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Abstract

Background People with kidney failure treated with dialysis are at increased risk of SARS-CoV-2 infection, and severe
COVID-19 outcomes such as hospitalization and death. Though there are well-defined sex differences in outcomes for the
general population with COVID-19, we do not know whether this translates into kidney failure populations. We aimed to
estimate the differences in COVID-19 symptoms and clinical outcomes between males and females treated with maintenance
dialysis.

Methods In this prospective observational cohort study, we included adults treated with maintenance dialysis in Southern
Alberta, Canada that tested positive for COVID-19 between March 2020 and February 2022. We examined the association
between sex (dichotomized as male and female) with COVID-19 symptoms including fever, cough, malaise, shortness of
breath, muscle joints/aches, nausea and/or vomiting, loss of appetite, diarrhea, headache, sore throat, and loss of smell/taste
using chi-square or Fisher’s exact tests. Secondary outcomes included 30-day hospitalization, ICU admission, and death.
Results Of 1,329 cohort participants, 246 (18.5%) tested positive for SARS-CoV-2 and were included in our study, includ-
ing 95 females (39%). Of 207 participants with symptoms assessed, females had less frequent fever (»p =0.003), and more
nausea or vomiting (p =0.003) compared to males, after correction for multiple testing. Males exhibited no symptoms 25%
of the time, compared with 10% of females (p=0.01, not significant when corrected for multiple testing). We did not iden-
tify statistically significant differences in clinical outcomes between the sexes, though vaccinated patients had lower odds
of hospitalization.

Conclusions Sex differences in COVID-19 symptoms were identified in a cohort of patients treated with maintenance dialy-
sis, which may inform sex-specific screening strategies in dialysis units. Further work is necessary to examine mechanisms
for identified sex differences.
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Introduction

People with kidney failure treated with dialysis are a vulner-
able population with high comorbidity burden and baseline
mortality risk [1, 2]. Many are elderly, have underlying cardio-
vascular disease, are immunocompromised, and have frequent
exposure to health-care settings for acute and chronic disease
management [2, 3]. These factors, among others in the general
population, have been found to be associated with increased
risk of morbidity and mortality as a result of infection with
severe acute respiratory syndrome coronavirus-2 (SARS-
CoV-2), the virus responsible for the ongoing coronavirus dis-
ease 2019 (COVID-19) pandemic [4-7]. Given the increased
burden of these risk factors in people with kidney failure, they
have an increased risk of both infection with SARS-CoV-2
and severe complications of COVID-19, including mortality
[8—12]. Identification of cases based on symptoms and other
factors is crucial to allow for targeted COVID-19 care in this
high-risk population. Further, as the majority of people with
kidney failure receiving dialysis have frequent health-care
encounters for dialysis treatments or medical visits, there is
potential risk of viral transmission to other vulnerable patients,
health-care providers, and institutions.

There is consistent evidence in the general population
that biological sex plays a role in COVID-19 pathophysiol-
ogy and epidemiology; males experience COVID-19 differ-
ently [13] and have worse outcomes, such as higher mortality,
when compared to females [14—17]. These differences are not
clearly delineated in people with kidney failure, where rates
of infection and COVID-19 severe outcomes are higher over-
all but may not be meaningfully different between males and
females [8, 9, 12]. Outside of disparate outcomes, literature
investigating sex- and gender-related differences in COVID-19
symptoms upon presentation have reported conflicting findings
[13, 18-21], and to our knowledge, it is not clear whether there
are sex differences in COVID-19 symptoms for people with
kidney failure. As this group is at risk of severe outcomes,
determining which symptoms are more or less likely to be
present based on sex has important dialysis screening and unit
planning implications.

