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Sex differences in COVID-19
mortality risk in patients on kidney
function replacement therapy

Priya Vart2*, Raphaél Duivenvoorden?, Aaltje Adema*, Adrian Covic®®, Patrik Finne’,
Nicole Heijtink-ter Braak®, Kaisa Laine®, Marlies Noordzij!, Marcel Schouten??,
Kitty J. Jager''2, Ron T. Gansevoort! & ERACODA Collaborators*

In the general population with COVID-19, the male sex is an established risk factor for mortality,

in part due to a more robust immune response to COVID-19 in women. Because patients on kidney
function replacement therapy (KFRT) have an impaired immune response, especially kidney transplant
recipients due to their use of immunosuppressants, we examined whether the male sex is still a risk
factor for mortality among patients on KFRT with COVID-19. From the European Renal Association
COVID-19 Database (ERACODA), we examined patients on KFRT with COVID-19 who presented
between February 1st, 2020, and April 30th, 2021. 1204 kidney transplant recipients (male 62.0%,
mean age 56.4 years) and 3206 dialysis patients (male 61.8%, mean age 67.7 years) were examined.
Three-month mortality in kidney transplant recipients was 16.9% in males and 18.6% in females
(p=0.31) and in dialysis patients 27.1% in males and 21.9% in females (p =0.001). The adjusted HR

for the risk of 3-month mortality in males (vs females) was 0.89 (95% CI 65, 1.23, p=0.49) in kidney
transplant recipients and 1.33 (95% Cl 1.13, 1.56, p=0.001) in dialysis patients (pP;yteraction=0-02). In

a fully adjusted model, the aHR for the risk of 3-month mortality in kidney transplant recipients (vs.
dialysis patients) was 1.39 (95% C11.02, 1.89, p =0.04) in males and 2.04 (95% Cl 1.40, 2.97, p<0.001)
in females (Pinteraction = 0-02). In patients on KFRT with COVID-19, the male sex is not a risk factor for
mortality among kidney transplant recipients but remains a risk factor among dialysis patients. The
use of immunosuppressants in kidney transplant recipients, among other factors, may have narrowed
the difference in the immune response to COVID-19 between men and women, and therefore reduced
the sex difference in COVID-19 mortality risk.

In the general population with COVID-19, men exhibit a higher risk of mortality compared with women. In a
meta-analysis of over 3 million reported cases of COVID-19 globally, men were reported to have an almost 40%
higher likelihood of mortality despite a similar likelihood of having confirmed COVID-19 when compared with
women'. Previously it has been shown that women demonstrate a more robust immune response to COVID-19
compared with men and this is suggested to be one of the contributing factors to the observed sex differences
in mortality risk®. This line of reasoning also suggests that in an immunocompromised patient population with
COVID-19, the sex difference in mortality risk is narrowed or eliminated.

Patients on kidney function replacement therapy (KFRT) have an impaired immune response, especially
kidney transplant recipients due to their use of immunosuppressants. Among kidney transplant recipients with
COVID-19, some studies indeed showed no sex difference in mortality**. However, others demonstrated a higher
risk of mortality in men compared with women®. Likewise, among dialysis patients with COVID-19, prior studies
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reported no to an almost twofold increased risk of mortality in men compared with women®’. Importantly,
these studies were in general relatively small in size and/or lacked information on key covariates, and therefore
lacked power and careful control of these covariates when assessing sex-mortality relationships. Moreover, it
remains unclear whether the sex difference in mortality risk differs between kidney transplant recipients and
dialysis patients. A better understanding of potential sex-based differences in mortality risk among patients on
KFRT with COVID-19 may guide more specific interventions and management of COVID-19 by incorporating
sex considerations'’.

Therefore, we examined whether sex is associated with the risk for mortality among patients on KFRT with
COVID-19. For this study, we used data from the European Renal Association COVID-19 Database (ERA-
CODA), the largest European database with detailed information on patient demographics, comorbidities,
symptoms, laboratory results, and prospective follow-up for mortality in patients on KFRT with COVID-19.

Materials and methods

Study design and participants. ERACODA was established in March 2020 to study the prognosis and
risk factors for mortality among kidney failure patients with COVID-19. Details of the database and the study
design have been published previously!!. Briefly, adult (> 18 years) patients either on dialysis (hemodialysis or
peritoneal dialysis) or living with a functioning kidney allograft, 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 of the lungs were included. Data were
voluntarily reported on outpatients and hospitalized patients by physicians responsible for their care. The data-
base currently involves the cooperation of approximately 225 physicians representing over 140 centers in about
35 countries, mostly in Europe.

