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Abstract

Background: Red blood cell distribution width (RDW) is a readily available and cost effective indica-

tor of variation in erythrocyte size. The alteration in RDW has been found to be associated with several

disease conditions thus could be used as potential biomarker. This study aimed to determine the RDW

alterations in canine hepato-renal diseases and to evaluate association of RDW with other conventional

hemato-biochemical parameters.

Methods: Twenty two canines suffering from hepato-renal diseases (n = 11 each) were enrolled for this

study. The hepatic and renal diseases were confirmed by hemato-biochemical parameters along with ul-

trasonography. Six healthy canines were kept as control.

Results: RDW varied significantly (P ≤ 0.0021) between hepatic and renal disease group. However, in-

crease in the RDW was non-significant as compared to healthy control. The Hb concentration was sig-

nificantly (P ≤ 0.001) lower in both hepatic and renal disease groups as compared to the healthy control.

Statistically significantly (P ≤ 0.0001) higher serum SGPT concentration was found in the hepatic dis-

ease groups from renal and healthy groups however, the Alb, TB, DB and IB did not vary singificantly

in both the groups. There was moderate but significant positive correlation between RDW and SGPT (r

= 0.394) and a moderate negative correlation was found between RDW and PCV (r= -0.309) and TP (r=

-0.323). In the hepatic diseases group, the RDW has significant but negative correlation (r = 0610, P ≤

0.05) with Hb. However, no significant correlation was found with RDW and other parameters in he-

patic and renal disease groups. The findings of the present study suggested that the increased RDW

could be used as useful supplemental information along with standard biochemical markers of hepatic

and renal diseases. Therefore, the RDW can be used as reliable indicator of early disease diagnosis and

can also be proved useful in predicting the response to threapy.

Keywords: Canine, RDW, Hepato-renal diseases, Haemato-biochemical, Association, Prognostic

potential

Introduction

Red blood cell distribution width (RDW) is a quantitative measure of variation in erythrocyte size and is a

reliable indicator of anisocytosis. RDW is the standard deviation (SD) of the red cell volume divided by the

mean corpuscular volume (MCV). RDW reflects the heterogeneity in circulating erythrocyte volume. An al-

teration in RDW can be seen in variety of conditions that causes significant increased number of immature

RBCs in circulation, such as regenerative anaemias or inflammatory processes in bone marrow stimulating

the hematopoietic cells (Rogiers et al., 1992; Neiger et al., 2002; Zurauskaite et al., 2018) 
[1, 2]

. Numerous

pathological conditions are associated with elevated RDW levels with or without anemia such as renal, he-

patic, cardiorespiratory disease, pancreatic, vascular, neoplastic, endocrine, bone marrow disorders, nutri-

tional deficiencies, chronic or acute systemic inflammation, sepsis, and the use of drugs like nebivolol and

metoprolol (Salvagno et al., 2015; Martinez et al., 2019) 
[4, 3]

. Furthermore, elevated RDW value could be

used as reliable predictor of mortality in heart failure, hematological malignancies, acute pancreatitis, kidney

disease, obstructive jaundice and community-acquired pneumonia induced by cancer, and sepsis or septic

shock (Salvagno et al., 2015) 
[4]

.

RDW has been extensively researched as a readily available quantitative marker of erythrocyte anisocytosis

in human patients (Qin et al., 2017) 
[5]

. Higher RDW readings could be due to various physiological and

pathological conditions (Martinez et al., 2019) 
[3]

. The prominent physiological causes includes ageing

(Cheng et al., 2004; Patel et al., 2004) 
[6]

, pregnancy (Shehata et al., 1998) 
[7]

, ethnicity (Saxena et al.,

1990) 
[8]

 and moderate physical exercise (Lippi et al., 2012; Salvagno et al., 2015) 
[9, 4]

. The previous stud-

ies have demonstrated the direct association between high RDW and risk of liver disease, cardiovascular dis
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ease, kidney disease and metabolic syndrome (Montagnana et al.,

2011; Hu et al., 2013; Laufer et al., 2015) 
[11, 12, 10]

.

