, and to co-create sustainable solutions to 
advance practice.13

As distinct from a classical epidemiologic study, this clin-
ical feasibility study entailed recognition that variation in clin-
ical practice is warranted, given that not all clinical measure-
ments are indicated for all patients. As such, we expected 
some data to be unavailable.  

Study population
We included individuals 18 years of age or older with BMI 
of at least 30 and at least 1 visit with a family physician con-
tributing data to the NAPCReN between July 1, 2016, and 
July 1, 2019. We excluded patients with BMI above 60 
because most patients with BMI in this range have mechan-
ical and functional issues requiring tertiary care. 

Obesity-related comorbidities and EOSS staging
We used validated CPCSSN case definitions for hyperten-
sion, diabetes and osteoarthritis.16 The definitions for the 
other comorbidities were informed by Padwal and col-
leagues.5 Where additional granularity was needed or no 
validated disease case definition was available, our team of 
clinicians and researchers identified clinical practice guide-
lines17,18 and created pragmatic case definitions based on 
available data. These sources included a combination of lab-
oratory codes, Anatomical Therapeutic Chemical (ATC) 
codes for medications and the International Classification of 
Diseases, Ninth Revision, Clinical Modification. The data defini-
tions for the EOSS comorbidities are included in Appen-
dix 1, available at www.cmajopen.ca/content/9/4/E1141/
suppl/DC1.

The EOSS includes stages from 0 to 4, with the stage 
being based on the most severely affected obesity-related 
comorbidity. Padwal and colleagues5 showed that a higher 

stage indicates a higher risk of death. We assigned an 
EOSS stage for each comorbidity, and then assigned each 
individual’s overall EOSS stage as the highest stage of all 
their comorbidities. For example, if a person had stage 2 
for liver disease, stage 1 for hypertension and stage 0 for 
kidney disease, the overall EOSS stage was deemed to be 2. 
For people with osteoarthritis, coronary artery disease or 
congestive heart failure, or cerebrovascular disease, we 
assigned EOSS stage 3, as in the method of Padwal and 
colleagues.5 EOSS stage 4 denotes end-stage disease; given 
the small number of patients with this level of disease, we 
combined EOSS stage 4 with EOSS stage 3.

Dashboard
In collaboration with the NAPCReN and the Physician 
Learning Program, we created a prototype for a primary 
care obesity dashboard using EOSS stages in their data pre-
sentation tool. All individuals 18 years of age or older with 
BMI of at least 25 are included in the dashboard.

The data presentation tool, created by CPCSSN for 
both research and quality improvement applications, pro-
vides a data visualization overview of all of a physician’s 
patients, including key demographic and clinical character-
istics. Phys icians can use the data presentation tool to iden-
tify patients needing further investigation and interven-
tion.15 The EOSS dashboard permits the physician to see all 
of their patients, collectively and individually, by age, sex, 
EOSS stage, BMI, time since last visit, distance they live 
from clinic, medical comorbidities, relevant medications, 
blood pressure, smoking status and key laboratory values 
(total cholesterol, low-density lipoprotein, high-density 
lipoprotein, fasting blood glucose, hemoglobin A1c, esti-
mated glomerular filtration rate, aspartate aminotransferase 
and alanine aminotransferase). 

Because the NAPCReN is a partner project with the 
Phys ician Learning Program, family phys icians participat-
ing in the NAPCReN were provided with a link to their 
EOSS dashboard, along with information on how they 
could use the dashboard to improve care for their patients 
living with obesity.

Statistical analysis
We used both continuous and categorical BMI values for the 
analyses. The BMI classes were assigned as class I obesity 
(30–34.9), class II obesity (35–39.9) and class III obesity 
(≥  40).19 We performed bounds-checking of height and 
weight values to ensure there were no errors in measure-
ment units before calculation of BMI by NAPCReN. We 
dichotomized sex as male and female.

