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Abstract 

Background: Myxomatous mitral valve disease (MMVD) is the most common diagnosed cardiovascular disease 
in dogs. Atrial natriuretic peptide (ANP) and B-type natriuretic peptide (BNP) tests are used to diagnose congestive 
heart failure, but there are conflicting reports about their value in diagnosing the subclinical stages of MMVD in dogs. 
Moreover, the diagnostic value of blood lipoproteins in dogs with MMVD is still unclear. The purpose of this study was 
to assess the serum concentrations of ANP, BNP and lipoproteins of dogs with MMVD and to evaluate the correlation 
of the levels of ANP and BNP with lipoproteins.

Results: This study was performed on 24 dogs with MMVD and 10 healthy dogs. Dogs with MMVD were classified in 
to stages B1 (n = 11), B2 (n = 6), C (n = 4) and D (n = 3) groups according to the classification suggested by American 
College of Veterinary Internal Medicine guidelines. Our results showed that the mean serum BNP levels were signifi-
cantly increased for all MMVD groups compared to control dogs. The mean serum ANP levels for the stage B2, C and 
D groups were significantly higher than the control group, while the mean serum ANP concentrations did not differ 
significantly between the stage B1 and control groups. An increase in BNP level was observed in 87.5% of patients. 
Although BNP concentrations were elevated in 100% of dogs with stages C, D and B2, high BNP was observed in 
72.72% of dogs with stage B1. Regarding ANP, 58.33% of patients had an increase in ANP. However, elevated ANP 
levels were found in only 27.27% of patients in stage B1, while increased ANP levels were observed in 66.66 and 100% 
of patients in stage B2 and C/D groups respectively. Also, in all patients with MMVD, the mean serum concentrations 
of high-density lipoprotein cholesterol (HDL-C) were approximately 1.7 to 2 times significantly lower than the control 
group. Additionally, the mean serum low-density lipoprotein cholesterol (LDL-C) increased significantly (1.9-2.7 times) 
compared to the control group.

There was a significant inverse correlation between HDL-C and BNP, and HDL-C and ANP. LDL-C showed a significant 
positive correlation with BNP, and ANP. Also, LDL-C, but not HDL-C, had a significant positive correlation with LA/AO 
ratio, LVIDd, LVIDdN and VHS. BNP and ANP showed a significant positive correlation with LA/AO, LVIDd, LVIDdN and 
VHS.
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Conclusions: Serum BNP has a greater diagnostic value than serum ANP in dogs with MMVD. In addition, serum BNP 
can be used to determine the subclinical stages of B1 and B2 MMVD. This study also suggests that dogs with subclini-
cal MMVD, showed an increase in BNP along with a decrease in HDL-C and an increase in LDL-C, which are known 
to be risk factors for cardiovascular diseases in human. However, it seems that high LDL-C is more involved in the 
pathogenesis of MMVD than low HDL-C. Therefore, periodic testing of serum lipoproteins is recommended in high-
risk patients, even if total cholesterol levels are normal.

Keywords: Myxomatous mitral valve disease, B-type natriuretic peptide, Atrial natriuretic peptide, Dyslipidemia, Dog

Background
Myxomatous mitral valve disease (MMVD) is the most 
common diagnosed cardiovascular disease in dogs, and 
has been estimated to account for more than 70% of 
heart diseases in dogs [1]. MMVD also called as endocar-
diosis and chronic or degenerative valvular disease [2]. 
Most dog breeds at elevated risk for MMVD are small 
to medium sized breeds [3]. The disease is chronic and 
progressive and the first sign of MMVD is usually a heart 
murmur, developing after the age of six [1]. MMVD is 
staged by the American College of Veterinary Internal 
Medicine (ACVIM). MMVD staging helps the patient 
not experience more advanced stages of the disease and 
heart failure with timely treatment. This classification is 
marked as stage B1 (no clinical signs or evidence of car-
diac enlargement), stage B2 (no clinical signs with evi-
dence of cardiac enlargement), stage C (history of clinical 
signs of congestive heart failure (CHF)) and stage D (end-
stage MMVD) [2].