Besides, RDW, another most commonly used index to ascertain the

degree of anisocytosis is the mean corpuscular volume (MCV), which

is deduced using volume and globular erythrocyte counts. However,

small changes in the volume of RBCs may not have singificant alter-

ation in MCV, therefore a large percentage of cells with modified vol-

ume are required to produce appreciable changes in the MCV and

anisocytosis in blood picture (Ferreira et al., 2009) 
[13]

. The RDW

along mean corpuscular volume (MCV) has also been used in sub-

classification of anemias (Salvagno et al., 2015) 
[4]

. The findings of

study suggested that the increased MCV with unaltered RDW could

be due to aplastic anemia and chronic liver disease whereas the in-

creased RDW with unaltered MVC are associated with iron, cobal-

amin, folate deficiency or chronic hepatobiliary disease.

The studies on RDW as tool of diagnosis and prognosis in canines are

scarcely available. Further, the microcytosis with elevated RDW are

common findings in healthy dogs of some breeds like Akita and

Hokkaido, Japanese shiba. Similarly, elevated RDW with macrocyto-

sis have been reported in toy and miniature poodles (Perret et al.,

2001; Aniolek et al., 2017) 
[15, 14]

. Breeds like Alaskan malamutes,

Drentse partridge, and miniature schnauzers with hereditary sympto-

matic and asymptomatic stomatocytosis have been documented to

have increased RDW (Bonfanti et al., 2004) 
[16]

. In another study, the

higher RDW was found associated with a higher risk of mortality in

dogs (Ludwik et al., 2022) 
[17]

. The limited availability of studies on

RDW in canines, the present study was designed with objective to

measure the RDW alteration in canine patients suffering from hepatic

and renal diseases, and to evaluate if any prognostic association exists

with RDW.

Materials and methods

Animals

Canines patients presented to the Referral Veterinary Polyclinic,

ICAR-Indian Veterinary Research Institute, Izatnagar, Bareilly-

243122, Uttar Pradesh with the symptoms suggestive of liver and

kindley disease were enrolled in the present study. The sampling and

other diagnostic modalities used in this study has prior client consent.

Sampling: The 2 ml of whole blood was aseptically collected from

cephalic venipuncture. The 500  µl was placed in EDTA tubes and

1.5 ml in serum collection tube. The serum tube was allowed to clot

followed by centrifugation @ 3000  rpm and serum were stored at

-20°C until used for serum chemistry. The EDTA whole blood sam-

ples were immediately subjected to complete blood count using

hematology analyzer (Celltac α, Nihon Kohden, Japan). The RDW

were obtained as part of heamatology analaysis and expressed as per-

centage mean (standard deviation) of the measurement of size vari-

ability of the red blood cells.

Screening for hepatic and renal disease

The collected serum samples were analyzed for performing the serum

chemistry. The serum glutamic pyruvic transaminase (SGPT), blood

urea nitrogen (BUN), creatinine, total bilirubin (TB), direct bilirubin

(DB), indirect bilirubin (IB), total protein (TP) and albumin (Alb)

were estimated using commercially available kits (Tulip Diagnostic

Pvt Ltd).

Ultrasonography (USG)

The patients showing alteration in serum biochemical parameteres

were subjected to ultrasonographic imaging (Acuson X 300, Siemens,

USA) using 5 MHz curvilinear probe for confirmation of heaptic and

renal pathologies.

Data analysis

The findings of study were analyzed by Pearson correlation coeffi-

cient and one way ANNOVA using statistical analysis package IBM

SPSS 20 (SPSS, Science, Chicago, USA). The multiple comparisons

between the groups was done by using Tukey test at 5% level of

significance.

Results and discussion

RDW is inexpensive and readily available information as part of a

complete cell count investigations. The RDW has been proved to be a

quantitative marker of anisocytosis in RBCs. Besides, its role as sup-

plemental diagnostic marker in anaemia, the prognostic potential of

RDW in range of diseases is well appreciated in human patients.

