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Abstract

Background: In-hospital mortality in patients with coronavirus disease 2019 (COVID-19) is high. Simple prognostic indices}
needed to identify patients at high-risk of COVID-19 health outcomes. We aimed to determine the usefulness of the CONtrolling
NUTritional status (CONUT) index as a potential prognostic indicator of mortality in COVID-19 patients upon hospital admission.
Methods: Our study design is of a retrospective observational study in a large cohort of COVID-19 patients. In addition to
descriptive statistics, a Kaplan—-Meier mortality analysis and a Cox regression were performed, as well as receiver operating curve
(ROC).

Results: From February 5, 2020 to January 21, 2021, there was a total of 2969 admissions for COVID-19 at our hospital,
corresponding to 2844 patients. Overall, baseline (within 4 days of admission) CONUT index could be scored for 1627 (57.2%)
patients. Patients’ age was 67.3 + 16.5 years and 44.9% were women. The CONUT severity distribution was: 194 (11.9%) normal
(0-1); 769 (47.2%) light (2-4); 585 (35.9%) moderate (5-8); and 79 (4.9%) severe (9-12). Mortality of 30 days after admission was
3.1% in patients with normal risk CONUT, 9.0% light, 22.7% moderate, and 40.5% in those with severe CONUT (P < 0.05). An
increased risk of death associated with a greater baseline CONUT stage was sustained in a multivariable Cox regression model
(P < 0.05). An increasing baseline CONUT stage was associated with a longer duration of admission, a greater requirement for the
use of non-invasive and invasive mechanical ventilation, and other clinical outcomes (all P < 0.05). The ROC of CONUT for
mortality had an area under the curve (AUC) and 95% confidence interval of 0.711 (0.676-0746).

Conclusion: The CONUT index upon admission is potentially a reliable and independent prognostic indicator of mortality and
length of hospitalization in COVID-19 patients.
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Introduction It is of the utmost importance to identify, among admitted
COVID-19 patients, those who are at the highest risk of
complications during hospitalization, not only to achieve
better quality of clinical care but also to optimize the use of
health care resources. Therefore, it is vital to identify and
implement a valid prognostic index upon admission, due
to the limited value of classical semiology in this disease,
where anamnesis, physical exploration, and complemen-
tary tests do not provide sufficient evidence to forecast
individual outcomes. An index of clinical risk with enough
sensitivity and predictive ability can help to identify
promptly those COVID-19 patients that will develop

The global spread of severe acute respiratory syndrome
coronavirus 2 (SARS-CoV-2) producing the current
coronavirus disease 2019 (COVID-19) pandemic has
taken health systems around the world to the brink of
collapse.l'*! There is still a need for evidence about its
pathogeny and clinical course, and their determining
factors, among others. The clinical expression of COVID-
19 is hlghly heterogenous and with severity ranging from
mild to critical, it produces a dearth of systemic effects
and damage in "diverse organs, including the respiratory,
circulatory, and neurological systems.
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severe disease. It can also have great utility in monitoring
the disease during the follow-up of COVID-19.

Since the beginning of the pandemic, diverse investigations
have tried to identify a parameter/index with prognostic
utility,® ! although with uneven results. This is because of
the poor and premature reporting, complexity, high risk of
bias, and several other limitations. Hence, the need to
explore new prognostic indices to evaluate the risk of
COVID-19 is considered as a research and clinical priority.

Our aim was to test the usefulness and validity of the
CONitrolling NUTritional status (CONUT), an already
available and valid score for early detection and continu-
ous control of undernutrition in hospitalized patients,'® as
a prognostic tool to evaluate the risk of worse progression
and increased mortality in COVID-19 admitted patients.
CONUT is based on serum thresholds of albumin,
cholesterol, and total lymphocytes, with a range from 0
to 12. It is an easy score obtainable from parameters
available in routine blood tests, calculated either mentally
or automatically by an algorithm implemented in the
laboratory informatic system, either in primary or
specialized medical care. Therefore, the CONUT predic-
tive power to help in individual medical decision-making,
as well as aiding in the monitoring of high-risk patients,
was tested.

Methods

Ethical approval

Research protocol was approved by the Ethics Committee
for Medical and Drug Research of Hospital Universitario
de La Princesa on May 20, 2021, acta CEIm 10/21 with
No. 4468.

Study design and settings

This is a retrospective observational study in a cohort of
hospitalized patients from February Sth, 2020 to January
21st, 2021 at the Hospital Universitario de La Princesa,
Madrid, Spain.

