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Abstract

Purpose Brazil is the third country globally in dialysis patients. Little is known about the impact of the type of health insur-
ance on the outcome of these patients after COVID-19.

Methods We analyzed comorbidities, sociodemographic factors, and dialysis-related parameters from a retrospective cohort
study of 1866 Brazilian chronic hemodialysis patients with COVID-19 from Feb 2020-July 2021. We evaluated the influence
of health insurance (private vs. public) on the intensive care unit admission and 90 day fatality risk.

Results From 1866 hemodialysis patients, 455 (24%) were admitted to the intensive care unit, and 350 (19%) died. The mean
age was 57.5 years, 88% had public health insurance. Crude case-fatality rate was not different between groups (private vs.
public risk ratio 1.11; 95% CI 0.82-1.52, p=0.498). In fully adjusted multivariate models, patients with private health insur-
ance did not have a higher chance to be admitted to an intensive care unit (odds ratio 0.97; 95% CI 0.63-1.50, p=0.888),
but they presented a lower death risk (hazard ratio 0.56; 95% CI 0.37-0.85, p=0.006).

Conclusion The type of health insurance did not influence the access of hemodialysis patients with COVID-19 to an intensive
care unit, but patients with private health insurance had a lower mortality risk.
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Introduction

Since February 3rd, 2020, when Brazil recognized COVID-
19 as an emergency public health problem, 20 million Bra-
zilians have been infected with the severe acute respiratory

Ricardo Sesso and Jocemir Ronaldo Lugon are both senior authors. syndrome coronavirus 2 (SARS-CoV-2), and nearly 575,000
The members of the The Covid19-HD Brazil Investigators are listed have died by August 2021 [1], one of the worst counts in
in Acknowledgements. Latin America. Chronic kidney disease (CKD) has been

associated with a higher risk of mortality after COVID-19,
and both disorders share similar risk factors for poor out-
comes [2—4]. In Brazil, where 80% of hemodialysis patients
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sociodemographic characteristics are present in patients on
chronic dialysis [3, 5, 6], who, irrespective of the COVID-
19, have a higher mortality rate than those without CKD [9].
Considering that severe forms of COVID-19 are common in
hemodialysis patients [4, 6, 10—12], a well-structured health
care system for these patients would be fundamental. Since
1993, a unified health system (Sistema Unico de Saiide,
SUS) implemented in Brazil allows universal and free access
to health resources [13]. The private health system serves
about 28.5% of the Brazilian population [14]. Approximately
25% of the people with private health insurance pay for it
out of their pocket, while around 75% have their care totally
or partially paid for by their employer [15]. Although Brazil
has a unified and universal health system, chronic under-
funding of health worsened after the economic austerity
measures imposed by the government in 2016, limiting the
growth of public expenditure until 2036 [13]. Considering
that the municipalities are responsible for part of the public
health expenditure, there is an important socio-economic
gap between the richest and the poorest Brazilian cities con-
cerning the distribution of health resources, accentuating
inequality in the population’s health care [13, 14], as in other
developing countries [16]. This situation can impact the care
of patients with chronic diseases and limit local hospital
assistance for those with a severe form of COVID-19.

It is estimated that 30% of patients hospitalized for
COVID-19 require intensive care units (ICU) [2]. Although
both the SUS and the private health system have increased
the number of ICU beds in all regions of Brazil [17], it
remains unknown if the type of health care insurance (pri-
vate or public) influences the outcomes of hemodialysis
patients with COVID-19. This study aimed to analyze the
impact of the health insurance modality on the ICU access
and 90 day mortality of chronic hemodialysis patients with
this disorder.

Materials and methods
Study design

This is a retrospective cohort observational study with data
collection performed through filling out a form available
online for dialysis clinics affiliated with the Brazilian Soci-
ety of Nephrology (BSN). All dialysis clinics in the coun-
try were invited to participate in the study utilizing various
means of communication. Those whose managers accepted
participating filled out individual patient information and
sent it electronically to the research coordinating center.
Adult patients (> 18 years) with kidney failure undergoing
kidney replacement therapy through hemodialysis for at least
three months were selected. The analysis interval included
patients diagnosed since the beginning of the country’s
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pandemic (Feb 26th, 2020) until Jul 23rd, 2021. As an inclu-
sion criterion, the patients should have had a diagnosis of
COVID-19 by laboratory examination, either by RT-PCR
or serology. The Research Ethics Committee of the Fed-
eral University of the State of Sao Paulo approved the study
under registration number 39988220.0.1001.5505.

