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Nutritional and laboratory assessment as predictors
of hospitalization time, severity of the underlying
disease and mortality in dogs

Avaliacao nutricional e laboratorial como preditores
do tempo de hospitalizacao, gravidade da doenca de
base e mortalidade em caes

Andrei Kelliton Fabretti'*; Raquel Carolina Simdes Siqueira?; Lucas Alécio
Gomes?; Danielle Venturini#; Patricia Mendes Pereira®

Highlights

Malnutrition, anemia and elevated CRP/albumin are associated with disease severity.
Low TF and TIBC and high TS are associated with systemic diseases.

LOS indicators: low albumin, CRP/albumin ratio, BMI, HGB and hyporexia.
Hypoalbuminemia and elevated urea concentration are markers of mortality.

Abstract

In medicine, prognosis is defined as a prediction based on a patient's diagnosis and therapeutic
possibilities, including the duration and severity of iliness, and death rate. The prognostic indices used
in human medicine, or even the few standardized indices for veterinary medicine, are not widespread or
routinely applied in small animal clinics. Thus, this study aimed to identify commonly used variables in
routine clinical practice that may be useful as prognostic markers, correlating specifically with length
of stay (LOS), disease severity, and mortality. This study included 246 routine dogs from a teaching
veterinary hospital in southern Brazil who underwent analyses for nutritional status (NS) (by anamnesis,
physical, and laboratory examinations), hematological examinations, and several serum biochemical
parameters. Frequencies, means and standard deviations of the variables, correlation analyses and
comparative analyses (Kruskal-Wallis at o = 5%) were calculated. The following relevant markers of
disease severity in dogs were considered: presence of malnutrition, including history of hyporexia,
anorexia, body condition score (BCS) <3 and muscle mass score (MMS<2); low values of transferrin
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(TF), total iron binding capacity (TIBC) and anemia; high values of transferrin saturation (TS), lactate and
C-Reactive Protein (CRP)/albumin ratio. In animals without systemic diseases or with mild-to-moderate
systemic diseases, low albumin values, CRP/albumin ratio, and hyporexia were indicators of a long LOS.
In animals with critical systemic diseases, low body mass index (BMI) and hemoglobin (HGB) values
were indicators of a short LOS (secondary to high mortality). Mortality indicators in sick dogs included
hypoalbuminemia and high urea concentration. In conclusion, the observation of these alterations,
especially when they occur simultaneously, helps in determining the prognosis in dogs from a hospital
population in an objective, practical, and accessible manner.

Key words: Dogs. C-Reactive Protein/albumin. Systemic Diseases. Prognosis.

Resumo

Prognéstico é definido na medicina, como uma predicdo baseada no diagnéstico do paciente e nas
possibilidades terapéuticas, acerca da duracdo da enfermidade, gravidade da doenca e taxa de 6bito.
Os indices de progndstico utilizados em medicina humana ou mesmo os poucos padronizados para
medicina veterinaria ndo sdo muito difundidos ou aplicados na clinica de pequenos animais. Dessa
forma, esta pesquisa objetivou identificar varidveis de uso comum na rotina clinica que possam ser Uteis
como marcadoras de prognoéstico, se correlacionando, especificamente como o tempo de internamento
(TI), gravidade de doenca e mortalidade. Para tal, foram avaliados 246 caes da rotina de um hospital
veterinario escola do sul do Brasil, estudados em relacdo ao estado nutricional (EN) (por anamnese,
exame fisico e laboratorial), exames hematolégicos e diversos parametros bioquimicos séricos. Foram
calculadas as frequéncias, médias e desvios-padrdes das variaveis, analises de correlacédo e analises
comparativas (Kruskal-Wallis em o = 5%). Foram considerados marcadores relevantes de gravidade
de doenca em céaes: presenca de desnutri¢do, incluindo histérico de hiporexia, anorexia, escore de
condicao corporal (ECC) <3 e escore de massa muscular (EMM<2); baixos valores de transferrina (TF), da
capacidade total de ligagao ao ferro (CTLF) e anemia; além de valores elevados de indice de saturacédo
da transferrina (IST), lactato e da relacao PCR/albumina. Nos animais sem doencas sistémicas ou com
doencas sistémicas discretas a moderadas, os indicadores de elevado Tl foram: baixos valores de
albumina, relacao Proteina-C-Reativa (PCR)/Albumina e hiporexia. Nos animais com doencas sistémicas
criticas, os indicadores de baixo Tl (secundarios a alta mortalidade) foram: baixos valores de indice
de massa corporal (IMC) e hemoglobina (HB). Os indicadores de mortalidade em caes doentes foram:
hipoalbuminemia e elevada concentracdo de ureia. Conclui-se que a constatacdo dessas alteracdes,
especialmente quando ocorrem simultaneamente, embasa a determinacao do progndstico em caes de
uma populacao hospitalar, de maneira objetiva, pratica e acessivel.

Palavras-chave: Caes. Proteina-C-Reativa/albumina. Doencas Sistémicas. Progndstico.

Introduction on a patient's diagnosis and therapeutic
possibilities, duration ofthe disease(including

Prognosis is defined in medicine length of stay), severity of the underlying

as a prediction made by the doctor based disease, and mortality (Niewinski et al., 2014;
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da Silva et al., 2014). To determine this, it is
necessary to investigate the presence of
metabolic and potentially lethal disorders,
which also guide the selection of patients
who require intensive care (Rabelo et al.,
2009; Fabretti et al., 2014).

Prognostic indices (Pl) have been
developed to make the prognostic estimates
more objective. The Acute Physiology and
Chronic Health Evaluation Il (APACHE 1),
Simplified Acute Physiology Score Il (SAPS 1),
Logistic Organ Dysfunction System (LODS),
Multiple Organ Dysfunction Score (MODS),
and Sequential Organ Failure Assessment
(SOFA) are most commonly used in human
medicine to analyze clinical and laboratory
variables to predict mortality. There are
several other Pls with similar objectives and
methods and, recently, Pls based on genetic-
immunological analyses have also been
developed (Namendys-Silva et al., 2013; da
Silva et al., 2014; Huang et al., 2021; Ma et al,,
2022).

Few prognostic evaluation protocols
have been developed in veterinary medicine.
The Survival Prediction Index (SPI), Animal
Trauma Triage Scoring (ATT), and Rapid
Intensive Care Outcome (RICO) are inspired
by human Pls, in which practically the same
variables are monitored; however, these
indices are not widely used or applied (King et
al., 2001; Rabelo et al., 2009). During routine
clinical examination of companion animals,
measurements of alboumin, C-reactive protein
(CRP), and lactate are used as prognostic
markers, without classification into indices
(Rabelo et al., 2009; Portero et al., 2019;
Ruggerone et al., 2021).

Therefore, this study aimed to identify
variables commonly used in routine clinical

practice that could be useful as prognostic
markers, specifically correlating with length
of stay (LOS), severity of iliness, and mortality.

Material and Methods

All dogs treated over a period of three
years and five months were considered for
participation in the study, regardless of sex,
age, or breed. The exclusion criteria were
as follows: animals whose owners were not
willing to participate in the study, animals
with clinical dehydration >8%, animals
that received blood transfusion within
21 days prior to evaluation for this study,
aggressiveness, dyspnea, body weight <2 kg,
nephropathy, proteinuria, and liver disease
with liver cirrhosis. This study was approved
by the Institutional Ethics Committee under
registration number 1679 in 2013.

The following variables  were
evaluated: nutritional status (NS), using the
body condition score (BCS), muscle mass
score (MMS), body mass index (BMI), weight
and food intake; as well as blood count,
cholesterol, urea, albumin, globulin, albumin/
globulin ratio (R:A/G), total protein (TP), total
iron binding capacity (TIBC), iron, transferrin
(TF), transferrin saturation (TS), lactate, CRP
and CRP/albumin ratio. To our knowledge,
studies on TF and TS as markers of LOS,
disease severity, and mortality in dogs are
unprecedented.