Natriuretic peptides (NPs) include atrial natriuretic 
peptide) ANP) and B-type natriuretic peptide. These 
peptide hormones are primarily synthesized by the heart 
and released into the blood circulation in response to 
atrial and ventricular overload as well as by neurohu-
moral stimuli [4]. ANP is synthesized as pre-pro-hor-
mone and then cleaved to pro-hormone and finally to 
ANP (biologically active peptide). BNP is released by the 
same mechanism as ANP [5]. ANP and BNP have natriu-
retic (increased sodium excretion), diuretic (increased 
fluid excretion) and vasodilating effects. Natriuretic pep-
tides serve as a counter-regulatory system for the renin-
angiotensin-aldosterone system. Thus, decrease renin 
release, thereby decreasing circulating levels of aldos-
terone. These actions lead to antagonistic effects against 
angiotensin II [6], and subsequently further natriuresis 
and diuresis [5]. Therefore, ANP and BNP protect the 
cardiovascular system from volume overload by their 
actions [7].

Hyperlipidemia is common in dogs, because there 
are many changes in the diet and lifestyle of dogs today. 
Research has shown that a dog’s diet significantly affects 
lipid metabolism especially lipoproteins involved in cho-
lesterol plasma transport [8]. Moreover hyperlipidemia 

may be an important emergency in human because of its 
potential complications such as cardiovascular diseases 
[9]. In this regard, although research has shown that car-
diovascular diseases such as mitral valve disease [1], and 
atherosclerosis [10] are also common in dogs, the rela-
tionship between hyperlipidemia and cardiovascular dis-
eases has not been determined. This could be due to the 
fact that, unlike humans, canine hyperlipidemia has been 
considered a relatively benign condition [9]. However, it 
seems that using the term dyslipidemia or dyslipopro-
teinemia is much better than hyperlipidemia, because the 
term hyperlipidemia refers only to an increase in blood 
cholesterol or triglyceride levels, but the term dyslipi-
demia describes an increase or decrease in the concen-
tration of lipids in the blood as well as any abnormalities 
in the properties of lipids and/or lipoproteins [9]. The 
lipid panel includes measurements of total cholesterol, 
triglyceride, high-density lipoprotein cholesterol (HDL-
C) and low-density lipoprotein cholesterol (LDL-C). 
Lipid panel evaluation is used to diagnose dyslipidemia, 
decide the most appropriate therapy, and monitor the 
effectiveness of treatment, in humans [11]. Lipoproteins, 
especially HDL-C and LDL-C, are important predictors 
of cardiovascular disease in humans [8]. In contrast to 
HDL-C, it has been demonstrated that when cholesterol 
and LDL-C levels are high, the incidence and prevalence 
of coronary heart disease are also high [11]. Also, very 
low-density lipoprotein (VLDL) is a type of lipoprotein. 
VLDL is estimated by one fifth of triglycerides [12]. How-
ever, the clinical and diagnostic value of blood lipopro-
teins in dogs with MMVD is still unclear. To the best of 
our knowledge, there is no report on the importance of 
dyslipidemia and its correlation with ANP and BNP in 
dogs with MMVD. This study aimed to assess the serum 
concentrations of ANP, BNP, and lipid panel of dogs with 
MMVD and to evaluate the correlation of the levels of 
ANP and BNP with lipoproteins.

Methods
The study population were referred to the Veterinary 
Teaching Hospital of the University of Tehran. All dogs 
were owned by clients and owner consent was obtained 
for each dog before enrolling in this study. This study was 
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conducted in accordance with the animal ethical guide-
lines of the faculty of veterinary medicine, University of 
Tehran, Tehran, Iran (No: 7508017.6.24).

Twenty four dogs were selected with MMVD by clini-
cal examination, auscultation, thoracic radiography and 
echocardiography. Table  1 shows the breed included in 
this study. The average age and weight were respectively 
9.52 ± 0.68 year and 7.32 ± 0.64 kg. Routine diagnostic 
laboratory examinations including complete blood count, 
serum biochemistry profile and thyroid profile (total 
thyroxine(T4), free T4 concentration and canine thyroid 
stimulating hormone) were performed to evaluate the 
possibility of a secondary cause of hyperlipidemia (eg, 
hypothyroidism, hyperadrenocorticism, diabetes mel-
litus). However, patients with MMVD and one or more 
concurrent systemic diseases (such as endocrine, hepatic, 
renal and pulmonary disease), inflammatory disease and 
malignances were excluded from the study. Additionally, 
dogs that had received glucocorticosteroids or any medi-
cation affecting lipid metabolism for at least 2 months 
prior to sampling were excluded. Also, 10 healthy dogs 
(as control group) of the same age and weight of the 
patient group were selected. All examinations that were 
performed on the patients were done on these cases.