However, the studies on canine patients are scarcely available in liter-

ature. The alteration in RDW may have a stronger prognostic value

than other costly and clinically inaccessible indicators. Therefore, the

present study was hypothesized to study the prognostic significance

of RDW for diagnosis of hepatic and renal diseases of canines.

In the present study, the renal (n = 11), hepatic disease (n = 11) and 6

healthy canines were enrolled for comparison. The hepatic group con-

sists of Labrador Retriver (n = 5), German Shephered (n = 2) and

Naplean Mastiff, Pitbull, Pomerarian and Non-discript (n = 1 each).

The renal diseases were confirmed in 8 males and 3 females of the

study. Breed distribution showed highest number of cases in Labrador

Retriver (n = 5) followed by German Shephered (n = 2) and Naplean

Mastiff, Pitbull, Pomerarian and Non-discript (n = 1 each). Similarly,

the hepatic disease group breed distribution showed highest number

of cases in Labrador Retriver (n = 6) followed by Pomerarian and

Non-discript (n = 2 each) and 1 case in German Shephered. A total of

6 males and 5 females were found affacted with heaptic disease out of

11 canines enrolled in the study. In the healthy control group all ani-

mals were male German Shephered breed with median age of 3.75

years (range 3-4.5 years). The median age in hepatic disease group

was 6.4 years (range: 3-10 years) and renal disease group was 6.8

years (range: 2.5-12 years). The marked ultrasosnographic features in

hepatic diseases group were hepatic enlargements, chronic hepatic fi-

brosis with and without ascites, and cholecystohepatitis with spleeni-

tis. In the renal diseases group, the prominent ultrasonographic find-

ings included markedly reduced cortico-medullary differentiation,

markedly thickened, granular and hyperechoic renal cortex and dila-

tion in renal pelvis. The five canines were diagnosed with chronic

kindey disease and six were having glomerulonephritis, ureteral ob-

struction and pylonephritis and acute kidney injury.

The findings of hemato-biochemical changes in hepatic, renal and

healthy groups are summarized in table-1. The mean RDW value in

healthy, hepatic and kidney diseases groups were found as 12.37

± 0.41% (range-11.4 to 13.4%), 17.40 ± 0.94% (range-13.1 to 23.6%)

and 14.24 ± 0.56% (range-12.5 to 17.8%), respectively. There was a

statistically significant (P ≤ 0.0021) difference in RDW values be-

tween hepatic and renal disease group. When compared to the control

group, RDW value was significantly increased (p < 0.05) in the dogs

diagnosed with hepatic disease. In present study, a significant increase

in RDW value was observed in hepatic disease group compared to

healthy control, which is in consistent with the findings of Hu et al.

(2013) 
[12]

 and Martinez et al. (2019) 
[3]

. The exact underlying mech-

anism of the increased RDW values in hepatic disease is still unclear,

however, several possible explanations are documented such as in-

flammation of hepatic parenchyma leading to release of the inflam-

matory cytokines adversely affecting the erythrocyte maturation and

promoting the release of immature reticulocytes into the peripheral

circulation(Pierce et al., 2005; Cengiz et al., 2013) 
[19, 18]

. Similar as-

sociation between RDW and inflammatory response has been re-

ported by Lippi et al. (2009) 
[20]

 and Patel et al. (2010) 
[21]

. Zhao et

al. (2014) 
[22]

 also reported the elevated RDW levels due to oxidative

stress and inflammation in canine. The increased RDW was also

found associated with lower concentration of folic acid in hepatic dis-

ease patients (Hu et al., 2013) 
[12]

. Folic acid deficiency may result in

impaired erythropoisis and erythrocyte maturation leading to in-

creased heterogeneity of erythrocytes. Further, alteration in RDW is

also associated with portal hypertension commonly reported in he-

patic disease could cause hypersplenism resulting in accelerated ery-

throcytes destruction and release of immature, larger RBCs from bone
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marrow into the circulation (Evans, 1991; Cardenas and Gines, 2009)

[24, 23]
.

