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Abstract
Background: Obesity has a major impact on health and health care, particularly in those with chronic kidney disease (CKD).
Objective: The objective was to describe the prevalence, characteristics, and outcomes of people living with CKD and 
obesity (defined by a body mass index [BMI] ≥30 kg/m2) in Canada.
Design: Population-based cohort study using linked administrative health data (ICES).
Patients: Adults aged 18 year and older with CKD G1-5D who had a height and weight recorded during a visit to an 
academic hospital in London Ontario Canada, between January 2010 and December 2019.
Measures: CKD as defined by CKD 3A or higher. BMI as defined by weight kg/m2.
Methods: As a primary interest, we described the percentage of patients with CKD across different BMI categories (<25 
kg/m2, BMI 25-29.9 kg/m2, and BMI ≥30 kg/m2), as well as their demographic and clinical profiles. As secondary interests, 
we followed patients until January 1, 2022 to summarize: (1) the percentage with CKD G3 who had kidney disease 
progression (50% decline from baseline estimated glomerular filtration rate [eGFR]) by BMI category, (2) the percentage 
with CKD G3-4 who developed kidney failure (initiation of maintenance dialysis or an eGFR of <15 mL/min/1.73 m2) by 
BMI category, (3) the percentage with CKD G4-G5D who received a kidney transplant by BMI category, and (4) post-
transplant outcomes in those transplanted over the study period, by BMI category. We performed similar analyses across 
CKD risk categories.
Results: Of the 198 151 patients included, the percentage with obesity defined by a BMI ≥30 kg/m2 increased from CKD 
G1 to CKD G4 (ie, 37% of those with CKD G1 had a BMI ≥30 kg/m2 vs 40.9% of CKD G4). In CKD G5D and CKD T, the 
prevalence of high BMI appeared to drop (only ~38% had a BMI ≥30 kg/m2 across groups). Across CKD categories, those 
with a BMI ≥30 kg/m2 appeared to have more comorbidities, use more health care resources, and have more socioeconomic 
disparities than those with lower BMIs. Although secondary outcome events were limited, those with G3-4 with a BMI ≥30 
kg/m2 appeared to have a higher risk of CKD progression and those with CKD G5D with BMI ≥30 kg/m2 were less likely 
to receive transplant over the study period. Interestingly those transplanted with a BMI ≥30 kg/m2 appeared to have fewer 
post-transplant complications. We also observed an “obesity-paradox” in the risk of mortality, with high BMI appearing 
protective, particularly in the end stages of kidney disease.
Limitations: We used BMI to capture obesity in this study but recognize its limitations as a measure of body composition. 
Secondary outcomes were descriptive and unadjusted due to small sample size and may have been subject to selection bias 
and confounding.
Conclusions: Obesity defined by high BMI is highly prevalent in people with CKD, and patients have health, health care, and 
social disparity. Future studies to understand the impact of BMI on patients with CKD and how to individualize and manage 
BMI and obesity across the spectrum of CKD remain important.
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Abrégé 
Contexte : L’obésité a d’importantes répercussions sur la santé et les soins de santé, particulièrement chez les personnes 
atteintes d’insuffisance rénale chronique (IRC).
Objectif : Décrire la prévalence, les caractéristiques et les résultats de l’obésité (définie par un indice de masse corporelle 
[IMC] ≥ 30 kg/m2) chez les personnes atteintes d’IRC au Canada.
Conception : Étude de cohorte représentative de la population menée à partir d’un ensemble de données administratives 
en santé (ICES).
Sujets : Des adultes atteints d’IRC de stade G1-5D dont la taille et le poids avaient été enregistrés lors d’une visite à un 
hôpital universitaire de London en Ontario (Canada) entre janvier 2010 et décembre 2019.
Mesures : L’IRC, définie par une IRC de stade 3A ou supérieur. L’IMC, défini par le poids en kilogrammes par mètre carré 
(kg/m2).
Méthodologie : Comme principal critère d’intérêt, nous avons calculé le pourcentage de patients atteints d’IRC dans 
différentes catégories d’IMC (<25 kg/m2; 25-29,9 kg/m2 et ≥30 kg/m2), ainsi que selon leur profil démographique et clinique. 
Comme critères d’intérêts secondaires, nous avons suivi les patients jusqu’au 1er janvier 2022 afin de résumer pour chaque 
catégorie d’IMC : 1) le pourcentage de patients atteints d’IRC G3 présentant une progression de la maladie rénale (déclin d’au 
moins 50 % du DFGe initial); 2) le pourcentage de patients atteints d’IRC G3-4 présentant une insuffisance rénale terminale 
(initiation de la dialyse d’entretien ou DFGe < 15 ml/min/1,73 m2); 3) le pourcentage de patients atteints d’IRC G4-G5D ayant 
reçu une greffe de rein; et 4) les résultats post-transplantation chez les transplantés pendant la période de l’étude. Nous 
avons effectué des analyses similaires pour toutes les catégories de risque d’IRC.
Résultats : Sur les 198 151 patients inclus à l’étude, le pourcentage d’obésité (IMC ≥ 30 kg/m2) a augmenté de l’IRC G1 
à l’IRC G4 (37 % des patients atteints d’IRC G1 avaient un IMC ≥30 kg/m2 c. 40 % pour l’IRC G4). La prévalence d’un IMC 
élevé a semblé diminuer dans les groupes IRC G5D et IRC T (environ 38 % seulement des patients avaient un IMC ≥30 kg/m2 
dans l’ensemble des groupes). Dans toutes les catégories d’IRC, les personnes avec un IMC ≥30 kg/m2 semblaient présenter 
davantage de comorbidités, utiliser plus de ressources de santé et présenter davantage de disparités socioéconomiques 
que celles ayant un IMC plus faible.Bien que les critères de jugement secondaires étaient limités, nous avons constaté que 
les patients obèses atteints d’IRC G3-G4 semblaient présenter un risque plus élevé de progression de l’IRC, et que les 
patients obèses atteints d’IRC G5D étaient moins susceptibles de recevoir une greffe au cours de la période de l’étude. 
Il est intéressant de noter que les transplantés avec un IMC ≥30 kg/m2 ont semblé avoir moins de complications post-
transplantation. Nous avons également observé un « paradoxe d’obésité » par rapport au risque de mortalité, où un IMC 
élevé a semblé avoir un effet protecteur, en particulier dans les stades terminaux de l’insuffisance rénale.
Limites : Nous avons utilisé l’IMC pour définir l’obésité dans cette étude, mais nous avons reconnu ses limites en tant que 
mesure de la composition corporelle. Les résultats secondaires sont descriptifs et non ajustés en raison de la petite taille de 
l’échantillon; ils pourraient ainsi être sujets à un biais de sélection et une source de confusion.
Conclusions : L’obésité définie par un IMC élevé est très répandue chez les personnes atteintes d’IRC, et il existe des 
disparités sociales, de soins et d’état de santé entre les patients. D’autres études sont nécessaires afin de mieux comprendre 
l’impact de l’IMC chez les patients atteints d’IRC, et de guider l’individualisation des soins et la gestion de l’IMC et de l’obésité 
dans l’ensemble du spectre de l’IRC.
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Introduction