Blood samples (approximately 3.5 mL) were collected 
from the cephalic vein into tubes without anticoagu-
lant for serum separation and biochemical assessment. 
To prepare serum, the blood samples were allowed to 
clot (60 min, at room temperature), after centrifugation 
at 2500 rpm for 15 min, serum was transferred in single 
tubes and kept at − 20 °C until analyzed. Serum levels 
of BNP and ANP were determined with commercially 
available canine-specific ELISA kits (Shanghaicrystal 
Day Biotech Co., LTD; China). Cholesterol and triglyc-
eride concentrations were measured by commercial 
kits (Pars Azmoon, Tehran, Iran) using an auto analyzer 
(Elitech selectra prom, France). HDL-C was measured 
by precipitation of apo B-containing lipoprotein with 
manganese-heparin and measurement of cholesterol in 
the supernatant (Pars Azmoon kit, Iran). VLDL was esti-
mated by one fifth of triglyceride [12], and LDL-C was 

calculated by Friedewald’s formula: LDL-C = TC-(HDL-
C + VLDL) [13].

It should be noted that all assays were performed by 
laboratory technicians who were unaware of the history 
and diagnosis of dogs. All tests repeated 3 times.

Radiography and echocardiography
Chest radiographs were taken under a standardized pro-
tocol for dogs with a CR system (Kodak, Carestream, 
USA) to assess the size of the heart using Vertebral Heart 
Score (VHS) method, and examine the lung field for pos-
sible involvement due to heart failure.

Echocardiography (B-mode, M-Mode and Doppler) 
was then performed to obtain cardiac indices and abnor-
malities such as valvular and cardiac chamber changes, 
by an echocardiographic machine (GE-Vivid 7, USA) and 
a 4-8 MHz phased array transducer. The Color Doppler 
technique examined blood flow status through the heart 
and large arteries (aortic and pulmonary arteries). Regur-
gitation of the cardiac valves (mitral and tricuspid) was 
determined and valve insufficiency was confirmed in the 
presence of abnormal return blood flow. Pulse Doppler 
echocardiography measured the speed, direction and rate 
of blood flow through the mitral, tricuspid, aortic and 
pulmonary valves. Left atrium (LA) and Proximal aorta 
(AO) diameters were measured by two-dimensional 
short axis echocardiography and then the LA/Ao ratio 
was measured. Left ventricular internal dimension in 
diastole (LVIDd) was measured in M-mode. Also, LVIDd: 
body weight (LVIDdN) was quantified by formula [2]: 
LVIDdN = LVIDd (cm)/weight (kg) 0.294.

Statistical analysis
Statistical analysis was performed using the com-
mercial software SPSS statistics Version 24.0. Normal 
distribution of the data was confirmed by the Kolmogo-
rov-Smirnov test. Thus, data were analyzed by one-way 
ANOVA, and then post hoc multiple comparisons were 
made using LSD. Also, the correlations between variables 
were analyzed by Pearson test to measure the strength 
and direction of the linear correlation. A P-value of less 
than0.05 was considered statistically significant. All val-
ues are expressed as mean ± standard error (SE).

Results
This study was performed on 24 dogs with MMVD and 
10 healthy dogs as control group. Dogs with MMVD were 
classified in to stages B1 (n = 11), B2 (n = 6), C (n = 4) and 
D (n = 3) groups according to the classification suggested 
by American College of Veterinary Internal Medicine 
(ACVIM) [2]. Physical examination, radiographic, and 
echocardiographic findings of dogs with MMVD and the 
control group are shown in Table  2. Dogs in stages B1 

Table 1 Breed distribution in the MMVD and control groups

Breed MMVD group Control 
group

Terrier 8 4

Terrier mix 4 2

poodle (Toy) 4 1

Japanese spitz 3 1

Pekingese 3 1

Pomeranian 2 1
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and B2 had no clinical signs, but dogs in stages C and D 
had clinical signs or a history of congestive heart failure 
(including dyspnea and radiographic evidence of pulmo-
nary infiltrates).

