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Simple Summary 

Mitral valve regurgitation is a common, prevalent heart condition in dogs that often progresses to 
heart failure. The common pathophysiological consequences of chronic mitral regurgitation (MR) are 
left atrial (LA) remodeling and pulmonary artery hypertension. The inflammatory biomarkers C-
reactive protein (CRP) and neutrophil-to-lymphocyte ratio (NLR) are powerful predictors of cardiac 
outcomes in human medicine; however, the data in veterinary medicine remain limited and 
inconsistent. We aimed to evaluate the relationships among inflammatory biomarkers, left atrial (LA) 
size, and pulmonary arterial hypertension (PH) in dogs with mitral valve degeneration. 

Abstract 

Mitral valve regurgitation (MR) remains a common health problem in dogs. The typical 
pathophysiological consequences of mitral valve diseases, regardless of the etiology, are left atrial 
(LA) dilatation and pulmonary hypertension (PH). Medical records of dogs diagnosed with mitral 
valve disease between June 2023 and June 2025 were retrospectively reviewed. Mitral valve cases 
were evaluated for signalment, blood profiles, echocardiographic parameters, and survival. Client-
owned dogs (n = 94) had a mean age of 11.18 ± 2.9 years; 46.8% were males with MMVD stages B to 
D, as assessed using the ACVIM consensus guidelines (2019). LA volume was evaluated using the 
Simpson biplane method. PH was defined on the basis of transthoracic echocardiography. Dogs were 
followed monthly and underwent a physical examination, blood work, and echocardiogram 
assessment. Ninety-four dogs had a history of left atrial dilation, which was present in 84.0% of cases. 
Left ventricular (LV) fractional shortening was 33.37 ± 8.41%. The LA volume and MR SV were 5.87 
± 4.21 ml and 1.28 ± 2.09 mm², respectively. Age, body weight, left ventricular end-diastolic volume, 
left atrial volume, and mitral valve stroke volume were univariately associated with both the CRP 
level and the NLR. The CRP level and NLR were related to LA volume according to correlation 
analyses using Pearson’s r (P < 0.01), yet the NLR was not predictive of pulmonary hypertension 
according to univariate models. In this population of dogs at high risk for developing pulmonary 
hypertension, the CRP level and NLR were associated with left atrial (LA) volume and were not 
predictive of pulmonary hypertension. In contrast, the indexed LA volume was related to clinical risk 
factors for predicting the development of pulmonary hypertension. CRP demonstrated good 
diagnostic performance with a statistically significant discriminatory ability, whereas the NLR 
showed limited diagnostic value with no statistical significance. Higher CRP levels and NLRs were 
associated with a decreased survival probability, and canine patients without pulmonary 
hypertension had significantly better outcomes at lower biomarker levels. CRP levels and the NLR 
may serve as valuable prognostic markers, particularly in non-PH populations. 
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1. Introduction 

As one of the most common heart diseases in dogs, myxomatous mitral valve disease (MMVD) 
is associated with symptoms that include cough and increased respiratory effort. The typical 
pathophysiological consequences of mitral valve diseases, regardless of etiology, are left atrial (LA) 
dilatation and pulmonary hypertension (PH) [1,2]. Although direct measurement of PH via 
transvenous pulmonary artery catheterization is considered the definitive diagnostic approach, this 
method is invasive and rarely used in veterinary practice. As an alternative, transthoracic 
echocardiography is frequently employed as a noninvasive screening method to evaluate the 
presence or absence of PH [3]. In cases of moderate to severe PH, characteristic echocardiographic 
signs include pulmonary artery (PA) enlargement and an elevated pulmonary artery-to-aortic (Ao) 
diameter ratio. [4]. Additionally, Doppler echocardiography, specifically spectral Doppler analysis of 
tricuspid or pulmonary valve regurgitation, allows for the estimation of pulmonary arterial pressure 
using the modified Bernoulli equation. However, quantification may be difficult when regurgitant 
flow is minimal, and pressure estimation becomes impossible when no regurgitation is present [5]. 
As a result, two-dimensional echocardiographic assessments of PA size have been adopted as 
alternative markers for diagnosing PH in canine patients [6].  

