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Highlights

There is an association between malnutrition and disease severity.

Iron metabolism marker proteins indicate nutritional status in dogs.

Cholesterol and albumin are not good markers of nutritional status in dogs.

Abstract

Malnutrition occurs when the supply of available nutrients is less than organic demand. It is an underdiagnosed 

problem in veterinary medicine and can result in several negative metabolic consequences, with greater 

morbidity and mortality. Currently, the classification of nutritional status (NS) is performed subjectively in 

veterinary medicine, so studies and discoveries about laboratory markers (objectives) of malnutrition are 

desirable. This study evaluated the correlations between several laboratory variables (practical and low-

cost measurements) and the nutritional status (NS) of 246 dogs from a veterinary school hospital in southern 

Brazil. In this way, the laboratory profile of malnutrition in this population is evident. NS was classified by 

body condition score (BCS) and muscle mass score (MMS). A patient was considered to be malnourished if 

the BCS was less than 3 (values from 1 to 9). The laboratory variables analyzed were hemogram, cholesterol, 

total protein (TP), albumin, C-reactive protein (CRP), CRP/albumin ratio, total iron-binding capacity (TIBC), 

transferrin (TF), transferrin saturation index (TSI), and transthyretin. The means and standard deviations of 

the variables, correlation analyses, and comparative analyses (Kruskal-Wallis in α = 5%) were calculated. 

This research aimed to identify objective and practical malnutrition markers that help in the elaboration 

of a protocol for nutritional evaluation in diseased dogs. Low values of TF, TIBC, TP, hemogram, and TSI 

elevation were indicative of malnutrition. Additionally, cholesterol and albuminemia are not good markers 
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of malnutrition in dogs with systemic diseases. For the graduation of the inflammatory state (important to 

differentiate inflammatory hypoproteinemia from protein malnutrition), it is more reliable to measure the 

CRP/albumin ratio. Canine transthyretin cannot be measured with reagents designed for humans, such as 

those used in this study. It was possible to conclude that laboratory indicators of malnutrition in sick dogs 

include low values of TF, TIBC, and TP, anemia, and elevations of TSI. The joint changes in these markers 

gradually reinforced the diagnosis.

Key words: Nutritional assessment. Malnutrition. Iron metabolism. Transferrin.

Resumo

A desnutrição ocorre quando a oferta de nutrientes disponíveis é inferior à demanda orgânica. É um 

problema subdiagnosticado em medicina veterinária e pode resultar em diversas consequências 

metabólicas negativas, com maior morbidade e mortalidade. Atualmente, a classificação do estado 

nutricional (EN) é feita subjetivamente na medicina veterinária, de maneira que estudos e descobertas 

sobre marcadores laboratoriais objetivos de desnutrição são desejáveis. O propósito da pesquisa foi 

encontrar marcadores de desnutrição objetivos e práticos que ajudem na elaboração de protocolos 

de avaliação nutricional em cães doentes.  Este estudo avaliou as correlações entre diversas variáveis 

laboratoriais (de mensurações práticas e de baixo custo) com o estado nutricional (EN) de 246 cães de 

um hospital veterinário escola do sul do Brasil, evidenciando o perfil laboratorial da desnutrição desta 

população. O EN foi classificado por meio do escore de condição corporal (ECC) e escore de massa 

muscular (EMM). Foram considerados desnutridos os animais com ECC ≤ 3 (Laflamme, 1997) ou EMM ≤ 

2 (World Small Animal Veterinary Association [WSAVA], 2013). As variáveis laboratoriais analisadas foram: 

hemograma, colesterol, proteína total (PT), albumina, proteína C reativa (PCR), relação PCR/albumina, 

capacidade total de ligação com ferro (CTLF), transferrina (TF), índice de saturação da transferrina (IST) 

e transtirretina. Foram calculadas as médias e desvios-padrões das variáveis, análises de correlação e 

análises comparativas (Kruskal-Wallis em α = 5%). Foram indicativos de desnutrição: baixos valores de 