The database is hosted at the University Medical Center Groningen, The Netherlands. Data is recorded
using REDCap software (Research Electronic Data Capture, Vanderbilt University Medical Center, Nashville,
TN, USA) for data collection'?. Patient information is stored pseudonymized. The study was approved by the
Institutional Review Board (IRB) of the University Medical Center Groningen (Netherlands). Since the study did
not involve identifiable private information and was observational in nature, a waiver of informed consent was
granted by IRB of the University Medical Center Groningen in The Netherlands. Participating centers obtained
study approval and waiver of consent from IRBs of their respective institute. All methods were performed per
the relevant guidelines and regulations. The clinical and research activities being reported are consistent with
the Principles of the Declaration of Istanbul as outlined in the ’Declaration of Istanbul on Organ Trafficking and
Transplant Tourismy’ No organs were procured from prisoners.

Detailed information was collected on patient characteristics (age, sex, race/ethnicity, height, weight, frailty,
comorbidities, hospitalization, and medication use) and COVID-19-related characteristics (reason for COVID-19
screening, symptoms, vital signs, and laboratory test results) at presentation. Frailty was assessed using the Clini-
cal Frailty Score developed by Rockwood et al.'*. Obesity was defined as a body mass index >30 kg/m? For the
analysis, all patients who presented between February 1st, 2020, and April 30th, 2021, and for whom information
on sex, the date of presentation, type of renal replacement therapy, and 3-month mortality was available were
included (Fig. S1). The primary outcome was 3-month mortality. The secondary outcome was 28-day mortality.

Statistical analysis. Baseline characteristics are presented by sex (male/female) for dialysis patients and
kidney transplant recipients, separately. Continuous data are presented as mean (standard deviation (SD)) or
as median (interquartile interval (IQI)) in case of a non-Gaussian distribution of data. Categorical data are
presented as numbers (percentages). Baseline characteristics were compared between men and women using
the independent sample t-test (in case of Gaussian distribution) or the Mann-Whitney U-test (in case of non-
Gaussian distribution) for continuous variables and the Pearson Chi-2 test for categorical variables. The stand-
ardized difference in baseline characteristics between men and women for both continuous and categorical
variables was also calculated. Standardized difference estimates are based only on sample statistics and are not
directly influenced by sample size'*. A standardized difference of 0.15 or more was used to indicate a relevant
difference in baseline characteristics between men and women'”.

To investigate the association between sex and mortality risk, hazard ratios (HRs) and 95% confidence inter-
vals (ClIs) were estimated for the association of sex (male versus female (reference)) with 3-month mortality
using Cox proportional-hazards regression models. Multiple models were constructed to account for factors
that may explain any observed difference in 3-month mortality between men and women. Model 1 was a crude
(unadjusted) model. In Model 2 we adjusted for age (continuous) and clinical frailty score (Continuous). In
Model 3, given sex-related differences in access to care!®%, we additionally adjusted for the reason for COVID-19
screening (symptoms-based screening/positive COVID-19 contact or routine screening). Model 4 was further
adjusted for factors known to be associated with COVID-19 outcome, i.e. smoking (never, current, former),
obesity (yes/no), hypertension (yes/no), diabetes (yes/no), heart failure (yes/no), chronic lung disease (yes/no),
coronary artery disease (yes/no), and auto-immune disease (yes/no)". In the final model (Model 5), we addition-
ally adjusted for the duration of KFRT (years) and estimated the glomerular filtration rate. In dialysis patients,
eGFR was assumed to be 0 for those with residual diuresis <200 mL/day and 5 mL/min/1.73 m? for those with
residual diuresis > 200 mL/day”. The proportional-hazards assumption was investigated by comparing a model
with and without the interaction of log(time) with individual covariates. Cumulative incidence was plotted for
3-month mortality by sex. The Kolmogorov-Smirnov test was used to compare cumulative incidence between
men and women.