Data collection

Data were provided by the participating outpatient dialysis
centers of the country using the patients’ medical records to
fill an electronic form. Collected information included soci-
odemographic characteristics (age, gender, race, and region
of Brazil), previous comorbidities, dialysis vintage, and
vascular access. Concerning COVID-19, the confirmatory
diagnosis tool, symptoms, hospitalization, ICU admission,
and mortality were registered. The form accessed by the
clinics for completion is available online (http://censo-sbn.
org.br/reglgCovid19). In case of doubts, a BSN Registry
investigator contacted the clinic for data validation.

Statistical analysis

Qualitative variables are initially described by their fre-
quency and percentage or mean and standard deviation
for quantitative variables. The Kolmogorov—Smirnov test
assessed the normality of data distribution. Case-fatality rate
and rate ratio (RR) to death were calculated per 1000 person-
days. A survival curve analysis in relation to the health care
status to the outcome was presented by the Kaplan—-Meier
method, and the log rank test verified any difference. We
used a chi-square test and Student’s ¢ test to compare fre-
quencies or means of the secondary variables in relation to
the primary exposure (private or public health insurance).
If not on a causal pathway, variables associated with the
primary exposure and risk factors to the outcome were con-
sidered potential confounders. Multivariate explanatory
models were proposed to verify the association between the
type of health plan and access to intensive care or the occur-
rence of death after COVID-19 diagnosis. Initially, we used
the Mantel-Haenszel stratification to evaluate confound-
ers and any effect modification in the association between
the type of health plan and access to intensive care units.
Continuous variables (body mass index, BMI, and age)
were split by tertiles to keep a balance for each category
group and avoid data sparsity in the analysis. All variables
with a known confounder effect in the exposure or with an
effect modification greater than 10% to the outcome in the
Mantel-Haenszel method were included in the multivariate
logistic regression analysis. Models were constructed pro-
gressively, including variable categories (sociodemographic,
variables associated with hemodialysis, and comorbidities).
Subsequently, we investigated the influence of the type of
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health insurance (private or public) on death within 90 days
after the diagnosis of COVID-19. As the SARS-CoV-2 vac-
cination roll-out for dialysis patients in Brazil was in May
2021, encompassing less than 12% of the subjects’ enroll-
ment period, we decided not to include patients’ vaccina-
tion status in the analysis. Crude and adjusted hazard ratios
for each covariate were calculated. Similarly, all variables
with a known confounder effect in the exposure or with an
effect modification greater than 10% to the outcome in the
bi-variate analysis were included in the final multivariate
model by Cox regression analysis in a progressively way by
variable categories (sociodemographic, variables associated
with hemodialysis, comorbidities, most prevalent symptoms
related to COVID-19, and need for hospital admission). For
both analyses, logistic regression and Cox regression, the
likelihood test evaluated any interaction factor for the prin-
cipal exposure variable with the other variables. Substan-
tial effect modification was just considered when significant
effect by subgroups was found. For multivariate analysis,
the linear effects for categorical variables age and BMI by
tercile and region were verified through a departure test from
linear trend. The proportional hazard assumption in the Cox
regression analysis was confirmed by Nelson Aalen plots
and by a formal test of proportionality. All data were ana-
lyzed using STATA/IC 15.1 software.

