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ABSTRACT

Background. In the general population with coronavirus disease 2019 (COVID-19), obesity is associated with an
increased risk of mortality. Given the typically observed obesity paradox among patients on kidney function
replacement therapy (KFRT), especially dialysis patients, we examined the association of obesity with mortality among
dialysis patients or living with a kidney transplant with COVID-19.

Methods. Data from the European Renal Association COVID-19 Database (ERACODA) were used. KFRT patients
diagnosed with COVID-19 between 1 February 2020 and 31 January 2021 were included. The association of Quetelet’s
body mass index (BMI) (kg/m?), divided into: <18.5 (lean), 18.5-24.9 (normal weight), 25-29.9 (overweight), 30-34.9 (obese
I) and >35 (obese II/III), with 3-month mortality was investigated using Cox proportional-hazards regression analyses.
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Results. In 3160 patients on KFRT (mean age: 65 years, male: 61%), 99 patients were lean, 1151 normal weight (reference),
1160 overweight, 525 obese I and 225 obese II/III. During follow-up of 3 months, 28, 20, 21, 23 and 27% of patients died in

these categories, respectively. In the fully adjusted model, the hazard ratios (HRs) for 3-month mortality were 1.65 [95%
confidence interval (CI): 1.10, 2.47], 1 (ref.), 1.07 (95% CI: 0.89, 1.28), 1.17 (95% CI: 0.93, 1.46) and 1.71 (95% CI: 1.27, 2.30),
respectively. Results were similar among dialysis patients (N = 2343) and among those living with a kidney transplant
(N = 817) (Pinteraction = 0.99), but differed by sex (Pinteraction = 0.019). In males, the HRs for the association of
aforementioned BMI categories with 3-month mortality were 2.07 (95% CI: 1.22, 3.52), 1 (ref.), 0.97 (95% CI: 0.78. 1.21), 0.99
(95% CI: 0.74, 1.33) and 1.22 (95% CI: 0.78, 1.91), respectively, and in females corresponding HRs were 1.34 (95% CI: 0.70,
2.57), 1 (ref.), 1.31 (95% CI: 0.94, 1.85), 1.54 (95% CI: 1.05, 2.26) and 2.49 (95% CI: 1.62, 3.84), respectively.

Conclusion. In KFRT patients with COVID-19, on dialysis or a kidney transplant, obesity is associated with an increased
risk of mortality at 3 months. This is in contrast to the obesity paradox generally observed in dialysis patients.
Additional studies are required to corroborate the sex difference in the association of obesity with mortality.

Keywords: COVID-19, kidney failure, mortality, obesity paradox, reverse epidemiology

INTRODUCTION

Obesity is a well-established risk factor for mortality in the gen-
eral population, such that Quetelet’s body mass index (BMI) over
30 kg/m?is associated with a sharp increase in the risk of mortal-
ity [1]. However, the relationship between obesity and mortality
has not been observed consistently across all population sub-
groups. Among patients on kidney function replacement ther-
apy (KFRT), especially dialysis patients, obesity is reported to be
associated with better survival, a phenomenon known as the
‘obesity paradox’ [2].

Early in the coronavirus disease 2019 (COVID-19) pandemic,
obesity was identified as a key risk factor for severe compli-
cations including death among the general population with
COVID-19 [3]. To our knowledge, there has not been a compre-
hensive study to investigate the association of obesity with the
risk of mortality among patients on KFRT with COVID-19, and
consequently, it is unclear whether the ‘obesity paradox’ holds
true also among patients on KFRT with COVID-19 infection [4].

Given the high COVID-19 case-fatality rate among patients
on KFRT [5] and thereby the need to understand risk factors
for severe COVID-19, we aimed to investigate the relationship
of obesity with mortality and other major disease-related out-
comes among patients on KFRT with COVID-19 using data from
the European Renal Association COVID-19 Database (ERACODA),
the largest European database of patients on KFRT with COVID-
19, which prospectively collected detailed information on pa-
tient and disease characteristics.

MATERIALS AND METHODS
Study design and participants

The ERACODA database was established in March 2020 and cur-
rently involves the cooperation of approximately 220 physicians
representing over 140 centers in 33 countries, mostly in Europe.
Data were collected on adult (>18 years) patients with kidney
failure, either on dialysis or living with a functioning kidney al-
lograft, who were diagnosed with COVID-19 based on a positive
result on a real-time polymerase chain reaction assay or rapid
antigen test of nasal and/or pharyngeal swab specimens and/or
compatible findings on CT scan or chest X-ray. Data were vol-
untarily reported from outpatients and hospitalized patients by
physicians responsible for their care [6].

