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INTRODUCTION

Abstract

Myxomatous mitral valve disease (MMVD) is associated with progressive structural
cardiac remodeling and systemic inflammatory and metabolic alterations. This study
aimed to develop and preliminarily evaluate Canine Inflammatory-Metabolic Risk
Index (CIMRI) as a composite biomarker, assess its differences across ACVIM stages
and associations with echocardiographic indices, and explore its ability to discriminate
dogs with current or previous congestive heart failure (CHF) from those without CHE.
Fifty client-owned dogs were retrospectively enrolled and equally distributed across
five disease stages. CIMRI was calculated using routinely available laboratory variables
reflecting immune response, metabolic balance, and electrolyte status, normalized to
total protein concentration. Associations with echocardiographic variables were assessed
using Spearman’s correlation analysis, and discriminatory performance was evaluated
by receiver operating characteristic (ROC) analysis. CIMRI differed significantly across
ACVIM stages, with the highest values observed in Stage D (P<0.001), and correlated
positively with LA/Ao (p = 0.631, P<0.001) and LVIDAN (p = 0.561, P<0.01). ROC
analysis yielded an AUC of 0.929 (95% CI: 0.837-1.000) for discriminating dogs with
current or previous CHF (Stages C-D) from those without current or previous CHF
(Stages A-B2). At the optimal cut-off of >5.8, sensitivity and specificity were 95.0%
and 90.0%, respectively. These findings support further evaluation of CIMRI as an
exploratory composite biomarker associated with MMVD severity and CHF status in
larger independent, prospective, and longitudinal populations.

Keywords: Canine, Composite Index, Echocardiography, Inflammatory-metabolic index,
Myxomatous mitral valve disease

(246l However, growing evidence suggests that MMVD
is not solely a mechanical disorder but involves complex

Myxomatous mitral valve disease (MMVD) is the most
common acquired cardiac disorder in dogs. The disease
is characterized by progressive degeneration of the mitral
valve apparatus, leading to mitral regurgitation, left atrial
(LA) enlargement, and eventually congestive heart failure
(CHF) 2. Although the staging system proposed by
the American College of Veterinary Internal Medicine
(ACVIM) provides a useful framework, substantial
heterogeneity exists within each stage regarding
progression rates, clinical deterioration, and survival
outcomes /. Consequently, improved tools are needed to
more precisely characterize disease severity and biological
heterogeneity among affected dogs.

Traditionally, MMVD progression has been attributed
to hemodynamic overload resulting from chronic mitral
regurgitation. Echocardiographic indices such as the left
atrial-to-aortic root ratio (LA:Ao), left ventricular (LV)
dimensions, and systolic function parameters are widely
used to quantify cardiac remodeling and disease severity

systemic processes. While individual biomarkers provide
valuable information, each reflects only a single aspect of
the disease pathophysiology ”. Composite indices that
integrate multiple complementary physiological domains
have shown potential clinical utility in both veterinary and
human medicine. For instance, the hemoglobin, albumin,
lymphocyte, and platelet (HALP) score predicts short-
term mortality in dogs with CHF secondary to MMVD
], and the Inflammatory Metabolic Index (IMI) and
Metabolic-Inflammatory Stress Index (MISI) are effective
in human clinical conditions .. These approaches suggest
that a multidimensional metric can provide a more
comprehensive representation of systemic disease burden
than isolated parameters 1%,

Several inflammatory, metabolic, and neurohormonal
biomarkers have been individually investigated in
canine MMVD; however, they are typically evaluated in
isolation and may provide only a partial representation
of the complex systemic processes underlying disease
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progression 1131 MMVD is increasingly recognized as a
multisystemic disorder, wherein inflammatory activation,
metabolic dysregulation, neurohormonal disturbances,
and systemic physiological status interact to influence
cardiac remodeling and clinical outcomes !4 However,
integrating these complementary domains into a single
quantitative index may provide a more comprehensive
assessment of the systemic alterations associated with
MMVD. A composite metric could therefore improve
disease characterization and provide a more holistic
assessment of systemic involvement associated with
MMVD severity.