Figure  1 shows the serum concentration of BNP and 
ANP in dogs with MMVD and control group. The mean 
serum BNP levels for the stage B1 (p = 0.01), stage B2 
(p = 0.000), stage C (p = 0.000) and stage D (p = 0.000) 
groups were significantly greater than the mean serum 
BNP levels for the control group. The increase in BNP 
concentration in stages B1, B2 and C/D groups was 0.5, 
less than one and 2.9 times higher than in the control 
group, respectively. Also the mean serum BNP levels 

for the stage C group were significantly greater than the 
mean serum BNP levels for the stage B1 (p = 0.000) and 
B2 groups (p = 0.001). Additionally, dogs with stage D of 
MMVD had significantly greater mean serum BNP levels 
than dogs with stages B1 and B2 (p = 0.000). The mean 
serum BNP levels for the stage B2 group were meaning-
fully higher than the mean serum BNP levels for the stage 
B1 group (p = 0.008). There was no significant difference 
in serum BNP levels between stage C and D groups.

Regarding ANP, there were no meaningful differences 
between stage B1 and healthy groups. In contrast, the 
mean serum ANP concentrations for stage B2 (p = 0.001), 
stage C (p = 0.000) and stage D (p = 0.000) groups were 

Table 2 Physical examination, radiographic, and echocardiographic findings of dogs with MMVD and control group

Dogs in stage B1 had LA: AO < 1.6 and LVIDdN < 1.7 cm/kg0.294. Dogs in stage B2 had LA: Ao ≥ 1.6 or LVIDdN≥1.7 cm/kg0.294

Different letters show significant difference (p < 0.05). MMVD Myxomatous mitral valve disease, LA/AO Left Atrium/aorta ratio, LVIDd Left ventricular internal 
dimension-diastole, LVIDdN LVIDd normalized for body weight; VHS, Vertebral heart score

Control group 
Mean ± SE
(min- max)

Stages of MMVD group 
Mean ± SE
(min- max)

B1 B2 C D

Heart rate (bpm) 126.33±4.96a
(104-140)

127.64 ± 3.75 a
(108-160)

129.17 ± 4.90a
(120-150)

158.50 ± 7.45b
(146-180)

163.33 ± 6.00b
(155-175)

Murmur intensity No No / < 3/6 ≥3/6 > 3/6 > 3/6

LA:AO ratio 1.27 ± 0.02 a
(1.20-1.37)

1.30 ± 0.04a
(1.06-1.5)

1.67 ± 0.03b
(1.6-1.8)

2.07 ± 0.21c
(1.7-2.68)

2.46 ± 0.13 d
(2.2-2.60)

LVIDd (mm) 19.96 ± 0.92 a
(18-23)

25.24 ± 2.28 a
(16-41)

28.17 ± 1.88a
(21-33)

31.20 ± 2.73 a
(27-39)

44.20 ± 13.11b
(30-70)

LVIDdN (cm/kg0.294) 1.09 ± 0.04 a
(1.03-1.22)

1.31 ± 0.07 b
(0.76-1.56)

1.59 ± 0.09 b
(1.35-1.90)

1.76 ± 0.15 c
(1.49-2.22)

2.52 ± 0.7 c
(1.77-3.97)

VHS 9.7 ± 0.18 a
(9.4-10.3)

9.99 ± 0.1a
(9.5-10.5)

10.10 ± 0.07 a
(9.9-10.4)

11.2 ± 0.27 b
(10.8-12)

11.53 ± 0.14 b
(11.3-11.8)

Radiographic evidence of 
pulmonary infiltrates

No No No Yes Yes

Fig. 1 Comparison between stages of MMVD group and control in serum BNP, ANP. Data are expressed as mean ± SE. Different letters show 
significant differences, P < 0.05

MMVD, myxomatous mitral valve disease; BNP, B-type natriuretic peptide; ANP, atrial natriuretic peptide.
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significantly higher than the mean serum ANP levels 
for the control group. The increase in ANP levels in the 
stage C and D groups was more significant (approxi-
mately 1.55 times) than in the control group. Dogs with 
stage C of MMVD had significantly greater mean serum 
ANP levels than dogs with stages B1 (p = 0.000) and B2 
(p = 0.002). In addition, the mean serum ANP concen-
trations for stage D group was significantly higher than 
the mean serum ANP levels for stages B1 (p = 0.000) 
and B2 (p = 0.01) groups. Also, the mean serum ANP 
levels for the stage B2 group were significantly higher 
than the mean serum ANP levels for the stage B1 group 
(p = 0.007) (Fig.  1). However, there was no significant 
difference in serum ANP levels between stage C and D 
groups (p > 0.05).