The prevalence of obesity is rising1-3 and has major health 
and health care implications.4-6 Obesity is associated with 
comorbidities including type 2 diabetes, cardiovascular dis-
ease, and kidney disease,5,6 can contribute to significant 
health care costs,4,6,7 and can reduce quality of life.5,6

The consequences of obesity can be particularly pro-
found for people with chronic kidney disease (CKD).8,9 
Obesity is not only a risk factor for CKD progression,10-12 
but it can restrict access to optimal treatment including kid-
ney transplantation.1,9,13,14 In some studies, obesity (typi-
cally defined by a body mass index or body mass index 
[BMI] ≥30kg/m2) has been associated with wound compli-
cations and delayed graft function,15,16 and for these reasons 
patients with high BMI are often excluded from kidney 
transplantlists.1,7,10,11

The treatment and prevention of obesity among people 
with CKD are thus essential. To foster well-conducted 
research in this theme, it is important to understand the epi-
demiology of obesity across the CKD spectrum. Descriptive 
studies can inform sample size calculations and assist 
researchers to develop targeted interventions (eg, based 
upon socioeconomic characteristics of patients). We thus 
examined the contemporary prevalence of obesity (as 
defined by a BMI ≥30 kg/m2) in people with CKD from 
our region (London, Ontario, Canada). We also examined 
their demographic and characteristics, and the potential 
impact of high BMI on kidney disease progression, kidney 
failure and transplant. We hypothesized that the prevalence 
of BMI ≥30kg/m2 would be the highest in those with more 
advanced CKD, that these individuals would have more 
socioeconomic challenges, and that they would be at a 
heightened risk of progressive kidney disease and have 
lower rates of kidney transplantation than individuals with 
a lower BMI.