Based on this rationale, we developed the Canine
Inflammatory-Metabolic Risk Index (CIMRI). Similar
to previously described composite inflaimmatory and
metabolic indices, CIMRI was designed as a pragmatic
integrative score that combines complementary biological
domains using routinely available laboratory variables.
Specifically, the index incorporates inflammatory
(neutrophil-to-lymphocyte ratio [NLR]) !¢, acute-phase
response (C-reactive protein-to-albumin ratio [CRP/
Alb]) 7181 metabolic (total cholesterol-to-glucose ratio
[Chol/Glu]) ™, neurohormonal-electrolyte (sodium-
to-potassium ratio [Na/K]) 22! and systemic protein
status (total protein [TP]) into a single composite metric.
Total protein was incorporated as a normalization factor
to account for inter-individual variation in circulating
protein concentrations and overall serum protein milieu,
thereby providing contextual scaling of the combined
inflammatory-metabolic signal rather than functioning as
an independent disease marker.

We hypothesized that CIMRI would capture systemic
alterations associated with MMVD severity. Therefore,
this study aimed to develop and preliminarily evaluate
CIMRI as a composite biomarker integrating routinely
available inflammatory, metabolic, and electrolyte-related
variables in dogs with MMVD. Specifically, we assessed
differences in CIMRI across ACVIM stages, examined its
associations with selected echocardiographic indices, and
explored its ability to discriminate dogs with current or
previous CHF (Stages C-D) from those without current or
previous CHF (Stages A-B2).

MATERIAL AND METHODS
Ethical Statement

This retrospective study was conducted using previously
collected clinical data obtained during routine veterinary
care. The Bursa Uludag University Animal Experiments
Local Ethics Committee (HADYEK, Bursa, Tiirkiye)
reviewed the study protocol and confirmed that formal
ethical approval was not required because the study was
retrospective and based exclusively on archived clinical

records (Decision No: B.30.2.ULU.0.8Z.00.00; Date: 22
June 2026). Written informed consent covering diagnostic
procedures and the use of clinical data had been obtained
from the owners of all dogs upon admission to the
veterinary hospital.

Study Population

This retrospective study was conducted between March
2019 and March 2026 at the Veterinary Hospital. A total
of 50 client-owned dogs of various breeds, ages, body
weights, and both sexes were enrolled. Dogs were staged
according to the ACVIM consensus classification for
MMVD Bl

o Stage A (healthy/controls, n=10): Dogs without
clinical or echocardiographic evidence of MMVD.

o Asymptomatic dogs with an audible heart murmur
were further stratified into Stage B1 and B2 according
to the presence or absence of structural cardiac
remodeling.

o Stage B1 (n=10): Asymptomatic dogs without
structural remodeling of the heart (no
radiographic cardiomegaly, normal LA/Ao and
LV dimensions on echocardiography).

o Stage B2 (n=10): Asymptomatic dogs
showing structural remodeling of the heart
(echocardiographic LA and/or LV enlargement)
without clinical signs of heart failure.

o Stage C (n=10): Dogs with current or past clinical
signs of heart failure associated with MMVD,
responsive to standard therapy.

o Stage D (n=10): Dogs with refractory heart failure,
showing clinical signs despite optimized therapy.

Blood Sampling and Laboratory Analyses

Complete blood count (CBC) analysis provided 24
hematologic parameters (HM5 analyzer, Abaxis, USA).
The NLR was manually calculated for this study. Routine
serum biochemistry panels were measured in all dogs, and
specific parameters relevant to this study included glucose,
cholesterol, sodium (Na), potassium (K), C-reactive
protein (CRP), albumin (Alb), and total protein (TP)
(serum biochemical analyzer, Fuji Dri-Chem NX600V
IC), as described previously %,