TF, CTLF e PT, anemia e elevações da IST. Ademais, o colesterol e a albumina não são bons marcadores 

de desnutrição em cães com doenças sistêmicas. Para a graduação do estado inflamatório (importante 

para diferenciar hipoproteinemia inflamatória da desnutrição proteica), é mais confiável a mensuração da 

relação PCR/albumina. A transtirretina canina não pode ser mensurada com reagentes elaborados para 

humanos, como os utilizados nesta pesquisa. Foi possível concluir que são indicadores laboratoriais da 

desnutrição em cães doentes: baixos valores de TF, CTLF e PT, anemia e elevações da IST. As alterações 

conjuntas desses marcadores reforçam gradativamente o diagnóstico. 

Palavras-chave: Avaliação nutricional. Má-nutrição. Metabolismo do ferro. Transferrina.
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Introduction

Malnutrition is a metabolic condition 
associated with a poor prognosis (Saker & 
Remillard, 2010; Fabretti et al., 2014). It occurs 
when the supply of available nutrients does 
not meet the organic demand, and its severity 
is proportional to the extent and duration of 
the dietary deficit or the intensity of losses 
through endogenous pathways. This is a 
common but underdiagnosed condition (Saker 
& Remillard, 2010; Fabretti, Fonseca, Coelho, 
Silva, & Pereira, 2015; Gagne & Wakshlag, 
2015; Keller, 2019).

As it progresses, malnutrition begins 
to affect physical health, manifesting as 
thinness, muscle weakness, and poor 
appearance of the skin and coat, in addition to 
various metabolic changes (Chandler & Gunn-
Moore, 2004; Fabretti et al., 2015; Gagne & 
Wakshlag, 2015). Among the damage caused 
by malnutrition in health, there is a substantial 
reported delay in healing, immunosuppression, 
and, consequently, greater predisposition 
to serious diseases, long periods of 
hospitalization, and higher mortality (De Luis 
et al., 2006; Lim et al., 2012; Agarwal et al., 
2013; Corkins et al., 2014; Fabretti et al., 2014; 
Slee, Birch, & Stokoe, 2016). Consequently, it 
is common for health expenses to be higher 
for malnourished patients (De Luis et al., 2006; 
Lim et al., 2012; Corbee & Kerkhoven, 2014; 
Corkins et al., 2014; Slee et al., 2016). 

Approximately 50–60% of humans 
and animal patients are malnourished, and 
this precarious nutritional status (NS) tends 
to worsen during hospitalization. Thus, a 
strong association between malnutrition and 
disease is evident (Chandler & Gunn-Moore, 
2004; Hébuterne et al., 2014; Fabretti et al., 

2015; Bazzi et al., 2016). The advantage of 
recognizing malnourished patients is that they 
allow the development of nutritional protocols 
that reverse this situation, thereby improving 
the prognosis (Fabretti et al., 2014; Brunetto & 
Carcioffi, 2015; Michel, 2015, 2017).

Because of these factors, the 
assessment of the NS in companion animals is 
categorized as one of the five vital parameters 
that must be evaluated in every patient visit 
(Baldwin et al., 2010; Freeman et al., 2011). 
However, a sensitive, specific and an early gold 
standard for the diagnosis of malnutrition has 
not yet been established (Fabretti, Siqueira, 
Chaves, Camacho, & Pereira, 2018). One 
limitation is that veterinary medicine has fewer 
options than human medicine for evaluating 
NS. The variation in physical size and body 
conformation between different dog breeds 
limits the use of morphometric measurements 
and standardization of physical examination 
techniques for the study of NS (Fabretti et 
al., 2015, 2018). Consequently, the goal is 
the discovery of accessible and low-cost 
laboratory markers of NS, which are practical 
for professional routine use. Recently, in 
human medicine, there has been a focus on 
studies with short half-life serum proteins, 
such as transferrin (TF), an iron transporter, and 
transthyretin (TTR), a thyroxine transporter, 
as they indicate the changes in patients’ NS 
faster (Sullivan, 2001; Szöke & Panteghini, 
2012; Ingenbleek & Bernstein, 2015).