The ERACODA database is hosted at the University Medi-
cal Center Groningen, the Netherlands. Data are recorded using
REDCap software (Research Electronic Data Capture, Vanderbilt

University Medical Center, Nashville, TN, USA) for data collec-
tion [7]. Patient information is stored pseudonymized. The study
was approved by the Institutional Review Board of the University
Medical Center Groningen, the Netherlands. Because of the ob-
servational, non-interventional nature, the institutional review
board deemed the collection and analysis of data exempt from
ethics review regarding the Medical Research Involving Human
Subjects Act (WMO).

Data collection

Detailed information was collected on the patient (age, sex,
ethnicity, height, weight, frailty, comorbidities, hospitaliza-
tion and medication use) and COVID-19-related characteristics
(symptoms, vital signs and laboratory test results) at presenta-
tion. Frailty was assessed using the Clinical Frailty Score devel-
oped by Rockwood et al. [8]. BMI was calculated by dividing body
weight by the square of height, expressed in kg/m?, and used
to assess obesity categorized as per World Health Organization
(WHO) classification i.e. <18.5 (underweight), 18.5-24.9 (normal),
25-29.9 (overweight), 30-34.9 (obesity Class I) and >35 kg/m?
(obesity Class II/III) [9]. Obesity classes II and III were merged
to allow sufficient patients in this category.

The primary outcome of this study was vital status at 3
months after COVID-19 diagnosis and the secondary outcomes
were hospitalization, Intensive Care Unit (ICU) admission and,
in-hospital mortality. All patients who presented between 1
February 2020 and 31 January 2021 and for whom information
on BMI, type of KFRT, date of presentation and 3-month vital sta-
tus was available, were included in the analysis (Supplementary
data, Figure S1).

Statistical analysis

Baseline characteristics are presented for the total population,
and by categories of BMI. Characteristics were compared be-
tween groups using ANOVA for continuous variables (Kruskal-
Wallis test for non-normally distributed data) and Pearson chi-
squared statistics for categorical variables.

For the association of BMI (18.5-24.9 kg/m? as reference) with
primary and secondary outcomes, hazard ratios (HRs) with cor-
responding 95% confidence intervals (CIs), were estimated for
the total population and dialysis patients and those living with
kidney transplants separately using Cox proportional-hazards
regression analyses. To account for potential confounders, mul-
tiple models were constructed in a stepwise manner. Model 1
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Table 1. Baseline demographic and clinical characteristics of patients on kidney function replacement therapy with COVID-19 by Quetelet’s
body mass index (BMI) categories