Echocardiographic Assessment

Cardiac evaluation was performed in a quiet examination
room without sedation, with precautions taken to
minimize sound and motion artifacts. Conventional
echocardiography was conducted using standard right
parasternal short-axis (RPSAx) and right parasternal
long-axis (RPLAx) views in accordance with ACVIM
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recommendations .. Two-dimensional imaging together
with pulsed-wave (PW), continuous-wave (CW), and
color Doppler modalities were used (Vivid S60N Ultra,
GE Healthcare, Norway) as reported in our previous
studies #1623,

The LA/Ao was measured at the aortic valve level from
the RPSAx view. Left ventricular internal diameter in
diastole (LVIDd) was obtained from RPLAx M-mode
recordings. To account for body size differences, LVIDd
was normalized using an allometric scaling method to
derive the normalized left ventricular internal diameter in
diastole (LVIDAN), calculated according to the formula ©:

LVIDAN = LVIDd (cm)/BW (kg)70.294

After entering the patient's body weight into the
echocardiographic system and measuring LVIDd,
the normalized value was automatically generated
during offline analysis within the RPLAx LV M-mode
measurements by the echocardiographic software (Vivid
EchoPack, GE Healthcare, Version 204).

Left ventricular systolic function was assessed using
M-mode measurements obtained from the RPLAx view,
and ejection fraction (EF) and fractional shortening
(FS) were calculated using the Teichholz method. Mitral
annular plane systolic excursion (MAPSE) was measured
from the septal insertion of the mitral annulus in the apical
four-chamber view using M-mode. Mitral inflow velocities
were recorded from the apical four-chamber view using
ECG-guided pulsed-wave Doppler to determine the early
(E) and late (A) diastolic velocities, and the mitral E/A
ratio (MV E/A) was calculated ?4. All measurements were
averaged over three consecutive cardiac cycles.

These parameters were selected because they can be readily
obtained using standard echocardiographic equipment
and are widely used in clinical practice and research to
evaluate cardiac structure and function. Although several
additional morphological and functional variables were
recorded during routine echocardiographic examinations,
only those relevant to the objectives of the present study
were included in the final analysis.

Inclusion and Exclusion Criteria

Dogs diagnosed with MMVD were considered for
inclusion if complete hematologic, biochemical, and
echocardiographic data were available. Young (<3 years)
and senior (>10 years) dogs were excluded to minimize
age-related variability. Dogs with comorbidities such as
pulmonary hypertension, hypothyroidism, cancer, or any
other systemic disease were also excluded. Animals that
had received medications including corticosteroids, non-
steroidal anti-inflammatory drugs, antibiotics, positive
inotropes, diuretics, or vaccinations within 10 days before
evaluation were excluded, as these treatments could affect

hematologic and biochemical profiles. An exception
was made for dogs in Stage D MMVD, as these animals
were already refractory and exhibited CHF signs despite
standard therapy, making recent medication use clinically
unavoidable 7121,

To ensure reliable echocardiographic and laboratory
measurements, dogs exhibiting excessive excitement,
stress, or respiratory distress were excluded, as these
factors could induce stress leukogram patterns, transient
hyperglycemia, and interfere with accurate cardiac
assessment. Only dogs meeting all inclusion criteria and
with high quality, artifact free echocardiographic images
were enrolled in the study.

CIMRI Calculation and Integration
CIMRI was calculated as follows:
CIMRI = (NLR + CRP/Alb + Chol/Glu + Na/K)/TP