Patient data were collected through
anamnesis, physical examinations, and
laboratory tests within 48 h of hospitalization.
The following data were recorded: breed, age,
sex, occurrence, and duration of hyporexia
or anorexia, diet type usually consumed,
LOS (in days), reason for hospitalization
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and/or diagnosis, and whether the outcome
of hospitalization was discharge or death.
Hospitalization was solely decided by the
veterinarian in charge of the case, with no
connection to the research. In these cases,
the day of admission was recorded, but not
the day of discharge or death. With regard
to diet, situations other than the sole use
of commercial feed, such as total or partial
feeding of human food, use of snacks, or
both, were considered inappropriate.

Weight was measured using an
electronic scale. For the determination of
CCS, the dogs were classified into grades
1-9 according to Laflamme's technique
(Laflamme, 1997). MMS was recorded in
four grades, as indicated by the World Small
Animal Veterinary Association (World Small
Animal Veterinary Association [WSAVA],
2013). BMI was classified according to the
standard formula: body weight (kg)/[height
(m)]2, and the height was measured using
a measuring tape according to Muller's
technique (Muller, 2008).

The severity of the patients'
underlying diseases was classified according
to Muir's (2007) disease score (DS) and used
to classify them into three groups. The first
group, G1, consisted of 96 dogs without
systemic diseases (DS 1). The second group,
G2, consisted of 80 dogs with non-disabling
systemic diseases (DS 2 or 3), that is, the
disease did not prevent them from walking,
at least for short distances. The third group,
G3, consisted of 70 dogs with disabling
systemic diseases (DS 4 or 5), who remained
in obligatory decubitus.

Transferrin saturation: [TS (%)] = 100 x

1412

Blood analyses were performed in the
laboratories of the same institution. Blood
counts were performed using an automated
device Mindray® BC-2800VET (Mindray
do Brasil — Comércio e Distribuicdo de
Equipamentos Médicos Ltda, Sdo Paulo—-SP),
with platelet and leukocyte counts performed
manually using optical microscopy. The
serum was separated by centrifugation and
stored in polypropylene tubes at -80°C until
the biochemical examination was performed.

Albumin was measured by the
bromocresol green method, analyzed by the
semiautomatic device BIO-2000 (Bioplus®
Produtos para Laboratérios Ltda, Baurueri -
SP), using colorimetric tests with kits (Gold
Analisa Diagnodstica Ltda, Belo Horizonte -
MG). The other biochemical measurements
were performed in an automated Siemens
Dimensions device, model RXL, with
enzymatic/colorimetric test kits (Siemens
AG, Sao Paulo - SP), analyzed by the
spectrophotometry method, according to
the manufacturer's instructions. Additionally,
CRP was analyzed using an ultrasensitive
turbidimetric immunoassay.

From the TBIC values, TF was
calculated using the following formula: TF (mg
dLA(-1))=TBIC x 0.7, which was used because
commercial reagents for determining human
TF do not have good reproducibility in
canine species. There are species-specific
kits for evaluating dogs; however, they are
imported, expensive, and inaccessible in our
country (Pires et al.,, 2011). TF saturation was
determined using the following formula:

Iron
TBIC

(Pires et al., 2011; Veena et al., 2013).
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The Ilaboratory teams did not
have access to the results of the physical
examinations and experimental groups of
the animals from whom blood samples were
collected, and were blinded to the nutritional
condition and prognosis of the studied dogs.

In each group, the correlation between
hematological and serum biochemical
variables, NS evaluation parameters (presence
of hyporexia or anorexia, type of diet, BCS,
MMS, and BMI), and the prognostic measures
of LOS, DS, and mortality rate was tested.

Two  statistical analyses were
performed in this study. The statistical
software ActionStat Pro® was used for both
experiments. First, considering the possible
equalities/differences between the means
of the variables, the Kruskal-Wallis test was
performed. Subsequently, the minimum
significant difference was calculated using
the H test, considering an error level (o)
of 5% (Pimentel-Gomes, 2009). Second,
correlation analysis (r) was applied between
the quantitative variables to ascertain their
strength (Spearman’s correlation) (Wissler,
1905). Next, a hypothesis test (p=0) was
applied to the correlation coefficient, with a
t-test attached (Bussab & Morettin, 2014).

Results and Discussion

Description of the groups

Based on the originally proposed
inclusion and exclusion criteria, 246 dogs
were recruited for further analyses. G1
included 96 animals; 41/96 (42.70%) were
male, 55/96 (57.30%) were female, 35/96
(36.45%) were of mixed breeds, and 61/96
(63.55%) were of various breeds. The age of
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the dogs ranged from 3 months to 15 years,
withamean + standard deviationof 70+ 52.54
months. The weight of the animals ranged
from2.3to 60 kg, withameanof15.14+11.24
kg. In this group, 37/96 (38.54%) patients
visited the Veterinary Hospital for elective
orchiectomy or ovariohysterectomy, and
physical evaluation and blood collectionwere
performed before surgery. In addition, 22/96
(22.92%) underwent check-up examinations,
22/96 (22.92%) were evaluated for localized
dermatopathies, and 15/96 (15.62%) were
evaluated for reasons not associated with
systemic diseases.

G2 consisted of 80 animals; 35/80
(43.75%) were male, 45/80 (56.25%) were
female, 36/80 (45%) were of mixed breed,
and 44/80 (55.00%) were of various breeds.
The age of the dogs ranged from 2 months
to 16 years, with a mean of 57.46 + 56.50
months. The weight of the animals ranged
from 2.6 to 54.6 kg, with a mean of 13.37
+ 11.59 kg. In this group, 27/80 (33.75%)
underwent evaluation due to gastroenteritis,
6/80 (7.5%) due to pyometra, 3/80 (3.75%)
due to pancreatitis and the remaining 44/80
(55.00%), due to the presence of various
non-disabling systemic diseases.

G3 consisted of 70 animals; 42/70
(60.00%) were male, 28/70 (40.00%) were
female, 42/70 (60.00%) were of mixed breed,
and 28/70 (40,00%) were of various breeds.
The age of the dogs ranged from 2 months
to 20 years, with a mean of 92 + 4.63 months.
The weight of the animals ranged from 2.0
to 35.0 kg, with a mean of 12.0 + 9 kg. In this
group, 12/70 (17.14%) were evaluated due
to neoplasms, 9/70 (12.85%) due to heart
disease, 8/70 (11.43%) due to ehrlichiosis,
and 41/70 (58.58%) due to other critical
systemic diseases.
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A comparative description of the
variables studied in terms of frequency
is presented in Table 1. A comparative
description of the variables analyzed in terms
of mean * standard deviation is presented in
Table 2. Statistically significant correlations
(p<0.05) between the variables studied

Table 1

for G1, G2 and G3 are described in Table 3.
The correlations presented in the table and
which will be discussed subsequently have
moderate strength ([0.3 < r < 0.6], according
to Callegari-dacques, 2009), considering
that weak correlations (r < 0.3) are of little
significance.

Comparative analysis of the occurrences and frequencies of the studied variables between the groups
of dogs with disease score 1 (G1), 2 or 3(G2) and 4 or 5 (G3)

Occurrence (n) Frequency (%)

Variable G1 (n=96)

Hyporexia 4 4,16a
Anorexia 5 521a
Improper diet 39 40,62a
NM 79 82,30a
MMCM 15 15,62a
SCM 2 2,08a

OF 16 16,67a
Thinness 9 9,37a
Muscle loss 14 14,58a
Death 1 1,04a

G2 (n=80) G3 (n=70)

32 40,50b 27 38,57b
28 35,44b 35 50,00c
40 50,00b g9 55,71b
46 57,50b 12 17.14c
22 27.50b 24 34,28¢c
12 15,00b 34 48,58¢
12 15,00b 5 7,14c

18 22,55b 28 40,00b
30 37.50b 56 80,00c
6 7,5a 34 48,57 b

Different letters in the horizontal lines indicate significant differences shown by the Kruskal-Wallis test at 5%. BCS =
body condition score; MMS = muscle mass score; NM = not malnourished (BCS = 4-5 and MMS=3); MMCM = mild to
moderate clinical malnutrition (BCS=3 e/ou MMS=2); SCM = severe clinical malnutrition (BCS 1-2 e/ou MMS 0-1); OF =
overweight/fat (BCS 6-9); thinness=BCS <3; muscle loss= MMS<2.