To assess the robustness of the association between sex with mortality, we performed several additional
analyses. First, to assess the consistency of our results across key subgroups we investigated results by subgroups
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of age (<65/ 265 years), the reason for COVID-19 screening (symptoms-based screening/positive COVID-19
contact or routine screening), frailty (<4/>4), obesity (yes/no), hypertension (yes/no), and diabetes (yes/no).
Second, assuming immunosuppressant use is among the main factors contributing to excess mortality in kidney
transplant recipients compared with dialysis patients and immunosuppressant use affects men and women dif-
ferently for the risk of mortality in presence of COVID-19, we investigated the association of type of KFRT with
mortality by sex. Third, to further account for potential differences in access to care among men and women,
we investigated the association between sex and 3-month mortality when starting follow-up from the date of
symptom(s) onset. Fourth, to investigate potential sex differences in relatively short-term mortality risk, we
examined the association of sex with 28-day mortality instead of 3-month mortality. Fifth, we investigated sex
differences in mortality risk by hospitalization and intensive care unit admission status. Finally, to account for the
potential influence of between-country differences on the sex-mortality relationship, we constructed a random
intercept model with the country as a random factor in a multilevel mixed-effects parametric survival model.

All analyses were performed using Stata version 17.0 (College Station, TX). A 2-sided p-value less than 0.05
was adopted to indicate statistical significance.

Results

Baseline characteristics. Baseline characteristics of the study population by type of KFRT and sex are
reported in Table 1. Among a total of 1204 kidney transplant recipients (mean age 56.4 years), 747 (62.0%)
were men and 457 (38%) were women. Men on average had lower body mass index and clinical frailty scores
compared with women, whereas the prevalence of prior smoking, hypertension, and coronary artery disease
was higher among men. The prevalence of auto-immune diseases was higher among women compared with
men. Presenting symptoms were largely comparable between men and women except that women more often
reported nausea or vomiting.

Among 3206 dialysis patients (mean age 67.7 years), 1981 (61.8%) were men and 1225 (38.2%) were women.
Similar to kidney transplant recipients, the prevalence of prior smoking and chronic artery disease was higher
among men compared with women and again the prevalence of auto-immune diseases was higher among women.
Men more often had fever at presentation and the level of C-reactive protein was also higher among men com-
pared with women.

Three-month mortality. In kidney transplant recipients, 16.9% of men and 18.6% of women died within
3 months of presentation (p=0.31). Cumulative mortality incidence was similar between men and women
(p=0.57) (Fig. S2). In a crude model, the HR for the risk of 3-month mortality in men (vs women) was 0.90
(95% CI 0.68, 1.18; p=0.43). In the final multivariable model adjusted model (Model 5), the HR for the risk of
3-month mortality in men vs women was 0.89 (95% CI 0.65, 1.23; p=0.49) (Table 2; Fig. 1).

In dialysis patients, 27.1% of men and 21.9% of women died within 3 months of presentation (p =0.001).
Cumulative mortality incidence was higher in men compared with women (p <0.001) (Fig. S2). In a crude model,
the HR for the risk of 3-month mortality in men vs women was 1.27 (95% CI 1.10, 1.47; p=0.001) and in the
fully adjusted model, it was 1.33 (95% CI 1.13, 1.56, p=0.001) in dialysis patients (Table 2; Fig. 1).

The interaction between sex and type of KFRT for mortality risk was statistically significant (p for interac-
tion=0.02). No violation of the proportional hazards assumption was noted in the fully adjusted model for
kidney transplant recipients nor for dialysis patients (p-value for difference between the model with and without
interaction between log(time) and covariates being 0.41 in case of kidney transplant recipients and 0.75 in case
of dialysis patients).

Additional analyses. The observed association between sex and 3-month mortality risk in kidney trans-
plant recipients and dialysis patients was consistent across all examined subgroups except across the subgroup
of obesity (no/yes) in dialysis patients where the association was particularly evident among non-obese patients
(Fig. 2).

In a fully adjusted model, the HR for the risk of 3-month mortality in kidney transplant recipients (vs. dialysis
patients) was 1.39 (95% CI 1.02, 1.89, p=0.04) among men and was 2.04 (95% CI 1.40, 2.97, p<0.001) among
women (p for interaction =0.02) (Table 3). When the follow-up period was considered to start from the date of
symptom(s) onset, the association between sex and 3-month mortality remained statistically non-significant
among kidney transplant recipients and statistically significant among dialysis patients (Table S1). When inves-
tigating the association between sex and mortality for 28-day mortality, by hospitalization status or by ICU
admission status, results were essentially similar to our main findings (Tables S2, S3, and S4 respectively). Finally,
the observed association between sex and 3-month mortality risk in kidney transplant recipients and dialysis
patients remained unchanged when accounting for potential between-country differences in the relationship
between sex and mortality (Table S5).