Briefly, the causes of reduction in 
serum protein include inflammation, nephrotic 
syndrome, protein wasting enteritis, burns, and 
protein malnutrition, whereas elevation occurs 
due to dehydration (relative increase) and 
hyperglobulinemia, which can be associated 
with inflammatory, neoplastic, and immune-
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mediated diseases (Bush, 2004; Cooper, 
Penne, Bartlett, & Pollock, 2004; Sullivan, 
2001). TF and TTR are less influenced by extra 
nutritional factors than albumin (Nakajima et 
al., 2012; Szöke & Panteghini, 2012; Nakajima, 
Ohno, Goto-Koshino, Fujino, & Tsujimoto, 2014; 
Ingenbleek & Bernstein, 2015; Fabretti et al., 
2018; Keller, 2019).

To date, few studies have objectively 
evaluated TF in dogs (Nakajima et al., 2012, 
2014; Ingenbleek, 2019). One difficulty in 
using TTR in dogs is that performing the 
measurements involves using imported and 
expensive reagents.

Although NS markers are useful, they 
all have limitations, such as lack of specificity 
(Keller, 2019). However, the simultaneous 
use of several assessment methods makes 
the diagnosis of NS more reliable (De Luis et 
al., 2006; Maicá & Schweigert, 2008; Sullivan, 
2001). Many laboratory NS markers are also 
negative acute-phase proteins, so it is critical 
to measure them together with inflammation 
markers. This posture allows us to differentiate 
inflammation-associated reduction of these 
proteins from malnutrition-associated 
reduction (Bally et al., 2016; Felder et al., 
2016). C-reactive protein (CRP) is the most 
used for this purpose (Kuribayashi et al., 2003; 
Tvarijonaviciute, Martinez, Gutierrez, Ceron, & 
Tecles, 2011; Richards et al., 2012; Bally et al., 
2016).

Therefore, this study aimed to evaluate 
the correlations between several laboratory 
variables (from practical and routine 
measurements, except for transthyretin) with 
the NS of hospitalized dogs. In this way, we 
present the laboratory profile of malnutrition 
in this population. CRP levels were measured 
to determine the patients’ inflammatory 

levels. Consequently, we intend to generate 
information that will help in the development of 
protocols for the identification of malnutrition 
in sick dogs.

Material and Methods

The study was conducted with 
patient dogs from a veterinary hospital in 
southern Brazil. The project was approved 
by the institution’s ethics committee under 
registration 1679/2013. Dogs that attended 
from June 2013 to November 2016 were 
considered for inclusion, without distinction 
of sex, age, or breed. The exclusion criteria 
were designed to avoid situations in which 
serum proteins were altered by extra 
nutritional factors, such as clinical dehydration 
greater than 7%, patients undergoing 
blood transfusion up to 21 days before the 
evaluation, patients treated with parenteral 
nutrition, and cases of nephropathies or 
hepatopathies with cirrhosis. Other factors 
that influence serum protein levels are 
infectious diseases, neoplasms, enteritis, 
skin burns, and malnutrition. Animals at risk of 
complications due to handling stress or blood 
collection, such as dyspneic, aggressive, and 
under 2 kg of body weight, were also excluded 
from the study. Additionally, animals whose 
owners did not agree with the study were not 
included in the study.

Data collection and physical and 
laboratory assessments were performed 
within 48 h of hospital admission. The following 
patient data were recorded: race, age, sex, and 
reason for admission. To determine the body 
condition score (BCS), dogs were classified 
on a nine-grade scale (Laflamme, 1997). The 
classification of muscle mass score (MMS) 
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was performed on a four-grade scale (WSAVA, 
2013). Scores were classified by a single 
trained veterinarian. Patients with BCS ≤ 3 and 
MMS ≤ 2 were considered malnourished.

The animals were also evaluated for 
underlying disease severity and clinical signs, 
which were used to distribute the animals into 
three groups. The first group (G1) comprised 
96 dogs without systemic diseases. The 
second group (G2) comprised 80 dogs with 
non-disabling systemic diseases; that is, 
systemic conditions that did not prevent them 
from walking, at least for short distances. The 
third group (G3) comprised 70 dogs with critical 
and disabling systemic diseases, in which the 
dogs remained in obligatory recumbency. 
Admissions were made based on the sole 
decision of the veterinarian responsible for the 
case, without any involvement in the research.