1414
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Table 2
Comparative analysis of means (with standard deviation) of variables between groups of dogs with
disease score 1 (G1), 2 or 3(G2) and 4 or 5 (G3)

Means  Standard Deviation (s)

Variable G1(n=96) G2 (n=80) G3 (n=70)
LOS (days) 0,72 + 1,04a 3,18 +291b 6,50 + 6,92¢
BMI 15,04 £ 1,04a 13,39 £ 3,59b 14,00 £ 4,00c
Erythrocytes (x10° pL) 6,40 £ 1,26a 543 +0,18b 4,69 £ 2,10c
Hematocrit (%) 40,15+ 7,73a 33,16 £9,78b 27,99 + 11,65¢
Hemoglobin (g/dL) 13,58 + 2,94a 10,94 + 3,52b 9,39+4,17c
MCV (fl) 62,48 + 3,47a 61,19 + 4,00a 60,40 +4,51a
MCH (pg) 21,20 + 1,84a 20,03 + 1,98a 20,08 + 3,31a
MCHC (%) 33,89 + 2,36a 32,83 +2,73a 33,56 + 3,60a
Platelets (x10° L) 490 £ 232a 409 + 223b 341 £+ 255¢
Lymphocytes (/pL) 2.398 + 1.464a 2.167 + 1.964b 1.336 £ 1.113c
Transferrin (mg/dL) 254,50 + 76,10a 211,92 +76,22b 223,18 £ 99,46b
Iron (ug/dL) 129,08 + 64,99a 124,99 + 79,25a 141,07 + 88,06a
TIBC (pg/dL) 363,57 + 108,72a 302,75 + 108,89b 318,83 £ 142,08b
Transferrin saturation (%) 35,79 + 14,88a 42,97 + 23,89ab 47,73 £ 23,94b
Albumin (g/dL) 3,13+ 1,24a 2,54 +0,90b 2,20+ 1,03b
Globulin (g/dL) 329 +1,57a 3,75 + 1,93ab 3,97 +1,62b
R:A/G (g/dL) 1,77 £ 3,22a 0,92 +0,73b 0,80 +0,93c
Total Protein (g/dL) 6,42 + 1,48a 6,36 + 1,73a 6,26 + 1,662
Urea (mg/dL) 37,70 £ 15,64a 40,84 + 37,85a 151,96 + 183,17b
Cholesterol (mg/dL) 217,17 £ 69,67a 220,86 + 84,74a 238,76 + 140,90a
CRP (ug/mL) 2,13+ 1,36a 3,61+1,73b 497 +7,01c
CRP/albumin 0,90 + 1,09a 1,81 +1,72b 2,62 +2,80c
Lactate (mmol/L) 3,89 + 2,86a 3,88+277a 4,65 + 2,86b

Same lettersindicate that the compared variables do not differ statistically, whereas different letters indicate a significant
difference shown by the Kruskal-Wallis test at 5%. LOS = length of stay, BMI = body mass index, MCV = mean corpuscular
volume, MCH = mean corpuscular hemoglobin, MCHC = mean corpuscular hemoglobin concentration, TBIC = Total iron-
binding capacity, CRP = c-reactive protein. Reference values: BMI: 11,8 a 15; erythrocytes = 5,5-8,5x106 pL; hematocrit
= 37-55%; hemoglobin = 12-18 g/dL; MCV = 60-77 fl; MCH = 19-23 pg; MCHC = 32-36%; lymphocytes = 1.000 a 4.800/
uL; platelets = 200.000 a 500.000/uL; cholesterol = 135 a 270 mg/dL; albumin = 2,6 a 3,3 g/dL; R:A/G = 0,59 -1,11 g/dL;
total protein = 5,5 a 8,0 g/dL; urea = 21,4 a 59,92 mg/dL; globulin = 2,7 a 4,4 g/dL (Kaneko, 2008); TIBC = 326,4 a 415,8
pg/dL; iron = 120,2-174,6 pg/dL; transferrin = 228,5 a 291,1 mg/dL; transferrin saturation = 34,8% a 46,1% (Pires et al.,
2011); CRP = <5,05-8,70 pg/mL; lactate = <2,5 mmol/L (Cortellini, et al., 2015).
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Table 3

Significant correlations (p<0.05) between the parameters: length of stay (LOS), mortality rate (death)
and disease score (DS) with food intake data, nutritional physical examination and laboratory variables
in dogs from a hospital population

Pearson correlation

(ST T coefficient (r)
G1
LOS x albumin <0,01 -0,33
LOS x CRP/albumin <0,01 0,38
G2
LOS x Death 0,01 -0,38
LOS e CRP/albumin <0,01 0,35
LOS e Hyporexia <0,01 0,38
Death x Urea 0,01 0,34
Disease Score x Lymphocytes <0,01 -0,36
G3
LOS x BMI <0,01 0,52
LOS x Hemoglobin <0,01 0,33
LOS x Death 0,01 -0,40
Death x Albumin 0,04 -0,34
Disease Score x Hyporexia <0,01 0,35

G1 = dogs with disease score 1, G2 = dogs with disease score 2 or 3, G3 = dogs with disease score 4 or 5, LOS = Length
of stay, CRP = c-reactive protein, BMI = body mass index.

The main prognostic markers 1). A significant direct correlation was

observed in this study were NS, TF, TBIC,
erythrogram, TS, lactate, albumin, the CRP/
albumin ratio, and urea.

Disease severity markers

Regarding eating disorders, the higher
prevalence of food intake abnormalities
(hyporexia and anorexia) and the frequency of
inadequate diet consumption in animals with
systemic diseases (G2 and G3) are notorious,
resulting in a high risk of malnutrition (Table

1416

observed between DS and hyporexia in G3
(Table 3). This may have facilitated the onset
and/or worsening of health disorders and
contributed to the higher mortality rates in
these groups.

In addition, it was evident that the
presence of clinical malnutrition, including
thinness and muscle loss, were more
frequent in animals with systemic diseases,
especially in those with critical illnesses (G3)
(Table 1). In summary, subclinical and clinical
malnutrition were more frequent with greater
severity of the underlying disease.
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The prevalence of malnutrition in
patientsis high, and this direct correlation has
beenwellestablishedintheliterature (Fabretti
et al, 2015; Niseteo et al., 2020; Arnau-
Barrés et al., 2021). Malnourished organisms
are immunosuppressed because of the lack
of nutrients for the synthesis of cytokines,
complement, and gamma globulins, and for
the promotion of mitosis and phagocytosis
by leukocytes (Stelmasiak et al., 2021). This
results in atrophy of the organs related to the
immune system, an increase in the frequency
and severity of infections, and worsening of
prognosis (Lombardi, 2019; Stelmasiak et al.,
2021), as noted in G2 and G3.

Additionally, in G2, a negative
correlation was noted between DS and MMS,
which indicates that the greater the severity
of the disease, the lower the muscle mass
(Table 3). It is known that, in patients, acute
phase proteins (APP) are synthesized in
priority over the usual proteins, and myofibrils
are catabolized to make aminoacids
available for immune system and collagen
synthesis, to enhance defense and tissue
regeneration or healing (Cohen et al., 2015).
Therefore, protein catabolism is higher in
sick malnourished individuals than in healthy
malnourished individuals (Cohen et al., 2015;
Sharma et al., 2019).