Figure 2 shows the serum concentration of lipoproteins 
in dogs with MMVD and control groups. Although, the 
mean serum cholesterol levels for the stages of MMVD 
group were increased, there was no significant difference 
between different stages of MMVD and control group. 
Also, in all patients with MMVD, the mean serum con-
centrations of high-density lipoprotein cholesterol (HDL-
C) were approximately 1.7 to 2 times significantly lower 
than the control group. Additionally, the mean serum 
low-density lipoprotein cholesterol (LDL-C) increased 

significantly (1.9-2.7 times) compared to the control 
group. Our results showed that dogs in the stage D group 
had the lowest HDL-C level and the highest LDL-C level 
compared to other groups. Dogs with stage D of MMVD 
had significantly greater mean serum LDL-C levels than 
dogs with stages B1 (p = 0.03) and B2 (p = 0.02). How-
ever, there were no significant differences in the mean 
serum HDL-C concentrations in dogs with different 
stages of MMVD (p > 0.05). Also, our findings showed 
that no significant changes were observed in serum 
VLDL and triglyceride levels (Fig.  2). The results of the 
correlation analysis are shown in Table  3. The present 
study showed a significant positive correlation between 
serum cholesterol concentrations and BNP(r = 0.366, 
p = 0.033). Moreover, we found a significant inverse cor-
relation between serum concentrations of HDL-C and 
BNP (r = − 0.62, p = 0.000), and serum concentrations 
of HDL-C and ANP(r = − 0.510, p = 0.002). Also, serum 
LDL-C showed a significant positive correlation with 
BNP (r = 0.503, p = 0.002), ANP (r = 0.413, p = 0.015), 
LA/AO ratio (r = 0.516, p = 0.004), LVIDd (r = 0.689, 
p = 0.000), LVIDdN (r = 0.660, p = 0.000) and VHS 
(r = 0.584, p = 0.001). A significant positive correlation 
was found between serum cholesterol levels and LA/
AO ratio (r = 0.455, p = 0.013), serum cholesterol levels 

Fig. 2 Comparison between stages of MMVD group and control in serum cholesterol, HDL-C, LDL-C, triglyceride and VLDL. Different letters show 
significant differences, P < 0.05

MMVD, myxomatous mitral valve disease; HDL-C, High-density lipoprotein; LDL-C, Low-density lipoprotein; VLDL, Very low-density lipoprotein.
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and LVIDd (r = 0.628, p = 0.000), serum cholesterol lev-
els and LVIDdN (r = 0.606, p = 0.001) and serum choles-
terol levels and VHS (r = 0.492, p = 0.008). Serum BNP 
levels showed a significant positive correlation with LA/
AO(r = 0.836, p = 0.000), LVIDd (r = 0.510, p = 0.005), 
LVIDdN (r = 0.564, p = 0.002) and VHS (r = 0.813, 
p = 0.000). Additionally, there were a significant posi-
tive correlation between serum ANP levels and LA/
AO(r = 0.770, p = 0.000), serum ANP levels and LVIDd 
(r = 0.457, p = 0.013), serum ANP levels and LVIDdN 
(r = 0.548, p = 0.003) and serum ANP levels and VHS 
(r = 0.760, p = 0.000). No other correlations were identi-
fied between variables.

Discussion
BNP or NT-proBNP evaluation is the strongest indica-
tor to confirm the diagnosis of congestive heart failure in 
humans [14]. These factors are also considered as prog-
nostic parameters [15]. Several studies have reported that 
circulating BNP is increased in dogs with CHF due to 
MMVD. Our findings are consistent with those reported 
in previous studies. Also, in humans, BNP is an impor-
tant diagnostic indicator for identifying patients with 

subclinical (asymptomatic) left ventricular dysfunction 
[14]. In this regard, different results have been reported 
in dogs with MMVD. Asano et al. described that plasma 
BNP was high only in dogs with moderate and severe 
CHF [16]. Häggström et al. reported that the BNP con-
centrations were increased (approximately twice) only in 
dogs with decompensated heart failure compared to nor-
mal and asymptomatic dogs [17]. However, MacDonald 
et  al. reported that plasma BNP was high in dogs with 
moderate to severe MMVD in the absence of CHF. They 
also found that plasma BNP was higher in dogs with CHF 
due to MMVD [18]. In the present study, the mean serum 
BNP levels increase with the severity of MMVD. Our 
results showed that the mean serum BNP levels were sig-
nificantly increased for all MMVD groups compared to 
control dogs.