BMI categories

Underweight Normal Overweight Obesity I Obesity II/III
Total <18.5 18.5-24.9 25-29.9 30-34.9 >35
Variable (N = 3160) (N =99) (N =1151) (N = 1160) (N = 525) (N = 225) P-value
Patient characteristics
Male sex, % 61.1 47.5 61.2 66.9 58.1 44.0 <0.001
Age, year 64.8 60.7 64.8 65.4 65.7 62.3 0.002
BMI, kg/m? 26.8 17.2 22.4 27.2 32.1 39.2 <0.001
Race 0.08
White or Caucasian, % 84.6 77.8 85.5 83.3 85.0 88.3
Non-White, % 15.4 22.2 14.5 16.7 15.0 11.7
Tobacco use 0.01
Current, % 5.8 8.1 7.5 44 4.6 5.8
Prior, % 20.9 15.2 19.4 235 20.8 18.7
Never, % 41.6 424 42.5 40.2 44.4 37.8
Unknown, % 31.7 34.3 30.7 31.9 30.3 37.8
Clinical frailty scale, AU 3.6 4.2 3.6 35 3.7 4.1 <0.001
Reason for screening® 0.04
Symptoms only, % 66.9 61.4 64.3 66.2 70.7 77.4
Symptoms & COVID + Contact, % 15.2 17.1 14.5 16.4 15.4 11,3
COVID + Contact only, % 9.6 8.6 11.8 9.0 8.1 5.1
Routine, % 8.3 12.9 9.4 8.4 5.9 6.2
Comorbidities
Hypertension, % 83.6 73.7 80.5 85.7 87.6 84.0 <0.001
Diabetes mellitus, % 40.7 19.2 30.2 424 56.2 59.1 <0.001
Coronary artery disease, % 31.4 25.3 321 29.8 33.7 329 0.30
Heart failure, % 20.9 17.2 19.8 20.7 22.7 24.4 0.36
Chronic lung disease, % 11.8 15.2 10.7 116 12.4 16.0 0.16
Active malignancy, % 5.3 4.0 6.5 5.5 3.2 31 0.03
Auto-immune disease, % 4.2 9.1 4.5 3.9 3.0 49 0.08
Primary kidney disease
Primary glomerulonephritis, % 14.5 12.1 16.7 15.7 9.5 9.8 <0.001
Pyelonephritis, % 2.0 0.0 2.6 2.0 1.0 1.8 0.12
Interstitial nephritis, % 3.0 6.1 2.8 2.6 3.4 3.6 0.33
Hereditary kidney disease, % 8.6 5.1 10.8 8.4 6.5 4.9 0.003
Congenital diseases, % 2.2 4.0 3.1 1.4 2.1 1.8 0.06
Vascular diseases, % 15.9 17.2 16.5 15.8 16.8 10.3 0.19
Sec. glomerular disease, % 7.9 121 6.9 7.8 8.6 9.8 0.24
Diabetic kidney disease, % 20.4 7.1 16.1 20.6 27.7 29.9 <0.001
Other, % 16.2 22.2 14.6 15.8 17.6 20.5 0.07
Unknown, % 9.4 14.1 9.9 10.0 6.9 7.6 0.09
Kidney replacement type 0.07
Dialysis, % 74.1 82.8 75.9 72.2 72.8 74.2
Transplant, % 25.8 17.2 24.1 27.8 27.2 25.8
Time since transplantation® 0.01
<1year, % 10.3 11.8 6.5 9.9 18.9 8.6
1-5 years, % 37.6 29.4 36.1 40.4 37.1 32.8
>5 years, % 51.6 58.8 57.0 49.1 44.1 56.9
Medication use
RAAS inhibition use, % 26.2 23.2 24.0 27.3 29.3 25.8 0.05
Immunosuppressants use® 0.55
Triple therapy, % 62.1 52.9 59.2 63.7 61.5 70.7
Dual therapy, % 35.0 41.2 38.6 335 329 29.3
Mono therapy, % 2.1 5.9 1.4 2.5 2.8 0
Disease-related characteristics
Presenting symptoms
Sore throat, % 13.5 7.2 13.2 13.8 16.3 9.6 0.002
Cough, % 52.4 42.5 50.0 51.1 60.4 56.9 0.001
Shortness of breath, % 35.1 34.2 33.9 33.1 37.8 45.8 0.009
Fever, % 58.7 514 56.6 60.4 61.0 58.3 0.23

Headache, % 124 12.0 12.2 12.7 12.2 13.3 0.37
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BMI categories

Underweight Normal Overweight Obesity I Obesity II/III
Total <185 18.5-24.9 25-29.9 30-34.9 >35
Variable (N = 3160) (N = 99) (N = 1151) (N = 1160) (N = 525) (N = 225) P-value
Nausea or vomiting, % 11.8 12.0 12.4 10.4 13.0 12.7 0.26
Diarrhea, % 15.8 12.0 15.9 16.0 15.4 16.8 0.72
Myalgia or arthralgia, % 23.0 16.9 23.0 22.7 23.4 26.9 0.03
Vital signs
Temperature, °C 37.4 37.3 37.4 37.5 37.4 37.6 0.18
Respiration rate/min 19.1 19.3 18.6 19.1 19.9 20.2 <0.001
02 saturation room air, % 93.9 93.2 94.3 93.9 93.8 92.9 0.08
Systolic BP, mmHg 135.4 128.7 135.4 134.7 137.8 135.9 0.08
Diastolic BP, mmHg 74.9 76.6 74.5 75.2 75.2 73.2 0.48
Pulse rate, BPM 82.7 86.2 82.0 83.1 82.8 83.6 0.27
Laboratory test results
eGFR 42.8 37.8 45.6 43.3 38.4 40.1 0.61
Lymphocytes, x1000/pL 0.8 (0.5, 1.4) 0.8(0.51.3)  08(06,1.3)  0.9(0.6,1.3) 0.9 (0.6, 1.4) 0.9 (0.6, 1.5) 0.62
CRP, mg/L 28 (7,82) 30 (6, 74) 23 (6, 70) 28 (7, 84) 33 (10, 88) 44 (10, 107) <0.001

Continuous variables are reported as mean =+ SD or median (IQR). Groups were compared using one way ANOVA, Kruskal-Wallis test or chi-squared test as appropriate.

Obesity is defined as BMI >30 kg/m?.

