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Abstract

BACKGROUND

Coronavirus disease 2019 (COVID-19) has been the most talked-about disease of
the past few years. Patients with significant comorbidities have been at particular
risk of adverse outcomes. This study looked at the outcomes and risk factors for
adverse outcomes among patients on chronic hemodialysis for end-stage renal
disease, a group of patients known to be particularly susceptible to infectious
complications.

AIM
To assess outcomes and risk factors for adverse outcomes of COVID-19 infection
among patients on chronic hemodialysis.

METHODS
We searched PubMed/MEDLINE, EMBASE, Reference Citation Analysis (https://
www.referencecitationanalysis.com/) and Web of Science databases for relevant
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terms and imported the results into the Covidence platform. From there, studies were assessed in
two stages for relevance and quality, and data from studies that satisfied all the requirements were
extracted into a spreadsheet. The data was then analyzed descriptively and statistically.

RESULTS

Of the 920 studies identified through the initial database search, only 17 were included in the final
analysis. The studies included in the analysis were mostly carried out during the first wave. We
found that COVID-19 incidence among patients on hemodialysis was significant, over 10% in
some studies. Those who developed COVID-19 infection were most likely going to be hospitalized,
and over 1 in 5 died from the infection. Intensive care unit admission rate was lower than the
infection lethality rate. Biochemical abnormalities and dyspnea were generally reported to be
associated with adverse outcomes.

CONCLUSION

This systematic review confirms that patients on chronic hemodialysis are very high-risk
individuals for COVID-19 infections, and a significant proportion was infected during the first
wave. Their prognosis is overall much worse than in the general population, and every effort
needs to be made to decrease their exposure.

Key Words: COVID-19; End stage kidney disease; Mortality; Maintenance hemodialysis; Infection;
Systematic review

©The Author(s) 2022. Published by Baishideng Publishing Group Inc. All rights reserved.

Core tip: This is a systematic review to find out the mortality of coronavirus disease 2019 (COVID-19)
infection in end stage kidney disease patients that are on regular maintenance hemodialysis. We found that
COVID-19 incidence among patients on hemodialysis was significant, over 10% in some studies. Those
who developed COVID-19 infection were most likely going to be hospitalized, and over 1 in 5 died from
the infection. Intensive care unit admission rate was lower than the infection lethality rate. Biochemical
abnormalities and dyspnea were generally reported to be associated with adverse outcomes.
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Ahmed N, Soliman KM. Mortality rate of COVID-19 infection in end stage kidney disease patients on
maintenance hemodialysis: A systematic review and meta-analysis. World J Virol 2022; 11(5): 352-361
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INTRODUCTION

Since early 2020, the coronavirus disease 2019 (COVID-19) pandemic has caused hundreds of thousands
of deaths in the United States and millions worldwide, alongside unprecedented disruptions in
everyday life. Elderly and patients with significant comorbidities are known to be more susceptible to
severe forms of both viral and bacterial respiratory infections, and the same has been shown to be true
with COVID-19[1-3]. Chronic kidney disease (CKD) is one of the most prevalent chronic conditions in
the United States[4]. The high prevalence of diseases that frequently lead to CKD, such as cardiac
disease, hypertension, and diabetes, likely means that the prevalence of CKD will remain high in years
to come.

Patients with end-stage renal disease (ESRD) requiring hemodialysis are likely to be especially
susceptible to infections. Infection-related complications in those patients exceed 40 in 100 patients per
year[5]. Patients with ESRD often undergo in-center hemodialysis, making it more difficult to physically
separate for infection control purposes. Also, frequent visits to healthcare facilities for routine check-ups
may contribute to infection spread. Additionally, this group's comorbidities make them immunode-
ficient, increasing their risk of infection[6].

Furthermore, evidence suggests a high frequency of acute kidney injury (AKI) development among
patients hospitalized with COVID-19, which is associated with significant mortality[7,8]. AKI is also a
known risk factor for CKD development and progression[9].

All these factors make it plausible that COVID-19 would be an especially severe disease in patients
with end-stage renal disease on hemodialysis. Due to the high prevalence of ESRD requiring HD and
the number of COVID-19 infections worldwide, determining the actual impact COVID-19 has on this
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population could enable clinicians to target the factors associated with increased mortality and,
subsequently, improve the care they provide are delivering.

This systematic review will attempt to determine the prognosis of end-stage renal disease patients on
hemodialysis who test positive for COVID-19 and any clinical or laboratory findings associated with
adverse outcomes.