There was a statistical difference
between the mean BMI in the three studied
groups; however, these were within the
reference range (Table 2). This demonstrates
that BMI does not correlate with disease
severity. Theresultsdescribedintheliterature
regarding this association are conflicting,
depending on the disease studied (Islam et
al., 2011; Bove et al., 2013).

Semina: Ciénc. Agrar. Londrina, v. 44, n. 4, p. 1409-1428, jul./ago. 2023

Analysis of TF and TBIC between the
groups revealed a statistically significant
difference between animals with DS1 (G1)
and those with systemic illness (G2 and G3),
but not between G2 and G3 (Table 2). For
these parameters, the means were within
the normal range in G1 and below the normal
range in G2 and G3. These results indicate
that below-normal TF and TBIC values are
associated with the presence of systemic
diseases.

Other studies have described low TF
and TBIC values as indicators of disease or
poor prognosis (Nakajima et al., 2012, 2014;
Fabretti et al., 2021). This reduction in serum
concentrations of TF and TBIC is a result of
the action of cytokines (such as IL-1, IL-6 and
TNF-a), secreted in inflammatory processes,
which alter the profile of hepatic synthesis of
proteins (TF is a negative APP) (Pires et al.,
2011; Zalles Cueto et al., 2012).

In addition to some previous studies,
the present study showed that the mean
TS increased as the DS increased (Table
2) (Mainous et al., 2013; Stack et al., 2014).
In G3, the mean of this variable exceeded
the normal range, whereas in G2, the data
variation evidenced by the standard deviation
showed that there were several cases of
measures above the reference value, which
did not occurin G1 (Table 2).

Itis possible that the increase in TS is
justified by a reduction in the number of TF
molecules in cases of protein malnutrition
or even inflammatory processes (since
TF is a negative APP), situations that
are progressively more frequent as DS
increases. In other words, TS elevation above
the reference range suggests malnutrition,
inflammation,andworseprognosis(Piresetal.,
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2011; Ghadiri-Anari et al., 2014; Kwiatkowska
et al.,, 2019). Interestingly, TS will be reduced
in hypoferremia, which is closely associated
with iron deficiency anemia, which is also
associated with a poor prognosis (Mainous
etal., 2013; Campodonico et al., 2021).

A statistically significant difference
was noted in the erythrocyte count, HCT,
HGB, and platelets between the groups (Table
2). G1 was the only group with normal means
for these parameters, and systemically sick
animals (G2 and G3) had values below the
normal range, especially G3. The exception
was the platelet count, whose mean values
were normal in all three groups. Thus,
anemia was considered indicative of disease
severity, with thrombocytopenia having
little sensitivity for this purpose, which is
supported by other studies (Warner et al.,
2020; Campodonico et al., 2021).

There were no statistical differences
between the MCV, MCH, and MCHC means
of the three groups. In addition, the mean
values were within the reference range
(Table 2), indicating a predominance of
normochromic normocytic anemia. This type
of anemia is most common in malnutrition
and inflammatory processes (Zaninetti et al.,
2018; Weiss et al., 2019; Mrimi et al., 2022).

The average lactate levels in the three
groups were above the reference values. In
G1, itis possible that this occurred (at least in
part) due to the agitation of these dogs at the
time of evaluation, with many showing signs
of fear (including vasoconstriction of the
mucous membranes) or hyperactivity during
the consultation. Comparative analysis
showed statistically significant differences
between G1 and G3, and G2 and G3, but not
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between G1 and G2 (Table 2). This indicates
that animals with critical illness have higher
serum concentrations than those with mild-
to-moderate illness. Hyperlactatemia is
associated with several diseases, particularly
the critical ones. This is a consequence of
hypermetabolism and tissue hypoperfusion
that occur in pathological situations and are
common in critically ill patients (Botteon,
2012; Fabretti et al., 2016). Hyperlactatemia
during critical iliness indicates cellular stress
even when lactate levels are not correlated
with total oxygen debt (Fabretti et al., 2016).

A statistically significant difference
was observed between the albumin
concentrations in animals with DS1 (G1),
whose mean value was within the reference
range, and dogs with systemic diseases (G2
and G3), whose mean values were below
normal (Table 2). Hypoalbuminemia was
indicative ofthe disease, butnotofits severity.
An association between hypoalbuminemia
and disease has been previously reported
(Bohl et al., 2016; Eckart et al., 2020; Arnau-
Barrés et al., 2021).

Furthermore, a negative correlation
(p<0.01) was observed between DS and
lymphocytes in G2. Therefore, the more
severe the illness of the dog, the lower
the circulating lymphocyte count (CLC).
In agreement with this finding, several
publications have stated that CLC is a marker
of disease severity (Oliveira et al., 2008; Ong
et al,, 2014; J. Liu et al,, 2020). However, as
the mean number of lymphocytes was within
the reference values in the three groups,
although there was a statistical difference
among them, CLC was not considered a
sensitive prognostic predictor in dogs in this
study.
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Comparing the means of the albumin/
globulin ratio between the groups, the results
showedthatthey decreasedas DSincreased,
with a statistically significant difference
between the three groups (Table 2). This
is due to the reduction in albumin, which is
related to the severity of diseases (APP), and
the increase in globulins in response to these
diseases (Azab etal., 2013;B. Liuetal., 2021).
Therefore, low values of this ratio indicate a
disease.

Several reports in medicine indicate
that subnormal values of the albumin/globulin
ratio are associated with lower survival.
It is possible that this variable is a better
prognostic marker in specific and chronic
diseases when there is time and stimulus
for a significant increase in globulins and
a reduction in albumin; cancer and chronic
infections are examples cited in the human
and veterinary medical literature (Azab et al.,
2013; B. Liu et al,, 2021; Zhang et al., 2020).
Thisratio may notbe as usefulas aprognostic
marker in general populations, especially in
cases of acute illness, which may explain the
marked variations of the ratio observed in
this study (B. Liu et al., 2021).

Although most clinically malnourished
dogsin G1 had the lowest cholesterol values,
the mean of this parameter among the three
groups was within the reference range, with
no statistical difference between the groups
(Table 2). Therefore, the cholesterol level
was not considered a marker of disease
severity. On the other hand, some authors
have indicated that hypocholesterolemia is
a marker of high mortality and LOS (Corkins
etal, 2014; Ong et al., 2014). However, other
studies along with the present study did not
support these findings (Oliveira et al., 2008;
Fabretti et al., 2014).

CRP is associated with the level of
inflammation in underlying diseases and is a
widely used prognostic marker in human and
veterinary medicine. The reductioninalbumin
due to the inflammatory process intensified
the increase in the CRP/albumin ratio in these
cases (Gibson etal., 2018; Eckart etal., 2020).

In the present study, dogs with more
severe disease had the highest CRP levels
(Table 2). However, the fact that the CRP
means were hormal in all groups indicates the
low sensitivity of this variable as an indicator
of disease severity. Similar results have been
reported in humans and animals (Squassoni
etal.,, 2011; Qin et al., 2016).

The CRP/albumin ratio increased
markedly in proportion to the severity of
the underlying disease. Thus, CRP/albumin
was a better marker of disease severity than
albumin or CRP levels interpreted separately.
Similar results have beenreported previously
(Gibson et al., 2018; Park et al., 2018).

Length of stay (LOS)

Notably, a negative correlation was
observed between LOS and mortality rate
in G2 and G3 (Table 3). In other words, in
populations with a high mortality rate, such
as G3 (death rate = 48.57%), poor prognosis
coincides with a shorter LOS, suggesting that
the reason for these short hospitalizations is
the early occurrence of death. Conversely, in
groups with a low number of deaths (G1 and
G2), poor prognosis was indicated by a longer
LOS, which demonstrates a delay in recovery
and, consequently, in patient discharge.
Similar conclusions regarding this correlation
have been reported in veterinary medicine
(Brunetto, 2006; Fabretti et al., 2014).
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In G1 animals, there was a negative
correlation (p<0.01) between LOS, albumin,
andTP(Table 3).Therefore,alowconcentration
of these parameters is a marker of a long
hospital stay. Hypoproteinemia, an indicator
of poor prognosis, has been extensively
reported in medical literature (Nakajima et al.,
2014; Bohl et al., 2016; Arnau-Barrés et al.,
2021).