Participants

This study included information from clinical records of all
adult patients (age > 18 years) with a positive COVID-19
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clinical diagnosis upon hospital admission, confirmed
either by positive antigen or polymerase tests.

Variables and outcome

The primary outcome of interest was in-hospital mortality
up to 30 days from admission, which was obtained from
the electronic medical records, with right truncation after
discharge. There was no further follow-up over the phone
or by other methods. The biometric, laboratory, and
comorbidity variables were obtained and analyzed.
Among routine laboratory variables, albumin, cholesterol,
and total count of lymphocytes were used to calculate the
CONUT score. Considering blood test results up to the
fourth day was a pragmatic decision, to take into account
biochemistry (of cholesterol, lymphocytes, and albumin)
not assessed upon admission, mainly in the emergency
room, due to collapse of laboratories during the peak of the
first pandemic wave. Patients were classified in four stages
according to the score obtained in the CONUT index
(normal risk 0-1, light risk 2-4, moderate risk 5-8, and
severe risk 9-12), depending on the blood stages thresholds
of albumin, total cholesterol, and total lymphocytes

[Table 1].

Statistical methods

A first descriptive analysis of the patients’ characteristics
was performed by calculating central tendency and
dispersion measures of quantitative variables. For qualita-
tive variables, comparison of proportions was tested by
using the x* test or the Fisher exact test, whenever
necessary. We performed Kolmogorov-Smirnov and
Shapiro-Wilk tests in all continuous variables and
confirmed their normal distribution. In addition to
descriptive statistics, a Kaplan—-Meier analysis of in-
hospital mortality up to 30 days from admission was
performed. To obtain the hazards ratios, a Cox propor-
tional regression (univariable and multivariable analysis)
was fitted over the statistically significant variables
obtained from the univariable analysis (age, sex, smoker,
and CONUT were used as categorical variables; and
height, weight and body mass index [BMI] as continuous
variables). A receiver operating curve (ROC) for CONUT
on mortality and its area under the curve (AUC) with 95%
confidence interval were also estimated. Data manage-
ment, statistical calculations, and graphical plots were

Table 1: Thresholds and calculation of the CONUT index.

Undernutrition Degree

Parameter Normal Light Moderate Severe
Serum albumin (g/dL) 3.5-4.5 3.0-3.5 2.5-2.9 <25
Score 0 2 4 6
Total lymphocytes (count /mL) > 1600 1200-1599 800-1199 < 800
Score 0 1 2 3
Cholesterol (mg/dL) > 180 140-180 100-139 < 100
Score 0 1 2 3
Screening total score 0-1 2-4 5-8 9-12

CONUT: CONTtrolling NUTritional status.
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conducted using the R statistical software (https://www.R-
project.org/); the particular packages used were survival,
survminer, cmprsk, and ggplot.

Results

Overall, during the study period there were 2969 adult
admissions with positive COVID-19 clinical diagnosis.
After excluding the episodes corresponding to re-admis-
sions (n=125; 102 patients with one re-admission, six
patients with two readmissions, one patient with five
re-admissions, and one patient with six re-admissions),
these admissions corresponded to 2844 single COVID-19
patients. Out of them, any of the three CONUT variables
were unavailable in 1217 patients. Accordingly, clinical
data from 1627 patients, from which a CONUT index
could be calculated from the first blood test results
obtained up to the fourth day of admission, were finally
analyzed [Figure 1]. The survival rate of the whole cohort
can be found in [Supplementary Figure 1, http://links.lww.
com/CM9/A786].

The distribution of patients according to the CONUT
stages was as follows: 11.9% (1 = 194) of the subjects were
classified as normal risk, 47.2% (n=769) as light, 35.9%
(n=3585) as moderate and 4.9% (1 =79) as severe.

A direct, clinically, and statistically significant association
of baseline CONUT with length of hospitalization was
observed. The higher the CONUT stage, the longer the
duration of hospitalization, starting at 7.9 + 9.2 days on
low-risk stage, up to 22.1+25.2 days in severe risk
CONUT stage (P < 0.001). Having a higher CONUT stage
(moderate or high risk) was also related (P < 0.001) to
increased use of resources, including non-invasive me-
chanic ventilation (NIMYV), invasive mechanic ventilation
(IMV), and management in intermediate care respiratory

COVID-19 hospital admissions
n=2969

Readmissions
n=125

102 patients with
one

6 patients with
two

Y

1 patient with five
1 patient with six

A
COVID-19 patients
n= 2844

y

No CONUT index
n=1217

v

A

COVID-19 patients included
n=1627

y

Figure 1: Flowchart of participation in the study. No information on albumin, cholesterol
and lymphocytes to calculate the CONUT index upon admission or within 4 days after.
CONUT: CONtrolling NUTritional status; COVID-19: Coronavirus disease 2019.
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units (ICRU) and intensive care units (ICU). Further, a high
score in the CONUT index was also related (P < 0.001)
to higher risk of 30-day mortality, starting on 3.1% on
the normal risk CONUT stage, increasing up to a 40.5%
in the severe CONUT stage [Table 2].