Therefore, we aimed to estimate the differences in COVID-
19 symptoms between males and females with kidney failure
treated with dialysis in a prospective cohort study based in
Southern Alberta, Canada. Our secondary objectives were to
examine differences in COVID-19 severe outcomes includ-
ing hospitalization, Intensive Care Unit (ICU) admission, and
death between males and females.
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Methods
Study design and setting

This study was a prospective observational cohort study of
people with kidney failure receiving dialysis in Southern
Alberta, Canada that tested positive for COVID-19 between
March 15, 2020 and February 28, 2022. Alberta is a prov-
ince of approximately 4.4 million people, and due to univer-
sal public health insurance, dialysis care is organized and
covered by the provincial health authority [22, 23]. Hence,
we have complete capture of the total dialysis population
for Southern Alberta within the Alberta Kidney Care-South
(AKC-S) organization. At the start of our study, there were
a total of 1329 individuals receiving dialysis, with 931
receiving in-center conventional hemodialysis (HD) and 398
receiving home dialysis (296 Peritoneal dialysis [PD] and
102 home HD [HHDY]). In March 2020, AKC-S began imple-
menting non-pharmaceutical interventions (NPIs) including
continuous masking, and applied standardized nurse-led
screening for COVID-19 exposure risk and symptoms for
patients receiving dialysis as they entered outpatient clin-
ics and HD units. Any person with a positive screen under-
went testing for SARS-CoV-2 using a validated real-time
reverse-transcriptase polymerase chain reaction (rtRT-PCR)
assay [24]. A positive screen was defined as any COVID-
19 symptoms (outlined below), recent travel outside of the
country, exposure history, living in an outbreak facility, or
receiving dialysis care at a site with two or more COVID-
19 cases. All COVID-19 testing results were automati-
cally uploaded from provincial laboratory systems into our
AKC-S patient-based renal information system (PARIS).
The reasons for COVID-19 testing and the patient-reported
symptoms were recorded for every AKC-S dialysis patient
that tested positive for COVID-19. All patients that tested
positive for SARS-CoV-2, were included in our cohort and
followed for 30 days to ascertain outcomes using electronic
medical record data. For context, by the end of February
2022, 11.9% of the Albertan population had tested positive
for COVID-19 [25]. COVID-19 vaccinations were broadly
approved for administration in the dialysis population in
April 2021 (unless the patient was a frontline health-care
worker or received their vaccine abroad). We conducted
this study and reported our findings in accordance with the
Strengthening the Reporting of Observational Studies in
Epidemiology (STROBE) Statement [26]. We were granted
ethics approval with waiver of informed consent by the Uni-
versity of Calgary Conjoint Health Research Ethics Board
(REB20-0651).
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Participants

All adults (18 years and older) who were part of the
AKC-S dialysis program and received maintenance in-
center conventional HD, PD, or HHD and who tested
positive for COVID-19 during the study period were
included. Duration of dialysis had to be at least 90 days
prior to their positive test to be included. Only the first
COVID-19 positive event was included per person.

Variables

For all analyses, sex was treated as our independent vari-
able, and was dichotomized as male and female. This
information was obtained and linked from our regional
electronic health record registration system (Clinibase,
Alberta Health Services), which is dependent on health
registry sex data, into our PARIS database.

We examined several symptoms as primary outcomes
and analyzed them independently. Fever was defined as
objectively measured temperature greater than 37.3° Cel-
sius (99.1° Fahrenheit); the rest of the symptoms were
patient-reported and included cough, malaise, shortness
of breath, muscle joints/aches, nausea and/or vomiting,
loss of appetite, diarrhea, headache, sore throat, and loss
of smell/taste. The rationale for the temperature threshold
for identifying fever was based on initial AKC-S COVID-
19 planning and literature suggestions [27]. Where
symptom screens were not completely recorded, it was
categorized as missing and not included in our primary
analyses. Our secondary outcomes included hospitaliza-
tion, admission to ICU, and death, all within 30 days of
their positive test.