Results

From the whole sample (n=1903), crucial missing data
were identified in 4 cases (2 for the type of health care and
2 for the type of dialysis method). In addition, we excluded
five people under 18 years old (0.3%) and 28 on peritoneal
dialysis (1.5%), resulting in 1866 patients on hemodialysis
with COVID-19, from 68 dialysis centers, for the analysis.
The average age was 57.5+ 15.2 years, 59% were male,
12.2% had private health care, 24.4% were admitted to an
ICU, and 18.8% died. Of the 1866 patients studied, 1320
(91.8%) had COVID-19 diagnosis before the SARS-COV-2
vaccination roll-out in Brazil (public health care proportion
before vs after SARS-COVO0-2 vaccination, 87.5 vs. 91.5%,
p=0.147). The percentage of deaths was similar before and
after SARS-COV-2 vaccine implementation in the country
(19.0 vs. 16%, respectively, p=0.424), and was independent
of the type of health care (before vaccination: 18 vs. 21%
for those with public or private health care, respectively,
p=0.412; after vaccination, the corresponding percent-
ages were: 17 vs. 8%, respectively, p=0.378). The crude
case-fatality rate for patients with public health care was
3.95 per 1000 person-days (95% CI 3.52-4.42), while for
patients with private health care was 4.40 per 1000 person-
days (95% CI 3.29-5.87). The crude case-fatality rate was
not different between groups (private vs. public: RR 1.11;

95% CI 0.82-1.52, p=0.498). The cumulative survival of
COVID-19 hemodialysis patients, factored by type of health
insurance (log rank test, p=0.458) is in Fig. 1.

The distribution of other studied variables concerning the
health care status is in Table 1. Patients with private health
insurance were more frequently in the older age category
(=75 years old) and white, had higher BMI and lower hemo-
dialysis vintage, and most were derived from the Southeast.
They used less arteriovenous fistula as HD access than those
with public health care (64 vs. 75%, respectively), and had
a higher frequency of diabetes, previous myocardial infarc-
tion and/or stroke, and some COVID-19 clinical findings
(dyspnea, and fatigue/malaise). Hospital and ICU admis-
sions were more common in patients with private health
insurance (55 vs. 37%, and 33 vs. 23%, respectively).

Health care status and ICU admission

The crude and adjusted odds ratios of ICU admission
after stratifying for potential confounders and other vari-
ables of interest are in the supplementary Table 1. Patients
with private health care showed a 61% higher chance of
being admitted to an ICU than those with public health
care (crude OR 1.61;95% CI 1.19-2.18). The summarized
odds ratio indicated a confounding effect to the associa-
tion studied after adjusting for age and BMI tertile groups,
region, time on hemodialysis, type of vascular access, dia-
betes, and previous stroke history. An interaction effect
was not found for all confounders and the health care plan
status after comparing the log-likelihoods obtained in each
model excluding and including the interaction parameters
by logistic regression analysis. An explanatory logistic
regression model of the health care plan status for admis-
sion in ICU considering all identified confounder variables
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Fig. 1 Cumulative survival after COVID-19 on hemodialysis patients
by the type of health care assistance (Kaplan-Meier method). Log
Rank Test, p=0.458
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Table 1 General characteristics of dialysis patients with COVID-19 by the type of health insurance

