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Background: Patients on hemodialysis are particularly vulnerable to COVID-19 and may have a reduced response to vaccination
because of a decreased immune response. The nutritional status before or during the infection could also impact on the clinical
effectiveness of vaccination.

Objectives:We aim to describe the evolution of clinical and nutritional biomarkers of hemodialysis patients infected with SARS-
CoV-2 and to assess their association with vaccination status.

Methods:An observational, analytic, longitudinal, retrospectivemulticenter study was carried out in 82 patients on hemodialysis
with SARS-CoV-2 infection. Nutritional status was assessed using the Geriatric Nutritional Risk Index (GNRI), anthropometry,
and biochemical parameters. The association of the vaccine doses with clinical- and nutritional-related variables was also
evaluated.

Results: The percentage of vaccinated patients was similar to that of nonvaccinated patients. Before infection, most of the
patients were malnourished. They presented lower albumin, creatinine, and urea levels than the well-nourished patients.
Significant deterioration of nutritional status after infection was evidenced considering GNRI score, dry weight, and body mass
index. Albumin and creatinine also decreased significantly after infection, whereas C-reactive protein increased in the acute
phase. Significant inverse correlation was found between the variation of post–pre GNRI scores and basal albumin and
C-reactive protein at 7 days. In addition, we observed the opposite trend between albumin at 30 days and basal cholesterol. A
negative value in the GNRI variation was associated with bilateral pneumonia, need for hospitalization, and nutritional support.
Vaccinated patients presented substantially less bilateral pneumonia and hospitalization. No significant effects were observed
between vaccine doses and the variation in nutritional status, although a positive correlation was detected with the albumin at
7 days and C-reactive protein before infection and the number of vaccine doses received.

Discussion: COVID-19 is associated with affectations in the nutritional status and biomarkers in hemodialysis patients. In this
study, vaccines have shown a protective effect against the clinical consequences of COVID. However, they have shown
limitations in preventing the deterioration of nutritional status after infection. The results highlight the importance of promoting
the vaccination in these patients as well as incorporating nutritional assessment before, during, and after the infection.
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INTRODUCTION

Patients with chronic kidney disease on renal replacement
therapy with hemodialysis (HD) are considered a particularly
at-risk population. The high comorbidity and uremic state pro-
duced by this illness may cause inflammation and immunosup-
pression (Betjes, 2013; Vaziri et al., 2012). This situation may
increase the susceptibility to infections, such as that produced
by the SARS-CoV-2 virus. Although the clinical symptoms of
COVID-19 in HD patients are similar to the symptoms in pa-
tients without kidney disease, a significantly more severe course
and a worse prognosis have been described in them after being
infected with SARS-COV-2 (Aydin Bahat et al., 2020). Moreover,
HD patients sometimes present an altered immune response to
vaccines, as it has been shown with pneumococcal, hepatitis
B, or influenza vaccines (Krueger et al., 2020). In the case of
COVID-19, studies have shown a delayed and attenuated im-
mune response in this population after vaccination (Chen
et al., 2021; El Karoui &DeVriese, 2022; Van Praet et al., 2021).

In addition, it is important to note that nutritional alter-
ations are frequent in HD patients. Indeed, calorie–protein
malnutrition or protein-energy wasting (PEW) is a prevalent
problem among HD patients, being present in 28%–54% of
them (Carrero et al., 2018). It has been suggested that the risk
of malnutrition may increase in these patients after being in-
fected by COVID-19 (Pérez-Torres et al., 2021). However, to
date, few studies have shown how the infection can affect
the nutritional status in different phases of the infection. The
scarcity of published studies on nutritional assessment in HD
patients after infection with COVID-19 suggests that the char-
acteristics of this pandemic have generated a series of barriers,
which may have prevented the performance of routine nutri-
tional assessments using validated tools for monitoring nutri-
tional status such as the Geriatric Nutritional Risk Index (GNRI).

Recent research observed higher phosphate and albumin
levels in HD patients who survived the disease (Min et al.,
2021). Comparedwith thosewhodied, this suggests that a bet-
ter initial nutritional status may be protective. Some studies
have also collected laboratory markers during infection that
show alterations in nutritional status. Specifically, a decrease
in serum albumin levels and an increase in C-reactive protein
(CRP) levels have been identified among others (Aydin Bahat
et al., 2020; Min et al., 2021). Recently, it has been described
that there is a relationship between nutritional status and re-
sponse to COVID-19 vaccination in HD patients. Specifically,
it was observed that patients with malnutrition or low serum
albumin levels had a worse response to vaccination, affecting
the humoral and cellular responses to COVID-19 vaccines
(Kwiatkowska et al., 2022; Lin et al., 2022; Van Praet et al., 2021).