Overall, men with COVID-19 had a higher CONUT stage
than COVID-19 women (P < 0.001), and men had a
higher proportion of hospital admissions for COVID-19
than women [Figure 2]. In addition, higher scores of
CONUT index were also related with lower BMI
(P=0.003) and increased age (P < 0.001). The categori-
zation of BMI (i.e., underweight, normal, overweight, and
obesity) was tested but did not present the statistically
significant results (data not shown).

These results are consistent with those expressed in
[Table 3], corresponding to an analysis of the risk of
mortality according to the CONUT score, where it can be
appreciated that in the crude analysis as well as in a
multivariable Cox regression analysis adjusted by age
and sex, a higher CONUT stage was associated with a
higher risk of mortality: for light CONUT, hazard ratio
(HR)=1.72, 95% CI: 0.75 to 3.98; for moderate
CONUT, HR =2.61, 95% CI:1.14 to 5.95; and severe
CONUT, HR =2.77, 95% CI:1.14 to 6.73. Specifically,
there was a statistically significant difference from the
normal CONUT wvs. moderate (P < 0.023) and vs. severe-
risk stages (P < 0.024), although there was no statistical
significance between the normal and light stages
(P=0.202).

The Kaplan—Meier survival curves [Figure 3] identify a
clear distinction in the survival probability of the four
groups from admission, in particular between the CONUT
stages light to severe from day three upon admission, with
only some curve overlap in those with normal or light
CONUT stages (log-rank test P < 0.001). Finally, the ROC
of CONUT for mortality in 1627 admitted patients is in
Figure 4, with an AUC and 95% CI of 0.711 (0.676-
0746).

Discussion

The COVID-19 pandemic has had a great impact in health
care systems all over the world, making health workers
struggle in their duty due to the absence of appropriate
tests to aid them in the correct and confident decision-
making process on these new patients.”) This has steered
into a breach in patient care, not only because of the
underlying lack of knowledge of a new disease with a rapid
expansion and burden but also because of the uncertainty
about the possible health outcomes from each particular
patient, causing a negative influence on the functioning of
health care systems and disease control.[®

In consequence, prognostic systems and tools which could
enable an early recognition of patients with higher risk for
severe health outcomes, especiall?f on the most vulnerable
ones, remain a research gap.'” The CONUT index is
a potential candidate in this respect, because it has
accumulated evidence in the past, has been applied to a
wide range of severe conditions, and was tested during
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Table 2: Sociodemographic and clinical characteristics of the COVID-19 La Princesa cohort, according to baseline CONUT stage.