MATERIALS AND METHODS

Data sources and literature search

The databases used for our systematic review were PubMed/MEDLINE, EMBASE, Reference Citation
Analysis (https:/ /www.referencecitationanalysis.com/) and Web of Science, up to date as of April 10,
2022. The review aims to follow the Preferred Reporting Items for Systematic Reviews and Meta-
Analyses (PRISMA) guidelines. The search strategy for the PubMed database was: ("COVID-19"[Mesh]
OR "SARS-CoV-2"[Mesh] OR "COVID-19" OR "COVID19" OR "novel coronavirus" OR "coronavirus
2019" OR "COVID" OR "SARS-CoV-2") AND ("Kidney Failure, Chronic"[Mesh] OR "CKD" OR "chronic
kidney disease" OR "end-stage renal disease" OR "ESRD" OR " end stage kidney disease (ESKD) " OR
"end-stage kidney disease" OR "end-stage renal disease" OR "end-stage kidney disease") AND ("Renal
Dialysis"[Mesh] OR "renal dialysis" OR "hemodialysis" OR "dialysis") AND ("Prognosis"[Mesh] OR
"Mortality"[Mesh] OR "Survival'[Mesh] OR "prognosis" OR "lethality" OR "mortality" OR “survival”).
The search strategy for Web of Science and Embase was: ("COVID-19" OR "COVID 19" OR "novel
coronavirus" OR "coronavirus 2019" OR "COVID" OR "SARS-CoV-2") AND ("CKD" OR "chronic kidney
disease" OR "end-stage renal disease" OR "ESRD" OR "ESKD" OR "end-stage kidney disease" OR "end-
stage renal disease" OR "end-stage kidney disease") AND ("renal dialysis" OR "hemodialysis" OR
"dialysis") AND ("prognosis" OR "lethality" OR "mortality" OR “survival”).

Articles were then imported into the Covidence platform, which automatically removed duplicates.
Two reviewers then independently screened titles and abstracts for relevance. Conflicts were resolved
through direct communication between the two reviewers. Where consensus could not be reached, the
third reviewer made the decision.

Afterward, full texts were obtained and screened for relevance. Those that were deemed relevant
were assessed for quality using the National Institute of Health scoring systems according to the type of
study in question, and only those studies that scored no less than three points below the maximum were
included in the final review.

Eligibility criteria

We included prospective and retrospective observational studies as well as clinical trials if they
involved at least 100 adult patients with end-stage renal disease on chronic hemodialysis who dev-
eloped COVID-19 infection. We excluded case reports, case series, all review articles, conference
abstracts, letters, communications, and editorials. We also excluded studies that were written in
languages other than English and those that could not be retrieved. Equally, we excluded studies that
pertained to pediatric patients and those that involved patients on peritoneal dialysis.

Data extraction and quality assessment
A spreadsheet was created and used as a data extraction tool. The following data were extracted for all
the studies: authors, title, quality assessment score, number of patients who were studied, the incidence
of COVID-19 among patients on hemodialysis, number of patients who required intensive care unit
(ICU) level of care, number of deaths, as well as any findings that were found to be associated with
increased risk of death or severe disease.

Statistical analysis
Data were entered into the spreadsheet and analyzed descriptively. Afterward, statistical analysis was
done using SPSS software, and the results were presented in the form of a forest plot.

RESULTS

We found 920 articles through databases search. The 299 duplicate articles were automatically removed
by the Covidence platform. The authors screened the titles and abstracts of 621 articles for relevance.
The 519 articles were excluded at that stage. A total of 102 full texts were assessed for quality and
relevance, and 85 of them were excluded. A total of 17 articles were included in our analysis, comprising
a total of 37280 patients (Figure 1).

The number of ICU admissions was reported in 9 studies. The pooled analysis showed incidence of

ICU admission of 17.4% (95%CI: 0.114-0.235) with high heterogeneity (I* = 95.59%, P < 0.001)
(Figure 2A).
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The number of hospital admissions was reported in 5 studies. The incidence of hospitalization after
COVID-19 infection among patients included in those studies is 64.4% (95%CI: 0.521-0.767) with high
heterogeneity (I?=97.18%, P < 0.001) (Figure 2B).

All 17 studies reported mortality. The pooled estimate showed the incidence of mortality to be 23.3%
(95%ClI: 0.205-0.261) with significant heterogenicity I* = 88.52%, P < 0.001) (Figure 2C).