Methods

Design and Setting

We conducted a population-based cohort study of adults 
who received care in London, Ontario, and Canada hospital 
(London Health Sciences Centre [LHSC] and St. Joseph’s 
Health Care London) between January 1, 2010 and 
December 31, 2019. The LHSC and St. Joseph’s Health 
Care London are large academic centers that provide in-
patient and out-patient health services to residents from 
London Ontario (population with mean age 41 years, 51% 
female, median annual income $33 000)17 as well as those 
from as far as Northern Ontario to Extreme Southwestern 
Ontario. Our hospitals catchment includes people followed 
within LHSC’s Renal Program, which offers comprehen-
sive kidney services across the region.18 We followed 
guidelines for the reporting of observational studies 
(Supplement Table 1).19

Data Sources

We used data from ICES (an independent, non-profit research 
institute that houses hundreds of administrative datasets), 
linked with Oracle CERNER (database of local digital health 
information) as our data sources.20 In Ontario, residents have 
universal access to hospital and physician services and diag-
nostic testing through Ontario’s Health Insurance Plan 
(OHIP). Those aged 65 years or older or using social assis-
tance (eg, Ontario Disability Support Program) have access 
to most prescription medications (through the Ontario Drug 
Benefits Program or ODB). The use of ICES data in this 
project was authorized under section 45 of Ontario’s Personal 
Health Information Protection Act (PHIPA) which does not 
require review by a Research Ethics Board.

We used databases including the Registered Persons 
Database of Ontario which provided vital statistics such as age, 
sex, and death date; the Ontario Marginalization Index, which 
provides neighborhood measures of marginalization, including 
economic, ethno-racial, age-based, and social marginaliza-
tion21; the Ontario Laboratory Information System (OLIS) for 
lab values including serum creatinine, estimated glomerular 
filtration rate (eGFR), albumin-creatinine ratio (ACR), gly-
cated hemoglobin (HbA1c), and lipids22; and the Canadian 
Organ Replacement Registry (CORR) and OHIP, to collect 
kidney transplantation and dialysis information. Oracle 
CERNER was used to present calculated BMIs (via in-hospital 
height and weight). For health care utilization, we used the 
Client Agency Program Enrolment database (contains informa-
tion about “rostering” to primary care), the Home Care 
Database (home care services), the ICES Physician Database, 
and the OHIP Claims databases (physician billing codes and 
diagnostic testing). We used the ODB and Drug Identification 
Number (DIN) database to report medication usage, and the 
National Ambulatory Care Reporting System (NACRS) data-
base, Canadian Institute for Health Information’s Discharge 
Abstract Database (CIHI-DAD), and the Same Day Surgery 
databases to present comorbidities coded during emergency 
department, hospital, and same day surgical visits, respectively. 
The Ontario Mental Health Reporting System, Congestive 
Heart Failure, Ontario Hypertension Dataset, Ontario Diabetes 
Dataset, Ontario Rheumatoid Arthritis dataset, and the 
Canadian Joint Replacement Registry are validated ICES 
cohorts used to present medical conditions and comorbidities 
(widely used in the literature).23-25 Lookback windows for 
baselines characteristics were (1) 5 years for comorbidities, (2) 
1 year for health care utilization, (3) 1 year for lab values, and 
(4) 180 days for medications.