In dogs, various studies have shown that circulating 
ANP levels increase with the severity of MMVD and the 
highest levels of ANP are seen in patients with stages 
C/D [4, 17, 19]. Our findings were consistent with those 
results. In our study, although the mean serum ANP lev-
els in stage B2 (subclinical MMVD), C and D groups were 
significantly higher than the control group, the mean 

Table 3 Results of correlation analysis

a Correlation is significant at the 0.01 level, bCorrelation is significant at the 0.05 level

MMVD Myxomatous mitral valve disease, LA/AO Left atrium/aorta ratio, LVIDd Left ventricular end- diastolic diameter in diastole, LVIDdN Left ventricular end- diastolic 
diameter normalized for body weight, VHS Vertebral heart score. HDL-C High density lipoprotein, LDL-C Low-density lipoprotein, VLDL Very low-density lipoprotein, 
BNP B-type natriuretic peptide, ANP Atrial natriuretic peptide

BNP ANP Cholesterol HDL-C LDL-C Triglyceride VLDL

LA/Ao r .836a .770a .455b −.361 .516a .050 .050

p .000 .000 .013 .054 .004 .796 .796

LVIDd r .510a .457b .628a -.414b .689a .067 .067

p .005 .013 .000 .025 .000 .729 .729

LVIDdBW r .564a .548a .606a -.407b .660a .169 .169

p .002 .003 .001 .035 .000 .400 .400

VHS r .813a .760a .492a -.445b .584a −.063 −.063

p .000 .000 .008 .018 .001 .750 .750

BNP r 1 .880a .366b -.620a .503a −.068 −.068

p .000 .033 .000 .002 .702 .702

ANP r .880a 1 .322 -.510a .413b .132 .132

p .000 .064 .002 .015 .455 .455

Cholesterol r .366b .322 1 −.276 .947a .085 .085

p .033 .064 .115 .000 .634 .634

Triglyceride r −.068 .132 .085 .318 −.117 1 1.000a

p .702 .455 .634 .066 .510 .000

VLDL r −.068 .132 .085 .318 −.117 1.000a 1

p .702 .455 .634 .066 .510 .000

HDL-C r -.620a -.510a −.276 1 -.557a .318 .318

p .000 .002 .115 .001 .066 .066

LDL-C r .503a .413b .947a -.557a 1 −.117 −.117

p .002 .015 .000 .001 .510 .510
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serum ANP concentrations did not differ significantly 
between the stage B1 (earliest subclinical MMVD) and 
control groups. Different reports have been presented 
in this regard. Some reports indicated that plasma ANP 
level was significantly higher for all MMVD groups 
than control dogs [4, 20], while a study in Cavalier King 
Charles Spaniels with MMVD found that plasma ANP 
levels were not increased significantly in asymptomatic 
dogs; but in dogs with decompensated heart failure, the 
mean ANP level was 3 to 7 times higher than control 
dogs [17]. These differences between the results of the 
present study with other reports may be due to differ-
ences in the BNP and ANP measurement methods, pop-
ulations studied as well as the criteria used to classify the 
different stages of MMVD. Regarding the ANP measure-
ment method, in our study, serum ANP was measured by 
a canine-specific ELISA kit, but in other studies, plasma 
ANP was determined using chemiluminescent enzyme 
immunoassay for human αANP [4], and radioimmu-
noassay [17].

Our results showed that increased serum BNP levels 
were observed in all cardiac patients except 3 patients 
in stage B1 group. However, in these 3 patients, BNP 
concentrations were within maximum normal values. 
Therefore, an increase in BNP level was observed in 
87.5% (21/24) of patients. Although BNP concentrations 
were elevated in 100% of dogs with stages C, D and B2, 
high BNP was observed in 72.72% of dogs with stage B1. 
Regarding ANP, elevated ANP levels were found in only 
27.27% (3/11) of patients in stage B1, while increased 
serum ANP levels were observed in 66.66% (4/6) of 
patients in the stage B2 group. However, in the C and D 
groups, 100% of patients had an increase in ANP. There-
fore, increased ANP was also observed in 58.33% (14/24) 
of patients with MMVD. Because both the increase in 
BNP and the percentage of patients who showed an 
increase in serum BNP were significantly higher, serum 
BNP appears to have a greater diagnostic value than 
serum ANP in dogs with MMVD. In human, the indi-
cation for measuring BNP or NT-proBNP is detection 
of asymptomatic (occult or subclinical) heart disease. 
Our findings are consistent with the results of human 
research. Our results suggest that serum BNP may be 
a useful diagnostic marker for MMVD in dogs and can 
be used to determine the subclinical (asymptomatic) 
stages of B1 and B2 MMVD. Therefore, early diagnosis in 
asymptomatic patients can probably prevent the progres-
sion of the disease [14].