Despite concerns about the efficacy of COVID-19 vac-
cines, recent studies have revealed that they may prevent in-
fection, mitigate serious outcomes, and reduce the rate of hos-
pitalizations in HD patients (Ashby et al., 2022; El Karoui & De
Vriese, 2022; Oliver & Blake, 2022).
However, to date, it is unknown whether the number of
doses receivedmay attenuate the impact of infection on nutri-
tional parameters in these patients, which are expected to
be reduced after SARS-CoV-2 infection. Moreover, it remains
unclear whether the COVID-19 vaccination in HD patients
could impact the clinical course of the infection and the evolu-
tion of nutritional biomarkers through the different phases of
the infection.

On the basis of this evidence, this study aims to describe
the evolution of clinical and nutritional biomarkers of HD pa-
tients infected with SARS-CoV-2 and to assess their association
with vaccination status. In addition, it seeks to detail the effects
of vaccination against SARS-CoV-2 on common symptomatol-
ogy and the need of hospitalization in the HD population.

MATERIALS AND METHODS

An observational, analytic, longitudinal, retrospective study
was carried out in four HD units corresponding to four hospi-
tals inMadrid (Spain): Henares Hospital, Infanta Sofía Hospital,
Sureste Hospital, and Infanta Cristina Hospital. The study was
approved by the Ethics Committee of the Hospital Universitario
de La Princesa (Madrid, Spain), the research commissions that
regulate research activity in the participating hospitals, and
the research commission of the Faculty of Nursing, Physiother-
apy, and Podiatry of the Complutense University of Madrid.

The selection of health centerswas based on the similarity
and the accessibility to the electronic records.Wechecked the
totality of electronic records of HD patients in the four HD
units from March 1, 2020, to February 1, 2022 (n = 456). The
study included the patients infected for SARS-CoV-2 who met
the following inclusion criteria: patients of both genders older
than 18 years old, who had been on HD for more than
3 months, who were diagnosed with COVID-19 by reverse
transcriptase polymerase chain reaction (PCR), andwho could
be followed up for a complete period (30 days before and
30days after infection). Patientswere excluded from the study
if they had not been diagnosed by SARS-CoV-2 during the pe-
riod studied and also if they had been admitted to a hospital
in the 2 months before infection or had presented a severe
acute intercurrent illness in the 4weeks before or after infection.
A final sample of 82 patients was ultimately achieved (Figure 1).

Data Collection and Tools

A research team, made up of trained nephrology nurses work-
ing in pairs in every hospital, was responsible for extracting
thedata fromthe electronicmedical records. Thedatawere su-
pervised after the collection to check their accuracybefore the
data analysis.

Demographic, HD, and vaccination data were collected.
Theclinical characteristics of the infectionwere also recorded,
focusing on respiratory and common gastrointestinal symp-
toms. In addition, the study evaluated the need for hospitaliza-
tion, hospital stay duration, and the presence of death after



FIGURE 1. Participants and variables included in the study. HD = hemodialysis. aGNRI = Geriatric Nutritional Risk Index. bBMI = body mass index.
cCRP = C-reactive protein.
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30 days of infection. Nutritional status was assessed by GNRI
and anthropometry (dry weight [DW] and body mass index
[BMI]). DW was considered the lowest tolerated postdialysis
weight achieved by a gradual change in postdialysis weight
inwhich there areminimal signs or symptoms of hypovolemia
or hypervolemia (Sinha & Agarwal, 2009). The GNRI was cal-
culated by modifying the nutritional risk index for elderly pa-
tients (Bouillanne et al., 2005) using the equation proposed
byYamadaet al. (2008) forHDpatients.GNRI<91.2was taken
as the cutoff point to identify malnourished patients (Yamada
et al., 2008). From this cutoff point, the evolution of the pa-
tients' nutritional status was estimated (remaining nutritious,
remaining malnourished, or experiencing either a worsening
or an improvement in their nutritional status). Besides, the dif-
ferencebetween thepostinfection score and theprevious total
score was used to determine the GNRI variation variable,
thereby expressing the evolution of the nutritional status after
the infection. In addition, we evaluated some of the most rele-
vant biochemical parameters extracted before theHD session.
Three time points were taken as reference: 30–40 days before
infection, when baseline data were collected; 7–10 days after
infection, corresponding to the acutephase; and30–40days af-
ter infection, corresponding to the postinfection or recovery
phase. In addition, we assessed the need for nutritional sup-
port and the type of support required (Figure 1).