Items Low (0-1), n=194  Light (2-4), n=769 Moderate (5-8), n=585 Severe (9-12), =79 P value
Age, years 59.7+16.1 63.8+17.2 72.9+13.4 79.1+11.0 <0.001
Age (categorical, years)
18-50 2(20.1) 176 (67.7) 1(11.9) 1(0.3) <0.001
51-60 6 (19.3) 156 (53.8) 74 (25.5) 4 (1.4) <0.001
61-70 0 (12.2) 142 (43.5) 132 (40.5) 12 (3.7) <0.001
71-80 1(6.1) 144 (42.2) 152 (44.6) 24 (7) <0.001
81-90 8 (5.9) 111 (36.3) 152 (49.8) 24 (7.9) <0.001
>90 7 (6.7) 0 (38.1) 44 (41.9) 14 (13.3) <0.001
Female 119 (61.3) 352 (45.7) 236 (40.3) 23 (29.1) <0.001
Height in cm 162.6 +10.0 (22) 163.5 +£19.7 (92) 168.1 +10.5 (895) 167.6 +9.1 (14) 0.076
Weight in kg 78.8 +19.9 (27) 76.3 +19.1 (120) 76.6 +17.8 (108) 65.6 +12.6 (16) 0.137
BMI in kg/m 30.5+8.0 (19) 274 +5.5 (74) 27.4+5.0 (71) 22.8+3.3 (12) 0.006
Smokers
Former 4 (12.3) 141 (18.3) 123 (21.0) 2 (27.8) 0.010
Current 11 (5.6) 6 (3.3) 29 (4.9) 5(6.3) 0.284
Comorbidities
COPD 30 (15.5) 5(11.1) 88 (15.0) 3 (16.5) 0.094
Cancer 8 (4.1) 3 (4.3) 32 (5.5) 9 (11.4) 0.043
PTE 4 (2.1) 5 (4. 6) 24 (4.1) 8 (10.1) 0.030
Duration of admission, days 79492 10.9 + 14.4+16.7 22.1+£25.2 <0.001
Laboratory test
Albumin in g/dL 3.9+0.3 3.8+0.3 3.3+0.3 2.6+0.3 <0.001
Cholestrol in mg/dL 182.2+£28.6 151.5+32.0 129.7+36.2 108.7 £23.9 <0.001
Lymphocyte in count/mL 1.9+0.5 1.2+0.6 0.9+0.5 0.7+0.6 <0.001
CONUT score 0.7+0.5 3.0+0.8 6.1+1.0 9.7+0.9 <0.001
Use of health services, %
NIMV 2.6 (5) 3.9 (30) 0 (41) 10.1 (8) <0.001
IMV 1.0 (2) 5.6 (43) 5 (50) 19.0 (15) <0.001
IRCU 0.5 (1) 0.5 (16) 0 (18) 8.8 (7) <0.001
ICU 2.5 (5) 7.1 (55) 11 2 (66) 20.2 (16) <0.001
Death 6 (3.1) 69 (9.0) 133 (22.7) 32 (40.5) <0.001

Data are shown as 7 (%), mean =+ standard deviation (SD) or mean + SD (n). BMI: Body mass index; COPD: Chronic obstructive pulmonary disease;
CONUT: CONItrolling NUTritional status; COVID-19: Coronavirus disease 2019; IRCU: intermediate respiratory care unit; ICU: Intensive care unit;
IMV: Invasive mechanical ventilation; NIMV: Non-invasive mechanic ventilation; n: Number of patients; PTE: Pulmonary thromboembolism.

aggressive therapeutic procedures. They include a great
variety of cancers in diverse locations and types, as well as
being useful in many acute and chronic conditions,
and predictive studies after medical, surgical, radio- and
chemo-therapies. !4

Recently, a first use of CONUT in COVID-19 was
reported, although with a limited sample size. Wei ez all'*!
first concluded that a moderate or severe CONUT stage is
an independent risk factor for greater mortality that can
help in the recognition of hlgh risk panents This was also
described by Chen et al,!'® Wang et al,'”! Fong et al,!!
and Zhou et al.'"”! CONUT has also been applied to the
elaboration of recommendations in the nutritional treat-
ment of oncologic patients before the advance of COVID-

19.1291 1t has also demonstrated its applicability in primary
care, enabling a more efficient medical monitoring of
COVID-19 patlents, by adjusting patients’ needs without
transferring them.!*!!

Our study has confirmed that CONUT is an independent
potential predictor of severe disease after infection by
SARS-CoV-2, both in terms of mortality and hospitaliza-
tion duration. In this manner, CONUT allows the
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identification of those patients which will most probably
require management in intermediate and ICU admission,
and will prospectively entail NIMV or IVM, warning
physicians to apply a closer monitoring, and helping them
to act as early as possible, limiting the risk of complications
and permitting a more efficient allocation of resources.

The CONUT index has been comprehensively confirmed
by independent researchers and in many settings as a fine
indicator of both short- and long-term prognosis for cancer
patients. Also, CONUT has been used for research in
inflammatory conditions (infectious or not), degenerative
diseases, as well as to explore the side effects of therapeutic
procedures such as surgery, radio/chemotherapy, etc. This
is due because CONUT captures and quantifies the impact
of all these clinical conditions on the physiological balance
and homeostasis of the cellular environment. The diversity
of organs affected by COVID-19 is one of the main reasons
that led us to study the usefulness of the method in this
pathology, as there was equipoise about the usefulness of
CONUT in COVID-19 before starting this research. Thus,
CONUT being an adequate score, we envisage it could be
tested in the three main phases of COVID-19. First, it
might help physicians in taking decisions ensuring the
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Figure 2: Histogram of frequency of daily admissions for COVID-19 in the Hospital de La Princesa cohort (stacked by sex).
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Table 3: Hazard ratio (with 95% CI) of mortality by baseline CONUT stage.