In G3, animals with
hypohemoglobinemia remained hospitalized
for a shorter time (Table 3). However, human
studies have demonstrated the opposite
results (Zaninetti et al.,, 2018; Shah, et al.,
2019). In the present study, the reduction
in the LOS of animals with low hemoglobin
values occurred due to early death and not
due to clinical discharge; therefore, cellular
hypochromia was interpreted as a marker of
poor prognosis.

In G3, a direct correlation was
observed between BMI and LOS (p<0.01)
(Table 3). Thus, animals with low BMI had a
short LOS. In contrast, most reports on the
association between BMI and LOS in humans
are negative, with reduced BMI implying a
prolonged LOS (Silva et al., 2012; Hecht et al.,
2015). However, the mortality rate in the G3
of this study had an influence on the LOS, as
previously discussed.

There was also a positive correlation
between the CRP/albumin ratio and LOS in
G1 and G2 (p<0.01) (Tables 3 and 4). This
relationship is considered superior to that of
CRP alone as a marker of LOS (Gibson et al.,
2018; Park et al., 2018). These correlations
were not observed in animals with critical
ilinesses (G3), probably because the mortality
rate was significant and interfered with the
LOS of the animals in these groups.
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Finally, a positive correlation was
observed between hyporexia and LOS in G2,
indicating that animals with reduced appetite
had slower clinical recovery, indicating
poor prognosis. Several studies in humans
have correlated poor diet with changes in
LOS (Cohen, et al., 2015; Peres et al., 2020;
Lengfelder et al., 2022).

Mortality markers

There was no statistically significant
difference among the three groups regarding
iron concentration, which was within the
normal range, or strong or moderate
correlations  with LOS and mortality.
Therefore, ferremia was not considered a
prognostic marker in this study. In contrast,
in humans, hypoferremia is recognized as an
important marker of mortality, particularly
in patients with heart failure (Rossler et al.,
2020; Graham et al., 2022).

In G3, there was a negative correlation
between mortality and albumin levels (Table
3). Thus, hypoalbuminemia is associated with
higher mortality rates in critically ill dogs.
There are extensive reports in the literature
onthe correlation between hypoproteinemia,
especially hypoalbuminemia, and greater
severity of underlying diseases, hospital stay,
and mortality (Cooper et al., 2004; Luis et al.,
2006; Gupta et al., 2011; Bohl et al., 2016;
Arnau-Barrés et al, 2021). Some authors
have suggested that this may be associated
with a more severe inflammatory state than
with malnutrition (Cooper et al., 2004; Gupta
etal., 2011). In addition to these correlations,
studies have found that patients with
hypoproteinemia are more susceptible to
infection, pulmonary complications, severe
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anemia, and a greater chance of readmission
(Luis et al., 2006; Bohl et al., 2016).

Additionally, in sick animals, there
was a positive correlation between urea and
the mortality rate; that is, dogs with higher
serum urea concentrations were at greater
risk of death (Table 3). It should be noted
that animals with > 8% dehydration were
excluded from this study. Elevation of urea in
these patients may indicate metabolic stress,
increased protein catabolism, intestinal
bleeding (with absorption of blood proteins),
and a lower glomerular filtration rate, with the
association of high serum concentrations
and high mortality documented in several
medical situations (Ugajin et al., 2012; Arihan,
et al., 2018; Cheng et al., 2020).

Conclusions

Veterinary medicine requires Pls that
can be routinely used in clinics and hospitals.
Further studies to develop such protocols
or discover accessible prognostic markers
are required. Based on the results of this
study, the following variables are associated
with disease severity in dogs: presence
of malnutrition (due to the occurrence of
hyporexia, anorexia, BCC <3 and MMS<2);
low TF and TBIC values and anemia; and high
values of TS, lactate and CRP/albumin ratio.

In animals without systemic diseases
or with mild-to-moderate systemic diseases,
low albumin values, CRP/Albumin ratio, and
hyporexia indicated longer LOS. In animals
with critical systemic diseases, low BMI and
HB values indicated shorter LOS (secondary
to high mortality).

In human medicine, ICUs provide
specialized services; consequently, the

mortality rate, even in the face of serious
illnesses, is relatively low. In these cases, a
long LOS indicates a poor prognosis, as it
demonstrates a delay in recovery of patients,
and a short LOS indicates a good prognosis,
suggesting rapid discharge. In many cases,
intensive care veterinary services donothave
the same resources and have comparatively
high mortality rates. In this context, the
interpretation of LOS can eventually be
inverted, with longer LOS indicating a good
prognosis, suggesting that patients survive
serious illnesses, and shorter LOS indicating
early deaths.

Hypoalbuminemia and high urea
concentration were the mortality indicatorsin
sickdogs. The findings of the aforementioned
alterations, especially when they occur
simultaneously, support the determination of
prognosis in dogs from hospital populations
in an objective, practical, and accessible
manner.

References

Arihan, O., Wernly, B., Lichtenauer, M., Franz,
M., Kabisch, B., Muessig, J., Masyuk,
M., Lauten, A., Schulze, P. C., Hoppe, U.
C.. Kelm, M., & Jung, C. (2018). Blood
Urea Nitrogen (BUN) is independently
associated with mortality in critically
ill patients admitted to ICU. PloS One,
713(1), e0191697. doi: 10.1371/journal.
pone.0191697

Arnau-Barrés, |., Pascual-Dapena, A., Lépez-
Montesinos, |, Gémez-Zorrilla, S., Sorli,
L., Herrero, M., Nogués, X. Navarro-
Valls, C., Ibarra, B. Canchucaja, L.
Venancio, E. C., Blasco-Hernando, F,
Cruz, J., Vazquez, O., Miralles, R., Garcia-

Semina: Ciénc. Agrar. Londrina, v. 44, n. 4, p. 1409-1428, jul./ago. 2023 1421



I Ciéncias Agrarias
SEMINA —

1422

Fabretti, A. K. et al.

Giralt, N., & Guerri-Fernandez, R. (2021).
Severe hypoalbuminemia at admission
is strongly associated with worse
prognosis in older adults with SARS-
CoV-2 infection. Journal of Clinical
Medicine, 10(21), 5134. doi: 10.3390/
jcm10215134

Azab, B. N., Bhatt, V. R., Vonfrolio, S., Bachir, R.,

Rubinshteyn, V., Alkaied, H., Habeshy, A.,
Patel, J., Picon, A., & Bloom, S. W. (2013).
Value of the pretreatment albumin to
globulin ratio in predicting long-term
mortality in breast cancer patients. The
American Journal of Surgery, 206(5), 764-
770. doi: 10.1016/j.amjsurg.2013.03.007

Bohl, D. D., Shen, M. R., Kayupov, E., & Della

Valle, C. J. (2016). Hypoalbuminemia
independently predicts surgical site
infection, pneumonia, length of stay, and
readmission after total joint arthroplasty.
The Journal of Arthroplasty, 31(1), 15-21.
doi: 10.1016/j.arth.2015.08.028

Botteon, P.D. T. L. (2012). Lactato na medicina

veterinaria-atualizagao conceitual.
Revista Brasileira de Medicina Veterinaria,
34(4), 283-287.

Bove, R., Secor, E., Healy, B. C., Musallam,

A., Vaughan, T., Glanz, B. |., Greeke, E.,
Weiner, H. L., Chitnis, T., Wicks, P., & De
Jager, P. L. (2013). Evaluation of an online
platform for multiple sclerosis research:
patient description, validation of severity
scale, and exploration of BMI effects on
disease course. PloS One, 8(3), e59707.
doi: 10.1371/journal.pone.0059707

Brunetto, M. A. (2006). Avaliacédo de suporte

nutricional sobre a alta hospitalar em
cédes e gatos. Dissertacdo de mestrado,
Faculdade de Medicina Veterinaria

Universidade Estadual Paulista Julio de
Mesquita Filho, Jaboticabal, SP, Brasil.