Variable Total Sample Public Health Care Private Health Care p value
n=1866 n=1639 n=227
Age, years, n (SD or %) 57.5(15.2) 57.2 (15.1) 60.3 (16.0) 0.004
18-44 402 (21.9) 357 (22.1) 45 (20.4)
45-59 563 (30.6) 511 (31.6) 52 (23.6)
60-74 648 (35.3) 567 (35.0) 81 (36.8)
>75 225 (12.2) 183 (11.3) 42 (19.1)
Gender (n=1862), n (%) 0418
Female 763 (41.0) 676 (41.3) 87 (38.5)
Male 1099 (59.0) 960 (58.7) 139 (61.5)
Ethnicity (n=1863), n (%) <0.001
Non-white 915 (49.1) 857 (52.3) 58 (25.7)
White 948 (50.9) 780 (47.6) 168 (74.3)
BML, kg/m?, n (SD) 25.5(5.1) 254 (5.1) 26.7 (5.2) 0.021
Dialysis vintage, years,median (IQR) 2.9 (1.4;,6.0) 2.9 (1.3;6.2) 2.8 (1.5;5.3) 0.017
Health Insurance, n (%)
Non-private 1639(87.8)
Private 227(12.2)
Region, (n=1853), n (%) <0.001
Southeast 860 (46.4) 707 (43.4) 153 (68.0)
South 470 (25.4) 422 (25.9) 48 (21.3)
North/Northeast 330 (17.8) 318 (19.5) 12 (5.3)
Midwest 193 (10.4) 181 (11.1) 12 (5.3)
Dialysis access (n=1856), n(%) 0.001
Arteriovenous fistula 1368 (73.7) 1223 (75,0) 145 (64.2)
Catheter 488 (26.3) 407 (25.0) 81 (35.8)
Comorbidities, n (%)
Hypertension 1581 (84.7) 1386 (84.6) 195 (85.9) 0.599
Diabetes 758 (40.6) 647 (39.5) 111 (48.9) 0.007
Previous Myocardial infarction 98 (5.2) 69 (4.2) 29 (12.8) <0.001
Previous Stroke 69 (3.7) 52(3.2) 17 (7.5) 0.001
Heart failure 243 (13.0) 210 (12.8) 33 (14.5) 0.469
Peripheral arterial disease 100 (5.4) 86 (5.2) 14 (6.2) 0.564
Dementia disorders 25(1.3) 20 (1.2) 52.2) 0.228
CPOD 4524 39 (24) 6(2.7) 0.808
Chronic liver disease 24 (1.3) 22 (1.3) 2(0.9) 0.563
Current Cancer 54 (2.9) 44 (2.7) 10 (4.4) 0.147
HIV 13 (0.7) 13 (0.8) 0 0.179
Previous kidney transplant 97 (5.2) 81 (5.0) 16 (7.1) 0.178
Alcohol abuse 38 (2.0) 32(1.9) 6 (2.6) 0.490
Ex- or current smoker 170 (9.1) 150 (9.1) 20 (8.8) 0.867
COVID-19 Symptoms, n(%)
Asymptomatic 236 (12.6) 223 (13.6) 13(5.7) 0.001
Fever 1085 (58.1) 952 (58.1) 133 (58.6) 0.885
Cough 1010 (54,1) 899 (54.8) 111 (48.9) 0.092
Dyspnea 706 (37.8) 605 (36.9) 101 (44.5) 0.027
Fatigue/Malaise 573 (30.7) 484 (29.5) 89 (39.2) 0.003
Myalgia 482 (25.8) 420 (25.6) 62 (27.3) 0.586
Gastrointestinal symptoms 276 (14.8) 242 (14.8) 34 (15.0) 0.933
Confusion 67 (3.6) 55(3.4) 12 (5.3) 0.143
Hospital admission, n(%) 738 (39.5) 613 (37.4) 125 (55.1) <0.001
Intensive care unit admission, n(%) 455 (24.4) 380 (23.2) 75 (33.0) 0.001
Endotracheal intubation, n(%) 337 (18.1) 286 (17.4) 51(22.5) 0.066
Death, n(%) 350 (18.8) 304 (18.5) 46 (20.3) 0.535
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Table 1 (continued)

ntotal number; SDstandard deviation, BMIbody mass index; COPD chronic obstructive pulmonary disease; H/Vhuman immunodeficiency

virus; /QR interquartile range

and others with potential confounding effect is presented
in the Table 2. The presence of a private health care plan
was only significantly associated with a greater chance of
admission to the ICU when factors related to hemodialysis
treatment or previous comorbidities did not enter into the
models (model 1). After adjusting for all variables in the
final model, the presence of private health care was not
significantly associated with ICU admission (OR 0.97;
95% CI10.63-1.50, p =0.888). When considering hospital
admission as the outcome, after adjusting for the same
confounder variables, the presence of a private health plan
did not increase the chance of admission (OR 1.25; 95%
0.82-1.90; p=0.292).