Soon after the physical examination, 
blood was collected for laboratory tests 
carried out at the same institution. The 
erythrogram and total leukocyte counts 
were performed using an automated device 
BC-2800VET, Mindray® (Mindray do Brasil–
Comércio e Distribuição de Equipamentos 
Médicos Ltda, São Paulo, SP). Platelet 
counts and leukocyte differentials were 
determined using optical microscopy. Serum 
was separated by centrifugation, stored in 
disposable polypropylene tubes, and frozen at 
−80°C until the analysis was conducted.

Albumin was assessed using the 
bromocresol green method, analyzed by 
the semi-automatic device BIO - 2000, from 
the company Bioplus® (Bioplus® Produtos 
para Laboratórios Ltda, Baurueri - SP), using 
colorimetric tests with kits from the brand, 
Belo Horizonte, MG). The other biochemical 
measurements were performed using a 

Siemens Dimensions automated device (model 
RXL) with enzymatic/colorimetric test reagents 
from the company Siemens® (Siemens AG, São 
Paulo, SP) analyzed by the spectrophotometric 
method, according to the manufacturer’s 
instructions. Using the same apparatus and 
reagents from the aforementioned company, 
PCR was conducted using the ultrasensitive 
turbidimetric immunoassay technique. From 
the TIBC values, the TF was calculated using 
the following formula: TF (mg dL-1) = TIBC x 0.7 
(Pires, Dittrich, Souza, Bertol, & Patrício, 2011; 
Szöke & Panteghini, 2012). This calculation 
was used because commercially available 
reagents for the determination of human TF 
do not show good reproducibility in the canine 
species and specific reagents imported for 
dogs are expensive, and inaccessible in our 
country (Saker & Remillard, 2010; Pires et al., 
2011; Bohn, 2015).

The TF saturation index (TSI) was 
determined using the following formula: 
TSI (%) = 100 × Iron/TIBC (Pires et al., 2011; 
Veena, Amit, Sonagra, Rekha, & Jayaprakash, 
2013). Due to the lack of commercially 
available reagents for measuring canine TTR 
in our country, a pilot test was conducted with 
reagents intended for human use (Siemens® 
DF80) with canine serum. The laboratory teams 
did not have access to the results of physical 
examinations and experimental groups of the 
animals from which the blood came, being 
blind to the nutritional status and prognosis of 
the dogs studied.

Two approaches were used for 
statistical analysis. For both, the Action 
Stat Pro® statistical software was used. 
First, considering the possible equalities/
differences between the means of the 
variables, the Kruskal-Wallis analysis 
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was applied. Subsequently, the minimum 
significant difference was calculated using 
the H test, considering an error level (α) of 5% 
(Pimentel-Gomes, 2009). Second, correlation 
analysis (r) was applied between quantitative 
variables to ascertain the strength between 
them (Spearman correlation) (Wissler, 1905). 
Next, a hypothesis test (p=0) was applied to 
the correlation coefficient, which has a t-test 
(Bussab & Morettin, 2013).

Results and Discussion

The sample analyzed, after following 
the inclusion and exclusion criteria originally 
proposed, consisted of 246 dogs.

Description of groups

A total of 96 animals were evaluated 
in G1. Of these, 42.70% (41/96) were male 
and 57.30% (55/96) were female, 36.45% 
(35/96) were mixed-breed dogs (MBD), and 
63.55% (61/96) were various races. Age and 
mean weight were 70 months and 15.14 
kg, respectively. The frequency of thinness 
(BCS ≤ 3) was 9.38% (9/96) and the low 
lean mass (MMS ≤ 2) was 14.58% (14/96). 
Regarding the reasons for attending, 38.54% 
(37/96) attended the veterinary hospital for 
elective orchiectomy or ovariohysterectomy, 
22.92% (22/96) for check-up examinations, 
22.92% (22/96) for the evaluation of localized 
dermatopathies, and 15.62% (15/96) for 
other reasons not associated with systemic 
diseases.