This composite index integrates four complementary
pathophysiological dimensions: systemic inflammation
(NLR), acute-phase protein balance (serum CRP/
Alb), metabolic homeostasis (serum Chol/Glu), and
neurohormonal-electrolyte regulation (Na/K). Total
protein was incorporated as a scaling factor to account
for inter-individual variation in circulating protein
concentrations and overall serum protein milieu. Similar
normalization approaches are commonly employed
in biomarker research to reduce variability related to
differences in protein content and biological matrix
composition. Rather than representing an independent
disease marker, TP was included to contextualize the
composite inflammatory-metabolic signal within the
individual’s systemic protein status. By combining these
parameters into a single metric, CIMRI was designed
to provide an integrative representation of biological
processes associated with MMVD progression. The
additive structure of CIMRI was intentionally chosen
to maintain clinical simplicity and facilitate bedside
applicability using routinely available biomarkers. Equal
weighting was applied to minimize model overfitting given
the relatively limited sample size. Weighted approaches,
such as regression-derived or machine-learning-based
coefficients, typically require large training datasets to
yield stable and generalizable weight estimates; applying
such methods to a modest, single-center cohort would risk
overfitting and reduce the reproducibility of the index in
independent populations. Furthermore, equal weighting
avoids assumptions about the relative pathophysiological
importance of each component, which remains
incompletely defined in canine MMVD, and preserves
a transparent, easily interpretable formula that can be
readily calculated in clinical practice without specialized
statistical software. This pragmatic approach is consistent
with previously described composite inflammatory
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and metabolic indices in both human and veterinary
medicine !, which have similarly prioritized simplicity
and clinical applicability over statistically optimized
weighting in their initial development stages. Consistent
with previously proposed composite inflammatory and
metabolic indices, the present formulation was intended
as a pragmatic integrative score rather than a mechanistic
mathematical model. The CIMRI conceptual framework
was illustrated in Fig. 1.

Statistical Analysis

The study included five groups: one healthy control
group and four groups of dogs with varying severity of
MMVD. Distributional assumptions for all continuous
variables were assessed using the Shapiro-Wilk test. As
CIMRI scores were not normally distributed across the
groups, the non-parametric Kruskal-Wallis test was used
to compare CIMRI values between the groups, followed
by Dunn’s multiple comparisons test for post hoc pairwise
comparisons. Sexdistributionamonggroups wascompared
using the Pearson chi-square test. The relationships
between CIMRI scores and echocardiographic parameters
were evaluated using Spearman’s rank correlation
analysis. Spearman’s rank correlation coefficients (p)
were reported with their 95% confidence intervals (CIs)
and exact P values. As these analyses were exploratory, no
adjustment for multiple testing was applied; therefore, the
corresponding P values should be interpreted accordingly.
Receiver operating characteristic (ROC) curve analysis

Canine Inflammatory—Metabolic Risk Index
(CIMRI)

Total Protein (TP)

Homeostasis Electrolyte Balance

== Total Protein (TP)

Normalize by Total Protein

CIMRI Score

Fig 1. Schematic representation of the CIMRI - Integrated Risk Assessment
in MMVD. The index integrates four complementary pathophysiological
dimensions-systemic inflammation (neutrophil-to-lymphocyte ratio,
NLR), acute-phase protein balance (C-reactive protein to albumin ratio,
CRP/Alb), metabolic homeostasis (cholesterol to glucose ratio, Chol/Glu),
and neurohormonal-electrolyte regulation (sodium to potassium ratio,
Na/K)-and normalizes them by total protein (TP) to generate a single
composite score. CIMRI reflects multisystemic disease activity in dogs
with MMVD and correlates with echocardiographic measures and clinical
disease stage (ACVIM classification)

[ CIMRI = NLR + CRP/AIb + Chol/Glu + Na/K ]

CRP/Alb

Systemic
Inflammation

Acute-Phase
Protein Balance

was performed to evaluate the ability of CIMRI to
discriminate between dogs with current or previous
CHEF (Stages C-D, n=20) and those without CHF (Stages
A-B2, n=30). Statistical significance was set at P<0.05.
All analyses were performed using SigmaPlot Statistical
and Graphing Software (California, USA) and MedCalc
(version 20.218, Ostend, Belgium). Data are presented as
mean + standard deviation (SD).