Age (in years) was extracted and determined at the
time of COVID test positivity. Comorbidity data were
extracted, and included hypertension, diabetes, congestive
heart failure, smoking history, peripheral artery disease,
malignancy history, coronary artery disease, cerebro-
vascular disease, and chronic obstructive lung disease.
These were entered into PARIS by members of the dialy-
sis health care team. We collected the reason for kidney
failure, categorized into diabetes, hypertension, glomer-
ulonephritis, obstructive nephropathy or acute kidney
injury, and other. Dialysis modality was also obtained,
and ascertained at the time of COVID-19 positivity. The
reason for COVID-19 testing was also collected. Vaccines
became available to our patient population in early 2021,
and in our province we defined receipt of a full vaccine
series in dialysis patients as 3 doses, partial vaccination
as 1-2 doses, and not vaccinated as 0 doses prior to each
participant testing positive for COVID-19.

Statistical methods

We summarized baseline characteristics for the overall
cohort and stratified by sex. Counts and percentages for
categorical or dichotomous variables were calculated,
and age was summarized using median and interquar-
tile range (IQR). Sample size calculations were not per-
formed for our primary outcome analyses, as we included
all COVID-19 positive individuals within AKC-S dialy-
sis programs. Differences in the number of males and
females on dialysis with each primary COVID-19 symp-
tom were explored using either chi-square analysis or
Fisher’s exact test. We considered the risk of error intro-
duced with multiple testing (11 symptom comparisons),
and to account for the family-wise error rate of 0.43, the
p-value for significance for each symptom comparison
was 0.00454. For our secondary outcomes, we used uni-
variate logistic regression to estimate odds ratios (and
accompanying 95% confidence intervals) for an associa-
tion between sex and the odds of death, hospitalization,
or ICU admission. As an exploratory and descriptive
analysis, we report the symptom proportions by sex for
cohort participants that experienced a composite of our
secondary clinical outcomes. We also explored descrip-
tively whether receiving a full vaccine series modified
the sex differences in symptoms, and whether there were
clinical outcome differences in this population depending
on vaccine status. All statistical analyses were completed
using Stata Software v16.0 (StataCorp) [28].

Results

There were 1,329 people with kidney failure in the AKC-S
dialysis program during the study period frame, and 246
patients tested positive for COVID-19, which represents an
estimated 18.5% of our AKC-S dialysis population. Of the
COVID-19 positive individuals, 180 received in-center con-
ventional HD, 57 received PD, and 9 HHD, with a median
dialysis vintage of 2.6 years (IQR 1.2, 4.6) (Table 1). Our
cohort included 95 females (39%), and the median age of
the cohort was 62 years (IQR 50, 71). Hypertension (90%),
diabetes (65%), and coronary artery disease (31%) were the
most common comorbidities, with diabetes also being the
most common etiology of kidney failure (44%). Reasons for
COVID-19 testing were due to symptoms (57%), COVID-19
exposure (16%), outbreak (11%), for routine testing done
at the time of hospital admission (3%), or for travel (1%).
An estimated 42% of our cohort were unvaccinated, 27%
received a partial vaccine series, and 30% were fully vac-
cinated at the time of their positive COVID-19 test.

The most frequent COVID-19 symptoms overall were
cough (49%), fever (34%), and malaise (28%) (Table 2;
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Table 1 Baseline characteristics