Health care status and death

Table 3 shows crude and adjusted hazard ratios of death
after stratifying for potential confounder variables and other
variables of interest. The presence of private health care
was not associated with death in patients on hemodialysis
after COVID-19 infection compared to those with public
health care (crude HR 1.12, 95% CI 0.82-1.53). Although
the presence of private health care was not significantly
associated with an increased risk of death, this effect was
slightly confounded by other variables such as age, BMI,
region, hemodialysis vintage, and diabetes (Table 3). How-
ever, when considering the main exposure adjusted for the
need for hospitalization, the presence of private health care

Table 2 Multivariate logistic regression analyses for the association between healthcare status and intensive care unit admission due to COVID-

19 (n=1866)
Model 1 Model 2 Model 3

Variable OR 95% CI p value OR 95% C1 p value OR 95% CI p value
Health care status (private vs. public) 142 1.03-1.95 0.032 1.15 0.77-1.68 0.503 0.96 0.63-1.50 0.888
Age group, years! 1.61 1.41-1.85 <0.001 1.65 1.41-1.93 <0.001 1.31 1.09-1.58 0.003
Gender (male vs. female) 097 0.77-1.21 0.781 1.01 0.78-1.30 0931 0.99 0.74-1.31 0.928
Ethnicity (White vs. non-White) 092 0.74-1.16 0486 095 0.74-1.23 0.714 0.89  0.66-1.18 0.415
Region’ 0.85 0.76-0.95 0.004 0.86 0.76-0.98 0.024 0.79  0.68-0.93 0.004
Dialysis vintage, years (>3 vs.<3) 1.50 1.16-1.93 0.002 1.59 1.20-2.11 0.001
Vascular access (catheter vs. AVF) 1.80 1.36-2.36 <0.001 1.76  1.29-2.39 <0.001
BMI group, kg/m? 1.02  1.00-1.05 0.059
Hypertension (yes vs. no) 141 0.94-2.11 0.097
Diabetes (yes vs. no) 1.73  1.29-2.30 <0.001
Previous myocardial infarction (yes vs. no) 0.68 0.38-1.21 0.192
HF (yes vs. no) 1.28 0.87-1.87 0.208
Previous stroke (yes vs. no) 1.67  0.90-3.10 0.102
PAD (yes vs no) 1.03  0.59-1.80 0.919
Current neoplasia (yes vs no) 336 1.61-6.98 0.001
Ex- or current smoker (yes vs no) 0.73  0.44-1.19 0.201
Dyspnea (yes vs. no) 536 3.98-7.23 <0.001
Fever (yes vs. no) 1.39  1.02-1.89 0.036
Cough (yes vs. no) 1.01  0.75-1.37 0.944
Previous kidney transplant (yes vs no) 092 0.47-1.78 0.787

BMIbody mass index; HF heart failure; PAD peripheric arterial disease; LRT likelihood test for interaction between the variable considered and

health care status

!Considering as a linear effect for each category in relation to the first age group tertile as the baseline reference (LRT departure linear test,

p=0.641)

2Considering as a linear effect for each category in relation to the Southeast region as the baseline reference (LRT departure linear test,

p=0.112)

3Considering as a linear effect for each category in relation to the first BMI tertile as the baseline reference (LRT departure linear test, p=0.917)

@ Springer



International Urology and Nephrology

Table 3 Crude and bi-variate
Cox regression adjusted

associations between health care
status to death after 90 days of
COVID-19 diagnosis (n=1846)

Variable Crude HR 95% CI p value LRT

Health care status (private vs. public) 1.12 0.82-1.53 0.461

Effect of health care status adjusted for Adjusted HR

Age group, years! 1.02 0.74-1.40 0.905 0.603
Gender (male vs. female) 1.12 0.82-1.53 0.476 0.053
Ethnicity (White vs. non-White) 1.13 0.83-1.56 0.434 0.280
Region? 1.06 0.78-1.46 0.693 0.071
BMI group, kg/m? 1.04 0.76-1.43 0.808 0.077
Dialysis vintage, years (>3 vs. <3) 1.04 0.72-1.52 0.820 0.755
Vascular access (catheter vs.AVF) 1.06 0.78-1.45 0.706 0.615
Hypertension (yes vs. no) 1.12 0.82-1.53 0.465 0.233
Diabetes (yes vs. no) 1.05 0.77-1.43 0.750 0.904
Previous myocardial infarction (yes vs. no) 1.08 0.79-1.48 0.619 0.841
HF (yes vs. no) 1.12 0.82-1.53 0.457 0.686
Previous stroke (yes vs. no) 1.10 0.81-1.50 0.549 0.335
PAD (yes vs. no) 1.13 0.83-1.54 0.452 0.817
Current cancer (yes vs. no) 1.10 0.80-1.50 0.551 0.541
Ex- or current smoker (yes vs. no) 1.12 0.82-1.53 0.460 0.606
Dyspnea (yes vs. no) 1.04 0.76-1.41 0.820 0.390
Fever (yes vs. no) 1.12 0.82-1.52 0.486 0.834
Cough (yes vs. no) 1.15 0.84-1.57 0.375 0.979
Previous kidney transplant (yes vs. no) 1.13 0.83-1.54 0.439 0.884
Hospital admission (yes vs. no) 0.73 0.53-1.00 0.047 1.000
Intensive care unit (yes vs. no) 0.75 0.55-1.02 0.071 0.453