Discussion

In this large study of patients on KFRT with COVID-19, men were at higher risk of mortality in dialysis patients,
whereas mortality risk was similar in males and females in kidney transplant recipients. The observed association
between sex and mortality risk in dialysis and transplant patients was consistent across key subgroups except
across subgroups according to body mass index in dialysis patients where the increased risk of mortality in men
was particularly high among non-obese patients. Importantly, when men and women were investigated separately
for the association of type of KFRT with mortality, there was less difference in the adjusted risk of mortality
between kidney transplant recipients and dialysis patients among men compared with women.
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Kidney transplant recipients Dialysis patients
(N=1204) (N'=3206)
‘Women Men ‘Women Men
(N=457) (N=747) p-value | Std. difference | (N=1225) (N=1981) p-value | Std. difference
Patient characteristics
Age, (years) 55.7 (14.1) 56.9 (13.7) 0.16 -0.08 67.5(14.6) 67.8 (14.2) 0.67 -0.02
g;%l;/)lass Index, | 75 (5.8) 26.8 (4.3) 0.02 0.16 27.2(6.5) 26.6 (4.8) 0.01 0.15
Caucasians, n (%) | 354 (77.5) 616 (82.5) 0.07 0.10 978 (79.8) 1641 (82.8) | 0.001 0.14
Tobacco use, n (%) <0.001 0.50 <0.001 0.61
Current 12 (2.6) 35 (4.7) 53 (4.3) 154 (7.8)
Prior 53 (11.6) 206 (27.6) 111 (9.1) 501 (25.3)
Never 287 (62.8) 311 (41.6) 618 (50.4) 510 (25.7)
Unknown 105 (23.0) 195 (26.1) 443 (36.2) 816 (41.2)
Reason for 0.48 0.10 041 0.07
screening®, n(%)
Symptoms only | 332 (72.6) 533 (71.3) 580 (47.3) 978 (49.4)
Symptoms and
COVID 4 contact | 49 (10.7) 85 (11.4) 146 (11.9) 212(10.7)
COVID + contact 19 (4.2) 29 (3.9) 113 (9.2) 160 (8.1)
only
Routine 16 (3.5) 15 (2.0) 104 (8.5) 469 (8.2)
Clinical frailty
scale. AU 3.2(1.6) 2.8 (1.4) <0.001 |0.28 4.2(1.8) 3.9(1.8) <0.001 |0.15
Comorbidities, n (%)
Hypertension 352 (77.0) 631 (84.5) 0.001 -0.19 969 (79.2) 1607 (81.1) | 0.18 -0.05
Diabetes mellitus | 130 (28.6) 249 (33.4) 0.08 -0.10 494 (40.4) 871 (44.0) 0.04 -0.07
ﬁﬂi‘;’;ﬁ” artery | 49 (10.8) 162 (21.7) | <0.001 |-0.30 354 (289) |742(37.6) | <0.001 |-0.18
Heart failure 34 (7.5) 68 (9.1) 0.32 —-0.06 281 (23.0) 464 (23.5) 0.73 -0.01
g.hm“ic lung 33(7.3) 54(7.2) 0.99 0.00 136 (11.1) | 274(139) | 0.02 -0.08
1sease
Active malignancy | 18 (4.0) 29 (3.9) 0.96 0.00 50 (4.1) 135 (6.8) 0.001 -0.12
Auto-immune
disease 34 (7.5) 27 (3.9) 0.01 0.15 62 (5.1) 60 (3.0) 0.004 0.10
Primary kidney disease, n (%)
Primary glomeru- _ _
lonephritis 66 (14.5) 140 (19.1) 0.04 0.12 120 (10.2) 237 (12.6) 0.04 0.08
Pyelonephritis 15 (3.3) 13 (1.8) 0.09 0.10 23 (1.9) 25(1.3) 0.18 0.05
Interstitial
nephritis 20 (4.4) 19 (2.6) 0.09 0.10 35(3.0) 51(2.7) 0.69 0.01
I;.ered“ary Kidney | 56 (15 3) 99 (13.5) 0.56 -0.03 88 (7.5) 113 (6.0) 0.12 0.06
1sease
Congenital
diseases 24 (5.3) 29 (4.0) 0.28 0.06 22(1.9) 24 (1.3) 0.20 0.05
Vascular diseases | 38 (8.4) 52(7.1) 0.42 0.05 220 (18.6) 346 (18.4) 0.89 0.01
(Sf.c' glomerular | 5, (4 6 42 (5.7) 0.54 0.04 107 (9.1) 147 (7.8) 0.23 0.04
1sease
g.iabetic Kidney | 41 (9.0) 86 (11.7) 0.14 ~0.09 260 (22.0) | 421(224) | 079 -0.01
1sease
Other 98 (21.6) 168 (22.9) 0.59 -0.03 213 (18.0) 374 (19.9) 0.20 -0.05
Unknown 66 (14.5) 85 (11.6) 0.14 0.09 93 (7.9) 140 (7.5) 0.67 0.02
Dialysis duration, B B B 3(1,7) 3(1,5) 0.10 013
years
Transplant dura-
o & (%) 0.49 0.07
<1 year 33(7.2) 49 (6.6) - - - -
1-5 years 170 (37.2) 304 (40.7) - - - -
>5 years 250 (54.7) 389 (52.1) - - - =
Medications®, n (%)
Immunosuppres- 058 —0.01
sants
Monotherapy 14 (3.1) 19 (2.6) - - - -
Dual therapy 152 (33.6) 232 (31.4) - - - -
Continued
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Kidney transplant recipients Dialysis patients
(N=1204) (N'=3206)
‘Women Men ‘Women Men