DISCUSSION
COVID -19 incidence

Not all the studies that were included in this review analyzed both the incidence and prognosis of
COVID-19 patients on chronic hemodialysis. The incidence of COVID-19 is very difficult to analyze,
considering that different studies looked at very different patient populations and different periods.
However, several studies looked at the incidence in 2020, before vaccines were available. Lugon et al[10]
reported that 741 out of 9877 Brazilian patients developed COVID-19 in 2020. Savino et al[11] reported
the incidence of 4408 out of 22415 in England, Wales, and Northern Ireland; however, their study
included the month of January 2021, when the United Kingdom was averaging tens of thousands of
cases per day, the highest recorded up to that point in time[11,12]. De Meester et al[13] and Keller ef al
[14] reported a lower incidence, but their study period ended in May 2020, only including the infections
that occurred during the first wave. Marino et al[15], however, reported a relatively low incidence of
only 256 out of 4942 with their study period extending to November 2020 but still not taking into
account the spike in winter 2020/2021, unlike Savino et al[11]. Ozturk et al[16] reported the incidence of
148 out of 746 until 05/11/2020 only in a single center in London, which is notably higher than in other
studies covering the same study period.

The reported incidence of COVID-19 in patients on chronic hemodialysis is higher than in the general
population, where the overall incidence in the first wave was relatively low despite the havoc it caused
[12,17]. Cases started rising significantly in the winter of 2020/2021, but only Savino et al[11] covered the
majority of that wave[12,17]. It needs to be said, however, that part of the explanation for the low
incidence of COVID-19 during the first wave can be explained by the scarcity of testing for the general
public, while patients on chronic hemodialysis would likely have been among the first ones to get
tested, skewing the incidence numbers. It is also true that patients on chronic hemodialysis clearly have
been in a very precarious and vulnerable position early in the pandemic. They were required to spend
significant amounts of time in health care facilities when both tests and personal protective equipment
were not widely available. Overall, while it is likely that the results were skewed by a difference in the
availability of tests between hemodialysis patients and the general public, it is still likely that the
incidence of COVID-19 infections among them was higher.

COVID-19 prognosis

There are multiple ways to look at the COVID-19 prognosis. In terms of the risk of hospitalization, it is
significant among patients with end-stage renal disease. However, it is important to note that hospital-
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Figure 2 Forest plot. A: Incidence of intensive care unit admission; B: Incidence of hospital admission; C: Incidence of death.
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ization criteria vary between institutions, and if, for example, desaturation is required to admit a patient
without significant comorbidities, a far lower threshold may be employed for patients with ESRD.
Furthermore, some of the studies only looked at hospitalized patients, possibly skewing numbers. In
addition, most of the studies were done early in the course of the pandemic when the criteria were less
clear, and there was a significant scarcity of ICU beds. That probably explains why in some of the
studies, the incidence of death was higher than the incidence of ICU admission. While determining the
exact COVID-19 Lethality is difficult due to the unknown number of cases that are undetected, what is
undoubtedly true is that prognosis of COVID-19 infection is significantly worse in ESRD patients
compared to the general public. In the studies involved in this systematic review, almost two-thirds of
all the patients infected by COVID-19 were hospitalized, with 17.4% (95%CI: 0.114-0.235) P < 0.001
requiring ICU admission and 23.3% (95%CI: 0.205-0.261) P < 0.001 ultimately succumbing to the
infection. There are no major outliers in terms of mortality, but it should be noted that studies such as
Ozturk et al[16], Fisher et al[18], Turgutalp et al[19], Bhinder et al[20], Hakami et al[21], Sinha et al[22],
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and Naaraayan ef al[23] only reported cases that led to hospitalization so the mortality rates in those
articles may be less representative unless a way to adjust them for hospitalization rate was found. A
possibly relevant study to point to is Lamech et al which reported that close to one-third of all patients
who tested positive for COVID-19 required mechanical ventilation[24]. HD itself may be an
independent risk factor for mortality because, despite the required immunosuppressive treatment,
Goffin et al[25] found mortality significantly lower among kidney transplant recipients than patients
with HD. At the same time, De Meester et al[13] found that overall mortality among HD patients did not
increase compared to pre-pandemic levels. That finding is surprising given that both Lugon et al[10] and
Savino et al[11] found that a very significant proportion of HD patients developed COVID-19, and
almost all the studies showed that those who do get infected are at significant risk of mortality. That
would ordinarily raise the question about a possible selection bias in De Meester et al[13]; however, the
study included the entire hemodialysis population of a region in Belgium, so barring a significant
environmental confounder in that particular region, the study should be generalizable.