Bussab, W. O. & Morettin, P. A. (2014).
Estatistica basica (8nd ed.). Saraiva.

Callegari-Jacques, S.M.(2009). Bioestatistica:
principios e aplicagcbées. Artmed Editora.

Campodonico, J., Nicoli, F., Motta, I., Migone
De Amicis, M., Bonomi, A., Cappellini, M.,
& Agostoni, P. (2021). Prognostic role
of transferrin saturation in heart failure
patients. European Journal of Preventive
Cardiology, 28(15), 1639-1646. doi: 10.
1093/eurjpc/zwaal12

Cheng, A., Hu, L., Wang, Y., Huang, L., Zhao, L.,
Zhang, C., Liu, X., Xu, R., Liu, F.,, Li, J., Ye, D.,
Wang, T., Lv, Y., &Liu, Q. (2020). Diagnostic
performance of initial blood urea
nitrogen combined with D-dimer levels
for predicting in-hospital mortality in
COVID-19 patients. International Journal
of Antimicrobial Agents, 56(3), 106110.
doi: 10.1016/j.ijantimicag.2020.106110

Cohen,S.,Nathan,J.A.,&Goldberg,A.L.(2015).
Muscle wasting in disease: molecular
mechanisms and promising therapies.
Nature Reviews Drug Discovery, 14(1),
58-74. doi: 10.1038/nrd4467

Cooper, B. A., Penne, E. L., Bartlett, L. H., &
Pollock, C. A. (2004). Protein malnutrition
and hypoalbuminemia as predictors
of vascular events and mortality in
ESRD. American Journal of Kidney
Diseases, 43(1), 61-66. doi: 10.1053/j.
ajkd.2003.08.045

Corkins, M. R., Guenter, P., DiMaria-Ghalili,
R. A., Jensen, G. L., Malone, A., Miller,
S., Patel, V., Plogsted, S., Resnick, H. E.,
& American Society for Parenteral and
Enteral Nutrition. (2014). Malnutrition

Semina: Ciénc. Agrar. Londrina, v. 44, n. 4, p. 1409-1428, jul./ago. 2023



Nutritional and laboratory assessment as predictors of hospitalization time...

I Ciéncias Agrarias
SEMINA —

diagnosesinhospitalized patients: United
States, 2010. Journal of Parenteral and
Enteral Nutrition, 38(2), 186-195. doi:
10.1177/0148607113512154

Cortellini, S., Seth, M., & Kellett-Gregory, L. M.
(2015). Plasma lactate concentrations in
septic peritonitis: a retrospective study
of 83 dogs (2007-2012). Journal of
Veterinary Emergency and Critical Care,
25(3), 388-395. doi: 10.1111/vec.12234

Da Silva, L. M. S., Martins, L. F,, Santos, C. C., &
Oliveira,R.M.(2014).indicesprognésticos
na pratica clinica de enfermagem em
terapia intensiva: revisdo integrativa.
Revista Eletrénica de Enfermagem, 16(1),
179-190. doi: 10.5216/reev16i1.22830

Eckart, A., Struja, T., Kutz, A., Baumgartner, A.,
Baumgartner, T., Zurfluh, S., Neeser, O,
Huber, A., Stanga, Z., Mueller, B., Schuetz,
P. & Schuetz, P. (2020). Relationship
of nutritional status, inflammation, and
serumalbuminlevels during acute iliness:
a prospective study. The American
Journal of Medicine, 133(6), 713-722.
doi: 10.1016/j.amjmed.2019.10.031

Fabretti,A.K.,BatistaFonseca,l.C.de,Pancieri,
[.V.C.,Knupp, F.C.,Bordini, D. M., & Pereira,
P.M. (2014). Avaliacao clinica, laboratorial
e perfil eletroforético na determinacao
do progndstico de caes hospitalizados.
Semina: Ciéncias Agrarias, 35(6), 3113-
3126. doi: 10.5433/1679-0359.2014v35
n6p3113

Fabretti, A. K., Coelho, A. D. F, Silva, C. N.
D., Pincelli, V., Suhett, W. G., & Pereira,
P. M. (2016). Associacao entre lactato
sanguineo coma oxigenoterapia em caes
anémicos com indicacao de transfusao
sanguinea. Nosso Clinico, 19(109), 32-36.

Fabretti, A. K., Fonseca, |. B., Coelho, A.

F.. Silva, C. N., & Pereira, P. M. (2015).
Evaluation of clinical, laboratory, and
electrophoretic profiles for diagnosis of
malnutritionin hospitalized dogs. Semina:
Ciéncias Agrarias, 36(1), 217-230. doi:
10.5433/1679-0359.2015v36n1p217

Fabretti, A. K., Siqueira, R. C. S., Amaral, H. F,,

Gomes, L. A., Venturini, D., & Pereira, P. M.
(2021). Laboratory profile of malnutrition
in hospitalized dogs. Semina: Ciéncias
Agrarias, 42(6), 3273-3288. doi: 10.54
33/1679-0359.2021v42n6p3273

Ghadiri-Anari, A., Nazemian, N., & Vahedian-

Ardakani, H. A. (2014). Association
of body mass index with hemoglobin
concentration and iron parameters in
Iranian population. International Scholarly
Research Notices, 2014(525312), 1-3.
doi: 10.1155/2014/525312

Gibson, D. J., Hartery, K., Doherty, J., Nolan, J.,

Keegan, D.,Byrne, K., Martin, S. T., Buckley,
M., Sheridan, J., Horgan, G., Mulcahy,
H. E., Cullen, G., & Doherty, G. A. (2018).
CRP/albumin ratio: an early predictor of
steroid responsiveness in acute severe
ulcerative colitis. Journal of Clinical
Gastroenterology, 52(6), e48-e52. doi:
10.1097/MCG.0000000000000884

Graham, F. J., Masini, G., Pellicori, P., Cleland,

J. G., Greenlaw, N., Friday, J., Kazmi, S,
& Clark, A. L. (2022). Natural history and
prognostic significance of iron deficiency
and anaemia in ambulatory patients with
chronic heart failure. European Journal
of Heart Failure, 24(5), 807-817. doi:
10.1002/ejhf.2251

Gupta, D., Vashi, P. G., Lammersfeld, C. A., &

Braun, D. P. (2011). Role of nutritional
status in predicting the length of stay

Semina: Ciénc. Agrar. Londrina, v. 44, n. 4, p. 1409-1428, jul./ago. 2023 1423



I Ciéncias Agrarias
SEMINA —

Fabretti, A. K. et al.

in cancer: a systematic review of the
epidemiological literature. Annals of
Nutrition and Metabolism, 59(2-4), 96-
106. doi: 10.1159/000332914

Hecht, C., Weber, M., Grote, V., Daskalou,
E.. DellEra, L., Flynn, D. Gerasimidis,
K., Gottrand, F., Hartman, C., Hulst, J,
Joosten, K., Karagiozoglou-Lampoudi,
T., Koetse, H. A., Kolacek, S., Ksigzyk,
J., Niseteo, T., Olszewska, K., Pavesi, P,
Piwowarczyk, A.... Koletzko, B. (2015).
Disease associated malnutrition
correlates with length of hospital stay in
children. Clinical Nutrition, 34(1), 53-59.
doi: 10.1016/j.clnu.2014.01.003

Huang, R. Z., Mao, M., Zheng, J., Liang, H. Q,,
Liu, F. L., Zhou, G. Y., Huang, Y., Zeng, F., &
Li, X. (2021). Development of an immune-
related gene pairs index for the prognosis
analysis of metastatic melanoma.
Scientific Reports, 11(1), 1-12. doi:
10.1038/s41598-020-80858-1

Islam, M. S., Talukder, R., Sakib, A. M., &
Mokhlesuzzaman, A. K. M. (2011). Study
of relation between body mass index
(BMI) and angiographically severity of
coronary artery disease. KYAMC Journal,
1(2), 39-42. doi: 10.3329/kyamcjv1i2.
13312

Kaneko, J. J.,Harvey, J.W., & Bruss, M. L. (Eds.).
(2008). Clinical biochemistry of domestic
animals. Academic press.