(N=457) (N=747) p-value | Std. difference | (N=1225) (N=1981) p-value | Std. difference

Triple therapy 286 (63.3) 489 (66.1) - - - -

RAAS inhibitors 142 (35.9) 281 (44.5) 0.01 -0.18 209 (23.4) 439 (30.8) <0.001 |-0.17

Disease characteristics

Presenting symptoms, n (%)

Sore throat 82(19.2) 112 (165) | 026 0.07 140 (14.6) 192(13.0) |0.25 0.05
Cough 265(60.2) | 438(61.5) | 0.66 0.03 471 (47.0) | 765(48.9) |0.36 0.04
Shortness of 168 (38.1) | 297 (41.9) | 0.20 0.08 318(31.6) | 502(32.0) | 0.81 0.01
breath

Fever 281(63.3) | 497(69.5) | 0.03 0.13 506 (50.3) | 873(55.6) | 0.01 0.16
Headache 106 (25.1) 140 (21.0) | 0.12 0.10 131 (13.7) 122 (8.3) <0.001 |0.18
Ii\rllagusea orvomit- | g9 (50.7) 84 (12.3) <0.001 |0.23 133 (13.5) 151 (9.8) 0004 | 0.12
Diarrhoea 124(287) | 177(258) |o0.28 0.07 132 (13.3) 196 (12.8) | 0.68 0.02
Myalgia or

arthrlgia 135(31.8) | 208(313) | 0.88 0.01 214(223)  [322(2L7)  |0.74 0.01
Vital signs

Temperature, °C | 37.6 (1.1) 37.5(1.1) 0.30 0.07 37.3 (1.0) 37.5 (1.0) 0.001 -0.15
?;ﬁfjraﬁo“ 1t 1905 (6.6) 21.0 (7.3) 0.30 ~0.07 18.4 (4.8) 18.6 (5.1) 0.35 ~0.04
0, saturation 94.3 (6.4) 93.9 (6.6) 036 0.06 94.1 (5.1) 93.7 (5.8) 0.16 0.06
room air, %

ﬁ’émhc BRmm 13,0019 |1335(210) |037 -0.07 137.0 (25.0) | 136.3(25.9) |0.54 0.03
Diastolic BP 77.8(142) | 784(139) |0.60 ~0.04 734(150) | 73.6(15.5) | 0.85 -0.01
mm Hg

Pulse rate, BPM | 89.0 (16.7) | 86.3 (16.9) | 0.04 0.16 80.2(142) |81.8(16.0) |0.03 —0.11
Laboratory test results

eGFR, ml/

/173 417 (238) |429(23.7) |0.59 ~0.05 - - - -
Lympho- -

orens1000/r, | 080513 | 08(05,13) 060 0.06 0.9(0.6,1.3) |0.9(0.6,13) |0.46 0.01
CRP, mg/L 72(25,147) |83 (33,187) |0.05 -0.14 68 (20,190) |82 (27,240) |0.03 -0.15

Table 1. Baseline characteristics by sex in kidney transplant recipients and dialysis patients with COVID-19.
Continuous variables are reported as mean (standard deviation) or median Interquartile interval). Groups were
compared using independent sample t-test, Mann-Whitney U-test, or Pearson Chi-square test as appropriate.
Obesity is defined as BMI > 30 kg/m? Std., standardized; °C, degree Celsius; O,, oxygen; BP, blood pressure;
BPM, beats per minute; eGFR, estimated glomerular filtration rate; CRP, C-reactive protein; RAAS =Renin-
angiotensin-aldosterone system. *Total number may not add up due to missingness (126 missing in kidney
transplant recipients, 751 missing in dialysis patients). ® In those hospitalized.