Data Analysis

Analyses were performed using IBM SPSS Statistics 27 statisti-
cal software and GraphPad Prism 9.5.1. Qualitative variables
were described as percentages and absolute frequencies,
whereas quantitative variables were described with mean
(M) and standard error of themean (SEM) when they followed
a normal distribution and with median and interquartile range
otherwise. The Kolmogorov–Smirnov or Shapiro–Wilk test
was applied to study the distribution of quantitative variables.
The chi-square test was used to analyze differences between
groups in qualitative variables. To analyze quantitative vari-
ables, Student t or analysis of variance, Mann–Whitney U or
Kruskal–Wallis, Wilcoxon, or Friedman tests were used ac-
cording to normality distribution, relationship between the
variables, and number of groups to be compared, establishing
the Bonferroni test for multiple comparisons. To study bivari-
ate correlations between quantitative variables, Pearson (R)
or Spearman (rho) correlations were studied according to nor-
mality. In all analyses, the significance level was set at p≤ .05.
RESULTS

Baseline Characteristics of Study Participants Before
SARS-CoV-2 Infection

Eighty-two patients were included in the study. Most were men,
with amean age higher than 65 years. Most of them receivedHD
through an arteriovenous fistula (72%), three sessions per week
(91.5%), mainly through in-line hemofiltration (54.9%) versus
conventional HD (45.1%) with high-permeability dialyzers.

A similar percentage of vaccinated and unvaccinated pa-
tients (51.2% vs. 48.8%) was found. Most vaccinated partici-
pants had received three doses (83.2%) with messenger RNA
vaccines (Pfizer or Moderna [97.61%]; Table 1).

At baseline, most of the patients (68.1%)weremalnourished
before infection. They had significantly lower albumin (p < .01),
creatinine (p = .028), and urea (p = .005) levels. The medians of
CRP and cholesterol values were also lower in malnourished
patients, although they did not show significant differences.
In addition, we observed lower BMI and DW in malnourished
patients before infection than in the well-nourished group,
although these differences were not significant (Table 1).

Clinical Parameters of SARS-CoV-2 Infection in HD Patients

Considering the total patients included in the study (N = 82),
40.2% (n = 33) of infected patients had some symptoms, com-
pared with 59.8% (n = 49) who were asymptomatic. A total of
25.6% (n = 21) developed bilateral pneumonia, and 15.9%
(n = 13) had gastrointestinal symptoms. Among the patients
who presented gastrointestinal symptoms, the most frequent
was diarrhea in 53.8% (n = 7), followed by nausea (23.1%,



TABLE 1. Basal Characteristics of Participants

Characteristics Total Characteristics Total

Demographic Age (years), M (SEM) 67.5 (1.62) Nutritional status
(GNRI; n = 72)

M (SEM) 87.47 (0.88)
Gender, n (%) Malnourished (GNRI < 91.2), n (%) 49 (68.1)
Male 53 (64.6) Well nourished (GNRI > 91.2), n (%) 23 (31.9)

Female 29 (35.4)
Treatment Vascular access, n (%) Biochemical

parameters
Albumin (g/dl), Mdn (IQR)**

CVC 23 (28) Malnourished (GNRI < 91.2) 3 (0.55)
AFV 59 (72) Well nourished (GNRI > 91.2) 3.60 (0.55)

Modality treatment, n (%) Creatinine (mg/dl), Mdn (IQR)*
Conventional hemodialysis 37 (45.1) Malnourished (GNRI < 91.2) 6.85 (2.39)
Online hemodiafiltration 45 (54.9) Well nourished (GNRI > 91.2) 7.56 (2.26)

Number of sessions/week, n (%) CRP (mg/dl), Mdn (IQR)
2 3 (3.7) Malnourished (GNRI < 91.2) 5.65 (13.65)
3 75 (91.5) Well nourished (GNRI > 91.2) 9.46 (14.07)
4 2 (2.4) Urea (mg/dl), Mdn (IQR)**