Characteristic Overall (n=246) Female (n=95) Male (n=151)
of cohort
Age, median years (IQR) 62 (50,71) 64 (50, 73) 61 (50,71)
Female sex, n (%) 95 (39) - -
Dialysis modality
In-centre hemodialysis, n (%) 180 (73) 68 (72) 112 (74)
Peritoneal dialysis, n (%) 57 (23) 24 (25) 33 (22)
Home hemodialysis, n (%) 94) 3(3) 6(4)
Dialysis Vintage, median years (IQR) 2.6(1.2,4.6) 2.6(1.1,5.0) 2.6(1.3,4.4)
Comorbidities
Hypertension, n (%) 221 (90) 83 (87) 138 (91)
Diabetes, n (%) 158 (65) 64 (67) 94 (62)
Coronary artery disease, n (%) 77 (31) 28 (29) 49 (32)
Congestive heart failure, n (%) 57 (23) 19 (20) 38 (25)
Malignancy, n (%) 33 (13) 12 (13) 21 (14)
Peripheral artery disease, n (%) 26 (11) 10 (11) 16 (11)
Current smokers, n (%) 30 (12) 10 (11) 20 (13)
Chronic obstructive lung disease, n (%) 43 (17) 18 (19) 25 (17)
Cerebrovascular disease, 1 (%) 26 (11) 12 (13) 14 (9)
Etiology of kidney failure, n (%)
Diabetes 109 (44) 45 (47) 64 (42)
Hypertension 37 (15) 15 (16) 22 (15)
Glomerulonephritis 49 (20) 17 (18) 322D
Obstruction or AKI 21 (9) 8 (8) 13 (9)
Other (ischemic, PKD) 30 (12) 10 (11) 20 (13)
Indication for testing, n (%)
Symptoms 139 (57) 53 (56) 86 (57)
Exposure 39 (16) 17 (18) 22 (15)
Outbreak 21 (11) 6 (6) 15 (10)
Routine testing at time of hospital admission 7@3) 303) 4(3)
Travel 1(0.5) 1(1) 0(0)
Unknown 39 (16) 15 (16) 24 (16)
Vaccine status
Unvaccinated 104 (42) 39 (41) 65 (43)
Partially vaccinated 67 (27) 28 (29) 39 (26)
Fully vaccinated 70 (30) 28 (29) 47 (31)

Fig. 1). Anosmia and headache were the most infrequent
symptoms, occurring in 8% and 7% of the cohort, respec-
tively. After correction for family-wise error rate, we found
that males were more likely to present with fevers compared
with females (42% versus 22%, p=0.003). Females reported
more nausea or vomiting, with 23% compared to 8% of
males (p=0.003). Though the rest of the symptom com-
parisons did not reach statistical significance criteria, the
point estimates of nearly all symptoms were more common
in females. There were 10% of females in our cohort that
had no reported symptoms, compared with 25% of males
(p=0.01, not significant when corrected for multiple test-
ing). In our exploratory analysis of symptom differences for
people that experienced a clinical outcome, proportions of
all symptoms in this group appeared similar to the overall
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group though there may be more fever, dyspnea, and nausea
or vomiting (Supplementary Table 2). Differences between
females and males appeared similar across vaccination sta-
tus, though overall the symptom burden was similar between
these groups (Supplementary Table 3).

In terms of our secondary outcomes, 80 (33%) people
in our cohort were admitted to hospital due to COVID-19,
14 (6%) experienced an ICU admission, and 14 (6%) died,
all within 30 days of a positive test (Table 3). We did not
identify statistically significant evidence of an association
of male sex with odds of hospitalization (OR 0.62 [95%
CI 0.36, 1.07]), ICU admission (OR 0.83 [95% CI 0.28,
2.47]), or death (OR 1.61 [95% CI 0.49, 5.30]). Fully vac-
cinated cohort participants were significantly less likely
to be admitted to hospital (OR 0.37 [95% CI 0.19, 0.70])
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Table2 COVID-19 Symptoms
for cohort of people receiving
dialysis in Southern Alberta,
Canada

Fig. 1 Sex-stratified COVID-19
Symptom Proportions for Peo-
ple with Kidney Failure. The
estimated proportion of males
and females with each COVID-
19 symptom is included, along
with 95% confidence intervals.
Bars that are cross-hatched
indicate that this symptom was
statistically higher in the respec-
tive sex when tested

Table 3 Clinical COVID-19
Outcomes

COVID symptoms Overall cohort ~ Female (n="77) Male (n=130) p-values
(n=207)
Cough, n (%) 102 (49) 41 (53) 61 (47) 04
Fever, n (%) 72 (34) 17 (22) 55 (42) 0.003*
Malaise, n (%) 57 (28) 25 (32) 32 (25) 0.2
Sore throat, n (%) 39 (19) 19 (25) 20 (15) 0.1
Dyspnea, n (%) 38 (18) 15 (19) 23 (18) 0.7
Nausea or vomiting, n (%) 29 (14) 18 (23) 11 (8) 0.003*
Loss of appetite, n (%) 26 (13) 9(12) 17 (13) 0.8
Diarrhea, n (%) 24 (12) 14 (18) 10 (8) 0.02
Myalgia or arthralgia, n (%) 20 (10) 8 (10) 12 (9) 0.8
Anosmia, n (%) 16 (8) 709) 9(7) 0.6
Headache, n (%) 15(7) 9(12) 6(5) 0.06
No symptoms 40 (19) 8 (10) 32 (25) 0.01