In hepatic diseases, compared to conventional prognostic indicators

such as albumin, A/G ratio, bilirubin (TB, DB and IB) and platelets,

the RDW could serve as more reliable indicator possibly due to limi-

tation of short half-lives for serum bilirubin, platelet and albumin as

10 h, 4 days and 10 – 20 days, respectively (Hu et al., 2013) 
[12]

.

Whereas the lifespan of RBCs are 110-115 days. Therefore, RDW

may reflects the hepatic disease status for longer period whereas the

conventional parameters reflects current status (Adili et al., 2014)

[25]
.

The RDW value in renal disease group was also found to be increased

as compared to the healthy control group but this increase was statisti-

cally insignificant (Table-1). RDW value in renal disease group of

present study was found non significantly increased as compared to

hepatic and healthy groups. Contrary to findings of the present study

Martinez et al. (2019) 
[3]

 has reported significantly higher RDW val-

ues in the dogs with renal diseases. The possible reason of non-signif-

icant elevation of RDW in present study could be inclusion of canines

in early stages of renal diseases along with chronic kidney disease. In

present study, only 5 canines were having significantly evelated BUN

and creatitine whereas, the remaining 6 canines were having mild to

moderate elevation of serum BUN and creatinine concentration.

Despite increased RDW values in both the diseased groups, the MCV

values of all the groups were within the reference range (Table-1).

The previous studies on RDW have suggested that the RDW values

should not be interpreted separately. The alternation in RDW with

MCV can provide more useful prognostic information than the RDW

alone. In the present study, regardless of significantly increased RDW

values, MCV values were found within the reference range. Martinez

et al. (2019) 
[3]

 also reported the normal MCV values with higher

RDW in early cobalamin, iron, or folate deficiency and chronic hepa-

tobiliary diseases. Further, the increased RDW and decreased MCV

are also reported in haemorrhagic diseases (Arslan et al., 2017) 
[26]

.

The overall correlation of RDW and heamato-biochemical parameters

of this study is presented in correlation matrix (Table 2). The correla-

tion between Hb and PCV was 0.606 (P ≤ 0.01) and Hb and TEC was

0.53 (P ≤ 0.01). The association between Hb and various parameters

such as MCV, MCH, platelets, IB, TP and Alb was positive but non-

significant. The non significant correlation was also found between

Hb and MCHC, RDW, TLC, SGPT, TB, DB, Globulin, creatitine and

BUN.

The association between PCV and TEC was significant (r = 0.89, P ≤

0.01) however the association between PCV and other hemato-bio-

chemical parameters of study remain non-significant. The associa-

tions of TEC with other hemato-biochemical parameters of study also

remain non-significant. The correlation between MCV and MCH was

positive and significant (r = 0.594, P ≤ 0.01) and with MCHC was

negative but significant (r = -0.586, P ≤ 0.05).

The correlation between RDW and SGPT was significant (r = 0.394,

P ≤ 0.05). The correlation of TB with DB was positive and significant

(r = 0.783, P ≤ 0.01) while the correlation of DB with IB was also

positive and significant (r = 0.500, P ≤ 0.05). The correlation of IB

and BUN was 0.480 (P ≤ 0.05). The significant positive corrrelation

(r = 0.52, P ≤ 0.01) was observed between Alb and TP. The correla-

tion between BUN and TB ( r = 0.491, P ≤ 0.05), BUN and IB (r =

0.480, P ≤ 0.05) and BUN and creatitine (r = 0.727, P ≤ 0.01) was

positive and significant. There was moderate but significant positive

correlation between RDW and SGPT (r = 0.394) and a moderate neg-

ative correlation was found between RDW and PCV (r= -0.309) and

TP (r= -0.323). There were no correlation between RDW and other

hematobiochemical parameters (Table 3 and Table 4). In the hepatic

diseases group, the RDW has significant but negatively correlated ((r

= 0610, P ≤ 0.05) with Hb. However, no significant correlation was

found with RDW and other parameters in hepatic and renal disease

groups (Table 3 and Table 4).