We used descriptive statistics to describe the popula-
tion, individual comorbidities and overall EOSS stages by 
BMI classes. We built ordinary least squares regression 
models using a stepwise approach to describe the varia-
tion in overall EOSS stages, explained by age only, by age 
and sex, and by age, sex and BMI. Because severity of 
osteoarthritis could not be determined from the available 
data, we performed additional analyses to understand how 



Research

E1144 CMAJ OPEN, 9(4) 

it contributed to EOSS stage 3. Although biased point 
estimates may result when ordinary least squares regres-
sion is used to estimate an ordinal integer variable such as 
EOSS,20 we were interested only in describing the amount 
of explanatory power that age, sex and BMI had in rela-
tion to the EOSS stage in this population. Consequently, 
we have not presented coefficients, because they are 
unnecessary for the purposes of these analyses. When 
making a methodologic choice, measures of goodness of 
fit provide a reasonable estimate21,22 with the benefit of 
considerably greater ease of interpretability. For our 
descriptive purposes, this, rather than measures of good-
ness of fit in logistic and ordered logistic regressions, was 
a reasonable approach.23,24

We used SQL Developer (Oracle) to clean the source 
data. We conducted all analyses with Python 3.4 (Python 
Software Foundation) and Stata 16 (StataCorp) software.

Ethics approval
This study received ethics approval from the Health Research 
Ethics Board (Pr000074666) at the University of Alberta, 
Edmonton.

Results

Table 1 presents the descriptive characteristics of the popula-
tion. In our sample of 23 460 patients included in the analysis, 
the mean age was 54.3 (standard deviation [SD] 17.0) years, 
10 590 (45.1%) were male, and the mean BMI was 35.5 (SD 
5.5). More than half of the patients (52.9%) had overall EOSS 
stage 2. Figure 2 outlines patients included and excluded in 
the analysis portion.

Population EOSS stages
Figure 3 shows the proportion of patients with comorbidity 
EOSS stages assigned and those with data unavailable. Among 
those with EOSS stages assigned, the proportion of patients in 
each EOSS comorbidity stage is illustrated. The range of miss-
ing comorbidity data spanned from 11.1% for hypertension to 
17.8% for dyslipidemia. The proportion of people with obesity 
who had serious levels of comorbidities with EOSS stage 3 was 
14.7% for osteoarthritis, 8.5% for coronary heart disease and 
congestive heart failure, and 2.3% for cerebrovascular disease. 

Table 2 provides the EOSS stages for the 8036 adult 
patients (13.7%) for whom BMI data were not available. Of 
these patients, 4074 (50.7%) had EOSS stage 2 (n = 2822) or 
EOSS stage 3 (n = 1252). 

Dashboard
The prototype for the primary care dashboard using EOSS 
stages that we developed is provided in Appendix 2 (available 
at www.cmajopen.ca/content/9/4/E1141/suppl/DC1).

Variation in EOSS stages: statistical modelling
In our stepwise ordinary least squares model, age alone 
described 31% of the variation in EOSS stages: as age increased, 
overall EOSS stage also increased. Sex and BMI explained very 
little of the variation in EOSS stages, together accounting for 
just over 1% of the variation (Table 3). BMI alone did not drive 
EOSS stages to any great extent, as illustrated in Figure 4.

Patients who visited a clinic
contributing to NAPCReN between  

July 1, 2016, and July 1, 2019  
n = 72 817

Excluded  n = 14 145
• < 18 yr or with no age recorded   

Patients ≥ 18 yr  
n = 58 672

Excluded  n = 35 202
• BMI < 30  n = 26 748 
• No BMI recorded  n = 8036 
• BMI > 60  n = 418 

Patients ≥ 18 yr with  
BMI ≥ 30 and ≤ 60    

n = 23 470

Excluded  n = 10
• Sex not recorded  

Patients ≥ 18 yr with  
BMI ≥ 30 and ≤ 60 and sex recorded     

n = 23 460

Figure 2: Flow diagram of the inclusion criteria for the patient population. 
BMI = body mass index, NAPCReN = Northern Alberta Primary Care 
Research Network.

Table 1: Characteristics of patients 

Characteristic
No. (%) of patients*

n = 23 460

Age, yr, mean ± SD 54.3 ± 17.0

Sex, male 10 590 (45.1)

BMI, mean ± SD 35.5 ± 5.5

Obesity classification based on BMI

    Obesity class I (30–34.9)  12 767 (54.4)

    Obesity class II (35–39.9) 6246 (26.6)

    Obesity class III (≥ 40) 4447 (19.0)

Obesity classification based on EOSS

    EOSS stage 0 610 (2.6)

    EOSS stage 1 4525 (19.3)

    EOSS stage 2 12 405 (52.9)

    EOSS stage 3 5392 (23.0)

    EOSS stage could not be calculated 528 (2.3)

Note: BMI = body mass index, EOSS = Edmonton Obesity Staging System, 
SD = standard deviation.
*Except where indicated otherwise.
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We could not differentiate disease severity for osteoarthri-
tis, so we conducted further analysis to understand what 
degree of osteoarthritis drove the EOSS stage. We found that 
15.7% of patients with osteoarthritis had an EOSS stage of 3 
for another comorbidity, which suggested that their overall 
EOSS stage was not being driven by osteoarthritis alone.