6 2 (2.4) Malnourished (GNRI < 91.2) 97 (46)
Session duration (min), Mdn (IQR) 240 (30) Well nourished (GNRI > 91.2) 119 (36)
Seniority on HD (months),Mdn (IQR) 47.5 (43) Cholesterol (mg/dl), Mdn (IQR)
Dialyzer, n (%) Malnourished (GNRI < 91.2) 126 (43.25)
Polyflux 210H 30 (36.6) Well nourished (GNRI > 91.2) 127.5 (75.25)
FX CorDiax 80 11 (13.4)
Phylther HF22SD 4 (4.9) Anthropometric

parameters
BMI (kg/m2), Mdn (IQR) 25 (6)

NS-21S 2 (2.4) Malnourished (GNRI < 91.2) 25 (8)
Solacea 21H 9 (11) Well nourished (GNRI < 91.2) 26 (7)
Elisio 21H 9 (11)
FX CorDiax 800 7 (8.5) DW (kg), Mdn (IQR) 68 (22)

Theranova 500 6 (7.3) Malnourished (GNRI < 91.2) 64 (22)
Othersa 4 (4.9) Well nourished (GNRI > 91.2) 70 (25)

SARS-CoV-2
vaccination

Doses received, n (%)
None 40 (48.8)
1 2 (2.4)
2 5 (6.1)
3 35 (42.7)

Type, n (%)
No 40 (48.8)
Pfizer-BioNTechb 15 (18.3)
Modernab 26 (31.7)

Sinopharmc 1 (1.2)

Note. Eighty-two participants were included in the study.M =mean; SEM = standard error of the mean; CVC = central venous catheter; AVF = arteriovenous fistula;
min = minutes;Mdn = median; IQR = interquartile range; HD = hemodialysis; GNRI = Geriatric Nutritional Risk Index; CRP = C-reactive protein; BMI = body mass
index; DW = dry weight.
aOthers: Supra H7, LEOCEED-18H, SUREFLUX-19UX, and FX1000. bMessenger RNA vaccine. cInactivated virus vaccine.
*p < .05 and **p < .01 after analysis by Mann–Whitney U test.
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n= 3) and anorexia (23.1%,n= 3). A hospital admission rate of
30.5% (n=25) forCOVID-19was observed in thepatients stud-
ied,with amedianhospital stayof 9.5 (interquartile range=14)
days. The percentage of patients who died after 30 days of in-
fection was 4.88% (n = 4).

Analysis of the Effect of Infection on the Nutritional Status
of HD Patients: Nutritional Status Assessment (GNRI) as
well as Anthropometric and Biochemical Parameters

Nutritional Status Assessment (GNRI)Weobservedmore
malnourished than well-nourished patients before and after
infection (p = .014; Figure 2A). Thirty days after infection, the
number of malnourished patients increased to 85.7% (n = 48),
decreasing the number of well-nourished patients to 14.3%
(n = 8). Specifically, 17.9% (n = 10) of patients worsened their
nutritional status, 67.9% (n = 38) remained malnourished,
8.9% remained well nourished (n = 5), and only 5.4% (n = 3)
improved their nutritional status after infection. Considering
the total GNRI score, a significant worsening in this value was
shown after infection (Figure 2B).

In addition, significant differences were observed be-
tween the GNRI variation, which represents the difference
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between post and pre GNRI scores, and the nutritional status
before infection (p < .05). These findings show that individ-
uals who were well nourished before infection had a greater
decrease in the GNRI variation variable, therefore indicating
a greater worsening in GNRI values (Figure 2C). Despite the
high percentages of malnutrition, only 25% (n = 16) required
additional nutritional support; most of them received oral en-
teral nutrition (62.5%,n=10), followedbyparenteral nutrition
(25%, n = 4); and only 12.5% (n = 2) required mixed nutrition
(oral enteral and parenteral).

Anthropometric Parameters Regarding anthropometric var-
iables, it was observed that, 30 days after infection, the DWwas
significantly lower (p = .008; Figure 2D). Similarly, BMI de-
creased significantly (p < .01) after the infection (Figure 2E).