The correlation data of the present study showed moderate but signifi-

cant positive correlation between RDW and SGPT and a moderate

negative correlation between RDW and PCV and TP. The RDW was

reported to be a good predictor of hepatic fibrosis and showed signifi-

cant association between RDW with SGPT and serum proteins (Xu et

al., 2015) 
[27]

. Further, in hepatic diseases group of this study, the

RDW has significant but innegative correlation with Hb. Similar find-

ings were also reported by Chen et al., (2013) 
[28]

. The other hemato-

biochemical parameters of the study did not show correlation with

RDW.

Conclusion

The findings of the present study suggested that the increased RDW

could be used as useful supplemental information along with standard

biochemical markers of hepatic and renal diseases. The author con-

cludes that RDW may also be proved useful prognostic marker in

monitoring the therapeutic outcomes after suitable studies in canine

patients.

Table 1. Mean±SE of hemato-biochemical parameters in hepato-renal

disease

Parameters Liver disease Kidney disease Healthy Control

Hb (g/dL) 9.81 ± 1.00
B

9.38 ± 0.76
B

13.10 ± 0.85
A

PCV (%) 28.24 ± 4.05 26.40 ± 2.54 38.67 ± 2.56

TEC (10
6
/µL) 4.56 ± 0.67 4.44 ± 0.49 5.80 ± 0.42

MCV (fL) 62.64 ± 2.55 64.28 ± 1.88 66.70 ± 0.42

MCH (pg) 22.35 ± 0.90 22.61 ± 0.60 22.62 ± 0.28

MCHC (g/dL) 36.09 ± 1.17 35.42 ± 1.00 33.87 ± 0.27

RDW (%) 17.40 ± 0.94
A

14.24 ± 0.56
B

12.37 ± 0.41
B

Platelet (10
3
/

µL)

139.20

± 32.88

171.64 ± 39.02 192.75 ± 17.72

TLC (10
3
/µL) 11.70 ± 1.84 17.56 ± 3.13 9.48 ± 0.91

SGPT (U/L) 158.34

± 21.61
A

47.21 ± 6.86
B

54.30 ± 2.65
B

Total bilirubin

(mg/dL)

0.79 ± 0.09 0.80 ± 0.27 0.35 ± 0.03

Direct bilirubin

(mg/dL)

0.39 ± 0.05 0.47 ± 0.16 0.20 ± 0.04

Indirect biliru-

bin (mg/dL)

0.33 ± 0.08 0.33 ± 0.14 0.15 ± 0.03

Total Protein

(g/dL)

4.85 ± 0.35
B

5.06 ± 0.35
B

6.85 ± 0.37
A

Albumin

(g/dL)

2.58 ± 0.23 2.48 ± 0.32 2.90 ± 0.27

Globulin

(g/dL)

2.32 ± 0.35 2.58 ± 0.22 1.97 ± 0.12

BUN (mg/dL) 36.66

± 10.36
B

100.31

± 21.82
A

10.53 ± 1.25
B

Creatinine

(mg/dL)

1.25 ± 0.09
B

7.26 ± 1.62
A

1.12 ± 0.08
B

A,B
 differs significantly (P ≤ 0.05)
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Table 3. Univariate correlations between RDW and other parameters