All databases were linked using unique, coded identifiers 
and analyzed at ICES. A detailed description of each dataset 
is provided in Supplement Table 2

Patients

We included adults aged 18 and older who had a height and 
weight recorded during a visit to LHSC or St. Joseph’s 
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Health Care London between January 1, 2010, and December 
31, 2019. We excluded (1) those with a missing or invalid 
identification number, missing or invalid age (>105 years), 
missing or invalid sex, and death on or before index date (or 
start time for follow-up which was defined as the date the 
height/weight was recorded for out-patient encounters, or the 
date of discharge from hospital for in-patient encounters). 
We also excluded non-Ontario residents (to facilitate fol-
lowup), (2) those who did not have both a height and weight 
measured during the same hospital encounter, (3) those with 
an extreme BMI (>200 or <11 kg/m2), (4) encounters where 
the patient had been pregnant within a year prior to or on the 
index date, and (5) patients who did not have an eGFR value 
available in OLIS in the year prior to or on the index date (so 
that we could categorize their CKD). If there were multiple 
hospital encounters for a single individual, 1 encounter was 
selected at random after all exclusion criteria were applied.

We then stratified patients by CKD category.26 We did this 
by grouping patients per KDIGO recommendations based 
upon their eGFR most proximal to the index date (eGFR 
≥90 CKD G1, 60-90 CKD G2, 45-60 CKD G3A, 30-45 
CKD G3B, 15-30 CKD G4, <15 mL/min/1.73 m2 CKD G5 
ND). We placed those with evidence of maintenance dialysis 
(defined as a code for dialysis within 1 year of the index date 
using the CORR database) in their own category (CKD 5D), 
as well as those with a kidney transplant the 5 years prior to 
the index date using CORR (CKD T) within their own strata. 
Where patients had evidence of an eligible eGFR, and also 
used maintenance dialysis or received a kidney transplant 
prior to the index date, we followed a hierarchy to stratify 
them (transplant > dialysis > eGFR). In a subgroup who had 
an ACR available within 1 year of the index date, we also 
stratified them by CKD risk category for additional analyses 
(Supplement Table 3).

Exposures

Our primary exposure was CKD as defined by CKD 3A dis-
ease or higher. Our secondary exposure was BMI category 
(underweight to normal [BMI < 25 kg/m2], overweight 
[BMI 25-29.9 kg/m2], and obese [BMI ≥30 kg/m2]),27,28 
with a special focus on those with a BMI ≥30 kg/m2. Where 
sample size allowed, we further stratified patients in the 
obese category to class 1 (BMI 30-34.9 kg/m2), class 2 (BMI 
35-39.9 kg/m2), and class 3 obesity (BMI ≥40 kg/m2). 
Although we recognize that BMI has limitations,29-31 it 
remains widely used as an obesity measure in epidemiologi-
cal studies and continues to be used across clinical practice 
guidelines.28,32

Outcomes

Our primary interest was to describe the BMI of patients 
across CKD categories alongside their characteristics  
(eg, medical, demographic, socioeconomic). As secondary 

interests, we followed patients from their index date until the 
end of the study (January 1, 2022) to summarize: (1) the per-
centage of those with CKD G3 who had kidney disease pro-
gression (50% decline from baseline eGFR) by BMI category, 
(2) the percentage with CKD G3-4 who developed kidney 
failure (initiation of maintenance dialysis or an eGFR of <15 
mL/min/1.73 m2) by BMI category, (3) the percentage of 
those with G4, G5ND, and5D who received a kidney trans-
plant by BMI category, and (4) post-transplant outcomes of 
transplant recipients over the study period. This included the 
percentage who developed graft failure any time following 
transplant (ie, graft failure date in CORR), return to mainte-
nance dialysis following transplant (defined by receipt of an 
OHIP fee code for dialysis), or re-transplant (defined by 
OHIP fee code for kidney transplant) prior to the study end 
date.

Statistical Analysis

We used descriptive statistics to summarize baseline charac-
teristics of included patients by CKD stage (and risk cate-
gory) as well as BMI. We estimated 95% confidence intervals 
(CIs) using the Wilson score method. Given we expected 
events to be low in our secondary analyses, we a priori 
decided to provide crude, unadjusted results (number, %). 
We conducted all analyses at ICES using SAS version 9.4 
(SAS Institute, Cary, North Carolina).

Results

Baseline Characteristics

Our cohort build is illustrated in Supplement Figure 1, and 
the characteristics of included patients by CKD category are 
provided in Table 1. As expected, those in higher CKD cate-
gories (ie, more advanced disease), had more comorbidities, 
and used more health care than those with more preserved 
kidney function. The characteristics of included patients by 
BMI category are summarized in Supplement Table 4. Those 
with a BMI ≥30 kg/m2 appeared to have more comorbidi-
ties, more often fell into lower income quintiles, and more 
often lived in rural areas. They also used more health care 
resources and medications.