Studies in the early phase of the pandemic that investigated the sex-mortality relationship among kidney
transplant recipients were relatively small and reported no difference in mortality between men and women.
However, it remained unclear whether men and women continued to exhibit a similar risk of mortality as more
data accumulated. A recent large retrospective study among solid organ transplant recipients suggested a 47%
higher risk of mortality in men compared with women in kidney transplant recipients when accounting for dif-
ferences in patient characteristics®. Unfortunately, due to the retrospective nature, this study had a considerable
number of missing records for comorbidities and due to miscoding, a substantial number of these patients may
have been misclassified as not having comorbidity. It is worth noting that in the case of other infectious diseases,
such as influenza, where men are reported to have an increased risk of mortality in the general population®"?,
sex has also been reported not to be associated with mortality in immunocompromised study populations®.

The use of immunosuppressants may be one of the reasons for the lack of difference in risk of mortality
between men and women in kidney transplant recipients with COVID-19. Previously it has been demonstrated
that in the general population with COVID-19, men have increased plasma levels of innate immune cytokines
such as IL-8 and IL-18 along with more robust induction of monocytes, whereas women show more robust T
cell activation compared with men?. This study also demonstrated that higher levels of innate immune cytokines
and poor T-cell response were associated with poor outcomes, suggesting a more robust immune response to
COVID-19 potentially contributes to the survival advantage among women?. However, among kidney transplant
recipients, which typically are on maintenance immunosuppression, any survival advantage due to a robust
immune response may be mitigated.
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Transplant recipients | Women Men

(N=1204) (N=457) | (N=747)

Event, n (%) 85 (18.6) 126 (16.9) p-value
Model 1 Ref. 0.90 (0.68,1.18) | 0.43
Model 2 Ref. 0.97 (0.73, 1.29) | 0.86
Model 3 Ref. 0.96 (0.73,1.28) | 0.80
Model 4 Ref. 0.87 (0.63,1.19) | 0.37
Model 5 Ref. 0.89 (0.65,1.23) | 0.49
Dialysis patients Women Men

(N=3206) (N=1225) | (N=1,981)

Event, n (%) 268 (21.9) | 536 (27.1) p-value
Model 1 Ref. 1.27 (1.10, 1.47) 0.001
Model 2 Ref. 1.41 (1.21, 1.64) <0.001
Model 3 Ref. 1.40 (1.20,1.63) | <0.001
Model 4 Ref. 1.32(1.13, 1.56) 0.001
Model 5 Ref. 1.33 (1.13, 1.56) 0.001

Table 2. Association of sex with 3-month mortality in kidney transplant recipients and dialysis patients with
COVID-19 (presented are hazard ratios with 95% confidence intervals). Model 1: crude. Model 2: Model

1 +age (continuous), clinical frailty score (continuous). Model 3: Model 2 + the reason for COVID-19 screening
(symptoms-based screening, positive COVID-19 contact or routine screening). Model 4: Model 3 + smoking
(never, current, former), obesity (yes/no), hypertension (yes/no), diabetes (yes/no), heart failure (yes/no),
chronic lung disease (yes/no), coronary artery disease (yes/no), and auto-immune disease (yes/no). Model 5:
Model 4 + duration of kidney function replacement therapy (years) and estimated glomerular filtration rate
(continuous). (p-for interaction between sex and type of kidney function replacement therapy=0.02 in fully
adjusted model for 3 month mortality).

Among dialysis patients with COVID-19, our results are in line with other larger studies published later in
the COVID-19 pandemic which also showed an increased risk of mortality in men compared with women®”.
Earlier studies, however, did not specifically aim to investigate the sex-mortality relationship and lacked careful
control of factors that may explain the excess risk of mortality among men®*?*. Consequently, it was unclear
whether the association between sex and mortality in dialysis patients was independent of potential sex dif-
ferences in comorbidities and high-risk behaviours including those related to access to health care. Our study
demonstrated that the association between sex and mortality persists independent of comorbidities and factors
related to healthcare access, and in our study, we additionally accounted for clinical frailty score and potential
sex differences in the time from symptom(s) onset to clinical presentation to limit the possibility of residual
influence from comorbidities and factors related to health care access.