ACE, angiotensin-converting enzyme; ARB, angiotensin-II receptor blocker; BMI, body mass index; RAAS, renin-angiotensin-aldosterone system; CNI, calcineurin
inhibitor; °C, degree Celsius; CRP, C-reactive protein; BP, blood pressure; O,, oxygen; eGFR, estimated glomerular filtration rate.

2664 patients missing information of identification method.
®Among kidney transplant recipients (n = 817).

was unadjusted. In Model 2 we adjusted for age (continuous)
and sex (male/female) and in Model 3 additionally for type
of KFRT (except when analyzing dialysis patients and those
living with kidney transplants separately). Model 4 was addition-
ally adjusted for factors known to be associated with COVID-
19 outcomes, i.e. smoking (never, current, former), hyperten-
sion (no/yes), diabetes (no/yes), coronary artery disease (no/yes),
heart failure (no/yes) and chronic lung disease (no/yes). Fi-
nally, in Model 5, we further adjusted for clinical frailty score
(continuous). Heterogeneity in the association of BMI and mor-
tality in dialysis patients and those living with kidney trans-
plants was investigated by testing the interaction between type
of KFRT (dialysis/kidney transplant) and BMI in a fully adjusted
model. The proportional-hazards assumption was investigated
by comparing the fully adjusted model with and without the in-
teraction of log(time) with individual covariates. Kaplan-Meier
curves were plotted to show cumulative 3-month survival by BMI
categories.

Several additional analyses were performed to assess the ro-
bustness of our findings. First, the association between BMI and
mortality was investigated across key subgroups including age
(<65/>65 years), sex (female/male), clinical frailty score (<4/>4),
the reason for COVID-19 screening (symptoms-based screen-
ing/positive COVID-19 contact or routine screening), hyperten-
sion (no/yes) and diabetes mellitus (no/yes). Heterogeneity of as-
sociations between aforementioned subgroups was investigated
by testing the interaction between a subgroup and BMI in Model
5. Second, to allow modeling of any nonlinear association be-
tween BMI and mortality, we explored the association between
BMI (continuous) and 3-month mortality using restricted cubic
splines. We prespecified the use of three knots to ensure enough
flexibility to the model while also not making the model over-
sensitive to small fluctuations. Third, to investigate the asso-
ciation of BMI with mortality during the earlier phase of the
disease, the association was investigated for 28-day mortality
instead of 3-month mortality. Finally, to account for missing val-

ues for BMI, we imputed missing values using multiple imputa-
tions by chained equations and repeated our analyses. In total,
10 imputed datasets were created with 100 iterations. Estimated
coefficients and corresponding standard errors across imputed
datasets were pooled as per Rubin’s Rules [10].

All analyses were performed using Stata version 14.0 (College
Station, TX, USA). A 2-sided value of <0.05 indicated statistical
significance.

RESULTS
Baseline characteristics

A total of 3160 patients were analyzed, of which 3% were under-
weight, 36% normal weight, 37% overweight, 17% obesity class
I and 7% obesity class II/III (Table 1). When compared with nor-
mal weight, the higher obesity categories were characterized by
lower age, more women and higher frailty. Hypertension and di-
abetes were more prevalent in the obesity categories compared
with the normal weight category. Also, the prevalence of cough,
shortness of breath and myalgia/arthralgia was higher in the
obesity categories compared with the normal weight category,
as was the level of C-reactive protein (CRP). Dialysis patients
on average were older and had a higher comorbidity burden
than those living with a kidney transplant. However, the mean
BMI, the prevalence of obesity and the trends in the distribu-
tion of patient demographics, comorbidities and disease char-
acteristics across BMI categories in dialysis patients and trans-
plant recipients were similar to trends in the total population
(Supplementary data, Tables S1 and S2).

Association of BMI with 3-month mortality

The percentage of patients who experienced 3-month mortality
was 28.3, 20.2, 21.0, 23.0 and 26.7% in the underweight, nor-
mal weight, overweight, obesity class I and obesity class II/III
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categories, respectively. The 3-month cumulative survival was
lower in underweight and obesity class II/IIl categories com-
pared with other BMI categories, with similar results among
dialysis patients and transplant recipients (Figure 1). Compared
with the normal weight category, the HR for the association of
3-month mortality in the fully adjusted model was 1.65 (95% CI:
1.10, 2.47) in underweight, 1.07 (95% CI: 0.89, 1.28) in overweight,
1.17 (95% CI: 0.93, 1.46) in obesity class I and 1.71 (95% CI: 1.27,
2.30) in obesity class II/1II categories (Table 2). These HRs were es-
sentially similar in dialysis patients and those living with a kid-
ney transplant (Table 2, Figure 2). There was no interaction be-
tween the type of KFRT (dialysis/kidney transplant) and BMI cat-
egories (Pinteraction = 0.99 in the fully adjusted model). The models
that were used demonstrated no violation of the proportional-
hazards assumption (P for the difference in fully adjusted model
with and without time-varying covariates = .13 in the total pop-
ulation, .21 in dialysis patients and .62 in transplant recipients).