BMI body mass index; HF heart failure; PAD peripheric arterial disease; LRT likelihood test for interaction
between the variable considered and health care status

!Considering as a linear effect for each category in relation to the first age group tercile as the baseline ref-
erence (LRT departure linear test, p=0.310)

2Considering as a linear effect for each category in relation to the Southeast region as the baseline refer-
ence (LRT departure linear test, p=0.112)

3Considering as a linear effect for each category in relation to the first BMI tercile as the baseline reference

(LRT departure linear test, p=0.615)

showed a protective effect to death after adjustment for
hospital admission (adjusted HR 0.73; 95% CI 0.53-1.00,
p=0.047) and a trend toward protection after adjusting for
ICU admission (adjusted HR 0.75; 0.55-1.02, p=0.07). In
multivariate analysis (Table 4), private health care was asso-
ciated with lower fatality than public health care adjusting
for all potential confounders and for hospital and ICU admis-
sion (HR 0.56; 0.37-0.85, p=0.006; model 4).

Discussion

In this large observational study, having private health care
was not associated with a higher chance of being admit-
ted to an intensive care unit after COVID-19 infection in
patients on chronic hemodialysis compared to those with
public health care. However, having private health care
was associated with lower lethality after adjustment for
confounder variables. As far as we know, this is the first
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study to assess the impact of the type of health care insur-
ance on the outcome of patients on hemodialysis with
COVID-19 in Brazil.

Studies have shown that patients on maintenance hemo-
dialysis may present a higher incidence and higher risk of
death due to COVID-19 than the general population [18-21].
A meta-analysis of more than 396,000 patients on chronic
hemodialysis found a COVID-19 incidence of 7.7% (95%
CI 5.0-10.9%) and a mortality rate of 22.4% (95% CI
17.9-27.1%) [21]. Regarding the severity of infection by
COVID-19 in this population, between 28.6% and 82.5%
required hospitalization and about 6.6% to 28.6% intensive
care [21-24]. A high hospitalization rate was also observed
in our study, with a quarter of the sample requiring intensive
care. Part of this more significant need for intensive care
compared to the general population may be associated with
the presence of a higher number of comorbidities such as
diabetes and cardiovascular diseases [18, 25] and impaired
immune response [26, 27].
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Notably, in the present study, patients on hemodialy-
sis funded by private health insurance had a higher back-
ground of factors associated with higher mortality risk
(age, diabetes, previous myocardial infarction, and stroke)
than those with public health care. This unfavorable back-
ground can differ between public and private health care
patients from that in developed countries with more struc-
tured public health care systems and fewer inequalities
[28-30]. In high-income countries where there is better
primary care assistance available, other chronic diseases
may be better treated, impacting the comorbidities profile
among those who initiate dialysis and are eligible to access
public primary care assistance versus those who need to
pay out of pocket or do not qualify for public health care
[28, 31, 32]. Considering the limitations of the Brazilian
public health system to promote equality of the assistance
for all regions of the country, many older people look for
private health care to deal with their chronic conditions.
This can justify the unfavorable background of comor-
bidities found in our study for those with private health
care. Although lower kidney replacement therapy access
and higher mortality in hemodialysis patients have been
associated with lower income [33, 34], and private health
insurance can be associated with higher income [15], our
study focused on patients that needed urgent hospital assis-
tance due to severe COVID-19 infection. In this circum-
stance, the quality of hospital care can be a pivotal factor
impacting the survival of patients with severe pulmonary
infection [35].