Eighty animals were evaluated in the 
G2. Of these, 43.75% (35/80) were male and 
56.25% (45/80) were female, 45% (36/80) 
were MBD, and 55% (44/80) were of diverse 
purebreds. The age and average weight were 
57.46 months and 13.37 kg, respectively. The 
frequency of thinness was 27.50% (22/80), 
and the low lean mass was 37.50% (30/80). 
In this group, 33.75% (27/80) were treated 
for acute gastroenteritis, 7.5% (6/80) for 
pyometra, 3.75% (3/80) for pancreatitis, and 
the remaining 55% (44/80) due to the presence 
of several non-disabling systemic diseases.

G3 comprised of 70 animals. Of these, 
60% (42/70) were male and 40% (28/70) were 
female, 60% (42/70) were MBD, and 40% 
(28/70) were of different breeds. The age 
and mean weight were 92 months and 12 
kg, respectively. In this group, 40% were thin 
(28/70), and 80% had low muscle mass (56/70). 
These animals were treated for neoplasms in 
17.14% (12/70) of the cases, heart diseases 
without associated kidney disease in 12.85% 
(9/70), canine monocytic ehrlichiosis in 
11.43% (8/70) and 58.58% (41/70) due to 
other critical systemic diseases.

In each group, the correlation of serum 
hematological and biochemical variables with 
the NS assessment parameters (BCS and 
MMS) was tested. A comparative description of 
the variables analyzed by means is presented 
in Table 1. The statistically significant 
correlations (p < 0.05) for G1, G2, and G3 are 
shown in Table 2.
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#Means ± standard deviation, with equal letters, there are no differences between groups of dogs, H test level of error 
5%. MCV, mean corpuscular volume; MCH, mean corpuscular hemoglobin; MCHC, mean corpuscular hemoglobin 
concentration; TBIC, total iron binding capacity; TSI, transferrin saturation index; CRP, C-reactive protein. * Kaneko, 
Harvey, & Bruss, 2008a, 2008b, **Pires et al., 2011; ***Kuribayashi et al., 2003; Tvarijonaviciute et al., 2011; Anziliero, 
Bazzi, Pain, Valle, & Kreutz, 2013.

In the erythrogram, there was no 
statistical difference between the mean 
corpuscular volume, mean corpuscular 
hemoglobin, and mean corpuscular 
hemoglobin concentration among the three 
groups (Table 1). Furthermore, the means 
of these variables were within the reference 
range. Therefore, it is concluded that the high 

Table 1
Comparative analysis of laboratory variables between groups of dogs without systemic diseases 
(group 1 = G1), with non-disabling systemic diseases (group 2 = G2) and disabling diseases (group 3 = 
G3) 

Variables G1 (n=96) G2 (n=80) G3 (n=70) Reference range

Erythrocytes (106 µL) #6,40 ±1,26 a 5,43 ±0,18 b 4,69 ±2,10 c 5,5-8,5*

Hematocrit (%) 40,15 ±7,73 a 33,16 ±9,78 b 27,99 ±1,6 c 37-55*

Hemoglobin (g dL-1) 13,58 ±2,94 a 10,94 ±3,52 b 9,39 ±4,17 c 12-18*

MCV (fL) 62,48 ±3,47 a 61,19 ±4,00 a 60,40 ±4,51 a 60-77*

MCH (pg) 21,20 ±1,84 a 20,03 ±1,98 a 20,08 ±3,31 a 19-23*

MCHC (%) 33,89 ±2,36 a 32,83 ±2,73 a 33,56 ±3,60 a 32-36*

Total Leukocytes (μL) 10.529 ±4498 a 10.400 ±4208 a 13.500 ±9964 b 6.000-17.000*

Segmented neutrophils (μL) 8763 ±3403 a 8491±3736 b 11.163 ±9835 c 3.000-11.500*

Lymphocytes (μL) 2.398 ±1.464 a 2.167 ±1.964 b 1.336 ±1.113 c 1.000-4.800*

Eosinophils (μL) 792 ±927 a 544 ±854 b 280 ±202 c 100-1.250*

Monocytes (μL) 349 ±172 a 350±309 a 313 ±394 a 150-1350*

Platelets (106 μL) 490 ±232 a 409 ±223 b 341 ±255 c 200-500*

Transferrin (mg dL1) 254,50 ±76,10 a 211,92 ±76,22 b 223,18 ±99,46 b 228,5-291,1**