Biochemical Parameters Biochemical parameters related
to nutritional status were compared at three time points: base-
line, on the seventh day after infection, and 30–40 days after
the diagnosis of the infection. Considering the three periods
studied, creatinine showed an almost significant downward
trend (p = .056). Particularly, significant differences were evi-
denced between baseline creatinine and the creatinine values
at 30–40 days after infection (p = .03; Figure 2F). In addition,
FIGURE2. Effects of infection on hemodialysis patients in nutritional and bio
median and interquartile ranges ormean and standard error of themean accor
t-test, *p < .05 and **p < .01. (D–F) Wilcoxon test, **p < .01. (G and H)
**p < .01. “Pre” indicates 30–40 days before infection, and “Post” indicate
indicate 7 days and 30–40 days after the diagnosis of infection, respectiv
CRP = C-reactive protein.
we observed significant differences in the evolution of albumin
through the different phases of the infection (p = .005). Specif-
ically, a significant decrease was foundwhen comparing basal
albumin with albumin at 7–10 days after infection (p = .003)
and between basal albumin and albumin at 30–40 days after
infection (p = .025; Figure 2G). CRP also varied significantly
(p = .006). Comparing the three time points, CRP significantly
increased at 7 days after infection (p = .005) and significantly
decreased at 30–40 days after infection (Figure 2H). However,
regarding urea and cholesterol, no significant differences were
found among the different points of infection measured.

Factors Associated With Nutritional Status Evaluated
Through GNRI Variation: Demographic, HD Treatment,
Clinical, Anthropometric, and Biochemical Parameters

To study the factors associated with a quantitative decrease in
theGNRI score, theGNRI variation variablewas analyzed as an
indication of aworsening of nutritional status. A negative value
of this variable indicated a worsening of nutritional status be-
tween the baseline situation and the situation 30–40 days after
diagnosis of infection.

GNRI Variation and Demographic Factors No significant
relationship was found between age and the variation in the
GNRI score (p = .111). Moreover, no significant relationship
chemical parameters. The data are expressed as absolute frequency or as
ding to the normality test. (A) Chi-square test, *p < .05. (B andC) Student
Friedman test with Bonferroni for multiple comparisons, *p < .05 and
s 30–40 days after the onset of infection. Values “7 post” and “30 post”
ely. GNRI = Geriatric Nutritional Risk Index; BMI = body mass index;
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was found between men and women in the variation of the
GNRI score (p = .721).

GNRI Variation and HD Treatment Factors No relation-
shipwas found betweenGNRI variation and the type of vascu-
lar access (p = .93), treatment modality (p = .1) or type of dia-
lyzer (p = .236), duration of HD sessions (p = .79), length of
time in the HD program (p = .54), or number of dialysis ses-
sions per week (p = .69).

GNRI Variation and Clinical Parameters Patients who ex-
perienced a worsening in their GNRI variation score and, con-
sequently, in their nutritional status had more symptoms than
patients with less variation, although the values were not sig-
nificant (p= .125). A symptom-specific analysis revealed signif-
icant differences in GNRI variation in patients who develop
bilateral pneumonia and patients who did not (p = .009;
Figure 3A). However, no differenceswere found in the variation
FIGURE 3. Relation of Geriatric Nutritional Risk Index (GNRI) variation to c
standard error of the mean. (A–C) Student t-test, *p < .05 and **p < .01.
**p < .01.
of GNRI between patients who presented gastrointestinal
symptoms and those who did not (p = .619).

The GNRI variation was associated with the need for hos-
pitalization. Patients who required hospital admission pre-
sented a lower value in the GNRI variation than those who
did not (p= .036; Figure 3B). Regarding the patientswho died,
no differenceswere observed between thosewho diedwithin
30 days after infection (n = 4) and the GNRI variation
variable (p = .178).

Considering the need for nutritional support, the study
showed that patients who required nutritional support pre-
sented a significantly (p = .002) more negative value in the
GNRI variation than those who did not require it (Figure 3C).
Moreover, differences were observed between the GNRI vari-
ation value and the type of nutritional support required
(p= .02). Specifically, patientswho requiredmixednutritional
support presented a significantly higher GNRI variation than
patients who did not require it (p = .004; Figure 3D).
linical consequences of COVID-19. The data are expressed as mean and
(D) Analysis-of-variance test with Bonferroni for multiple comparisons,
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GNRI Variation and Previous Anthropometric Parameters

No significant linear correlationwas found between the variation
ofGNRIwithbaselineDW(p= .65) and thatobtained30–40days
after infection (p = .45) or with baseline BMI (p = .61) and
that obtained 30–40 days after infection (p = .318).

GNRI Variation and the Evolution of Biochemical
Parameters An inverse correlation was observed between
baseline albumin levels and GNRI variation, indicating that
the higher preinfection albumin levels were associated to lower
values in the variation of GNRI (indicating greater GNRI worsen-
ing). The opposite was found between GNRI variation and albu-
min at 30 days. In that case, the study showed a positive correla-
tion, indicating that patients with a lower GNRI variation value
(greater GNRI worsening) also had lower albumin levels 30 days
after infection. We also observed an inverse correlation among
baseline, 7–10 days, and 30 days postdiagnosis CRP levels and
GNRI variation. On the other hand, a positive correlation was
found between baseline cholesterol levels andGNRI variation. Fi-
nally, there was a trend toward direct relationships between
basal urea levels and GNRI variation (Table 2).