Echocardiographic variables and VHS are useful indi-
ces of disease severity in dogs with MMVD [2]. A pre-
vious study has found that only LA/AO ratio had a 
significant variable with the plasma ANP, NT-proBNP 
and NT-proANP [21]. However, in our study, serum 

natriuretic peptide (BNP and ANP) concentrations had 
a significant positive correlation with echocardiographic 
variables (LA/AO ratio, LVIDd, LVIDdN) and VHS. 
Mitral regurgitation is the earliest hemodynamic event. 
The progression of the disease and the increasing severity 
of valvular regurgitation generate a volume overload of 
the left heart, leading to left atrial and ventricular remod-
eling. In advanced stages of MMVD, associated volume 
overload promotes progressive valvular regurgitation, 
left atrial and left ventricular remodeling, atrial rupture, 
and CHF [22]. However, the difference between BNP and 
ANP secretion sources in normal and heart injury is still 
unclear, it seems that ventricles are the important source 
of natriuretic secretion, especially BNP, but ANP and 
BNP are mainly produced by the atria in healthy humans 
[23], and CHF patients [18]. In left ventricular dysfunc-
tion, when chronic hemodynamic pressure or volume 
overload occurs (such as ventricular hypertrophy), the 
ventricular myocytes undergo phenotypic modifications 
and re-express several fetal genes, including ANP and 
BNP [23, 24].

In humans, hyperlipidemia is a major risk factor for 
cardiovascular disease. In this regard, elevated LDL-C 
[25], and decreased HDL-C lead to atherogenic hyper-
lipidemia [26]. In the current study, mean HDL-C con-
centrations decreased and mean LDL-C concentrations 
increased in all dogs with acquired MMVD (B1, B2, C 
and D stages) compared to the control group. Addition-
ally, the lowest mean of HDL-C and the highest mean of 
LDL-C were observed in the stage D group. Research has 
shown that elevated LDL-C in the blood leads to their 
accumulation as plugs in the vascular intimal. Fat parti-
cles, calcium and tissue macrophages play a major role 
in plug formation. However, plug formation reduces the 
elasticity and narrows the internal space of the arter-
ies and eventually leads to blockage of the arteries or 
may even lead to rupture and eventually blood clots in 
the area [26]. HDL-C has anti-atherogenic effects. The 
anti-atherogenic effects of HDL-C are mediated through 
the reverse transport of cholesterol [27], and carriers of 
LDL- reducing potential oxidative proteins such as par-
aoxonase [28], and platelet activating factor acetyl hydro-
lase [29], as well as antioxidative and anti-inflammatory 
effects [30]. Therefore, it maintains endothelial integrity 
by using the above mechanisms [30]. HDL-C has also 
been shown to have antithrombotic and profibrinolytic 
effects [7]. These protective effects may be attenuated 
by lower blood HDL concentrations, which increases 
the risk of cardiovascular disease [30]. Although dogs 
appear to be resistant to atherosclerosis due to their 
heart structure (a well-developed coronary lateral circu-
lation) [31], and lipoprotein composition [32], it has pre-
viously been described that arteriosclerotic changes and 
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small myocardial infarcts are common in geriatric dogs 
with or without primary mitral regurgitation [33]. Also, 
Falk et al. reported that dogs with naturally MMVD had 
significantly more arterial changes and fibrosis in the 
myocardium than control dogs [34]. Therefore, Coronary 
arterial disease should also be considered in dogs with 
mitral regurgitation, which may contribute to reduced 
myocardial contractility [10]. However, the clinical 
and diagnostic value of blood lipoproteins in dogs with 
MMVD is still unclear. Our findings showed that dyslipi-
demia in dogs with MMVD (all stages) is mainly related 
to high LDL and low HDL.