TBIC (µg dL-1) 363,57 ±108,72 a 302,75 ±108,89 b 318,83 ±142,08 b 326,4-415,8**

TSI (%) 35,79 ±14,88 a 42,97 ±23,89 ab 47,73 ±23,94 b 34,8-46,1**

Total Protein (g dL-1) 6,42 ±1,48 a 6,36 ±1,73 a 6,26 ± 1,66 a 5,5-8,0*

Albumin (g dL-1) 3,13 ±1,24 a 2,54 ±0,90 b 2,20 ± 1,03 b 2,6-3,3*

Globulin 3,29 ±1,57 a 3,75 ±1,93 ab 3,97 ± 1,62 b 2,7-4,4*

CRP (μg mL-1) 2,13 ±1,36 a 3,61 ±1,73 b 4,97 ± 7,01 c <5,05-8,70***

CRP/albumin 0,90 ±1,09 a 1,81 ±1,72 b 2,62 ± 2,80 c -

Cholesterol (mg dL-1) 217,17 ±69,67 a 220,86 ±84,74 a 238,76 ± 140,90 a 135-270*

frequency of anemia occurring in patients with 
systemic diseases (56.25% in G2) and (75.71% 
in G3) was predominantly of the normocytic 
normochromic type (Table 1).

In animals with severe diseases (G3), 
the positive correlation between the globular 
volume and MMS variables and between 
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hemoglobin and MMS (Table 2) reinforces 
the association between protein malnutrition 
(MMS ≤ 2) and anemia. There was no correlation 
between the number of lymphocytes or 
platelet count and NS (p > 0.05).

In animals from G2, a positive 
correlation was observed between TF and 
BCS and between TIBC and BCS (Table 2). 
The same type of correlation was observed 
between TF and MMS and between TIBC and 
MMS in all patients (Table 2).

Furthermore, in G2 and G3 patients, 
there was a negative correlation between 
TSI and MMS, and in G3, this correlation with 
BCS was also noted (Table 2). In other words, 
malnourished animals (with BCS ≤ 3 and/or 
MMS ≤ 2) had TSI values above the average.

A positive correlation was observed 
between the TP and BCS in G2 (Table 2). Thus, 

*p-value for hypothesis test with adhered T-test (between two variables), presented only p-value < 0.05. BMI, body mass 
index; BCS, body condition score; TBIC, total iron binding capacity; TSI, transferrin saturation index; CRP, C-reactive 
protein.

Table 2
Spearman (r) correlation values and hypothesis test (adherence to t-test) between nutritional status 
parameters and laboratory variables, in hospitalized dogs without systemic diseases (group 1 = G1), 
with non-disabling systemic diseases (group 2 = G2) and disabling (group 3 = G3) 

Group Variables r p-value *

G1 Cholesterol x BCS 0,34 0,01

G1 Cholesterol x MMS 0,35 0,01

G2 Transferrin x BCS 0,33 0,03

G2 TBIC x BCS 0,33 0,03

G2 Transferrin x MMS 0,35 0,02

G2 TBIC x MMS 0,35 0,02

G2 TSI x MMS -0,32 0,04

G2 Total Protein x BCS 0,37 0,01

G2 CRP/albumin x MMS -0,39 <0,01

G3 Transferrin x MMS 0,34 0,03

G3 TBIC x MMS 0,34 0,03

G3 TSI x MMS -0,37 0,02

G3 TSI x BCS -0,34 0,03

G3 Hematocrit x MMS 0,39 0,01

G3 Hemoglobin x MMS 0,36 0,02

lean animals (BCS ≤ 3), in general, had low TP 
values (< 6.36 g dL-1). Thus, hypoproteinemia 
is also considered an indicator of malnutrition 
in systemically ill animals. However, no 
correlation was found between albumin level 
and BCS or MMS.