Symptom frequency compared between females and males with a chi-square test or Fisher’s exact test. Sig-
nificance defined as p <0.00454 after adjustment for multiple testing. P-values are rounded to nearest one

non-zero digit

No symptoms

Headache

Anosmia

Myalgia and/or Arthralgia
Diatrhea

No appetite

Nausea and/or Vomiting
Dyspnea

Odynophagia

Malaise

Fever

Cough

0.70

OFemales M Males

_%

0.50

0.50

0.30 0.10 0.10 0.30 0.70

Outcomes Overall cohort Female (n=95) Male (n=151) QOdds ratio,
(n=246) male vs female
(95%CT1)
Hospitalized, n (%) 80 (33) 37 (39) 43 (28) 0.62 (0.36, 1.07)
ICU, n (%) 14 (6) 6 (6) 8(5) 0.83 (0.28, 2.47)
Death, n (%) 14 (6) 4(4) 10 (7) 1.61 (0.49, 5.30)

CI confidence interval, ICU intensive care unit

(Supplementary Table 4). There were no deaths among fully
vaccinated dialysis patients, and 14 (8%) of partially or non-

vaccinated participants died.

Discussion

In this prospective cohort study of people with kidney
failure receiving dialysis, we identified 246 individuals
that tested positive for COVID-19 between March 2020
and February 2022, representing nearly one fifth of the
dialysis population in Southern Alberta, Canada. We found
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that males had statistically more fevers as part of their
COVID-19 presentation compared to females, and females
had statistically more nausea or vomiting. There were no
statistically significant differences between sexes for the
odds of hospitalization, ICU admission, or death, though
a large proportion experienced these outcomes overall,
particularly in patients that had not received a full vac-
cine series.

The risk of COVID-19 among our dialysis population
was sizable, though it must be interpreted in light of risk
among the general population in Alberta and other similar
cohorts of people receiving dialysis. By the end of Febru-
ary 2022, an estimated 12% of the Albertan population had
tested positive for COVID-19, which is likely an underesti-
mate of the overall COVID-19 burden with reduced regional
testing capacity at later stages of the pandemic [25]. Further,
of these positive cases, 4.7% were hospitalized, 0.7% went
to ICU, and 0.8% died in Alberta. These metrics suggest
that dialysis patients in our program were more likely to
become infected with SARS-CoV-2 and have worse clinical
outcomes, or alternatively that they were more likely to be
tested. In the province of Ontario, Canada, over a period of
March 2020 to November 2020, 239 of 13,512 (1.8%) people
receiving dialysis tested positive for COVID-19 [29]. They
reported a much higher rate of hospitalization, at 86%, and
of the composite of mortality and/or ICU admission at 21%.
Though this represents the most similar cohort of dialysis
recipients to our own, direct comparison becomes difficult
given the differences in the study period, potential differ-
ences in screening strategies, and dialysis population demo-
graphics. Further, the timing and significance of COVID-19
waves varied between these two jurisdictions [30]. If we
directly compared these groups, the prevalence of COVID-
19 in our program overall appears to be higher, though with
less frequent severe outcomes. This may reflect more sensi-
tive screening practices that identified patients with milder
symptoms and COVID-19 illness in our program, differences
in the pandemic course between provinces, and capture of
different variant waves in each respective study.