Univariable Multivariable Cox regression
Variable Category Hazard ratio (95% Cl) P value Hazard ratio (95% CI) P value
Age (years) 18-50 Reference Reference
51-60 2.27 (0.73-7.03) 0.156 2.03 (0.65-6.32) 0.221
61-70 2.76 (0.96-7.94) 0.059 2.28 (0.79-6.60) 0.129
71-80 6.84 (2.49-18.84) <0.001 5.58 (2.01-15.46) <0.001
81-90 15.21 (5.59-41.37) <0.001 12.10 (4.41-33.24) <0.001
>90 16.80 (5.98-47.19) <0.001 13.50 (4.76-38.30) <0.001
Sex Female Reference Reference
Male 0.90 (0.69-1.16) 0.433 1.01 (0.77-1.315) 0.949
Height 0.99 (0.97-1.00) 0.079 Not included
Weight 0.99 (0.98-1.01) 0.717 Not included
BMI 0.96 (0.89-1.04) 0.325 Not included
Smoking status Non-smoker Reference Not included
Former- 1.188 (0.87-1.62) 0.280
Current- 0.80 (0.42-1.51) 0.491
CONUT Normal Reference
Light 1.97 (0.86-4.55) 0.111 1.72 (0.75-3.98) 0.202
Moderate 3.77 (1.66-8.57) <0.001 2.61 (1.14-5.95) 0.023
Severe 4.58 (1.90-11.01) <0.001 2.77 (1.14-6.73) 0.024

Reference group: unit of each continuous measurement; female; never-smoker; normal risk CONUT stage. BMI: Body mass index; CI: Confidence

interval; CONUT: CONtrolling NUTritional status.

minimum harm to patients and the most efficient allocation
of resources upon admission. Further on, in the care
period, it might enable professionals to limit the standby
periods and guide them on whether to continue or modify
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therapies without the need of waiting for the emergence of
symptoms, as the parameters on which the CONUT index
is based, experiment changes before the appearance of
symptoms. Finally, in the recovery phase, it can help to
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Figure 3: Kaplan-Merier survival curve according to baseline CONUT stage. Log-rank test P < 0.001. CONUT: CONtrolling NUTritional status.
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identify variations in the patient situation due to relapse/
changes in their condition.

Strengths of our research include a large and unbiased
cohort of COVID-19 patients, the simplicity of CONUT
and the rapid clinical applicability of a tool that predicts
clinically relevant outcomes by using standard routine
blood tests. However, a number of limitations might be
considered: First, a substantial proportion of patients had
missing values of cholesterol, lymphocytes and/or albumin,
which preclude the calculation of CONUT. As an
alternative to imputation, we think the large number of
patients in our clinical series gives robust estimates.
Second, key variables like weight, height, and smoking are
not systematically included in electronic health records,
precluding some nutrition-based analysis, such as deter-
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mining baseline BMI in all patients. However, a manual
search of these variables is under way and will be reported
in due course. The hidden effect of time, as our assessment
encompasses three different COVID-19 waves in Spain,
should be explored in other settings and populations.
Finally, our analysis focused on baseline CONUT, yet
we can anticipate high interest in exploring clusters of
CONUT trajectories in subsets of COVID-19 patients of
varied severity.

As of June 2021, the COVID-19 end-game is far from
completion, but we endorse calls for elimination rather
than mitigation strategies.*>**! In future analysis, the
usefulness of CONUT might be further evaluated, not only
upon hospital admission, but also before and after
admission, during the entire clinical course, enabling
professionals to take early decisions on treatment
effectiveness, and other relevant outcomes, including the
need to manage patients in special units like IRCU or ICU.
Other investigators and hospitals are encouraged to study
CONUT in diverse populations, to expand the applicabili-
ty of this system.

Conclusions

We conclude that CONUT can be helpful as a potential
prognostic index of clinical risk in COVID-19 hospitalized
patients, with utility in mortality and hospitalization dura-
tion. Although <5% of hospitalized patients had a severe
baseline CONUT stage, even light and moderate CONUT
stages were capable of identifying subgroups of COVID-19
patients with a higher risk in all clinical outcomes analyzed.
CONUT holds potential for a tighter control of the clinical
course during hospitalization, and calls for the deployment
of health resources such as IMV and NIMV, and
management in Intermediate Respiratory and ICUs, simply
by scoring only three parameters that are easily obtained in
blood tests either in primary or hospital care.
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