Regarding the CRP/albumin ratio, a 
very significant negative correlation was 
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observed (p < 0.01) with MMS in G2 (Table 
2); thus, animals with MMS ≤ 2 (suggestive of 
protein malnutrition) had higher values of the 
aforementioned ratio (> 1.81) (Table 1).

Importantly, no significant correlations 
were observed between albumin or CRP 
and clinical NS scores (BCS and MMS) in any 
of the groups. Therefore, in this study, the 
measurement of the CRP/albumin ratio was also 
better for the evaluation of protein catabolism 
and inflammation than the independent 
consideration of these parameters.

The values of canine transthyretin, 
measured using reagents designed for 
humans and the methodology indicated by 
the reagent, were below the detection limit in 
all tested samples, showing low reproducibility 
in biological material from dogs.

Only in G1, there was a positive 
correlation between cholesterol and NS (BCS 
and MMS) (Table 2). Lean animals and/or those 
with reduced muscle mass generally exhibited 
the lowest serum cholesterol concentrations 
measured; however, the mean was within the 
reference range (Table 1), indicating that this 
correlation was not clinically significant in the 
population studied.

There was a predominance of patients 
with systemic diseases presenting with anemia, 
especially the normocytic normochromic 
type, which is more common in malnutrition 
and inflammatory processes (Kaneko et al., 
2008a; Pointer, Reisman, Windham, & Murray, 
2013; Sahin et al., 2013; Bagri et al., 2015; 
Sahin et al. 2016).

The association between protein 
malnutrition (MMS ≤ 2) and anemia is 
secondary to impaired hemoglobin synthesis 
due to a lack of available substrates, especially 

amino acids. It is also noteworthy that the 
inflammatory process also contributes to the 
development of anemia, as the stimulus for 
excess myeloid cell production decreases the 
production of erythroblasts (Ernest, Akpan, & 
Uko, 2013; Thakur, Chandra, Pemde, & Singh, 
2014; Cabada et al., 2015; Felder et al., 2016).

The association between malnutrition 
and anemia has been described in sick dogs 
(Fabretti et al., 2015; Tamimi & Wali, 2019). A 
survey of 215 hospitalized dogs revealed that 
the more severe the malnutrition, the greater 
the decrease in the number of erythrocytes 
and hemoglobin (Fabretti et al., 2015).

The absence of a correlation between 
the number of lymphocytes or platelets and 
NS has been demonstrated in other studies 
(Corkins et al., 2014; Fabretti et al., 2015; Keller, 
2019).

Lean (BCS ≤ 3) and/or with reduced 
muscle mass (MMS ≤ 2) and sick animals 
tended to have serum concentrations of 
TF and TBIC below the reference. Thus, in 
this study, TF and TIBC were considered 
indicators of malnutrition in systemically ill 
dogs. Subnormal serum concentrations of TF 
and TBIC in malnourished animals (especially 
proteins) have been described in other studies 
(in humans and companion animals) and are 
associated with decreased hepatic synthesis 
due to a shortage of available amino acids 
(Nakajima et al., 2012; Ernest et al., 2013; 
Nakajima et al., 2014; Jagadeswaran et al., 
2019). Another explanation for these results 
is anemia due to chronic disease (CDA), which 
is often associated with malnutrition (clinically 
or subclinically) as systemic diseases usually 
lead to reduced appetite (Fabretti et al., 2015; 
Tamimi & Wali, 2019). Conversely, CDA usually 
presents with a reduction in the TSI (Cançado 
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& Chiattone, 2002; Melo et al., 2020) and; in this 
study, the mean TSIs were normal in G1 and G2 
and high in G3. This could raise the suspicion 
that the results were due to malnutrition and 
not the inflammatory process. Changes in iron 
metabolism resulting from physical exercise, 
as described by Ramos et al. (2019), were 
discarded, as the animals belonging to groups 
G2 and G3 were apathetic. 