A well-structured health system, with resources and pro-
fessionals trained to care for patients with greater severity
and risk of complications by COVID-19, is vital for reduc-
ing the number of deaths [36]. In the present study, patients
with private insurance had more chance of being admitted to
the intensive care unit in a non-adjusted analysis. However,
this association was no longer present after adjustment for
other comorbidities and confounding factors related to worse
outcomes on hemodialysis, even when considering hospital
admission as an outcome, in a sub-analysis (data not shown).
Brazil is the largest and most populous country in South
America. Despite the SUS having advanced primary care
in all country regions, there is still much inequality between
the regions’ secondary and tertiary care levels [13, 17]. The
distribution of intensive care beds and ICU physicians per
inhabitant in public and private health systems was markedly
unbalanced among the country regions before the epidemic
[17]. One of the Brazilian government's responses to the
epidemic was a significant increase in intensive care beds in
all country regions, which reached twofold in more deprived
places [17]. We believe that such an increase, particularly
in public hospitals, may have contributed to the absence of
differences in the adjusted chance of ICU admission between
patients with public or private health insurance.

@ Springer

However, just increasing the physical structure to admit
more patients with a severe condition of COVID-19 may not
have entirely corrected chronic problems of inequalities in
health care in Brazil. In a study on sepsis enrolling 21 ICUs
in Brazil, the authors found a lower mortality rate in patients
admitted to private than public ICUs, even after adjusting
for age, severity at admission, and other comorbidities [35].
In addition, the standardized expenditure cost on patient
care was lower in public hospitals than in private hospitals
in this study on sepsis [35]. Another factor that may have
impacted hospitalized patients with COVID-19 was the lack
of adequately trained healthcare professionals. Many physi-
cians, nurses, and physiotherapists working in ICU were not
board-certified by the specialty [37, 38]. Moreover, it is also
likely that better equipment, effective and expensive drugs
were more available in private than public services. Thus,
considering that the most deaths occurred within the first
20 days of hospital admission, our study’s higher mortality
risk in patients admitted to public ICU may reflect these
long-standing inequalities that surfaced during the epidemic.

The present study has some limitations. It is not possible
to rule out a differential misclassification for some comor-
bidities, such as chronic obstructive pulmonary disease
(COPD) and alcohol abuse, since the answers to these ques-
tions were based on data already available in the medical
records of each hemodialysis center. Even so, smoking sta-
tus was used as a proxy measure for COPD. Furthermore,
although several comorbidities were included in the analy-
ses, we were not able to include inflammatory tests and the
extension of the pulmonary involvement at ICU admission.
It was assumed that patients with private health insurance
were admitted to private hospitals when needed consider-
ing that they hardly use public services. We may not have
assessed all confounder factors as inherent to observational
studies, and some residual bias may have persisted. For
instance, individual income could not be included in the
analysis. The anti-SARS-Cov-2 vaccination roll-out in Brazil
was at the end of the patients’ recruitment period, and only a
small percentage of our sample received it, hindering a more
detailed analysis on this aspect. Also, as the vaccines were
freely distributed to the population under the coordination
of the Ministry of Health, one can assure that public and
private health care patients have had equal access to them.
Finally, although this is the largest COVID-19 database on
hemodialysis patients in Brazil, with balanced participation
among several country regions, there was lower participation
of dialysis centers from the North region. Thus, it is impos-
sible to rule out some selection bias that could enhance the
differences found since this region has more significant
inequalities, although with a lower proportion of dialysis
patients.

This study suggests that hemodialysis patients with
Covid-19 who have private health insurance have a lower
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risk of death than patients with public assistance. Nonethe-
less, the chance of hospitalization and admission to ICU was
not different between groups. Although more notable in low-
and middle-income countries, inequalities in health care
assistance may have been amplified during this pandemic
in most countries. In Brazil, where about 80% of hemodi-
alysis patients depend on public funding (6), our findings
reinforce the need for further studies assessing the socio-
economic aspects and the quality of hospital care involved
in the assistance of these patients.

Supplementary Information The online version contains supplemen-
tary material available at https://doi.org/10.1007/s11255-022-03289-z.
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