Recent research has increasingly focused on investigating dependable inflammatory biomarkers 
in cardiovascular diseases, given that inflammation and oxidative stress play key roles in the 
development of heart failure [7,8]. A clinical study in humans revealed that compared with healthy 
participants, individuals with congestive heart failure (CHF) presented a significantly elevated 
neutrophil-to-lymphocyte ratio (NLR). The NLR, which is derived by dividing the neutrophil count 
by the lymphocyte count, has emerged as a novel marker of systemic inflammation. Recent findings 
suggest that a high NLR independently predicts both overall mortality and cardiovascular-related 
death [9,10]. Prior research has also demonstrated a link between an elevated NLR and an increased 
risk of death or the need for heart transplantation in patients with chronic heart failure. In dogs with 
CHF, a notable increase in neutrophils and monocytes, along with a reduction in lymphocytes, was 
also observed [11–13]. 

High-sensitivity C-reactive protein (CRP) and approachable inflammatory biomarkers, such as 
the neutrophil-to-lymphocyte ratio (NLR), are valuable indicators of systemic inflammation and are 
easily derived from standard blood profiles [14]. Unlike single types of inflammatory cells, these 
composite ratios provide a broader assessment of the inflammatory process by reflecting interactions 
among cell types, thereby yielding a more accurate picture of immune and inflammatory status [15]. 
Consequently, they serve as markers of systemic inflammation and are promising as diagnostic and 
prognostic tools in human medicine for the treatment of various inflammatory disorders and heart 
diseases. For instance, elevated CRP levels and NLRs have been linked to cardiovascular conditions, 
including coronary artery disease, stroke, mitral valve disease, and other adverse cardiac outcomes 
[16,17]. Moreover, LA volume is useful for predicting pulmonary artery hypertension in dogs with 
mitral valve disease [18]. Pulmonary hypertension is the focus of an ongoing prospective study of the 
pathophysiology of MMVD in dogs with risk factors for congestive heart failure [19,20]. However, 
data on the relationships among the CRP level, NLR, left atrial (LA) volume, left ventricular diameter, 
and main pulmonary artery diameter are limited. The aim of this study is to investigate the 
relationships among inflammatory biomarkers, left atrial (LA) size, and pulmonary arterial 
hypertension (PH) in dogs with mitral valve degeneration. 
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2. Materials and Methods 

2.1. Animals 

This study retrospectively reviewed electronic medical records of dogs diagnosed with MMVD 
at the Kasetsart University Veterinary Teaching Hospital and Thonglor Pet Hospital between June 
2023 and June 2025. Informed consent was obtained and signed by the patient owners involved in 
the study. To qualify, dogs needed to have undergone hematology within 24 hours of an 
echocardiographic exam that confirmed MMVD, regardless of whether clinical symptoms (e.g., 
dyspnea, coughing, exercise intolerance, or collapse) were present. Dogs were selected based on 
regular physical and echocardiographic evaluations. Dogs were excluded if they had cardiac diseases 
unrelated to MMVD, hematologic abnormalities, infectious diseases, inflammatory conditions, or had 
received medications affecting white blood cell counts, such as corticosteroids, within the past three 
months. The diagnosis of MMVD was based on echocardiographic findings consistent with the 
condition, such as valve thickening and/or prolapse, and the presence of mitral regurgitation using 
color Doppler. Dogs were categorized into disease stages according to the American College of 
Veterinary Internal Medicine (ACVIM) classification system [21,22]. 