The negative correlation between TSI 
and MMS is well described in the literature 
(Ernest et al., 2013; Ghadiri-Anari, Nazemian, & 
Vahedian-Ardakani, 2014). It was consistently 
observed that, as malnourished dogs had 
lower TF values, the few remaining molecules 
were more saturated with iron to maximize 
their transport.

A positive correlation was observed 
between the TP and BCS in G2 (Table 2). Thus, 
lean animals (BCS ≤ 3), in general, had low TP 
values (< 6.36 g dL-1). Thus, hypoproteinemia 
is also considered an indicator of malnutrition 
in systemically ill animals. Hypoproteinemia, 
as an indicator of malnutrition, has been 
described in humans and animals (Cooper 
et al., 2004; Gama-Axelsson et al., 2012; 
Fabretti et al., 2015; Bazzi et al., 2016; Zhang, 
Pereira, Luo, & Matheson, 2017); however, 
many researchers consider TP as a marker 
of insensitive NS (Maicá & Schweigert, 2008; 
Corkins et al., 2014; Nakajima et al., 2014).

Albumin is considered an insensitive 
marker of malnutrition by most authors, both 
in human and veterinary medicine, as its serum 
concentration drops below the reference, 
usually in severe situations (Gama-Axelsson 
et al., 2012; Nakajima et al., 2014; Fabretti et 
al., 2015; Felder et al., 2016). Furthermore, 
albumin is a negative acute-phase protein 
(Kaneko et al., 2008b), and its variations may 

reflect the inflammatory state (or even the 
hydration state) more than NS can. Other 
authors have arrived at the same conclusion in 
several studies (Richards et al., 2012; Corkins 
et al., 2014; Zhang et al., 2017; Keller, 2019).

There are few studies in humans 
describing the correlation between the CRP/
albumin and NS ratio and, to our knowledge, 
this relationship has not yet been studied 
in dogs. This is probably due to increased 
muscle catabolism, increased serum CRP 
concentration, and reduced albumin in 
inflammatory conditions (as these were sick 
animals), these processes could be aggravated 
by protein malnutrition (Richards et al., 2012; 
Anziliero et al., 2013; Wong et al., 2016).

Importantly, no significant correlations 
were observed between albumin or CRP and 
clinical NS scores (BCS and MMS) in any of the 
groups. Therefore, in this study, the analysis of 
the CRP/albumin ratio was also more effective 
for the evaluation of protein catabolism and 
inflammation than was the independent 
consideration of these parameters.

The values of canine transthyretin 
below the detection limit in all tested samples 
can be explained by the fact that the lower limit 
of measurement of the product is 2 mg dL-1 
and the plasma concentration of this protein 
in dogs is lower (0.625-10 µg dL-1) (Nakajima 
et al., 2014).

Many researchers (involved in both 
human and veterinary medicine) consider 
cholesterol a marker of insensitive NS, as 
hypocholesterolemia manifests only at later 
stages, when lipid malnutrition is very intense 
(Assumpção & Cabral, 2002; Corkins et al., 
2014; Fabretti et al., 2015; Jagadeswaran et 
al., 2019; Keller, 2019).
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Conclusions

There is an evident association 
between malnutrition and diseases; therefore, 
research that makes the diagnosis of 
malnutrition more sensitive, objective, and 
practical is desirable in the routine clinical 
assessment of small animals. Currently, most 
NS markers are used only late in the chronic 
phase. The following are laboratory indicators 
of malnutrition in sick dogs: low TF, TBIC, and 
TP values, anemia, and elevated TSI.

The joint alterations of these markers 
gradually reinforced the diagnosis. However, 
cholesterolemia and albuminemia are not 
good markers of malnutrition in sick dogs. To 
grade the inflammatory state (important to 
differentiate inflammatory hypoproteinemia 
from protein malnutrition), measuring the CRP/
albumin ratio is more reliable than evaluating 
these parameters separately.
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