Association of BMI with hospitalization, ICU admission
and in-hospital mortality

The association between BMI and hospitalization rate was
not statistically significant in the total study population, nor
in dialysis patients or transplant recipients when analyzed
separately (Supplementary data, Table S3). The chance to be
admitted to an ICU was higher with increasing BMI, with
similar results among dialysis patients and transplant recipi-
ents (Pinteraction = 0.37) (Supplementary data, Table S4). Results
for in-hospital mortality were essentially similar to the results
for overall mortality (Supplementary data, Table S5).

Additional analyses

The association between obesity class II/IIl (versus normal
weight) and 3-month mortality was consistent across all ex-
amined subgroups except for sex (Figure 3). In general, Kaplan-
Meier-curves demonstrated the lowest cumulative survival in
the underweight category among men and in the obese class
II/III category in women (Supplementary data, Figure S2). Obe-
sity class II/IIl was significantly associated with 3-month mor-
tality among females but not in males (Pipteraction = 0.019 in
the fully adjusted model) (Figures 3 and 4, Table 3). The as-
sociation between BMI (continuous) and mortality indicated a
consistent increase in the risk of mortality in patients with
BMI >28 kg/m? (Supplementary data, Figure S3). Among men,
the risk appeared to increase from BMI >28 kg/m? and in women
from BMI >25 kg/m? (Supplementary data, Figure S3). No inter-
action was observed between BMI and sex for the risk of ICU
admission (Pinteraction = 0.44) (Supplementary data, Table S5). Re-
sults for 28-day mortality were essentially similar to the re-
sults for 3-month mortality (Supplementary data, Tables S7 and
S8). A total of 640 patients (18.1%) had missing information on
BMI, who were predominantly Caucasian males and were less
likely to have comorbidities compared with those having in-
formation on BMI (Supplementary data, Table S9). Results af-
ter imputing missing values corroborated our overall findings
(Supplementary data, Table S10).

DISCUSSION

In this large cohort of patients on KFRT with COVID-19, we
showed an independent association between obesity and in-
creased risk of mortality. This association was consistent among
dialysis patients and those living with a kidney transplant.
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FIGURE 1: Kaplan-Meier curves showing cumulative survival (3 months vital
status) by Quetelet’s body mass index (BMI) categories. (A) Total. (B) Dialysis.
(C) Those living with kidney transplant.
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Table 2. Association of Quetelet’s body mass index (BMI) with 3 months vital status in total population and by type of kidney function