2.2. Echocardiography 

The experienced sonographers conducted echocardiography according to established guidelines 
to confirm mitral valve disease and exclude other cardiac disorders [23,24]. Examinations were 
performed using a Philips ultrasound machine (Bothell, WA, USA) equipped with 5.0–9.0 MHz 
phased-array transducers. All assessments followed standardized imaging protocols as outlined by 
the American Society of Echocardiography and utilized 2D, M-mode, color flow Doppler, and tissue 
Doppler imaging. Measured variables included LV internal diameters at diastole (LVIDd) and systole 
(LVIDs), fractional shortening (FS), LA diameter, aortic diameter (Ao), LA volume, and pulmonary 
artery diameter (MPA). Trans-mitral flow velocities were measured using pulsed-wave Doppler, and 
the E/A ratio was derived as shown in Figure 1 (A-D). Tissue Doppler imaging was applied to obtain 
peak velocities at the lateral mitral annulus. 
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Figure 1. Echocardiographic assessment in MMVD dogs. The representative figures were visualized by the 2D 
mode in the short-axis view (A), (B) left apical four-chamber view, (C) parasternal short-axis view at the aorta 
and pulmonic valve level, MPA = the main pulmonary artery diameter; LV = left ventricle, and (D) Pulsed-wave 
Doppler echocardiography of the transmitral flow. 

2.3. Blood Work and Biomarker Evaluation 

Venous blood was drawn from the cephalic vein into EDTA tubes for hematological assessment. 
A hematology analyzer (IDEXX Laboratories, Westbrook, ME, USA) was used within one hour of 
collection to quantify the total white blood cell count, as well as the counts of neutrophils, monocytes, 
lymphocytes, and platelets. From these data, the neutrophil-to-lymphocyte ratio (NLR) and C-
reactive protein (CRP) levels were derived. 

2.4. Statistical Analysis 

Statistical analysis was performed using GraphPad Prism 10 (GraphPad Software, Inc., San 
Diego, CA, USA). Results for continuous variables are expressed as mean ± standard deviation. 
Differences between the MMVD and control groups were assessed using Student’s t-test. To compare 
MMVD stages and the control group, a one-way ANOVA followed by Tukey’s post hoc test was 
applied for inter-stage comparisons within MMVD. The Mann-Whitney U test with Bonferroni 
correction was used. The same non-parametric test was used to evaluate differences in 
echocardiographic parameters between dogs with and without pulmonary hypertension. Pearson’s 
correlation and linear regression were used to assess relationships between echocardiographic 
parameters and other biomarkers. Receiver operating characteristic (ROC) curves were generated to 
evaluate the diagnostic performance of biomarkers in detecting the presence and severity of MMVD. 
For survival analysis, cardiac death was considered the endpoint. A p-value < 0.05 indicated statistical 
significance. 

3. Results 

3.1. Study Population Overview 

The study included 94 dogs diagnosed with MMVD, with a median age of 11 years. According 
to the ACVIM classification, eight dogs were in stage B1, 43 dogs were in stage B2, 38 dogs were in 
stage C, and five dogs were in stage D. The most prevalent breeds among affected dogs were 
Pomeranians (n = 32; 34.04%), Chihuahuas (n = 27; 28.72%), Shih Tzus (n = 13; 13.83%), Poodles (n = 
6; 6.38%), Yorkshire Terriers (n = 3; 3.20%), mixed breeds (n = 7; 7.45%), and other breeds (n = 6; 
6.38%). Other breeds had fewer than two dogs. Cardiac remodeling, as indicated by the LA/Ao ratio, 
significantly increased starting at the MMVD stage B2. General characteristics, blood profiles, and 
echocardiographic findings are summarized in Tables 1, 2, and 3, respectively. 
  

Preprints.org (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 18 August 2025 doi:10.20944/preprints202508.1203.v1

© 2025 by the author(s). Distributed under a Creative Commons CC BY license.

https://doi.org/10.20944/preprints202508.1203.v1
http://creativecommons.org/licenses/by/4.0/


 5 of 13 

 

Table 1. Clinical characteristics of the study animals. 

Parameters 
Total 

(N=94) 

MMVD 
P-Value Stage B1 

(N=8) 
Stage B2 
(N=43) 

Stage C 
(N=38) 

Stage D 
(N=5) 

Age  
(years) 

11.18 ± 2.90 9.00 ± 3.0 10.74 ± 2.81 12.01 ± 2.80 12.00 ± 1.10 0.0662 

Body weight (kg) 5.04 ± 3.00 7.39 ± 3.84 4.95 ± 2.71 4.28 ± 1.70 7.70 ± 6.24 0.0253 
Male  

(number (%)) 
44/94 

(46.80%) 
3/8  

(37.5%) 
22/43  

(51.16%) 
18/38  

(47.37%) 
1/5  

(20.0%) - 

MMVD = Myxomatous mitral valve degeneration. 