RESULTS
Study Population

A total of 50 small to medium breed dogs were included,
distributed evenly across five groups: one healthy control
group and four MMVD severity groups. The overall
population had a mean age of 7.3+2.4 years, with 26 males
and 24 females. Breed distribution included Cavalier King
Charles Spaniel (n=18), Terrier (n=8), Toy Poodle (n=8),
Pug (n=6), Pomeranian (n=4), Yorkshire Terrier (n=2),
and mixed breeds (n=4). Clinical characteristics and
echocardiographic measurements according to ACVIM
stages are presented in Table 1. Age, body weight, sex
distribution, EF, FS, MAPSE, and MV E/A ratio did not
differ significantly among groups (P>0.05). LA/Ao and
LVDdN differed significantly among ACVIM stages, with
higher values observed in the dogs with CHF (Stages C
and D; Table 1).

Inflammatory and metabolic parameters across different
stages of MMVD are summarized in Table 2. The NLR
and CRP/AIDb differed significantly among ACVIM stages,
with the highest values observed in Stage D (P<0.05).
Chol/Glu, Na/K ratio, and serum TP concentration did
not differ significantly among groups (P>0.05).

CIMRI Scores Across Groups

CIMRI values differed among ACVIM stages (Fig. 2).
Mean scores were 5.3£0.1 in stage A, 4.9+0.3 in B1, 5.60.3
in B2, 6.942.0 in C, and 10.4£1.7 in D. Kruskal-Wallis
analysis demonstrated significant differences among
groups (P<0.01), and Dunn’s post-hoc testing revealed
significant pairwise differences among the groups, with

the highest CIMRI values observed in Stage D (Fig. 2).

ROC analysis performed in all 50 dogs yielded an AUC of
0.929 (95% CI: 0.837-1.000, P<0.0001) for discriminating
dogs with current or previous CHF (Stages C-D, n=20)
from dogs without current or previous CHF (Stages A-B2,
n=30). The optimal CIMRI cut-off determined by the
Youden index was >5.8, yielding a sensitivity of 95.0%
(95% CI: 75.1-99.9%) and specificity of 90.0% (95% CI:
73.5-97.9%). The corresponding PPV and NPV were
86.4% (95% CI: 65.1-97.1%) and 96.4% (95% CI: 81.7-
99.9%), respectively (Table 3 and Fig. 3).
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Table 1. Clinical characteristics and echocardiographic measurements (Mean + SD) in dogs grouped according to ACVIM MMVD stages
Dogs with MMVD Staged to ACVIM Guideline
Parameters L
A n=10 B1 n=10 B2 n=10 Cn=10 D n=10
Ages (years) 5.2+2.3 6.1£2.1 5.9+£1.2 7.3%£2.2 7.1£2.9 =0.206
BW (kg) 12.1+3.4 12.3+3.3 13.4+4.5 14.2+3.5 13.2+3.9 =0.194
Sexes (M/F) 5/5 3/7 6/4 5/5 713 =0.474
Cvs A, and B1; P<0.001
C vs B2; P=0.039
La/Ao 1.240.1 1.3£0.1 1.840.3 2.0+0.3 2.1£0.4 D vs A, and B1; P<0.001
D vs B2; P=0.014
D vs A; P=0.010
LVDdN 1.3£0.1 1.3£0.2 1.5£0.2 1.5£0.2 1.6£0.3 D vs B1; P=0.041
C vs A; P=0.093
EF % 61.1£10.8 59.7£6.0 65.7£7.8 54.5£6.9 54.6+10.3 =0.755
ES % 34.2+6.9 32.245.7 35.2+6.6 28.819.6 29.0£9.3 =0.705
MAPSE cm 1.4+0.1 1.0£0.1 0.9+0.2 1.0£0.3 1.1+0.4 =0.147
MV E/A 1.5+0.2 1.74£0.3 2.1£0.5 2.240.5 2.240.6 =0.081
ACVIM, American College of Veterinary Internal Medicine; BW, body weight; LA/Ao, left atrial-to-aortic root ratio; LVIDAN, normalized left ventricular internal diameter in diastole;
EE ejection fraction; FS, fractional shortening; MAPSE, mitral annular plane systolic excursion; MV E/A, ratio of peak early (E) to late (A) diastolic transmitral flow velocities; M,
male; F, female; vs, versus