Risk factors for mortality

We looked at a number of risk factors that may be associated with mortality among hemodialysis
patients who got infected by COVID-19. A number of prior studies suggest that diabetes worsens the
prognosis of COVID-19[26]. Lugon et al[10] found a statistically significant association between diabetes
and COVID-19 mortality among HD patients with an HR of 1.52 (1.05-2.19) P = 0.026. Hakami ef al[21],
Sinha et al[22], and Varghese et al[27] similarly found diabetes to be associated with COVID-19
mortality. Savino et al[11], Fisher et al[18], Turgutalp et al[19], Marino et al[15], Lamech et al[24], and
Hendra et al[28] found no statistically significant difference in mortality among those with diabetes.
While it can be assumed that this can be explained by sample sizes alone, that is not the case since the
Savino et al[11] study included 4408 patients. Overall, those findings are difficult to interpret. Diabetes is
a common cause of end-stage renal disease that also seems to worsen COVID-19 outcomes in the
general population; however, it needs to be noted that all ESRD patients have significant comorbidity at
baseline, and it remains unclear whether diabetes is uniquely associated with COVID-19 mortality
compared to other conditions which also lead to ESRD.

Several studies looked at the association between common laboratory values and COVID-19
mortality. White blood cell (WBC) count and C-reactive peptide (CRP) were commonly reported as they
normally correlate with the severity of infections. Varghese et al[27] and Hendra et al[28] found both to
be associated with mortality, with CRP difference between those who died and those who survived
being reported as 78.82 + 89.16 vs 40.49 + 43.16 (P = 0.002) by Varghese et al[27] and 128.0 (75.0-261.8) vs
40.5 (23.0-108.8) P < 0.0001 by Hendra et al[28] and WBC count difference 14.14 £ 8.88 vs 6.03 £ 2.37 (P =
0.001) reported by Varghese et al[27] and 7.45 (5.6-9.8) vs 5.40 (4-7) P = 0.0007 by Hendra et al[28]. In the
study done by Keller et al[14], CRP was found to be associated with mortality [14.2 (10.2-27) vs 9.3 (3.8-
18.9) P = 0.005], while WBC count was not [6.7 (4.7-9.5) vs 5.5 (3.9-7.6) P = 0.6]. Hakami et al[21] and
Sinha et al[22] only reported the WBC difference as follows: 9.1 + 1.3 vs 6.3 + 0.4 P = 0.04 reported by
Hakami ef al[21] and 11.059 £ 5929 vs 7022 + 2935 P < 0.001 reported by Sinha et al[22]. Keller et al[14]
only reported the CRP difference and found it to be statistically significant: 95 (49-192) vs 44.5 (19-92) P
= 0.0003.

Overall, it does appear that elevations in both CRP and WBC count are associated with worse
outcomes. A meta-analysis by Malik et al[29] also reported that CRP elevation is associated with adverse
outcomes in COVID-19 in the general population. It is worth noting that a number of conditions and
treatments other than COVID-19 can be associated with CRP and WBC elevations. For example,
corticosteroids can lead to elevated WBC counts, and corticosteroids are a common treatment for both
severe COVID-19 and a number of conditions that may ultimately lead to ESRD. Further subgroup
analysis would be required to evaluate further whether a significant confounder exists.

Varghese et al[27] also found hyponatremia and hyperkalemia to be associated with poor outcomes,
while studies by Hakami et al[21] and Sinha et al[22] found no significant difference in outcomes based
on sodium or potassium levels. Electrolyte abnormalities would, in general, be expected among patients
on hemodialysis, especially on days when dialysis sessions are not scheduled. However, other studies
have found that both sodium and potassium abnormalities are associated with worse COVID-19
outcomes in the general population[30,31]. It is almost undeniably true that every effort should be made
to keep electrolytes within reference ranges, whether hyponatremia and hyperkalemia at presentation
are associated with increased COVID-19 severity or simply a consequence of the dialysis schedule.