There are many suggested reasons for sex and gender
differences in people with COVID-19. Biological variables
such as differences in innate immune cytokines (IL-8 and
IL-18), induction of non-classical monocytes, and T-cell
activation have been suggested to play a role in sex-spe-
cific differential susceptibility to SARS-CoV-2 infection,
COVID-19 outcomes, and symptoms [31]. SARS-CoV-2
requires binding to the membrane-bound protein angioten-
sin converting enzyme 2 (ACE2) for cellular uptake, and
sex-based mechanisms for down-regulation of this enzyme
in females have been extensively described [17]. Further,
the distributions of many chronic diseases associated with
poor COVID-19 outcomes are different between males and
females [32]. On top of these sex-based biological variables,
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there are important social context mechanisms for COVID-
19 that are influenced by gender factors [33]. For example,
health behaviors such as smoking traditionally occur more
frequently in masculine gender roles, which can influence
COVID-19 outcomes by contributing to worse respiratory
illness but also contribute to higher burden of cardiovascular
disease which also portends a worse COVID-19 prognosis
[14, 34]. Additionally, gender factors such as differences in
occupation (with more women participating in health and
service sectors), adherence to NPIs such as hand-washing
and mask-wearing, social and family obligations, all play
a role in contributing to variable exposure to SARS-CoV-2
infection [14, 17, 33]. These variables are not fixed for men
and women, and are modified by country of origin, age, and
ethnicity [14, 35].

When we examine individual symptoms from our study,
the underlying reasons for the differences in fever occur-
rence are not completely clear, although possible explana-
tions include sex differences in immune system (e.g. dif-
ferences in T-cell and monocyte activation and cytokine
levels) [31] and hormonal regulation. In several animal
studies, females had lower capacity to develop fever with-
out co-administration of testosterone, which then equalized
fever generation [36], with older age found to exacerbate
sex differences in fever capacity [37]. In humans, circulating
estrogens promote lower body temperature and dissipation
of heat, and progesterone is associated with higher body
temperature (at baseline) with peripheral vasoconstriction
[38]. Considering the mechanisms outlined above, Sha et al.
examined a cohort of Chinese COVID-19 cases from three
hospitals [21]. When they stratified clinical outcomes and
symptoms by both sex and age dichotomized at 55 years
(to approximate menopause for females), females under the
age of 55 had significantly less fever compared to males,
whereas females above 55 years had no significant difference
in fever compared with similar aged males. Given our cohort
median age of 60 years, which was comparable between the
sexes, the influence of menopause and hormonal factors
such as estrogen deficiency on the occurrence of fever is
likely important. To our knowledge, examination of the dif-
ferences in fever by sex with assessment of age as a modify-
ing variable has not been explored. In addition to biological
sex-related factors for differences in fever, it is possible that
gender factors are at play. Women may be more aware of
their symptoms, leading to administration of anti-pyretic
medication such as acetaminophen, thus masking fever [39,
40]. Nausea and vomiting was more common in our cohort
in females; this has been also found in other COVID-19
literature. In the same Chinese cohort listed above, only
females over 55 years had more gastrointestinal symptoms
than age-matched males [21]. In a US-based cohort study
by Mathad et al., females were also more likely to expe-
rience gastrointestinal symptoms [20]. In both studies, no
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postulated mechanisms were suggested. Gastrointestinal
symptoms are more common for females in many disease
processes, including irritable bowel syndrome [41] and acute
coronary syndrome [42]. Somatic symptoms are more often
reported by women in many clinical situations [43]; as most
symptoms relied on patient self-report in our study, this sug-
gests that we might observe possible gender differences by
this mechanism in COVID-19 symptoms as well. Overall,
although we could not find other kidney disease-specific lit-
erature comparing female and male COVID-19 symptoms,
our findings are consistent with other COVID-19 literature
in the general population, and with fundamental scientific
principles that underlie the development of the symptoms
themselves.