Relationships Between CIMRI and Echocardiographic
Parameters

Spearman’s rank correlation analysis (n=50) revealed
significant positive correlations between CIMRI and LA/Ao
(p=0.631,95% CI:0.371-0.792, P<0.001), LVDdN (p = 0.561,
95% CI: 0.315-0.719, P<0.01),and MV E/A (p = 0.456,95% CIL:
0.193-0.676,P<0.001). CIMRI was also significantly negatively
correlated with MAPSE (p = —0.336, 95% CI: -0.569 to -0.066,
P=0.017). In contrast, CIMRI was not significantly correlated
with EF (p = -0.189, 95% CI: —0.428 to 0.083, P=0.189) or FS
(p =—0.234, 95% CI: —0.480 to 0.047, P=0.102).

Di1sCcuUsSION

In canine MMVD, numerous clinical, hematologic,
biochemical, and echocardiographic variables have been

proposed as indicators of disease severity and progression.
However, these parameters are typically evaluated
in isolation and may therefore provide only a partial
representation of the complex multisystemic processes
associated with MMVD. In this context, the present
study introduces and preliminarily evaluates CIMRI, an
exploratory composite biomarker approach integrating
systemic inflammation, acute-phase protein balance,
metabolic homeostasis, electrolyte regulation, and
systemic protein status into a single metric. By combining
complementary physiological domains, CIMRI may
capture multiple systemic alterations associated with
MMVD severity. The principal findings were that
CIMRI differed across ACVIM stages, with the highest
values observed in Stage D; was associated with selected
echocardiographic indices; and showed a high ability to

Table 2. Inflammatory, metabolic, electrolyte, and protein-related parameters (mean + SD) across ACVIM MMVD stages in dogs

Dogs with MMVD Staged to ACVIM Guideline
Parameters el
An=10 B1 n=10 B2 n=10 Cn=10 D n=10
NLR 3.6+1.3 3.8+1.0 3.8+1.2 6.5+3.4 10.5+6.4 D vs A, B1, and B2; P<0.05
CRP/Alb 1.3+0.9 1.0+0.3 1.5+1.6 7.2+£10.4 14.5+9.1 D vs A, B1, and B2; P<0.05
Chol/Glu 3.1£1.3 2.8+0.7 2.9+0.6 2.1+0.9 1.8+1.1 =0.092
Na/K 26.8+1.2 25.5%1.2 25.9+1.5 26.3£5.0 30.1+6.6 =0.224
TP g/dL 6.410.2 6.51£0.4 6.3+0.3 6.4+0.8 5.8+0.9 =0.331

ACVIM, American College of Veterinary Internal Medicine; NLR, neutrophil-to-lymphocyte ratio; CRP/Alb, serum C-reactive protein-to-albumin ratio; Chol/Glu, serum total
cholesterol-to-glucose ratio; Na/K, serum sodium-to-potassium ratio; TP, serum total protein concentration; vs, versus
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Fig 2. Box-and-whisker plots showing the distribution of Canine
Inflammatory-Metabolic Risk Index (CIMRI) scores across ACVIM stages
of myxomatous mitral valve disease (MMVD). The boxes represent the
interquartile range, the central line indicates the median, and whiskers
denote the minimum and maximum values. CIMRI scores differed
significantly across ACVIM stages, with the highest values observed
in Stage D. Significant pairwise comparisons are indicated (P<0.01

and P<0.001)

discriminate dogs with current or previous CHF from
those without CHF in this exploratory cohort. However,
these findings should not be interpreted as evidence
that CIMRI reflects longitudinal disease progression,
independently reflects cardiac remodeling, or has
established prognostic validity.