Table 2. Blood profiles of the study animals. 

Parameters Total 
(N=94) 

MMVD  
Stage B1 

(N=8) 
Stage B2 
(N=43) 

Stage C 
(N=38) 

Stage D 
(N=5) 

Ref. 
Value 

WBC 
(x103/uL) 13.09 ± 5.86 12.08 ± 5.41 12.84 ± 5.83 13.72 ± 6.27 11.77 ± 1.92 

 

NLR ratio 
 

5.44 ± 3.84 5.32 ± 3.19 5.48 ± 3.82 5.46 ± 4.23 4.39 ± 1.60  

CRP 
(mg/L) 

16.41 ± 30.33 4.42 ± 2.98 13.43 ± 24.49 17.04 ± 34.63 39.76 ± 5.28  

BUN  
(mg%) 35.99 ± 24.83 32.17 ± 14.87 31.31 ± 23.98 40.98 ± 26.57 39.75 ± 23.16 

 

Creatinine 
(mg%) 

1.41 ± 1.77 1.27 ± 0.89 1.00 ± 0.53 1.60 ± 1.54 4.23 ± 5.65  

ALT  
(U/L) 

87.47 ± 9.79 163.40 ± 45.42 84.11 ± 16.28 77.10 ± 9.46 88.75 ± 16.63  

ALP  
(U/L) 116.38 ± 9.41 152.75 ± 33.71 122.79 ± 14.96 106.29 ± 11.47 95.67 ± 17.56 

 

WBC = White blood cell; NLR = Neutrophil and lymphocyte ratio; CRP = c-reactive protein; BUN = Blood urea 
nitrogen; ALT = Alanine transaminase; ALP = Alkaline phosphatase. 

Table 3. Echocardiographic parameters of the study animals. 

Parameters 
MMVD 

P-Value Stage B1 
(N=8) 

Stage B2 
(N=43) 

Stage C 
(N=38) 

Stage D 
(N=5) 

LA/AO ratio 1.58 ± 0.22 1.78 ± 0.23 1.98 ± 0.40 2.74 ± 0.92 <0.0001 
LA Volume (mL) 5.39 ± 3.83 5.13 ± 3.01 6.97 ± 5.33 10.47± 8.90 0.1058 

MPA (cm) 0.87 ± 0.30 1.12 ± 0.23 1.11 ± 0.28 1.58 ± 0.52 0.0004 
MPA/AO 0.93 ± 0.09 1.08 ± 0.18 1.15 ± 0.19 1.34 ± 0.19 0.0842 

MR Volume (mL) 0.90 ± 0.60 0.98 ± 1.97 2.04± 2.69 4.10 ± 5.52 0.0564 
IVSd (cm) 0.65 ± 0.12 0.58 ± 0.13 0.55 ± 0.16 0.70 ± 0.30 0.1172 

LVPWd (cm) 0.59 ± 0.12 0.57 ± 0.13 0.54 ± 0.15 0.64 ± 0.17 0.3881 
LVIDd (cm) 2.32 ± 0.58 2.26 ± 0.65 2.64 ± 0.78 3.76 ± 1.62 0.0008 

LVIDdN (cm) 1.48 ± 0.11 1.50 ± 0.30 1.80 ± 0.41 2.12 ± 0.49 0.5730 
FS (%) 39.18 ± 7.19 31.34 ± 6.55 34.01 ± 10.05 34.10 ± 6.53 0.1030 

MV E/A ratio 1.17 ± 0.47 0.77 ± 0.21 1.01 ± 0.47 1.33 ± 0.69 0.0017 
IVRT (ms) 50.00 ± 0.01 60.00 ± 0.02 70.00 ± 0.01 80.00 ± 0.00 0.0565 

LA = left atrium; AO = aorta; MPA = main pulmonary artery; MR = mitral valve regurgitation; IVSd = 
interventricular septal at end-diastole; LVPWd = left ventricular free proximal wall diameter at end-diastole; 
LVIDd = left ventricular internal diameter at end-diastole; LVIDdN = left ventricular internal diameter at end-
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diastole normalized for body weight; FS = Fractional shortening; MV E/A =mitral valve ratio of peak velocity 
blood flow of the early (E) and late (A) filling; IVRT = isovolumic relaxation time. 