Outcomes

The prevalence of obesity defined using a BMI ≥30 kg/m2 
appeared higher in those with CKD G3A category or higher 
and was particularly prevalent in those with CKD G3-4 
(Figure 1). A similar trend was apparent by CKD risk cate-
gory with the highest prevalence of obesity in the moderate 
and high-risk CKD categories (50.7% and 49.5% had a BMI 
≥30 kg/m2 across groups) (Supplement Figure 2). In post-
hoc analysis, we observed that some patients had multiple 
BMI measures taken over the study accrual period. However, 
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when BMI was averaged per person (ie, mean/median BMI 
per person), and average values compared with their “index” 
value, there was no meaningfully difference in BMI mea-
sures (Supplement Table 5).

In secondary analyses (illustrated in Table 2, 3 and 
Figure 2), we found that in those with CKD G3-4 and 
BMI ≥30 kg/m2, kidney disease progression appeared 
more common than in those with lower BMI, particularly 
in higher obesity classes (Table 2). Those with CKD 
G5D and a BMI >30 kg/m2 also appeared to receive a 
transplant less often over the follow-up period (Table 3). 
Those transplanted with a BMI ≥30 kg/m2 however, 
appeared to have fewer post transplant complications 
(Figure 2).

In post-hoc analysis, we examined the percentage of 
patients with CKD G3, G4, G5ND, and CKD 5D who died 
over follow-up. The overall risk of death appeared to increase 
as CKD advanced (almost 70% of those with CKD G5ND 
died over follow-up, Table 2 and 3). Interestingly in our 
study, those with a BMI ≥30 kg/m2 appeared to have a lower 
risk of mortality than those with a BMI <30 kg/m2 across the 
spectrum.

Kidney function and transplant outcomes by BMI and 
CKD risk category are provided in Supplement Table 6. 
Findings appeared similar to our primary cohort.

Discussion

In this large cohort study of real-world patients, we observed 
that over 40% of people with CKD G3-4 have obesity as 
defined by a BMI ≥30 kg/m2, which was higher than those 
without CKD (CKD G1-2). This is consistent with prior non-
Canadian studies which found that 13% to 53% of people 
with CKD had high BMI.3,33,34

It is known that people with CKD have concomitant 
comorbidities including diabetes and heart disease which 
could contribute to challenges with losing weight or main-
taining a healthy weight (eg, limited exercise capacity).35 In 
addition, they may have more non-adipose weight (ie, fluid 
overload, large kidney size in polycystic kidney disease or 
PCKD), which could increase BMI but not adipose related 
risk. Obesity itself has also been associated with the pro-
gression of CKD, and so reverse causality is a possibil-
ity.10,11,36,37 In our cohort, those receiving dialysis or with 
prior history of transplant appeared to have a lower BMI 
which could speak to having low muscle mass in CKD 5D 
which can influence BMI measures.38,39 Sarcopenic obesity 
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occurs when patients have a high body fat percentage with 
low skeletal muscle mass and muscle function,39,40 and its 
presence can contribute to the misclassification of obesity 
when BMI is used as a measure.40,41 Transplant recipients 
also had a lower BMI, and this may have been due to selec-
tion bias (it is known that transplant programs exclude 
patients with high BMI from receiving a kidney 
transplant).1

Additional expected findings were that people with high 
BMI across the CKD categories appeared to have more 
health and social challenges; they had a greater number of 
comorbid conditions, used more medications, and more often 
lived in lower income neighborhoods than those with a lower 
BMI. These findings align with the known association 
between socioeconomic status and obesity. A large epidemi-
ological study in South Korea noted, for example, a relation-
ship between low socioeconomic status and a greater number 
of comorbidities in those with obesity and CKD.33 Results 
remind us of the importance of considering financial con-
straints and socioeconomic context when designing interven-
tions to support patients with obesity.42

As observed in other studies, in our secondary analyses of 
CKD progression across BMI categories, we found that obe-
sity is likely a risk factor.10,11,43 This may be due to changes 
in renal hemodynamics, activation of the renin-angiotensin-
aldosterone system, and the harmful effects of adipokines.9,12 
Similar results were observed across CKD risk categories. In 
those with CKD approaching dialysis, BMI might have been 
influenced by volume overload which may have been an 
indication to transition to dialysis.