King, L. G., Wohl, J. S., Manning, A. M., Hackner,
S. G., Raffe, M. R., & Maislin, G. (2001).
Evaluation of the survival predictionindex
as amodel of risk stratification for clinical
research in dogs admitted to intensive
care units at four locations. American
Journal of Veterinary Research, 62(6),
948-954. doi: 10. 2460/ajvr.2001.62.948

1424

Kwiatkowska, E., Opara, M., Kwiatkowski,
S., Domanski, L., Marchelek-Mysliwiec,
M., & Ciechanowski, K. (2019). Is
transferrin saturation a useful marker
of iron metabolism in patients with
chronic kidney disease treated with
hemodialysis? The Open Urology &
Nephrology Journal, 12(1), 77-82. doi:
10.2174/18743 03X01912010077

Laflamme, D. P. (1997). Development and
validation of a body condition score
system for dogs. Canine Practice, 22(4),
10-15.

Lengfelder, L., Mahlke, S., Moore, L., Zhang, X.,
Williamslll, G., &Lee, J.(2022). Prevalence
and impact of malnutrition on length
of stay, readmission, and discharge
destination. Journal of Parenteral and
Enteral Nutrition, 46(6), 1335-1342. doi:
10.1002/jpen.2322

Liu, B., Xiao, K., Yan, P,, Sun, T., Wang, J., Xie, F.,
Mo, G., & Xie, L. (2021). Albumin—globulin
ratio is an independent determinant of
28-day mortality in patients with critical
illness. Disease Markers, 20217(9965124),
1-5.doi: 10.1155/2021/9965124

Liu, J., Li, H., Luo, M., Liu, J., Wy, L., Lin, X,,
Li, R, Wang, Z., Zhong, H., Zheng, W,
Zhou, Y., Jiang, D., Tan, X., Zhou, Z., Peng,
H.. & Zhang, G. (2020). Lymphopenia
predicted illness severity and recovery
in patients with COVID-19: A single-
center, retrospective study. PLoS One,
75(11), e0241659. doi: 10. 137 1/journal.
pone.0241659

Lombardi, P., Palatucci, A. T. Giovazzino,
A., Mastellone, V., Ruggiero, G., Rubino,
V., Musco, N., Crupi, R., Cutrignelli, M.
I, Britti, D., Vassalotti, G., Terrazzano,
G., & Cortese, L. (2019). Clinical and

Semina: Ciénc. Agrar. Londrina, v. 44, n. 4, p. 1409-1428, jul./ago. 2023



Nutritional and laboratory assessment as predictors of hospitalization time...

I Ciéncias Agrarias
SEMINA —

immunological response in dogs
naturally infected by L. infantum treated
with a nutritional supplement. Animals,
9(8), 501. doi: 10.3390/ani9080501

Luis, D. A.de, Izaola, O., Cuellar, L., Cabezas, G.,
Rojo, S., Aller, R., & Sagrado, M. G. (2006).
Nutritional assessment: predictive
variables at hospital admission related
with length of stay. Annals of Nutrition
and Metabolism, 50(4), 394-398. doi:
10.1159/000094362

Ma, X., Yang, J. Wang, X. Wang, X, &
Chai, S. (2022). The clinical value of
systemic inflammatory response index
and inflammatory prognosis index in
predicting 3-month outcome in acute
ischemic stroke patients withintravenous
thrombolysis. International Journal of
General Medicine, 2022(15), 7907-7918.
doi: 10.2147/1UGM.S384706

Mainous, A. G., Diaz, V. A., Knoll, M. E., Hulihan,
M. M., Grant, A. M., & Wright, R. U. (2013).
Transferrin  saturation and hospital
length of stay and mortality in Medicare
beneficiaries. Journal of the American
Geriatrics Society, 61(1), 132-136. doi:
10.1111/jgs.12044

Mrimi, E. C., Palmeirim, M. S., Minja, E.
G. Long, K. Z, & Keiser, J. (2022).
Malnutrition, anemia,  micronutrient
deficiency and parasitic infections
among schoolchildren in rural Tanzania.
PLoS Neglected Tropical Diseases,
16(3), €e0010261. doi: 10.1371/journal.
pntd.0010261

Muir, W. W. (2007). Considerations for
general anesthesia. In W. J. Tranquilli,
J. C. Thurmon, & K. A. Grim (Eds.), Lumb
& Jones’s veterinary anesthesia and
analgesia (4nd ed., pp. 17-30). lowa.

Semina: Ciénc. Agrar. Londrina, v. 44, n. 4, p. 1409-1428, jul./ago. 2023

Muller, J. E., Pinheiro, M. S., & Mendonc¢a, D. C.
(2008). Adaptacdo do indice de massa
corporal humano para caes. Ciéncia
Rural, 38(4), 1038-1043. doi: 10.1590/
S0103-84782008000400020

Nakajima, M., Ohno, K., Goto-Koshino,
Y., Fujino, Y., & Tsujimoto, H. (2014).
Plasma transferrin concentration as a
nutritional marker in malnourished dogs
with nutritional treatment. Journal of
Veterinary Medical Science, 76(4), 539-
543. doi: 10.1292/jvms.13-0583

Nakajima, M., Ohno, K., Takeuchi, Y., Takeuchi,
A.,Nakashima, K., Fujino, Y., & Tsujimoto, H.
(2012). Usefulness of plasma transferrin
levels as dynamic assessment of protein
nutrition in dog. Journal of Pet Animal
Nutrition, 15(2), 65-71. doi: 10.11266/
jpan.15.65

Namendys-Silva, S. A., Silva-Medina, M.
A., Vasquez-Barahona, G. M., Baltazar-
Torres, J. A.. Rivero-Sigarroa, E.,
Fonseca-Lazcano, J. A., & Dominguez-

Cherit, G. (2013). Application of a
modified sequential organ failure
assessment score to critically il

patients. Brazilian Journal of Medical and
Biological Research, 46(2), 186-193. doi:
10.1590/1414-431X20122308

Niewinski, G., Starczewska, M. H., & Kanski,
A. (2014). Prognostic scoring systems
for mortality in intensive care units -
the APACHE model. Anaesthesiology
Intensive Therapy, 46(1), 46-49. doi:
10.5603/AIT. 2014.0010

Niseteo, T., Hojsak, I, & Kolacek, S. (2020).
Malnourished children acquire
nosocomial infections more often and
have significantly increased length
of hospital stay. Clinical Nutrition,

1425



I Ciéncias Agrarias
SEMINA —

Fabretti, A. K. et al.

39(5), 1560-1563. doi:
2019.06.022

Oliveira, L. M. L., Rocha, A. P. C., & Silva,
J. M. A. (2008). Avaliacao nutricional
em pacientes hospitalizados: uma
responsabilidade interdisciplinar. Saber
Cientifico, 1(1), 240-252.

Ong, C., Han, W. M., Wong, J. J. M., & Lee, J. H.
(2014). Nutrition biomarkers and clinical
outcomes in critically ill children: a
critical appraisal of the literature. Clinical
Nutrition, 33(2), 191-197. doi: 10.1016/
j.clnu.2013.12.010

Park, J. E., Chung, K. S., Song, J. H., Kim, S.
Y. Kim, E. Y., Jung, J. Y., Kang, Y. A, Park,
M. S., Kim, Y. S,, Chang, J., & Leem, A. Y.
(2018). The C-reactive protein/albumin
ratio as a predictor of mortality in critically
ill patients. Journal of Clinical Medicine,
7(10), 333. doi: 10.3390/jcm7100333

10.1016/j.cinu.