3.2. Echocardiographic Parameters of the Study Animals 

The available echocardiographic parameters of all the animals are given in Table 2. We found 
that the variables, consisting of the left atrium, left ventricle, and pulmonary artery, were significantly 
different. Compared with those in the stage B1 and B2 groups, the left atrium size and main 
pulmonary artery diameter in the stage C and D groups increased considerably. Compared with 
those in the stage B group, the LA volume in the stage C and D groups was considerably greater. 

3.3. The Correlation Matrix of Inflammatory Biomarkers and Echocardiographic Parameters in Animals 

In this study, we created probability matrices that demonstrated the correlations between 
inflammatory biomarkers and echocardiographic parameters related to pulmonary artery 
hypertension (PH) (Figure 2A–F). Compared with those in the non-PH group, the echocardiography 
parameters and inflammatory markers (CRP) in the PH group were associated with increased LA 
volume and main pulmonary artery diameter (MPA) (0.59 vs. 0.08 and 0.59 vs. 0.17, respectively) 
(Figure 2A–2B). In addition, dogs older than 10 years of age appeared to have a greater likelihood of 
increasing echocardiographic parameters (Figure 2C-2D). In addition, male dogs had a higher 
probability of increased LA and LVIDdN (Figure 2E-2F). Taken together, these data suggest that male 
dogs aged more than 10 years are likely to develop PH. 
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Figure 2. The correlation matrix of inflammatory biomarkers and echocardiography among groups of dogs with 
mitral valve disease. PH = pulmonary artery hypertension; Non PH = Non-pulmonary artery hypertension; LA 
= left atrium; AO = aorta; IVSd = interventricular septal at end-diastole; LVPWd = left ventricular free proximal 
wall diameter at end-diastole; LVIDd = left ventricular internal diameter at end-diastole; IVSs = interventricular 
septal at end-systole; LVPWs = left ventricular free proximal wall diameter at end-systole; LVIDs = left 
ventricular internal diameter at end-systole; FS = Fractional shortening; PV Vmax = pulmonary valve maximum 
blood velocity; AV Vmax = aortic valve maximum blood velocity; FS = fractional shortening. 

3.4. Inflammatory Biomarkers in Study Animals 

Dogs with pulmonary hypertension (PH) had significantly higher serum CRP levels than those 
without PH did (p < 0.01). Notably, mean CRP levels in the PH group were greater than 30 mg/L, 
whereas they remained below 10 mg/L in the non-PH group (Figure 3A). These findings indicate a 
strong association between elevated CRP levels and the presence of pulmonary hypertension. 
Although the NLR was significantly greater in the PH group than in the non-PH group, the difference 
was not statistically significant. The average NLR remained between 5 and 7 across groups (Figure 
3B), indicating that the NLR may not be a sensitive marker for distinguishing PH in this population. 
The CRP levels tended to gradually increase across the advancing stages of heart disease (B1 < B2 < 
C < D), with the highest values observed in Stage D (Figure 3C). Despite the increasing trend, there 
is substantial variability in CRP levels, and no statistical significance is indicated. However, the NLR 
values were relatively consistent across all stages (B1 to D), with no significant differences observed 
(Figure 3D). These findings suggest that systemic inflammation measured by the NLR may not 
change significantly with increasing heart disease stage. 

 

Preprints.org (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 18 August 2025 doi:10.20944/preprints202508.1203.v1

© 2025 by the author(s). Distributed under a Creative Commons CC BY license.

https://doi.org/10.20944/preprints202508.1203.v1
http://creativecommons.org/licenses/by/4.0/


 8 of 13 

 

 

Figure 3. Serum concentrations of (A) C-reactive protein (CRP), and (B) neutrophil to lymphocyte ratio(NLR) in 
a dog with and without pulmonary artery hypertension. (C) CRP and (D) NLR ratio in a dog, Stage B1, Stage B2, 
Stage C, and Stage ** P < 0.01. 