replacement therapy

BMI categories

Lean <18.5 Normal 18.5-24.9 Overweight 25-29.9 Obese I 30-34.9 Obese II/III >35
Total (N = 3160) (N = 99) (N =1151) (N = 1160) (N = 525) (N = 225)
Events, n (%) 28 (28.3) 232 (20.2) 244 (21.0) 121 (23.0) 60 (26.7)
Model 1 1.47 (1.00, 2.18) Ref. 1.05 (0.88, 1.26) 1.16 (0.93, 1.44) 1.40 (1.06, 1.86)
Model 2 1.82 (1.23,2.70) Ref. 1.06 (0.89, 1.27) 1.22 (0.98, 1.52) 1.94 (1.45, 2.59)
Model 3 1.87 (1.26,2.77) Ref. 1.06 (0.88, 1.26) 1.20 (0.97, 1.50) 1.97 (1.47,2.63)
Model 4 1.96 (1.32,2.92) Ref. 1.05 (0.87,1.26) 1.15 (0.92, 1.45) 1.88 (1.40, 2.53)
Model 5 1.65 (1.10, 2.47) Ref. 1.07 (0.89, 1.28) 1.17 (0.93, 1.46) 1.71(1.27, 2.30)
Dialysis (N = 2343) (N =82) (N = 874) (N = 838) (N =382) (N = 167)
Events, 1 (%) 24 (29.3) 189 (21.6) 184 (22.0) 90 (23.6) 45 (27.0)
Model 1 1.41 (0.92, 2.15) Ref. 1.03 (0.84, 1.26) 1.10 (0.86, 1.41) 1.30 (0.94, 1.80)
Model 2 1.83 (1.19, 2.80) Ref. 1.02 (0.83, 1.25) 1.17 (0.91, 1.51) 1.87 (1.34, 2.61)
Model 4 1.94 (1.26, 2.98) Ref. 1.02 (0.83, 1.25) 1.16 (0.89, 1.50) 1.86 (1.33, 2.61)
Model 5 1.68 (1.08, 2.61) Ref. 1.03 (0.83, 1.26) 1.13 (0.87, 1.47) 1.67 (1.18, 2.34)
Transplant (N = 817) (N=17) (N =277) (N =322) (N = 143) (N =58)
Events, n (%) 4(23.5) 43 (15.5) 60 (18.6) 31(21.7) 15 (25.9)
Model 1 1.64 (0.59, 4.56) Ref. 1.21 (0.82, 1.78) 1.44 (0.91, 2.29) 1.87 (1.04, 3.37)
Model 2 1.60 (0.57, 4.53) Ref. 1.16 (0.79, 1.72) 1.23 (0.78, 1.95) 2.07 (1 14, 3.76)
Model 4 1.54 (0.54, 4.38) Ref. 1.11 (0.75, 1.64) 1.1 (0.69, 1.77) 1.84 (0.99, 3.41)
Model 5 1.16 (0.40, 3.39) Ref. 1.17 (0.79, 1.74) 1.22 (0.75, 1.96) 1.79 (0.96, 3.34)

Model 1: crude.
Model 2: age, sex.

Model 3: model 2 + type of kidney function replacement therapy (expect when analyzing dialysis patients/kidney transplant recipients separately).
Model 4: model 3 + hypertension, diabetes, coronary artery disease, chronic lung disease, heart failure, smoking.

Model 5: model 4 + frailty.

® Total
@ Dialysis
@® Transplant

Adjusted Hazard Ratio (95% CI)*
2
1

T T
<185 18.5-24.9 (Ref)

T T
25-29.9 30-34.9 235

Body Mass Index (kg/im2)

FIGURE 2: Association of Quetelet’s BMI with 3 months vital status among patients on kidney function replacement therapy with COVID-19 (presented results are from
Model 5%). *Model 5: adjusted for age, sex, type of kidney function replacement therapy (except when analyzing dialysis patients/those living with kidney transplant
separately), hypertension, diabetes, coronary artery disease, chronic lung disease, heart failure, smoking, frailty.

Interestingly, the association was different among males and
females, such that the risk of mortality associated with obe-
sity versus normal weight was higher in females compared with
males.

Several previous studies have reported an association
between obesity and increased risk of COVID-19-related com-
plications including mortality in the general population with

COVID-19 [11-20]. To our knowledge, the present study is the first
to report comprehensively on the obesity-mortality relationship
among patients on KFRT with COVID-19. In our study, compared
with the WHO-defined category of normal weight, obesity class
II/1II was associated with an increased risk of mortality. Of note,
when the association between BMI and mortality was investi-
gated on a continuous scale, the risk of mortality appeared to
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Subgroups Events Subjects HR (95% CI) p-int.
RRT type 993
- Dialysis 532 2343 —_—— 1,67 (1.18,2.34)
- Kidney fransplant 153 817 — 1.79 (0.96, 3.34)
Sex 019
- Female 238 1229 rrelr— 249 (162, 3.84)
- Male 447 1931 — 1.22(0.78. 191
Age 691
- <65 years 145 1438 - 1.57 (0.88, 2.80)
- =65 years 540 1722 —_—— 1.79 (1.25, 2.55)
Frailty score .285
-=<4 147 1338 4 1.89 (0.89, 3.98)
-z4 389 1076 —— 1.511{1.03. 2.21)
Screening reason A75
- Symptoms 523 2049 —— 1.63 (1.13, 2.36)
- Contact & Routine 47 447 < 2.26 (0.60. 8.44)
Hypertension 314
-No 120 517 . 4 2.06(1.02, 4.14)
-Yes 565 2643 —— 1.70(1.22,2.37)
Diabetes Mellitus 679
- No 353 1873 —— 1.54 (0.91, 262)
-Yes 332 1287 —_—— 1.62 (111, 2.38)
! I I I
1 2 3 6 12
Hazard ratio

FIGURE 3: Association of Quetelet’s BMI (=35 kg/m? versus 18.5-24.9 kg/m?) with 3 months vital status across subgroups. RRT, renal replacement therapy/kidney

function replacement therapy; p-int., P for interaction.