Following transplant, additional interesting trends were 
observed. There appeared to be less graft failure and return to 
dialysis among those with a higher BMI, out of keeping with 
prior studies.16,44,45 It could be that these patients were par-
ticularly well selected to receive a transplant (as physicians 
and surgeons were aware of the potential risks of offering a 
kidney to those with an already high BMI). Perhaps factors 
such as time on dialysis pre-transplant played a role. Those 
with a higher BMI, who were transplanted, may also have 
been at lower risk of sarcopenia which has also been associ-
ated with lower rates of graft survival.46-48

Although post-hoc analyses, it is important to draw 
attention to the mortality risk of patients with CKD across 
the BMI spectrum. Although we observed that the risk of 
mortality increased by CKD category (a well-described 
relationship),49 high BMI actually appeared “protective” in 
our study. This “obesity-paradox” has been described in 
other studies, particularly in end-staged kidney disease. 
The exact mechanism is unclear, but several have been pos-
tulated by Kovesdy et  al43 and Hung et  al.50 Higher BMI 
might be associated with better nutrition (those with 
advanced CKD and dialysis are prone to malnutrition). A 
higher BMI may reflect greater muscle mass, which is asso-
ciated with better outcomes in those with CKD. Those with 
obesity may have lower metabolic rates, which may be 

protective in the catabolic state often seen in advanced 
CKD. In advanced CKD, higher BMI has been associated 
with higher hemoglobin levels, which may contribute to 
better outcomes. These secondary and post-hoc analyses, 
however, do need to be interpreted cautiously as analyses 
were not adjusted and limited by sample size.

Larger studies are needed to explore all findings and in 
end-staged kidney disease and dialysis, we need more 
understanding of whether reducing BMI is appropriate for 
all patients. We conducted a large cohort study using linked 
hospital, administrative, and laboratory data. We provide a 
contemporary view on the epidemiology and outcomes 
associated with high BMI in people with CKD as defined 
by both eGFR and CKD risk category. We do recognize that 
in this study, we used BMI as an obesity measure; it has 
limitations, especially in people with CKD. The BMI may 
have missed an obesity diagnosis for a significant propor-
tion of patients.29 Thus, our prevalence estimates of “true 
obesity” could have been underestimated. However, in rou-
tine care, BMI remains a widely used tool for counseling 
and clinical decision-making (eg, listing patients for trans-
plant). Other anthropometric measurements, especially 
those that consider central fat distribution, may have a bet-
ter association with morbidity and mortality risk and could 
be helpful to examine more rigorously in this patient popu-
lation.30,31 Furthermore, as we relied upon heights and 
weight captured in routine care, we could not examine 
whether some patients had weight measured before or after 
their dialysis session (dry weight measurements are sug-
gested). We also acknowledge that some causes of CKD 
such as autosomal dominant PCKD can cause patients to 
have very large kidneys, which can significantly contribute 
to their weight.51 Although we used a single eGFR measure 
to stratify patients into CKD categories, this method 
allowed for us to include a larger cohort of patients and is 
still acceptable and well validated.52 As we also chose the 
eGFR most proximal to the hospital encounter, we do not 
expect any misclassification across CKD categories. We do 
recognize that the study was conducted during the pan-
demic, and so the outcomes of those who were followed 
from March 2020 onward could have been affected. Finally, 
our outcome estimates were not adjusted due to small sam-
ple sizes, and event rates were impacted by death as a com-
peting interest (particularly in dialysis).

Conclusions

Obesity is highly prevalent in people with CKD. The results 
of this study heighten awareness of this comorbidity, the 
characteristics of those with CKD and obesity, and obesity’s 
potential consequences on disease progression and transplant 
access. Our work highlights that obesity needs to be a focus 
of conversation. This study may assist care providers in pro-
viding counseling about BMI, transplant clinics, and policy-
makers in resource planning in a public health care system 
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(ie, potential need for clinical supports for a growing popula-
tion), and may be valuable to researchers who can use results 
to help design and tailor obesity interventions.
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