of hepatic disease group

Parameters r value P

Hb -0.610 0.046

PCV -0.492 0.124

TEC -0.425 0.193

MCV 0.011 0.974

MCH -0.343 0.303

MCHC -0.315 0.345

Platelet -0.120 0.725

TLC -0.261 0.438

SGPT -0.210 0.535

TB 0.185 0.586

DB 0.499 0.118

IB 0.283 0.399

TP -0.022 0.949

Alb 0.405 0.217

Glob -0.367 0.267

Creatinin 0.134 0.694

BUN 0.445 0.170

Table 4. Univariate correlations between RDW and other parameters

of renal disease group

Parameters r value P

Hb 0.483 0.132

PCV 0.373 0.259

TEC 0.361 0.275

MCV -0.349 0.293

MCH -0.298 0.373

MCHC 0.066 0.847

Platelet -0.376 0.254

TLC 0.103 0.763

SGPT 0.361 0.375

TB -0.037 0.913

DB -0.173 0.611

IB 0.126 0.712

TP -0.275 0.413

Alb -0.572 0.065

Glob 0.447 0.168

Creatinin -0.110 0.747

BUN 0.135 0.692

Acknowledgement

The authors sincerely thank the Director, ICAR-Indian Veterinary

Research Institute, Izatnagar, Bareilly, for providing the necessary in-

frastructure for the study.

Conflict of interest

The authors have no conflict of interest.

References

1. Neiger R, Hadley J, Pfeiffer DU. Differentiation of dogs with re-

generative and non-regenerative anaemia on the basis of their red-

cell distribution width and mean corpuscular volume. Veterinary

Record. 2002;150(14):431-434.

2. Zurauskaite G, Meier M, Voegeli A. Biological pathways underly-

ing the association of red cell distribution width and adverse clini-

cal outcome: Results of a prospective cohort study. PLoS ONE.

2018;13(1):e0191280.

3. Martinez C, Mooney CT, Shiel RE, Tang PK, Mooney L, O'Neill

EJ. Evaluation of red blood cell distribution width in dogs with

various illnesses. Canadian Veterinary Journal. 2019;60:964–971.

4. Salvagno GL, Sanchis-Gomar F, Picanza A, Lippi G. Red blood

cell distribution width: A simple parameter with multiple clinical

applications. Critical Reviews in Clinical Laboratory Sciences.

2015;52:86–105.

5. Qin Y, Wang P, Huang Z, Huang G, Tang J, Guo Y, Huang P, Lai

Z, Lin F. The value of red cell distribution width in patients with

ovarian cancer. Medicine. 2017;96(17):e6752.

6. Cheng CK, Chan J, Cembrowski GS, Assendelft OW. Complete

blood count reference interval diagrams derived from NHANES

III: Stratification by age, sex, and race. Laboratory Hematology.

2004;10:42–53.

7. Shehata HA, Ali MM, Evans-Jones JC, Upton GJ, Manyonda IT.

Red cell distribution width (RDW) changes in pregnancy.

International Journal of Gynecology and Obstetrics. 1998;62:43–

46.

8. Saxena S, Wong ET. Heterogeneity of common hematologic pa-

rameters among racial, ethnic, and gender subgroups. Archives of

Pathology and Laboratory Medicine. 1990;114:715–719.

9. Lippi G, Cervellin G, Favaloro EJ, Plebani M. Red blood cell dis-

tribution width. In: In Vitro and In Vivo Hemolysis: An

Unresolved Dispute in Laboratory medicine. Belin, Boston: De

Gruyter; 2012.

10. Laufer PM, Havakuk O, Finkelstein A, Halkin A, Revivo M,

Elbaz M, Herz I, Keren G, Banai S, Arbel Y. High red blood cell

distribution width is associated with the metabolic syndrome.

Clinical Hemorheology Microcirculation. 2015;63:35–43.

11. Montagnana M, Cervellin G, Meschi T, Lippi G. The role of red

blood cell distribution width in cardiovascular and thrombotic

disorders. Clinical Chemistry and Laboratory Medicine.

2011;50(4):635–641.

12. Hu Z, Sun Y, Wang Q, Han Z, Huang Y, Liu X, Deng A. Red

blood cell distribution width is a potential prognostic index for

liver disease. Clinical Chemistry and Laboratory Medicine.

2013;51(7):1403-1408.

13. Ferreira GS, Masson GCIH, Costa EDCP, Lima DJS, Oliveira

GS, Soares FN, Meneses AMC, Souza NF, Azuma MR, Souza

AMA. Standardization of red blood cell distribution width

(RDW) values in dogs from northern region of Brazil. In: World

Small Animal Veterinary Association World Congress, July 21-

24, Sao, Paulo, Brazil. 2009.