Dialysis patients have impaired immune function which may influence the sex-mortality relationship in this
population compared with the general population when infected with COVID-19. Among dialysis patients in
our study, the risk of mortality was about 30% higher in men compared to women. In the general population
with COVID-19, a meta-analysis including 92 studies and 3,111,714 subjects reported an almost 40% higher
likelihood of mortality in men'. When this analysis was repeated after accounting for reporting bias, the likeli-
hood of mortality in men was estimated to be even about 64% higher in men compared with women. Other
studies in the general population with COVID-19 that were not included in the aforementioned meta-analysis,
with similar mean age and design as our study, reported an almost twofold higher adjusted risk of mortality in
men compared with women?. These mortality risks appear higher than the 1.39 increased mortality risk that
we found in male versus female patients on dialysis. These data suggest that the sex difference in mortality risk
among dialysis patients may be narrower compared to the sex difference in mortality risk among the general
population with COVID-19.

Our results also demonstrated that the absolute risk of mortality is lower in kidney transplant recipients
compared with dialysis patients. However, it should be noted that after adjustment for differences in age, frailty,
and comorbidities between these two patient groups, the risk of mortality is actually higher among kidney
transplant recipients compared with dialysis patients®. Differences in risk of mortality by type of KFRT and sex
were apparent when we analyzed male-female kidney transplant recipients and dialysis patients together in one
combined dataset (Table S6).

Our findings imply that sex may be an important factor in the management of patients on KFRT with
COVID-19. Male dialysis patients should be informed about their higher risk of complications compared with
females when infected with COVID-19 and be advised when in doubt to seek medical attention in the case of
(suspected) COVID-19.

The present study has a number of strengths. This study includes detailed information on key patient and
disease characteristics and prospective information on mortality from a large number of dialysis patients and
kidney transplant recipients with COVID-19, which allowed a comprehensive assessment of the sex-mortality
association including a direct comparison of the sex-mortality relationship between kidney transplant recipi-
ents and dialysis patients. This study was also able to investigate the association between sex and mortality by
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Figure 1. Percentage mortality by sex and type of kidney function replacement therapy (A) and hazard ratio
for the association of sex (male vs. female (reference)) with 3-month mortality by type of kidney function
replacement therapy (B). *Adjusted for: age (continuous), clinical frailty score (continuous), the reason for
COVID-19 screening (symptoms-based screening, positive COVID-19 contact or routine screening), smoking
(never, current, former), obesity (yes/no), hypertension (yes/no), diabetes (yes/no), heart failure (yes/no),
chronic lung disease (yes/no), coronary artery disease (yes/no), and auto-immune disease (yes/no), duration of
kidney function replacement therapy (years) and estimated glomerular filtration rate (continuous). "Adjusted
estimate from literature (Nat Commun 2020: https://pubmed.ncbi.nlm.nih.gov/33298944/).

reason for COVID-19 screening which is particularly relevant given the sex difference in health care seeking
behaviour'®-!8, However, this study also has limitations. First, we did not collect the information on viral load.
Therefore, we were not able to investigate whether males and females differed in their viral load. Second, we
only had data available from patients infected with wild-type or early variants of COVID-19 (e.g. alpha and
delta)?. To our knowledge, there has also been no evidence that one viral strain/mutation affected the sex dif-
ference in mortality risk more than others. Moreover, data in our study were collected before mass vaccination
was rolled out and before the efficacy of any of the currently known pharmacological treatments (e.g. steroid,
remdesivir, and/or tocilizumab) was established. This allowed us to investigate the sex-mortality association in
a homogeneous population that is unlikely to be influenced by any possible sex difference in vaccination rate or
response, or in medication use or efficacy. Third, given the observational nature of the study design it was not
possible to reliably investigate whether the dose and/or type of immunosuppressant influenced the sex-mortality
relationship among kidney transplant recipients. Fourth, because reporting was voluntary, the included patients
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A) Kidney transplant recipients

Subgroups Events Subjects HR (95% ClI) P int.
Age .85
- <65 years 69 836 —_——t 0.83(0.49, 1.41)

- 265 years 142 368 —_—— 0.93 (0.62, 1.40)

Screening reason 41
- Symptoms 160 865 —_— 0.98 (0.62, 1.54)

- Contact & Routine 25 213 g 1.47 (0.47, 4.56)

Frailty score 84
-<4 132 873 —_—— 1.11(0.58, 2.12)

-z4 55 119 —_— 0.95 (0.54, 1.65)

Obesity .07
-No 131 749 —_— 1.19(0.73, 1.96)

-Yes 53 240 +- 0.51(0.21, 1.24)
Hypertension .09
-No 37 221 + 0.49 (0.21, 1.15)