Peres, I. T., Hamacher, S., Oliveira, F. L. C,,
Thomé, A. M. T., & Bozza, F. A. (2020).
What factors predict length of stay in the
intensive care unit? Systematic review
and meta-analysis. Journal of Critical
Care, 2020(60), 183-194. doi: 10.1016/j.
jere.2020.08.003

Pimentel-Gomes, F.(2009). Curso de estatistica
experimental (15nd ed.). ESALQ.

Pires, L. S. A., Dittrich, R. L., Souza, A. C,,
Bertol, M. A. F., & Patricio, L. F. L. (2011).
Pardmetros utilizados na avaliagédo do
metabolismo do ferro em caes. Ciéncia
Rural, 41(2), 272-277. doi: 10.1590/
S0103-84782011000200015

Portero, M., Merlo, E. M. de, Pérez, C., Benito,
M., Daza, M. A, & Fragio, C. (2019).
Cerebrospinal fluid and blood lactate
concentrationsas prognosticbiomarkers

1426

in dogs with meningoencephalitis
of unknown origin. The Veterinary
Journal, 254, 105395. doi: 10.1016/j.
tvjl.2019.105395

Qin, G., Tu, J., Liu, L., Luo, L., Wu, J., Tao, L.,
Zhang, C., Geng, X., Chen, X., Ai, X., Shen,
B., & Pan, W. (2016). Serum albumin and
C-reactive protein/falbumin ratio are
useful biomarkers of Crohn's disease

activity. Medical Science Monitor,
2016(22), 4393-4400. doi: 10.12659/
msm.897460

Rabelo, R. C., Arnold, C. F, & Alsua, S. C.
(2009). RICO Score-classificacao rapida
de sobrevida em cuidados intensivos.
Variaveis inter-relacionadas em caes.
Clinica Veterinaria, 15(78), 28-38.

Rossler, J., Schoenrath, F., Seifert, B., Kaserer,
A., Spahn, G. H,, Falk, V., & Spahn, D. R.
(2020). Iron deficiency is associated with
higher mortality in patients undergoing
cardiac surgery: a prospective study.
British Journal of Anaesthesia, 124(1),
25-34. doi: 10.1016/j.bja.2019.09.016

Ruggerone, B., Scavone, D., Troia, R., Giunti,
M., Dondi, F., & Paltrinieri, S. (2021).
Comparison of protein carbonyl (PCO),
paraoxonase-1 (PON1) and C-reactive
protein(CRP)asdiagnosticandprognostic
markers of septic inflammation in dogs.
Veterinary Sciences, 8(6), 93-107. doi:
10.3390/vetsci8060093

Shah, A., Memon, M., Kay, J., Wood, T. J.,
Tushinski, D. M., & Khanna, V. (2019).
Preoperative patient factors affecting
length of stay following total knee
arthroplasty: a systematic review
and meta-analysis. The Journal of
Arthroplasty, 34(9), 2124-2165. doi:
10.1016/j.arth.2019.04.048

Semina: Ciénc. Agrar. Londrina, v. 44, n. 4, p. 1409-1428, jul./ago. 2023



Nutritional and laboratory assessment as predictors of hospitalization time...

I Ciéncias Agrarias
SEMINA —

Sharma, K., Mogensen, K. M., & Robinson,
M. K. (2019). Pathophysiology of critical
illness and role of nutrition. Nutrition
in Clinical Practice, 34(1), 12-22. doi:
10.1002/ncp.10232

Silva, H. V. da, Santos, S. O., Silva, N. O.,
Ribeiro, F. D., Josua, L. L., & Moreira,
A. S. B. (2012). Nutritional assessment
associated with length of inpatients'
hospital stay. Nutricion Hospitalaria,
27(2), 542-547. doi: 10.1590/S0212-
16112012000200029

Squassoni,G.F.,Motheo, T.F.,Feliciano,M.A.R.,
& Vicente, W. R. R. (2011). Concentracao
sérica de proteina C-reativa em cadelas
higidas, gestantes ou com piometra.
Revista Cientifica Eletrénica de Medicina
Veterinaria, 9(17), 1-9.

Stack, A. G., Mutwali, A. I, Nguyen, H. T,
Cronin, C. J., Casserly, L. F., & Ferguson,
J. (2014). Transferrin saturation ratio and
risk of total and cardiovascular mortality
in the general population. QJUM: An
International Journal of Medicine, 107(8),
623-633. doi: 10.1093/gjmed/hcu045

Stelmasiak, M., Batan, B., Mikaszewska-
Sokolewicz, M., Niewinski, G., Kosatka,
K., Szczepanowska, E., & Stotwinski, R.
(2021). The relationship between the
degree of malnutrition and changes in
selected parameters of the immune
response in critically ill patients. Central
European Journal of Immunology, 46(1),
82-91. doi: 10.5114/ceji.2021.105248

Ugajin, M., Yamaki, K., lwamura, N., Yagi, T.,
& Asano, T. (2012). Blood urea nitrogen
to serum albumin ratio independently
predicts mortality and severity of
community-acquired pneumonia.

International  Journal of General
Medicine, 2072(5), 583-589. doi:
10.2147/IJGM.S33628

Veena, A., Amit, D., Sonagra, B., Rekha, M. B,,
& Jayaprakash, M. D. S. (2013). Study of
serum iron, TIBC, transferrin saturation
and ferritin in iron deficiency anemia
in tertiary care hospital. International
Journal of Pharmacy and Biological
Sciences, 3(1), 14-23.

Warner, M. A., Hanson, A. C. Frank, R.
D., Schulte, P. J., Go, R. S., Storlie, C.
B.. & Kor, D. J. (2020). Prevalence of
and recovery from anemia following
hospitalization for critical illness among
adults. JAMA Network Open, 3(9),
€2017843-e2017843. doi: 10.1001/
jamanetworkopen.2020.17843

Weiss, G., Ganz, T., & Goodnough, L. T. (2019).
Anemia of inflammation. Blood, The
Journal of the American Society of
Hematology, 133(1), 40-50. doi: 10.1182/
blood-2018-06-856500

Wissler, C. (1905). The spearman correlation
formula. Science, 22(558), 309-311.

World Small Animal Veterinary Association
(2013). Muscle condition score. WSAVA
Global Veterinary Development. https://
wsava.org/wp-content/uploads/
2020/01/Muscle-Condition-Score-
Chart-for-Dogs. pdf

Zalles Cueto, L., Paz Soldan, R. S., & Gamarra
Salas, M. L. (2012). Utilidad del indice
de Prondstico Inflamatorio y Nutricional
(PINI) en el diagnéstico de nifios con
desnutricion grave. Gaceta Meédica
Boliviana, 35(1), 7-11.

Semina: Ciénc. Agrar. Londrina, v. 44, n. 4, p. 1409-1428, jul./ago. 2023 1427



I Ciéncias Agrarias
SEMINA —

1428

Fabretti, A. K. et al.

Zaninetti, C., Klersy, C., Scavariello, C., Bastia,

R., Balduini, C. L., & Invernizzi, R. (2018).
Prevalence of anemia in hospitalized
internal medicine patients: Correlations
with comorbidities and length of hospital
stay. European Journal of Internal
Medicine, 51, 11-17. doi: 10.1016/j.ejim.
2017.11.001

Zhang, Y., Zhu, J. Y., Zhou, L. N., Tang, M.,

Chen, M. B., & Tao, M. (2020). Predicting
the prognosis of gastric cancer
by albumin/globulin ratio and the
prognostic nutritional index. Nutrition
and Cancer, 72(4), 635-644. doi: 10.10
80/01635581.2019.1651347

Semina: Ciénc. Agrar. Londrina, v. 44, n. 4, p. 1409-1428, jul./ago. 2023