14. Aniolek O, Barc A, Jarosinka A, Gajewski Z. Evaluation of fre-

quency and intensity of asymptomatic anisocytosis in the

Japanese dog breeds Shiba, Akita, and Hokkaido. Acta Veterinaria

Brno. 2017;86:385–391.

15. Perret D, Trumel C, Diquélou A, Dossin O, Guelfi JF. Red blood

cell distribution width (RDW) in the dog: a retrospective study of

1400 cases. Revue de Medecine Veterinaire. 2001;152(7):549–

554.

16. Bonfanti U, Comazzi S, Paltrinieri S, Bertazzolo W.

Stomatocytosis in 7 related standard schnauzers. Veterinary

Clinical Pathology. 2004;33:234–239.

17. Ludwik TM, Heinrich DA, Rendahl A, Friedenberg SG. Red cell

distribution width is a predictor of all‐cause mortality in hospital-

ized dogs. Journal of Veterinary Emergency and Critical Care.

2022;32:9-17.

18. Cengiz M, Candir BA, Yilmaz G, Akyol G, Ozenirler S. Is in-

creased red cell distribution width an indicating marker of nonal-

coholic steatohepatitis and fibrotic stage? World Journal of

Gastroenterology. 2013;19:7412–7418.

19. Pierce CN, Larson DF. Inflammatory cytokine inhibition ofery-

thropoiesis in patients implanted with a mechanical circulatory

assist device. Perfusion. 2005;20:83–90.

International Journal of Veterinary Sciences and Animal Husbandry https://www.veterinarypaper.com
2
4
5
6
2
9
1
2
, 2

0
2
6
, 1

1
(
9
)
, D

o
w

n
lo

a
d
e
d
 f

r
o
m

 h
ttp

s
://w

w
w

.d
o
i.o

rg
/1

0
.2

2
2
7
1
/v

e
te

r
in

a
r
y
.2

0
2
6
.v

1
1
.i9

c
.3

8
0
5
 b

y
 I

n
te

r
n
a
tio

n
a
l J

o
u
r
n
a
l o

f
 V

e
te

r
in

a
r
y
 S

c
ie

n
c
e
s
 a

n
d
 A

n
im

a
l H

u
s
b
a
n
d
r
y
 o

n
 [

2
9
/0

9
/2

0
2
6
]
. S

e
e
 th

e
 T

e
r
m

s
 a

n
d
 C

o
n
d
itio

n
s
 (

h
ttp

s
://w

w
w

.v
e
te

r
in

a
r
y
p
a
p
e
r.c

o
m

)
 f

o
r
 r

u
le

s
 o

f
 u

s
e
; O

A
 a

r
tic

le
s
 a

r
e
 g

o
v
e
r
n
e
d
 b

y
 th

e
 a

p
p
lic

a
b
le

 C
r
e
a
tiv

e
 C

o
m

m
o
n
s
 L

ic
e
n
s
e

166



20. Lippi G, Targher G, Montagnana M, Salvagno GL, Zoppini G,

Guidi GC. Relation between red blood cell distribution width and

inflammatory biomarkers in a large cohort of unselected outpa-

tients. Archives of Pathology and Laboratory Medicine.

2009;133:628–632.

21. Patel KV, Semba RD, Ferrucci L, Newman AB, Fried LP, Wallace

RB, Bandinelli S, Phillips CS, Yu B, Connelly S, Shlipak MG,

Chaves PHM, Launer LJ, Ershler WB, Harris TB, Longo DL,

Guralnik JM. Red cell distribution width and mortality in older

adults: A meta-analysis. The journals of gerontology. Series A,

Biological Sciences and Medical Sciences. 2010;65(3):258–265.

22. Zhao Z, Liu T, Li J, Yang W, Liu E, Li G. Elevated red cell distri-

bution width level is associated with oxidative stress and inflam-

mation in a canine model of rapid atrial pacing. International

Journal of Cardiology. 2014;174(1):174-176.