increase from a BMI over approximately 28 kg/m?. An increased
mortality risk above a BMI of approximately 28 kg/m? has also
been observed in a meta-analysis of 28 studies (N = 112 682)
among the general population with COVID-19 [21] and in a large
study (N ~6.9 million) investigating the association between BMI
and COVID-19-related complications in the general population
[22]. These studies in the general population also reported in-
creased mortality risk at low BMI as in our study. Consequently,
the results observed in our study are in line with the previous
studies in the general population, but in contrast to the often
observed ‘obesity paradox’ among patients on KFRT. Especially
obese dialysis patients are at lower long-term non-COVID-19
mortality risk when compared with dialysis patients with
normal weight [2]. The reversal of the ‘obesity paradox’ among
patients on KFRT with COVID-19 could be related to several
factors. First, the influence of obesity on mortality may differ
in acute versus chronic diseases. Patients on KFRT that are in
poor physical condition due to an underlying illness often lose
weight. Thus, obesity may reflect the absence of debilitating dis-
orders and therefore contribute to better long-term outcomes
of chronic conditions, such as cardiovascular diseases [23].
However, COVID-19 is an acute viral illness and causes rapid
clinical outcomes. Therefore, the survival advantage associated
with obesity among patients on KFRT may not be seen when
these patients suffer from COVID-19, as this occurs especially in
the long term. Second, intubation, positioning and movement
may be difficult among seriously ill patients with obesity which
may complicate patients’ recovery from COVID-19 [24].

Men and women exhibited a difference in the BMI-mortality
relationship in our study. Previously, a large study (N = 502 493)
in subjects from the general population with COVID-19, and an-
other study in hospitalized COVID-19 patients, showed similar
results regarding COVID-19-related mortality [25, 26]. Also, these
studies indicated an increase in mortality with increasing obe-

sity in women, but not in men. The exact reason for the observed
difference in the BMI-mortality relationship between men and
women is not fully clear to us, though it may be related to sex
differences in the anatomy of the lungs and abdominal cavity
[27, 28] which may cause difficulty in breathing in presence of
obesity [1]. It may also be that in a population like ours, ‘normal
weight’ among men is in part a consequence of increased
comorbidity burden in men who would have been (slightly)
obese if not suffering from comorbidity. Accordingly, when the
association between BMI (continuous) and the risk of mortality
was investigated for both sexes separately, in men the risk of
mortality did not appear to be lowest among those with BMI in
the ‘normal weight’ range as is the case in women. To our knowl-
edge, such a difference in the association of BMI with mortality
has not been observed in the general population with COVID-19.

Of note, in our study, the absolute COVID-19 mortality rate
in obese men and women was similar, whereas the absolute
COVID-19 mortality rate in the normal-weight category was
almost two-fold higher in men compared with women. This
questions whether the sex difference in our results should be
interpreted as excess relative mortality in obese women when
compared with obese men, or more as a higher absolute mor-
tality rate in normal-weight men when compared with normal-
weight women. Putting more emphasis on this latter finding is
supported by the fact that there are far more people with nor-
mal weight in our cohort (N = 1160) than with obesity class II/III
(N = 225). Future studies are required to better understand the
reasons for the observed sex difference in the BMI-mortality
relationship in our study.

The most important strength of our study is that it re-
ports on a large dataset with detailed information on patients’
demographics, comorbidities, reasons for COVID-19 testing,
disease characteristics including symptoms and laboratory test
results. This allowed accounting for known confounders in the
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FIGURE 4: Association of Quetelet’s BMI with 3 months vital status by sex (presented results are from Model 5*). *Model 5: adjusted for age, sex, type of kidney function

replacement therapy (expect when analyzing dialysis patients/those living with kidney transplant separately), hypertension, diabetes, coronary artery disease, chronic
lung disease, heart failure, smoking, frailty.