The concept of composite indices has gained increasing
recognition in both human and veterinary medicine
as a means of integrating multidimensional biological
information. In human medicine, indices such as the
MISI and IMI have demonstrated associations with

Table 3. ROC analysis of CIMRI for discriminating dogs with current
or previous congestive heart failure (CHF; ACVIM Stages C-D) from
dogs without current or previous CHF (Stages A-B2)

Parameter Estimate 95% CI
AUC 0.929 0.837-1.000
P value (AUC = 0.5) <0.0001 -
Optimal cut-off >5.8 -
Sensitivity (%) 95.0 75.1-99.9
Specificity (%) 90.0 73.5-97.9
PPV (%) 86.4 65.1-97.1
NPV (%) 96.4 81.7-99.9
Youden index 0.85 -

ROC analysis included 20 dogs with current or previous CHF (Stages C-D) and 30 dogs
without current or previous CHF (Stages A-B2). The optimal cut-off was determined
using the Youden index. AUC, area under the receiver operating characteristic curve;
CI, confidence interval; PPV, positive predictive value; NPV, negative predictive value

0.8
2 06
=
=
[7]
5
o 04
AUC = 0.929, 95% CI (0.837-1.000)
0.2
0
0 0.2 04 0.6 0.8 1

1 - Specificity

Fig 3. Receiver operating characteristic (ROC) curve analysis of CIMRI
for discriminating dogs with current or previous congestive heart failure
(CHF; ACVIM Stages C-D) from dogs without current or previous CHF
(ACVIM Stages A-B2)

adverse outcomes in inflammatory and cardiometabolic
conditions ©!. Similarly, in veterinary medicine, the HALP
score has been associated with survival in dogs with
CHF secondary to MMVD . In addition, CBC-derived
indices, including NLR, monocyte-to-lymphocyte ratio,
and platelet-to-lymphocyte ratio, increase with disease
severity and reflect underlying inflammatory activation
01316 - Collectively, these studies support the potential
value of multidimensional biomarkers in characterizing
the systemic nature of cardiovascular disease.

Consistent with this framework, CIMRI values tended to be
higher in more advanced ACVIM stages, with the highest
values observed in Stage D, and were positively correlated
with echocardiographic indicators of cardiac remodeling,
particularly LA/Ao and LVIDAN. These findings agree
with previous reports linking increasing MMVD severity
to systemic inflammatory and biochemical alterations
(2325 A positive association was also observed between
CIMRI and MV E/A. CIMRI was negatively correlated
with MAPSE, although this association was weaker than
those observed for LA/Ao and LVIDAN. In contrast,
correlations between CIMRI and EF and FS were weak
and not statistically significant. Collectively, these
findings indicate that CIMRI was associated with indices
of cardiac chamber enlargement and selected functional
echocardiographic variables, although the strength of
these associations varied among parameters. Given the
cross-sectional design, these associations should not be
interpreted as evidence that CIMRI independently reflects
or predicts cardiac remodeling.

A notable finding of the present study was that only NLR
and CRP/Alb demonstrated stage-dependent variation
among the individual CIMRI components, whereas
metabolic (Chol/Glu and TP) and electrolyte (Na/K)
parameters remained relatively stable. This pattern is
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biologically plausible because progressive inflammatory
activation and acute-phase responses are recognized
features of advancing MMVD, particularly in dogs with
CHF 6171823261 Tp contrast, metabolic and electrolyte
parameters are often subject to tighter physiological
regulation and compensatory mechanisms, which may
limit their ability to discriminate disease stages when
evaluated individually.

Despite the relatively limited discriminatory capacity of
some individual components, CIMRI tended to show
higher values in the more advanced ACVIM stages,
particularly Stage D. This observation suggests a potential
advantage of composite indices, namely the integration
of multiple biological signals into a single metric that
may capture complementary systemic alterations. As
a composite biomarker approach, CIMRI integrates
laboratory variables representing several systemic domains
potentially associated with MMVD severity; however,
its incremental value over individual biomarkers was
not evaluated in the present study. Similar observations
have been reported in studies evaluating composite
inflammatory-metabolic  indices in cardiovascular
disease 1. From a clinical perspective, CIMRI may
provide complementary biological information alongside
conventional echocardiographic assessment, particularly
in intermediate disease stages where progression patterns
may be variable.