23. Cardenas A, Gines P. Portal hypertension. Curr. Opin.

Gastroenterology. 1991;25:195–201.

24. Evans TC, Jehle D. The red blood cell distribution width. Journal

of Emergency Medicine. 1991;9:71–74.

25. Adili N, Melizi M. Preliminary study of the influence ofred blood

cells morphometry on the species determinism of domestic ani-

mals. Veterinary World. 2014;7(4):219-223.

26. Arslan HH, Guzel M, Meral Y, Dalgin D, Gokalp G, Ozcan U. A

New Approach to Blood Parameters in Dogs with Hemorrhagic

Enteritis. Acta Scientia Veterinariae. 2017;45:1458.

27. Xu WS, Qiu XM, Ou QS, Liu C, Lin JP, Chen HJ, Lin S, Wang

WH, Lin SR, Chen J. Red blood cell distribution width levels cor-

relate with liver fibrosis and inflammation: a noninvasive serum

marker panel to predict the severity of fibrosis and inflammation

in patients with hepatitis B. Medicine. 2015;94(10):e612.

28. Chen B, Ye B, Zhang J, Ying L, Chen Y. RDW to Platelet Ratio:

A Novel Noninvasive Index for Predicting Hepatic Fibrosis and

Cirrhosis in Chronic Hepatitis B. PLoS ONE. 2013;8(7):e68780.

29. Rogiers P, Zhang H, Leeman M, Nagler J, Neels H, Mélot C,

Vincent JL. Erythropoietin response is blunted in critically ill pa-

tients. Intensive Care Medicine. 1997;23:159-162.

30. Patel KV, Semba RD, Ferrucci L, Newman AB, Fried LP, Wallace

RB. Red cell distribution width and mortality in older adults: a

meta-analysis. The journals of gerontology. Series A, Biological

Sciences and Medical Sciences. 2010;65:258–265.

How to cite this article: Bhagirathi, Chandra P, Rana M, Jagtap

H, Verma A, Kant R. Study of prognostic potential of Red Cell

Distribution Width (RDW) in hepato-renal diseases of canines.

International Journal of Veterinary Sciences and Animal

Husbandry. 2026;11(9):162-167. doi: https://www.doi.org/10.22

271/veterinary.2026.v11.i9c.3805

International Journal of Veterinary Sciences and Animal Husbandry https://www.veterinarypaper.com
2
4
5
6
2
9
1
2
, 2

0
2
6
, 1

1
(
9
)
, D

o
w

n
lo

a
d
e
d
 f

r
o
m

 h
ttp

s
://w

w
w

.d
o
i.o

rg
/1

0
.2

2
2
7
1
/v

e
te

r
in

a
r
y
.2

0
2
6
.v

1
1
.i9

c
.3

8
0
5
 b

y
 I

n
te

r
n
a
tio

n
a
l J

o
u
r
n
a
l o

f
 V

e
te

r
in

a
r
y
 S

c
ie

n
c
e
s
 a

n
d
 A

n
im

a
l H

u
s
b
a
n
d
r
y
 o

n
 [

2
9
/0

9
/2

0
2
6
]
. S

e
e
 th

e
 T

e
r
m

s
 a

n
d
 C

o
n
d
itio

n
s
 (

h
ttp

s
://w

w
w

.v
e
te

r
in

a
r
y
p
a
p
e
r.c

o
m

)
 f

o
r
 r

u
le

s
 o

f
 u

s
e
; O

A
 a

r
tic

le
s
 a

r
e
 g

o
v
e
r
n
e
d
 b

y
 th

e
 a

p
p
lic

a
b
le

 C
r
e
a
tiv

e
 C

o
m

m
o
n
s
 L

ic
e
n
s
e

167

https://www.doi.org/10.22271/veterinary.2026.v11.i9c.3805
https://www.doi.org/10.22271/veterinary.2026.v11.i9c.3805