Two biomarkers, C-reactive protein (CRP) level and the neutrophil-to-lymphocyte ratio (NLR), 
were evaluated for their ability to distinguish between diseased and control subjects using ROC 
analysis. CRP (Figure 4A) demonstrated good diagnostic performance, with an area under the curve 
(AUC) of 0.7517 (P = 0.0008), indicating that CRP has statistically significant discriminatory power. 
On the other had, the NLR (Figure 4B) had poor diagnostic performance, with an AUC of 0.5568 and 
a nonsignificant P value of 0.3976, suggesting its limited utility as a diagnostic marker in this 
population of dogs. 

 

Figure 4. Receiver operating characteristic (ROC) curves for the prediction of C-reactive protein (CRP), 
neutrophil-to-lymphocyte ratio (NLR), to distinguish non-pulmonary artery hypertension dogs from 
symptomatic dogs with pulmonary artery hypertension. A ROC curve of CRP showed the area under the curve 
(AUC) value of 0.7517. (B) ROC curve of NLR showed the AUC value of 0.5568. 

3.5. Survival Analysis 

Elevated CRP levels are associated with overall reduced (Figure 5A). CRP appears to be a 
stronger predictor of poor outcomes in patients without PH than in those with PH. The inflammatory 
response reflected by the CRP level might contribute differently to prognosis in these two groups. 
Dogs with PH (solid line) have a greater survival probability with increasing CRP levels than those 
without PH (dashed line). Survival in the non-PH group decreased rapidly at low CRP levels and 
remained near zero, indicating that even mild elevations in CRP are strongly associated with poor 

Preprints.org (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 18 August 2025 doi:10.20944/preprints202508.1203.v1

© 2025 by the author(s). Distributed under a Creative Commons CC BY license.

https://doi.org/10.20944/preprints202508.1203.v1
http://creativecommons.org/licenses/by/4.0/


 9 of 13 

 

outcomes in this group. In contrast, the PH group retained a higher survival probability over a 
broader CRP range, although survival also decreased with increasing CRP level. 

A high NLR was associated with poor survival in both groups (Figure 5B), supporting its role as 
a negative prognostic marker. Like the CRP level, the NLR seems to be a more sensitive prognostic 
indicator in the non-PH group. As a marker of systemic inflammation and immune response, the 
NLR may reflect disease severity or underlying comorbidities affecting survival. Dogs with MMVD 
and concurrent PH (solid line) tend to maintain better survival than those without concurrent PH 
(dashed line) across a range of NLR values. However, in both the non-PH and PH groups, as the NLR 
increased, the survival probability decreased. Compared with the PH group, the non-PH group had 
a more rapid decline in survival at lower NLR values. 

 

Figure 5. Kaplan-Meier survival curves, which assess the probability of survival relative to CRP (C-reactive 
protein) and NLR (neutrophil-to-lymphocyte ratio) in two groups of MMVD dogs, with pulmonary 
hypertension (PH) and without PH (No PH). 

4. Discussion 

This retrospective study involved 94 dogs and revealed significantly elevated CRP 
concentrations in dogs with pulmonary arterial hypertension (PH), especially in those at advanced 
MMVD stages. Additionally, the neutrophil-to-lymphocyte ratio (NLR) was positively associated 
with CRP levels and left atrial (LA) volume, indicating its utility in predicting MMVD severity. 

Heart failure has recently been recognized as not only a hemodynamic disorder but also a 
disorder characterized by inflammatory and immune dysregulation. Inflammation contributes to 
myocardial injury and complications such as endothelial dysfunction and cardiac cachexia [25]. 
Neutrophils release inflammatory mediators that may damage the vascular endothelium, whereas 
lymphopenia, potentially caused by elevated corticosteroids or neurohormonal shifts in heart failure, 
is associated with poor outcomes. In dogs, reductions in total lymphocyte counts and lymphocyte 
subsets have been observed more frequently in canine patients with severe CHF. Platelets also 
participate in the inflammatory cascade and thrombus formation, particularly in conditions such as 
mitral valve disease, where altered flow dynamics can influence platelet behavior. 