An additional observation was that CIMRI values were
numerically lower in stage Bl than in stage A. However,
the difference was small and likely reflects biological
variability within early disease stages rather than a
meaningful pathological distinction. Given the limited
number of dogs included in each group, this finding
should be interpreted cautiously and confirmed in larger
populations.

ROC analysis showed a high discriminatory ability of
CIMRI within the present cohort for discriminating
dogs with current or previous CHF (Stages C-D) from
those without current or previous CHF (Stages A-B2). It
is important to note that the ROC endpoint represents
CHF status rather than structural cardiac remodeling,
since Stage B2 dogs already exhibit cardiac enlargement as
defined by the ACVIM staging criteria. Therefore, the ROC
findings and the correlations observed between CIMRI
and echocardiographic indices of cardiac remodeling
address related but distinct aspects of MM VD and should
be interpreted separately. The AUC of 0.929, together
with a sensitivity of 95.0% and a specificity of 90.0% at
the Youden-derived cut-off point of >5.8, indicates a high
level of discrimination within the present cohort.

An important consideration is that CIMRI was
intentionally designed as a simple and clinically applicable

composite score based on routinely available laboratory
variables. Equal weighting of the individual components
was preferred to maintain ease of calculation and facilitate
potential use in daily clinical practice. The inclusion
of total protein in the denominator was intended to
account for variations in protein status that may influence
inflammatory and metabolic biomarkers. Because the
primary objective of this study was to explore the potential
clinical utility of a composite inflaimmatory-metabolic
index rather than to develop a predictive algorithm,
advanced weighting approaches such as multivariable
regression-based  coefficients or machine-learning
optimization were not applied. Future studies involving
larger populations should evaluate alternative weighting
strategies and validate the mathematical structure of
CIMRI.

Several limitations should be acknowledged. The study
population consisted primarily of small- to medium-
sized breeds, which may limit the generalizability of the
findings. The relatively small number of dogs within
each disease stage should also be considered when
interpreting the results, as individual outlier values may
have disproportionately influenced some biomarker
components, particularly inflammatory  variables
such as NLR and CRP/Alb. Although total protein
was incorporated as a scaling factor, the mathematical
implications of this normalization strategy require further
investigation. Alternative weighting and normalization
approaches may improve the performance and
interpretability of the index in future studies. Although
CIMRI showed high discriminatory ability for current or
previous CHF status within the present cohort, this finding
requires validation in larger, independent populations
before its clinical applicability can be established.
Moreover, the incremental value of CIMRI over its
individual components, particularly NLR and CRP/
Alb, was not formally evaluated. Therefore, the present
findings should not be interpreted as demonstrating
superiority of CIMRI over these individual markers. In
addition, the equal weighting strategy used in CIMRI was
selected pragmatically and may not fully reflect the relative
biological contribution of each component. The correlation
analyses were exploratory, and no adjustment for multiple
comparisons was applied; therefore, particularly the
weaker associations should be interpreted cautiously. The
cross-sectional design precludes assessment of prognostic
value over time, and longitudinal studies are required
to determine whether CIMRI is associated with clinical
outcomes such as progression to heart failure or survival.
Finally, although inclusion of Stage D dogs reflects real-
world clinical conditions, ongoing cardiovascular therapy
may have influenced some inflammatory, metabolic, and
electrolyte variables included in the index.
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In conclusion, the findings of this study provide
preliminary support for CIMRI as a composite biomarker
approach integrating routinely available inflammatory,
metabolic, and electrolyte-related variables in dogs with
MMVD. CIMRI differed across ACVIM stages, was
associated with selected echocardiographic indices, and
showed potential for discriminating dogs with current or
previous CHF from those without CHF. Although these
findings are encouraging, the cross-sectional design does
not establish longitudinal disease progression, prognostic
value, or an independent relationship with cardiac
remodeling. Larger prospective and longitudinal studies
in the independent canine populations are required to
validate its clinical applicability and prognostic value.
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