There are several limitations to consider when interpret-
ing our study results. First, although we have examined
differences in symptoms based on sex as recorded in our
EMR, it is difficult to ascertain whether identified differ-
ences were based on biological sex or socio-cultural gen-
der factors. Though we captured all COVID-19-positive
dialysis recipients for half of a large Canadian province,
assessment of clinical outcomes was limited by sample
size. More simply, our study was likely underpowered to
detect small differences in clinical symptoms and outcomes
between the sexes. Further, considering the number of events
we identified, we did not feel that it was methodologically
appropriate to adjust our outcome estimates for important
covariates and confounding variables, nor test for important
interactions with age. Additionally, examination of the sex
differences in symptoms would have been complemented
with subgroup analyses with stratification by age. This may
allow for greater exploration and hypothesis generation into
the hormonal contribution to sex differences in COVID-19
symptoms. Though we based our rationale for a lower fever
threshold on relevant literature [27], the impact of biologi-
cal sex variables on baseline temperatures (i.e. with females
having lower temperature) may have led to this symptom
criterion being more sensitive in males and overestimating
this symptom prevalence in a differential way. However, as
our results are consistent with the rest of the COVID-19 lit-
erature, we do not think this has significant implications on
our study validity. Finally, patients receiving home dialysis
modalities may not be seen in a health-care setting as often
as people receiving conventional in-center HD, they would
be screened less often and perhaps less often in person, lead-
ing to lower sensitivity in identifying their positive COVID-
19 symptoms.

Our study, coupled with the overall COVID-19 literature
on sex differences, has several potential implications. The
most obvious impact of these results is to raise awareness for
clinicians treating dialysis patients, so that these sex-based
differences are incorporated into the decisions surround-
ing testing for COVID-19. On a system or dialysis program

basis, our findings may inform screening practices for people
with kidney failure. Considering people receiving dialysis
have a high burden of diverse symptoms at baseline [44], it
may be more difficult to recognize new symptoms [45]; thus
the prevalences of symptoms in our study were often lower
than studies in the general population. Since we found differ-
ences in COVID-19 symptoms by sex, our results may pro-
vide impetus for the development of sex-specific COVID-19
symptom screening questionnaire development. For exam-
ple, as females had nearly three times more nausea or vomit-
ing compared to males, and males were more than two times
more likely to present with no symptoms, these are factors
that could be incorporated into sex-specific screening strat-
egies. Perhaps it is likely that females with gastrointestinal
symptoms are more likely to be missed with conventional
screening that includes only febrile and respiratory manifes-
tations. The United States Preventive Services Task Force
(USPSTF) has now supported a mandate to incorporate sex
and gender into future clinical preventive recommendations
[46], thus design of dialysis program COVID-19 screening
programs that account for sex differences aligns with this
goal. Further, the impact of sex-stratified COVID-19 screen-
ing should be tested prospectively to see if there is truly an
impact on disease identification. This approach could pro-
vide benefit not only to people with kidney failure but the
general population as well. Finally, if we could gather a suf-
ficient sample of people receiving dialysis that were tested
for SARS-CoV-2, we could evaluate COVID-19 symptoms
and their collective predictive ability for a positive test in a
multivariable risk prediction model. This has been assessed
in a large UK cohort study [47], but without incorporation of
sex as a variable, and not specifically for people with kidney
failure. Overall, given the equipoise in the literature about
sex differences in COVID-19 symptoms, larger confirmatory
studies among dialysis populations are needed.

Conclusions

In this prospective cohort of 246 COVID-19 positive dialysis
patients in Alberta, Canada, we explored the differences in
symptoms and outcomes between males and females. To
our knowledge, this was the first study to report on these
sex differences in a dialysis population. We found that males
had more fevers than females, and females had more nau-
sea or vomiting. Though not statistically significant once
corrected for multiple testing, we observed that males
exhibited no symptoms more often than females. This may
represent sex-based differences in symptom manifestation
or gender-based differences in symptom reporting. Our
results are generalizable to other healthcare jurisdictions
with publicly-funded dialysis provision, and in settings with
similar COVID-19 epidemiology. Further work is necessary
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to explore the mechanisms of symptom differences, and to
determine whether a sex-specific screening strategy trans-
lates to improved infection control.

Supplementary Information The online version contains supplemen-
tary material available at https://doi.org/10.1007/s40620-022-01448-0.
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