Impact of SARS-CoV-2 Vaccination in HD Patients:
Nutritional Status and Clinical Parameters

Relationship Between Vaccination and Nutritional Status
and Biomarkers No significant relationship was observed
TABLE 2. Correlation Between Geriatric Nutrition
Parameters at Different Points of Infection

Parameters p-value

Creatinine (mg/dl)
Basal .128
7–10 days after diagnosis .898
30–40 days after diagnosis .767

Albumin (g/dl)
Basal <.001***
7–10 days after diagnosis .38
30–40 days after diagnosis .005**

CRP (mg/dl)a

Basal .039*
7–10 days after diagnosis .042*

30–40 days after diagnosis .114
Urea (mg/dl)

Basal .063
7–10 days after diagnosis .556
30–40 days after diagnosis .394

Cholesterol (mg/dl)
Basal .044*
7–10 days after diagnosis .168
30–40 days after diagnosis .706

Note. Data are expressed as correlation coefficients. p-Values
normal distribution and Spearman's correlation (rho) for thos
GNRI = Geriatric Nutritional Risk Index.
*p < .05. **p < .01. ***p < .001.
between the number of doses received and the worsening of
nutritional status after infection, considering as worsening a
decrease in the GNRI score (p = .083) or the qualitative varia-
tion (according to the cutoff point established to considermal-
nutrition [p = .73]). In addition, no relationship was found
between the need for nutritional support and the number of
vaccinations received (p = .85).

No significant correlations were observed between the
number of doses received and the levels of basal albumin, albu-
min at 30–40 days of the infection, PCR at 7 days after infec-
tion, PCR at 30–40 days after infection, and creatinine, urea,
and cholesterol levels at the different points of infection. How-
ever, a significant positive correlation was found between the
number of vaccine doses and the albumin level at 7 days after
infection (rho = 0.27, p = .04) and the CRP before infection
(rho = 0.286, p = .028).

Impact of Vaccination on Clinical Parameters The num-
ber of vaccine doses received up to the date of infection was
related to the presence or absence of symptoms associated
with the infection. Specifically,weobserved that patientswith
symptomatic infection (n = 33) had received significantly
fewer vaccine doses than those with mild and asymptomatic
infection (n = 49; p = .019; Appendix Figure 1A, http://links.
lww.com/NRES/A512). Within the symptoms, the presence
of bilateral pneumonia (n = 21) was significantly lower in
al Risk Index Variation and Biochemical

GNRI variation

Correlation coefficient (R or rho)

R = −.206
Rho = 0.018
Rho = 0.042

R = −.456
Rho = 0.144
Rho = 0.369

Rho = −0.292
Rho = −0.289

Rho = −0.231

R = −.250
Rho = 0.084
R = −.118

R = .298
R = .291
R = .064

are tested using Pearson's (R) correlation for variables with
e without normal distribution. CRP = C-reactive protein;
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vaccinated patients than in unvaccinated patients (p < .001;
Appendix Figure 1B, http://links.lww.com/NRES/A512). In
relation to gastrointestinal symptoms, it was found that the
median number of doses received was higher in the group
without gastrointestinal symptoms, although the differences
were not significant (p = .47).When specifying the symptoms
by type, we observed that the most frequent gastrointestinal
symptomwas diarrhea (n = 7),with a trend toward significance
between doses received and the presence of this symptom
(p = .058; Appendix 1C, http://links.lww.com/NRES/A512).

The need for hospital admission was substantially related
to the number of vaccine doses received. Specifically, we
found that the median number of doses received in patients
who were admitted (n = 25) was lower than that in infected
patients who did not require admission (p = .001; Appendix
Figure 1D, http://links.lww.com/NRES/A512). An inverse rela-
tionship was observed between the number of doses received
until infection and days of hospital stay, although the correla-
tion was not significant (p = .09).

Finally, the mortality within 30 days after infection was
lower in vaccinated patients than in unvaccinated patients,
although these differences were not significant (p = .258;
Appendix Figure 1E, http://links.lww.com/NRES/A512).