Ferritin is both an inflammatory marker and a relevant marker of iron stores in the body. Five of the
studies included in this analysis looked at the significance of ferritin in determining the prognosis of
COVID-19, and all found ferritin to be significantly higher among hemodialysis patients who succumb
to COVID-19 in comparison to those who survive[18,19,21,27,28]. It is notable, however, that average
ferritin levels varied widely between studies, and while in each study, patients with higher ferritin were
more likely to die, in some studies, even the levels among those who survived were notably higher than
those of those who died in a different study. Moreover, it needs to be remembered that patients with
ESRD are likely to be anemic at baseline. Therefore, even though all the studies point towards an
association between higher ferritin and mortality, it is difficult to interpret clinically.
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Finally, dyspnea is one of the most common symptoms of severe respiratory infection, and decreased
oxygen saturation is a marker of worsening respiratory status. The same has generally held true for
COVID-19 throughout the pandemic, and oxygen saturation level is frequently used as one of the main
criteria for the hospital admission. As would be expected, both dyspnea and oxygen saturation were
associated with mortality. Of the five studies that analyzed the association between dyspnea and
COVID-19 mortality in HD patients, all 5 showed statistical significance, with a P value never reaching
0.03[15,19,21,22,27]. Studies by Varghese et al[27] and Fisher et al[18] found a significant association
between lower SpO, and mortality. Keller et al[14] and Hendra et al[28] failed to find a significant
association. It should be noted that all 4 of the aforementioned studies had relatively small sample sizes,
and oxygen saturation generally falls within a narrow range, likely impacting some of the findings.
Moreover, patients tend to desaturate later in the course of the disease, and if HD patients were
admitted to the hospital early due to their pre-existing comorbidities, it is possible that this could make
SpO, at presentation less reliable as an indicator of COVID-19 severity in those patients.

Limitations

The study has several notable limitations. Firstly, most of the studies only looked at COVID-19
prognosis in the early phases of the pandemic when treatment options were also more limited, and no
vaccines were available. Secondly, we excluded three as they were written in languages other than
English. The way data was reported varied across studies, limiting the number of studies that reported
each variable. Finally, hospital and ICU admission criteria vary between institutions, so they may not be
a perfect indicator of disease severity.

CONCLUSION

Patients on chronic hemodialysis due to end-stage renal disease are among the most vulnerable
members of society at increased risk of both catching and succumbing to COVID-19 infection. We found
that the incidence of COVID-19 in hemodialysis patients was significant, and in some studies, more than
one-tenth caught COVID-19 during the first wave. The prognosis was overall much poorer than in the
general population, with the majority requiring hospitalization and more than one in five deaths.
Generally, biochemical abnormalities and early dyspnea were associated with a higher degree of
mortality. It would be interesting to see how much the numbers would change if the same studies were
done during subsequent COVID-19 waves.

ARTICLE HIGHLIGHTS

Research background

Coronavirus disease 2019 (COVID-19) has been the most talked-about disease of the past few years.
Patients with significant comorbidities have been at particular risk of adverse outcomes. We looked at
the outcomes and risk factors for adverse outcomes among patients on chronic hemodialysis.

Research motivation
The authors assess outcomes and risk factors for adverse outcomes of COVID-19 infection among
patients on chronic hemodialysis.

Research objectives
The objective of this study is to assess outcomes and risk factors for adverse outcomes of COVID-19
infection among patients on chronic hemodialysis.

Research methods

The authors searched PubMed/MEDLINE, EMBASE, Reference Citation Analysis (https://www.
referencecitationanalysis.com/) and Web of Science databases for relevant terms and imported the
results into the Covidence platform. From there, studies were assessed in two stages for relevance and
quality, and data from studies that satisfied all the requirements were extracted into a spreadsheet. The
data was then analyzed descriptively and statistically.

Research results

Of the 920 studies identified through the initial database search, only 17 were included in the final
analysis. The studies included in the analysis were mostly carried out during the first wave. The authors
found that COVID-19 incidence among patients on hemodialysis was significant, over 10% in some
studies. Those who developed COVID-19 infection were most likely going to be hospitalized, and over 1
in 5 died from the infection. ICU admission rate was lower than the infection lethality rate. Biochemical
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abnormalities and dyspnea were generally reported to be associated with adverse outcomes.

Research conclusions

This systematic review confirms that patients on chronic hemodialysis are very high-risk individuals for
COVID-19 infections, and a significant proportion was infected during the first wave. Their prognosis is
overall much worse than in the general population, and every effort needs to be made to decrease their
exposure.

Research perspectives
Further research can be done to assess the efficacy of protective measures and vaccines against COVID-
19 among dialysis patients.
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