Interpretation

We have shown the feasibility of using primary care data to 
calculate EOSS stages and have developed a clinical dash-
board; these tools are urgently needed to allow clinicians to 
monitor disease severity and facilitate management in accor-
dance with the 2020 Canadian clinical practice guideline for 
obesity in adults.2 Those working in the field of obesity medi-
cine now recognize the importance of focusing on functional 
health and organ impairment, rather than body weight exclu-
sively.1 Consistent with the literature, we have shown that the 
EOSS comorbidity-driven approach to obesity provides addi-
tional clinical information, which may enhance the usefulness 
of BMI. Future work will be needed to determine how to 
incorporate EOSS more seamlessly into routine care, in par-
ticular with integration of functional impairment in clinical 
assessment. This, together with integration of knowledge of 

the person’s life context, will be crucial to working with the 
patient to create a suitable management plan.2,25

Using the dashboard, clinicians can more easily identify 
patients who may require closer assessment and follow-up, 
such as those with higher EOSS, those whose EOSS changes, 
those who are “behind” in chronic disease management and 
those who have not been seen for follow-up for long periods. 
The dashboard can also be used as a tool to promote data-
driven practice quality improvement initiatives, including sup-
port of evidence-based screening for obesity-related comor-
bidities at the level of the overall practice. We have recently 
sent individual reports and links to the dashboard to all phys-
icians in the NAPCReN, and our future work will focus on 
quality improvement in obesity practice.

Given the use of real-world data from primary care elec-
tronic medical records, our feasibility study recognizes that 
variation in clinical practice is warranted and that not all lab-
oratory measurements are indicated for all patients. For exam-
ple, alanine aminotransferase, one of the measures of liver 
function, is recommended to screen for nonalcoholic fatty 
liver disease.2,26 However, this recommendation is grade 3, 
level D, a weak recommendation based on current evidence; 
as such, not all patients will have been clinically deemed as 
needing this measure. Conversely, some information was 
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Figure 3: Proportions of patients with data available to assign Edmonton Obesity Staging System (EOSS) comorbidity stage. Among those with 
data available, the proportion of patients in each EOSS stage is shown.
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missing that would be clinically relevant. For example, 13.7% 
of adult patients did not have height and weight data available 
to calculate BMI, yet 50.7% of these had EOSS stage 2 or 3, 
values associated with worse clinical outcomes. Despite these 
realities of the data, we were able to calculate EOSS stages for 
most patients. The fact that 52.9% of our adult population 

with BMI greater than 30 were in the EOSS stage 2 category 
identifies a large subset of patients who would benefit from 
targeted clinical interventions to prevent the development of 
obesity-related end-organ damage, such as cardiovascular dis-
ease or liver disease.

Since publication of the seminal work of Padwal and col-
leagues in 2011,5 several studies have examined the usefulness 
of the EOSS; these have been compiled in a review by Atlantis 
and colleagues.3 Several researchers6,7 have confirmed the 
observation of Padwal and colleagues5 that risk of death 
increases with EOSS stage 3. In patients who have undergone 
bariatric surgery, EOSS stage 3 was associated with increases 
in postoperative complications, 30-day mortality and years of 
life lost.27–29 The EOSS stage may also help to predict the 
chance of cesarean delivery in high-risk nulliparous women 
with overweight or obesity who undergo induction of labour 
at term, with a substantial increase in risk observed with 
EOSS stage 3.30 

Although the EOSS is the most researched clinical staging 
system for obesity, several others have been described, includ-
ing the King’s Obesity Staging Criteria,31–33 as well as 
2 surgery-focused scores, the Obesity Surgery Score34 and the 
Obesity Surgery Mortality Risk Score.35 Atlantis and col-
leagues3 also described the various ways in which the EOSS has 
been operationally defined in studies to date. It is important to 
note that the broader EOSS typically assesses multiple dimen-
sions of health, including physical symptoms, psycho pathology, 
functional limitations and impairment of well-being.7 As has 
been the case in other studies,5 some of these dimensions of 
health could not be evaluated in our study using existing data-
bases. However, the observation of increased comorbidity bur-
den associated with important patient outcomes is the key clin-
ical point in the care of people living with obesity.