DISCUSSION

This is one of the first studies to assess the impact of COVID-19
infection in vaccinated and unvaccinated HD patients on clin-
ical features and nutritional biomarkers through different
points of the infection. Particularly, we have shown that the
presenceof bilateral pneumoniawas significantly lower in vac-
cinated patients. These results corroborate recently published
data by other authors showing the effectiveness of vaccination
in the HD population in preventing severe outcomes and
symptomatic diseases (El Karoui et al., 2022; Oliver & Blake,
2022; Tylicki et al., 2022). In addition, as other authors have
shown (El Karoui & De Vriese, 2022; Oliver & Blake, 2022),
we found that vaccination reduced the need for hospital ad-
mission.Moreover,we found that thenumber of vaccinedoses
received influenced the presence or absence of symptoms,
supporting recent findings that show that the clinical efficacy
of COVID-19 vaccination inHDpatients increases substantially
with the number of doses (Ashby et al., 2022; Falahi et al.,
2022; Hernández-Porto et al., 2022). Therefore, studies such
as ours could contribute to encourage vaccination among the
unvaccinated population by adding new evidence of its effi-
cacy in clinical samples.

In our study, a high percentage of participants had a poor
basal nutritional status, higher thanpreviously described in the
literature in HD patients in other contexts (Carrero et al.,
2018). This situation was also associated to lower basal albu-
min, creatinine, and urea levels. Considering that these pa-
tients were included in the study because they subsequently
became infected by COVID-19, this high rate of malnutrition
before infection could have increased vulnerability to infec-
tion. Particularly, nutritional alterations and the catabolic
effect of uremia could have affected the immune response
as previously suggested (Betjes, 2013; Fouque et al., 2008;
Vaziri et al., 2012). On the other hand, these alterations to-
gether with the affectations in the biochemical parameters
could have been associated with lower protein intake, muscle
mass, and lower body protein (Carrero et al., 2014; Fouque
et al., 2008). These aspects could explain the high percentage
of malnourished patients before infection that we observed.
Besides, they suggest the possibility of preventing infection
by including adequate nutritional measures.

As a consequenceof the infection, several biochemical pa-
rameterswere found to be altered at different time points. Spe-
cifically, there was a significant decrease in creatinine 30 days
after infection. This decrease could indicate a loss of muscle
mass or, alternatively, a decrease in protein intake (Carrero
et al., 2014). In addition, albumin levels that were suboptimal
in a significant portion of the participants from the beginning
decreased at 7 days after infection compared with baseline
values. This decrease persisted at 30–40 days after infection.
The trajectory of this marker could be showing a decrease in
visceral protein reserves and/or protein intake. This, together
with the decrease in creatinine, may also be explicative of
the PEW or malnutrition after infection. In contrast, we found
that the CRP values increased from baseline data in the acute
phase of infection and decreased after the infection. Likewise,
other authors have found similar results in albumin and CRP
(Chaudhuri et al., 2022). These biochemical modifications
could also help to understand the physiological changes
caused by SARS-CoV-2 in HD patients.

A significant deterioration of nutritional status was evi-
denced by a decrease in DW, BMI, and GNRI total score after
infection. Paradoxically, the study showed that people with
better baseline nutritional status experienced the greatest
decrease in the GNRI score. Despite this, the total GNRI score
after infection in this group of well-nourished patients was
higher than that in the group that had beenmalnourished, being
close to themargin of moderatemalnutrition (GNRI = 82–92).
In contrast, the previouslymalnourished patients' level remained
close to that considered severe malnutrition (GNRI < 82; Silva
et al., 2020). This could indicate that a better baseline nutri-
tional status, although not preventing the nutritional deterio-
ration after infection, could mitigate the intimidation that
implies the COVID-19. On the other hand, considering basal
biomarkers, it was also observed that albumin and CRP
showed an inverse correlation between their baseline levels
and this variable, whereas cholesterol showed a positive cor-
relation. This indicates that patients with higher albumin
and CRP levels before infection and patients with lower prior
cholesterol levels were the patients in whom the GNRI score
decreased the most. Regarding albumin, the data contrast
with previous research, which shows that generally decreased
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values of albumin represent a worse prognosis in renal patients
and in patients infected with SARS-CoV-2 in general (Don &
Kaysen, 2004; Hariyanto et al., 2021). However, low choles-
terol levels have been considered indicators of inflammation
andmalnutrition andmay decline the prognosis of somepathol-
ogies in these patients (Chiang et al., 2005; Lin et al., 2022; Liu
et al., 2004). Similarly, previous elevated CRP could indicate a
basal inflammatory state, and its higher levels have been associ-
ated with a worse prognosis to infection (Hariyanto et al.,
2021). The data point out that the inflammatory state before in-
fection could increase these patients' vulnerability to the infec-
tion itself and to the worsening of their nutritional status.
Future studies with larger samples may confirm these ideas.
On the other hand, the data suggest that monitoring and im-
prove the nutrition of HD patients before infection or shortly
after diagnosis could be successful strategies to prevent a stron-
ger nutritional deterioration (Pérez-Torres et al., 2021).