Table 3. Association of Quetelet’s body mass index (BMI) with 3 months vital status in males and females

BMI categories

Lean <18.5 Normal 18.5-24.9 Overweight 25-29.9 Obese 130-34.9 Obese II/III >35
Females (N = 1229) (N =52) (N = 447) (N = 384) (N = 220) (N =126)
Events, n (%) 11 (21.1) 66 (14.8) 74 (19.3) 51(23.2) 36 (28.6)
Model 1 1.48 (0.78, 2.81) Ref. 1.33 (0.96, 1.86) 1.62 (1.12, 2.33) 2.11 (1.40, 3.16)
Model 2 1.61 (0.85, 3.05) Ref. 1.37 (0.98, 1.91) 1.67 (1.16, 2.40) 2.70 (1.78, 4.08)
Model 3 1.60 (0.84, 3.03) Ref. 1.34 (0.96, 1.87) 1.63 (1.13, 2.35) 2.73 (1.80, 4.13)
Model 4 1.57 (0.82, 2.99) Ref. 1.33 (0.95, 1.87) 1.51 (1.03, 2.22) 2.70 (1.76, 4.13)
Model 5 1.34 (0.70, 2.57) Ref. 1.31 (0.94, 1.85) 1.54 (1.05, 2.26) 2.49 (1.62, 3.84)
Males (N = 1931) (N =47) (N = 704) (N = 776) (N = 305) (N =99)
Events, n (%) 17 (36.2) 166 (23.6) 170 (21.9) 70 (22.9) 24 (24.2)
Model 1 1.66 (1.01, 2.73) Ref. 0.93 (0.75, 1.15) 0.97 (0.74, 1.29) 1.06 (0.69, 1.63)
Model 2 2.21 (1 34, 3.64) Ref. 0.95 (0.7, 1.18) 1.02 (0.7, 1.35) 1.45 (0.94, 2.23)
Model 3 2 29 (1.39, 3.77) Ref. 0.95 (0.76, 1.17) 1.02 (0.77, 1.35) 1.47 (0.95, 2.26)
Model 4 44 (1.47, 4.05) Ref. 0.94 (0.75, 1.17) 0.99 (0.75, 1.32) 1.38 (0.88, 2.14)
Model 5 2 07 (1.22,3.52) Ref. 0.97 (0.78, 1.21) 0.99 (0.74, 1.33) 1.22 (0.78, 1.91)

Model 1: crude.
Model 2: age.
Model 3: model 2 + type of kidney function replacement therapy.

Model 4: model 3 + hypertension, diabetes, coronary artery disease, chronic lung disease, heart failure, smoking.

Model 5: model 4 + frailty.

BMI-mortality relationship and examination of results across
key clinical subgroups, thereby allowing a comprehensive as-
sessment of the BMI-mortality relationship among patients on
KFRT with COVID-19. However, this study also has limitations.
First, patients who presented with COVID-19 may not be repre-
sentative of the overall population of KFRT patients with COVID-
19 which may limit the generalizability of our findings. How-
ever, it is worth noting that case-fatality rates observed in our
study are comparable to those reported in other studies from
patients on KFRT with COVID-19 [4, 29-33]. Second, a significant
proportion of patients (18.1%) had missing information on BMI.
These patients were predominantly Caucasian males and were

less likely to have comorbidities than patients in the cohort with
information on BMI (Supplementary data, Table S7). In a sen-
sitivity analysis that included these patients after multiple im-
putations, we found no difference in the observed associations
compared with our main findings. Third, because BMI is asso-
ciated with disease severity and patients with severe symptoms
were more likely to be tested for COVID-19, especially early in the
COVID-19 pandemic, there may be a possibility of collider bias
[34]. Importantly, we had information on the reason for COVID-
19 testing. No heterogeneity was observed in the association
between obesity and mortality when patients who were iden-
tified through routine screening and those who were identified
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because of symptoms were analyzed separately, suggesting that
this type of bias has no major role.

CONCLUSION

In conclusion, this study shows that among patients on KFRT
with COVID-19, dialysis patients as well as transplant recipi-
ents, obesity is associated with an increased risk of mortality.
This is in contrast to the obesity paradox generally observed in
dialysis patients. The association of obesity with COVID-19 mor-
tality may be different in men and women, which requires fur-
ther study, including investigation of potential reasons for this
difference.

SUPPLEMENTARY DATA

Supplementary data are available at ckj online.
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APPENDIX

ERACODA collaborators
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European Renal Association COVID-19 Database. The organiza-
tional structure contains a Working Group assisted by a Manage-
ment Team and an Advisory Board.

The ERACODA Working Group members: Franssen CFM, Gan-
sevoort RT (coordinator), Hemmelder MH, Hilbrands LB and Jager
KJ.

The ERACODA Management Team members: Duivenvoorden
R, Noordzij M and Vart P.
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- Liffert Vogt, M.D., Ph.D.
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- Sabine Verhofstede
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Catharina Hospital, Eindhoven, the Netherlands

- Maaike Hengst, M.Sc.

Central Clinical Hospital of the Ministry of Interior, Warsaw, Poland
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- Daniel Weis, M.D.
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