-Yes 174 983 ——— 1.00 (0.70, 1.44)

Diabetes Mellitus .49
-No 112 825 —_—— 0.82 (0.53, 1.26)

-Yes 99 379 —y— 0.93 (0.57, 1.53)

| | I ! I
2 5 1 2 3 5
Increased risk in women Increased risk in men

Hazard ratio (95% CI)

B) Dialysis patients

Subgroups Events Subjects HR (95% CI) P int.
Age 75
- <65 years 133 1176 - 1.35(0.92, 1.97)

- 265 years 671 2030 —r— 1.33 (1.12, 1.59)

Screening reason 78
- Symptoms 241 1449 —— 1.47 (113, 1.91)

- Contact & Routine 334 759 —_—— 1.66 (1.15, 2.41)

Frailty score 61
-<4 241 1449 + 1.50 (0.92, 2.43)

-24 334 759 —_—— 1.55 (1.22, 1.96)

Obesity .03
-No 503 2017 —_—— 1.74 (1.35, 2.24)

-Yes 170 639 ———— 1.16 (0.78, 1.73)
Hypertension 51
- No 168 630 —_— 1.14 (0.79, 1.64)

-Yes 636 2576 — 1.38 (1.15, 1.65)

Diabetes Mellitus 59
-No 411 1841 —_—— 1.29 (1.04, 1.60)

-Yes 393 1365 —— 1.36 (1.07, 1.72)

I I I ! I
2 5 1 2 3 5
Increased risk in women Increased risk in men

Hazard ratio (95% CI)

Figure 2. Association of sex with 3-month mortality in kidney transplant recipients (A) and dialysis patients
(B) with COVID-19 by key subgroups (presented are hazard ratios for male versus female with 95% confidence
intervals, and p-values for interaction).
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Men Dialysis patients

(N=2728) (N=1981) Kidney transplant recipients (N =747)

Event, n (%) 536 (27.1) 126 (16.9) p-value
Model 1 Ref. 0.57 (0.47, 0.69) <0.001
Model 2 Ref. 1.25(1.01, 1.55) 0.04
Model 3 Ref. 1.19 (0.96, 1.47) 0.13
Model 4 Ref. 1.20 (0.97, 1.50) 0.09
Model 5 Ref. 1.39 (1.02, 1.89) 0.04
Women Dialysis patients

(N=1682) (N=1225) Kidney transplant recipients (N =457)

Event, n (%) 268 (21.9) 85 (18.6) p-value
Model 1 Ref. 0.81(0.63, 1.03) 0.09
Model 2 Ref. 1.63 (1.25,2.13) <0.001
Model 3 Ref. 1.54 (1.17,2.01) 0.002
Model 4 Ref. 1.64 (1.24,2.17) 0.001
Model 5 Ref. 2.04 (1.40, 2.97) <0.001

Table 3. Association of type of renal replacement therapy (kidney transplant vs dialysis) with 3-month
mortality in men (upper panel) and women (lower panel) with COVID-19 (presented are hazard ratios

with 95% confidence intervals). Model 1: crude. Model 2: Model 1 +age (continuous), clinical frailty score
(continuous). Model 3: Model 2 + the reason for COVID-19 screening (symptoms-based screening/positive
COVID-19 contact or routine screening). Model 4: Model 3 + smoking (never, current, former), obesity (yes/
no), hypertension (yes/no), diabetes (yes/no), heart failure (yes/no), chronic lung disease (yes/no), coronary
artery disease (yes/no), and auto-immune disease (yes/no). Model 5: Model 4 + duration of kidney function
replacement therapy (years) and estimated glomerular filtration rate (continuous). (p-for interaction between
sex and type of kidney function replacement therapy=0.02 in fully adjusted model for 3 month mortality).

may not be completely representative of the overall population of KFRT patients with COVID-19. However, it
should be noted that COVID-19 case-fatality rates and relative risk of mortality among men (vs. women) among
dialysis patients in our study are comparable to those reported in KFRT registry studies that include non-selected
populations, but lack detailed information for adjustment as we have in our study’.

In conclusion, among patients on KFRT with COVID-19, the male sex is not a risk factor for mortality in
kidney transplant recipients but remains a risk factor in dialysis patients. The use of immunosuppressants in
kidney transplant recipients, among other factors, may have narrowed the difference in the immune response
to COVID-19 between men and women, and therefore reduced the sex difference in the risk of COVID-19
mortality.

Data availability

The dataset analysed during the current study is available from the corresponding author on reasonable request.
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