In addition, we observed a positive correlation between
GNRI worsening and albumin values at 30–40 days, indicating
that patients with more GNRI variation had lower albumin
levels at the endof the infection. These aspects havebeenasso-
ciatedwith aworse nutritional status and prognosis (Min et al.,
2021). However, despite the deterioration of the GNRI, only
25% of the patients needed some type of nutritional support.
Particularly, those who received this support were those who
presented the greatest negative variation of the GNRI. This fact
shows that the most severe cases of nutritional deterioration
were detected and treated with different types of nutritional
support. Furthermore, among them,we observed that themost
invasive nutritional support (enteral and parenteral nutrition)
was prescribed in the presence of very high GNRI variations
(significant worsening of nutritional status). An inverse correla-
tion was also found between GNRI worsening and CRP values
after infection. It should be noted that low levels of albumin
and higher values of CRP have been associated with a worse
prognosis of the infection. Thus, several authors have shown
that HD patients who have died or who presented a more se-
vere COVID-19 infection may have had lower albumin levels
and higher CRP levels than survivors (Hariyanto et al., 2021).
Considering that, in our study, these parameters were associ-
ated to the deterioration of nutritional status. The data support
the idea of ensuring adequate nutrition in these patients, which
could influence other adverse effects associated to COVID-19
infection (Izcovich et al., 2020; Min et al., 2021).

Regarding the presence of symptoms and their relation-
ship with nutritional status, the study revealed that patients
who were more nutritionally deteriorated after infection,
thosewhopresented a greater variation inGNRI, showedbilat-
eral pneumonia and were hospitalized more frequently. Both
associations remark the relationship between the worsening
of nutritional status with the most severe form of the disease
in HD patients, supporting the hypotheses proposed by other
authors (Pérez-Torres et al., 2021).
On the other hand, in our study, we failed to find an asso-
ciation between the number of vaccine doses received and the
deterioration of GNRI. The data highlight the necessity to look
for alternative ways to prevent nutritional deterioration in
these patients. Despite this, a positive low correlation was
found between the number of doses of vaccine and the levels
of albumin during the infection and the CRP before infection.
Although the positive correlation between the number of vac-
cine doses and CRP before infection may have a paradoxical
result, the positive albumin correlation with the number of
vaccine doses suggests a discrete positive effect of vaccination
in these patients. This may be mediated by an increased anti-
body titer, as it has been described (Agur et al., 2021). Further
research may confirm these hypotheses.

Some limitations should be considered in this work.
Because the data were obtained retrospectively and consider-
ing the conditions of the pandemic, especially during the first
wave, certain data could not be recorded. The inclusion
criteria that considered the patients as participants only when
it was possible to complete the follow-up at 30 days may have
limited the sample size. Thismay have consequently impacted
the significance of some results. However, this study provides
new evidence regarding the protective effect of vaccination
against COVID-19 and the effect of the infection on the evolu-
tion of nutritional-related parameters in HD patients.

In conclusion,HDpatientspresent a highdegreeofmalnu-
trition, which is evenmore accentuated after infection. Specif-
ically, there is a significant decrease in GNRI score, DW, BMI,
albumin, and serum creatinine levels with an increase in CRP
levels after infection. All these are indicative that HD patients
are at a high risk of PEWormalnutrition after COVID-19. Some
biomarkers that indicate a deterioration in nutritional status, at
the expense of a decrease in theGNRI score, include higher al-
bumin and lower cholesterol levels before infection as well as
higherCRP levels before infection and 7 days after infection. In
this study, the vaccines have shown clinical efficacy and a pro-
tective effect against the virus in HD patients. Particularly, the
number of vaccine doses received has been associated with
the presence of symptoms, the development of bilateral pneu-
monia, the need for hospital admission, and the levels of albu-
min during the infection. However, this number of doses has
not been found to prevent the alteration of the overall nutri-
tional status after the infection.

Overall, the data show the importance of addressing nutri-
tional aspects to improve the repercussions of infection in
these patients as well as promoting vaccination in them.
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