Unlike isolated leukocyte counts, the CRP level and the NLR are less affected by confounding 
variables, such as age and body weight, and are more stable indicators of systemic inflammation. 
Numerous veterinary studies have evaluated CRP in inflammatory and neoplastic conditions, and 
only recently has attention turned toward its relevance in canine cardiac disease. In this study, 
increased neutrophil counts and decreased lymphocyte levels (within the normal range) were 
observed in dogs with MMVD and concurrent PH, contributing to elevated CRP levels and NLRs. 
The higher average CRP and NLR values observed here may be attributed to the smaller sample size 
compared with previous reports. Notably, CRP levels were significantly elevated in dogs with PH, 
in agreement with findings from human heart failure studies, where CRP is considered a prognostic 
factor. When hematological parameters across MMVD stages were compared, lymphocyte counts 
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significantly differed between B1 patients and control participants, whereas WBC, neutrophil, and 
monocyte counts increased in stages C and D compared with earlier stages. Although the median 
values in stage C remained within reference limits, leukocytosis and neutrophilia in stage D suggest 
systemic inflammation in late-stage disease. These findings align with earlier studies using the 
ISACHC classification, which have shown that leukocyte parameters are elevated in more advanced 
stages of heart failure. 

Compared with those in stage B, the CRP level and NLR in stage C increased significantly. While 
there were no substantial differences between B1 and B2, the NLR differed significantly between 
stages B and C, reinforcing the association between inflammation and disease progression. This 
finding aligns with the literature linking elevated CRP levels and NLRs with worsening cardiac 
conditions [26–28]. Compared with individual cell counts, the greater predictive power of CRP 
suggests its potential as a biomarker in dogs with MMVD  complicated by PH. Pulmonary edema, 
a severe consequence of CHF, results from increased capillary pressure and disruption of the 
capillary barrier, leading to the release of inflammatory mediators. In this study, the CRP level and 
NLR were significantly greater in dogs with pulmonary edema, indicating acute alveolar 
inflammation, which may exacerbate tissue damage. These findings support the role of inflammation 
in the pathogenesis of MMVD. 

Moderate correlations exist between CRP levels, the NLR, and LA volume, supporting their 
involvement in cardiac remodeling. While CRP in humans is strongly linked to LA volume, this study 
confirmed a similar trend in dogs. Additionally, weak but significant correlations were observed 
between the NLR and both the VHS and LA/Ao ratios. Unlike previous studies, our data revealed 
correlations between the NLR and the MLR and fractional shortening (FS), suggesting a relationship 
with systolic function. These findings highlight CRP levels and the NLR as potential markers of 
myocardial injury and structural remodeling in MMVD. Although the specificity of the CRP level 
and NLR was high according to the results of the ROC curve analysis, the sensitivity of these 
parameters was limited, indicating that the risk of underdiagnosis of PH is low if these parameters 
are used in isolation. Nevertheless, when used in conjunction with established diagnostics, the CRP 
level provides additional value in assessing MMVD severity while minimizing false positives. 

This study highlights the role of C-reactive protein (CRP) as a potential inflammatory biomarker 
associated with pulmonary artery hypertension (PH) in dogs. The significantly elevated CRP levels 
in dogs with PH suggest a strong inflammatory component in the pathophysiology of PH in canine 
patients. In contrast, the neutrophil-to-lymphocyte ratio (NLR) did not significantly differ between 
dogs with and without PH or across ACVIM stages, indicating that the NLR may be less sensitive or 
influenced by other noncardiac factors. 

The progressive increase in CRP concentrations across ACVIM stages also suggests that systemic 
inflammation worsens with the progression of heart disease, especially in end-stage heart failure 
(Stage D). However, owing to the variability and lack of statistical significance in CRP levels among 
these stages, further studies with larger sample sizes are warranted to confirm these observations. 
Overall, compared with the NLR, the CRP level appears to be a more reliable marker for evaluating 
inflammation in dogs with heart disease, particularly those complicated by pulmonary hypertension. 