Limitations
We recognize a number of limitations of our study. The 
EOSS is an evolving clinical tool with operational definitions 
that vary across different studies. We adhered to the approach 
of Padwal and colleagues5 and recognize that this approach 
does not encompass physical function or mental health 
parameters. Future work should focus on assessing the opera-
tional definitions of EOSS with these parameters included. 

Table 3: Models to determine how much variation in EOSS 
stages can be attributed to age, sex and BMI*

Stepwise model†
R2 or % of variation 
in EOSS explained

Increment 
in R2

Model 1: Age only 31.04 –

Model 2: Age and sex 31.05 0.01

Model 3: Age, sex and BMI 32.26 1.21

Note: BMI = body mass index, EOSS = Edmonton Obesity Staging System.
*Of the total population, 528 were missing or had no EOSS stage and thus were 
not included in the model; as such, the number of patients used for modelling 
was 22 932. The stepwise models add variables but do not include interaction 
effects of the variables.
†In these models, EOSS is the outcome variable (stage 0, stage 1, stage 2, stage 3). 

Table 2: Description of patients with missing BMI value

EOSS stage
No. (%) of patients 
with BMI missing

Patients without BMI available 8036

    EOSS 0 1054 (13.1)

    EOSS 1 1838 (22.9)

    EOSS 2 2822 (35.1)

    EOSS 3 1252 (15.6)

    EOSS not assigned 1070 (13.3)

Liver disease EOSS

    EOSS 0 4394 (54.7)

    EOSS 1 734 (9.1)

    EOSS 2 20 (0.2)

    EOSS 3 3 (< 0.1)

    EOSS unavailable 2885 (35.9)

Dyslipidemia EOSS

    EOSS 0 465 (5.8)

    EOSS 1 1330 (16.6)

    EOSS 2 2545 (31.7)

    EOSS unavailable 3696 (46.0)

Diabetes EOSS

    EOSS 0 1846 (23.0)

    EOSS 1 2242 (27.9)

    EOSS 2 765 (9.5)

    EOSS unavailable 3183 (39.6)

Kidney disease EOSS

    EOSS 0 3477 (43.3)

    EOSS 1 608 (7.6)

    EOSS 2 229 (2.8)

    EOSS 3 98 (1.2)

    EOSS unavailable 3624 (45.1)

Hypertension EOSS

    EOSS 0 185 (2.3)

    EOSS 1 1634 (20.3)

    EOSS 2 2533 (31.5)

    EOSS unavailable 3684 (45.8)

Osteoarthritis EOSS 3 781 (9.7)

Coronary artery disease or congestive 
heart failure EOSS 3

474 (5.9)

Cerebrovascular disease EOSS 3 101 (1.3)

Note: BMI = body mass index, EOSS = Edmonton Obesity Staging System.
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In our study, wherever possible, we used validated 
CPCSSN case definitions to identify and classify patients’ 
comorbidities. However, the CPCSSN has not yet validated 
some of the comorbidities that were needed for this feasibil-
ity study. Future work to expand the list of validated data 
definitions will enhance this tool. Our collaborative creation 
of data definitions by clinicians and data scientists, focusing 
on clin ical practice guidelines, appears to be a reasonable 
first step. 

In addition, other than sex and age, data for relevant 
sociodemographic factors reflecting health determinants, such 
as income and education level, were not reliably available. 
Increasing the availability of these variables would help refine 
factors that may contribute to increasing EOSS.

Conclusion
Obesity is a prevalent chronic disease in which worse 
patient outcomes occur at higher clinical stages, as defined 
by increasing severity of comorbidities. Using the EOSS 
may enhance clinically important obesity information over 
using BMI alone. We found that it was feasible to use pri-
mary care data to calculate clinical EOSS stages and to 
develop a clinical obesity chronic disease dashboard. 
Although data on further dimensions of health and health 
determinants could be improved in future databases, the 
information currently available affords an opportunity to 
intervene to prevent progression of the disease and may 
help to limit both the health and the economic burdens of 
obesity.
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