The results of the ROC analysis highlight the differential diagnostic value of the CRP level and 
the NLR in this study population. The CRP curve yielded an AUC of 0.7517, reflecting a moderate 
ability to discriminate between affected and nonaffected individuals. The significant P value (<0.001) 
further supports the potential role of CRP as a useful inflammatory biomarker in clinical diagnosis. 
These findings are consistent with previous reports that have established CRP as a sensitive marker 
for systemic inflammation and disease severity. 

In contrast, the NLR curve had an AUC close to 0.5 (0.5568), which is only slightly better than 
chance, and the lack of statistical significance (P = 0.3976) suggests that the NLR may not be a reliable 
standalone biomarker in this context. While the NLR has been reported to be a prognostic indicator 
in several human and veterinary conditions, its diagnostic utility may be limited by overlapping 
values between diseased and control groups, individual variability, or the influence of confounding 
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factors such as stress or concurrent infections. Overall, CRP appears to be a more robust indicator in 
this study population, whereas the NLR may require combination with other markers or contextual 
interpretation to be clinically useful. 

Survival analysis using Kaplan‒Meier curves further demonstrated that both the CRP level and 
the NLR are associated with overall survival, with higher values linked to decreased survival 
probabilities. Interestingly, patients without pulmonary hypertension (non-PH) had consistently 
worse survival outcomes at lower levels of both biomarkers than those with pulmonary 
hypertension. These counterintuitive findings may suggest that the non-PH group may have other 
undetected pathologies, leading to poor outcomes despite lower inflammatory marker levels. 
Alternatively, PH patients may have received more intensive monitoring or treatment, improving 
survival despite having higher CRP levels or NLRs. These findings support the use of CRP and the 
NLR as prognostic indicators but also highlight the need to consider underlying patient conditions 
when biomarker levels are interpreted. 

Research on the role of CRP in canine MMVD is still emerging, although recent investigations 
have advanced our understanding [29,30]. Subclassifying MMVD stages into C and D enabled a more 
precise analysis of the diagnostic and prognostic role of CRP and the NLR. In this study, their 
relationships with pulmonary edema were also assessed, suggesting their relevance as prognostic 
indicators. In feline cardiology, the NLR has been shown to be correlated with shorter survival in 
feline patients with hypertrophic cardiomyopathy and is considered an independent prognostic 
factor. Our findings provide novel evidence supporting the use of CRP levels and the NLR as 
predictors of PH in dogs with MMVD. Given the need for practical and affordable diagnostic tools in 
clinical settings, especially where comprehensive testing is limited, CRP and the NLR may prove 
highly beneficial. A key limitation of this study is its retrospective design, which may introduce 
inherent biases. 

Limitation 

A limitation of the present study is that only a small number of dogs in stages B1 and D were 
included. In addition, the average age of the dog population in this study was old; further study with 
a larger sample size is needed, and some data, e.g., systemic illness, BCS, and oxidative stress level, 
may help to reflect the correlation between inflammatory status and cardiac status. Moreover, we did 
not validate inflammatory protein expression in these dogs with MMVD using experiments such as 
Western blotting or proteomics. In addition, we are unable to control the environment and nutrition 
in these populations, which is a limitation of our study. 

5. Conclusions 

This study revealed significantly elevated CRP levels and NLRs in dogs with MMVD 
complicated by PH, with values increasing in parallel with disease progression. Dogs presenting 
pulmonary edema, a common complication of MMVD, had even higher inflammatory ratios. Both 
the CRP level and the NLR were moderately correlated with left atrial volume and were valuable for 
identifying the severity of MMVD. Moreover, elevated levels of these biomarkers were associated 
with reduced survival, indicating their prognostic value. As inexpensive, accessible markers, CRP 
and the NLR may be valuable tools for diagnosing and monitoring MMVD with PH, particularly 
when conventional tests are delayed or unavailable because of financial, compliance, or emergency 
constraints. 
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