We found a significant negative correlation between 
serum concentrations of BNP and HDL-C. This finding 
is similar to Takeuchi and Sata’s observation on human 
patients with cardiovascular disease [35]. Although, their 
result was not statistically significant. However, Lupat-
telli et al. reported a positive correlation between HDL-C 
and BNP in hyperlipemic humans [7]. Regarding LDL-
C, our results showed that there is a significant positive 
correlation between BNP and LDL-C. In the present 
study, serum ANP, like BNP, had a negative correlation 
with HDL-C and a positive correlation with LDL-C. But 
it seems that high LDL-C is more involved in the patho-
genesis of MMVD than low HDL-C. Since in the present 
study, LDL-C, but not HDL-C, had a significant posi-
tive correlation with echocardiographic variables, high 
LDL-C is more involved in the pathogenesis of MMVD 
than low HDL-C. However, further research is needed to 
determine the role of dyslipidemia on serum natriuretic 
peptides.

Conclusions
Our study suggests that serum BNP is more valuable 
than serum ANP in dogs with MMVD. This study also 
indicates that patients with MMVD (stage B1 and B2 
groups), who usually have no clinical symptoms, showed 
an increase in BNP along with a decrease in HDL-C and 
an increase in LDL-C, which are known to be risk factors 
for cardiovascular diseases in human. However, it seems 
that high LDL-C is more involved in the pathogenesis 
of MMVD than low HDL-C. Thus, periodic lipoprotein 
testing is recommended in high-risk patients, even if 
total cholesterol levels are normal. However, additional 
studies are needed to evaluate the role of dyslipidemia in 
the pathogenesis of MMVD.

Abbreviations
MMVD: Myxomatous mitral valve disease; ANP: Atrial natriuretic peptide; BNP: 
B-type natriuretic peptide; CHF: Congestive heart failure; ACVIM: American 
College of Veterinary Internal Medicine; LDL-C: Low-density lipoprotein 
cholesterol; HDL-C: High-density lipoprotein cholesterol; VLDL: Very low-
density lipoprotein; VHS: Vertebral heart score; LVIDd: Left ventricular internal 

dimension-diastole; LVIDdN: LVIDd (cm)/weight (kg) 0.294; LA/Ao ratio: Left 
atrium/ aorta ratio; SE: Standard error.

Acknowledgements
Not applicable.

Authors’ contributions
Z.Kh. and D.Sh. designed the study; Z.Kh.,D.Sh., P.N. and M.M. performed the 
study and analyzed data. Z.Kh. wrote the manuscript, and all authors read, 
edited and approved the final manuscript.

Funding
This study was supported by a research grant from the University of Tehran 
(No. 7508017.6.24/1398/9/25).

Availability of data and materials
The data used and/or analysed during the current study are available from the 
corresponding author on reasonable request.

Declarations

Ethics approval and consent to participate
All phases of this study were approved by the Animal Ethics Guidelines of 
the Faculty of Veterinary Medicine, University of Tehran, Tehran, Iran (No: 
7508017.6.24). All methods are reported in accordance with Arrive guidelines 
(https:// arive guide lines. org) for the reporting of animal experiments. Written 
informed consent was obtained from the dog owners for their dogs to be 
used in this study. This study was conducted in accordance with the Animal 
Ethical Guidelines of the Faculty of Veterinary Medicine, University of Tehran, 
Tehran, Iran (No: 7508017.6.24).

Consent for publication
Not applicable.

Competing interests
All the authors approved the final manuscript and they have no competing 
intrests to declare.

Author details
1 Department of Clinical Pathology, Faculty of Veterinary Medicine, University 
of Tehran, Qareeb St., Azadi Ave, Tehran, Iran. 2 Department of Internal Medi-
cine, Faculty of Veterinary Medicine, University of Tehran, Tehran, Iran. 3 Depart-
ment of Surgery and Radiology, Faculty of Veterinary Medicine, University 
of Tehran, Tehran, Iran. 

Received: 27 August 2022   Accepted: 9 December 2022

References
 1.  Borgarelli M, Haggstrom J. Canine degenerative myxomatous mitral valve 

disease: natural history, clinical presentation and therapy. Vet Clin North 
Am Small Anim Pract. 2010;40(4):651–63.

 2.  Keene BW, Atkins CE, Bonagura JD, Fox PR, Häggström J, Fuentes VL, et al. 
ACVIM consensus guidelines for the diagnosis and treatment of myxoma-
tous mitral valve disease in dogs. J Vet Intern Med. 2019;33(3):1127–40.

 3.  Ettinger SJ, Feldmen EC, Cote E. Text book of veterinary internal medicine. 
8th ed. Missouri: Elsevier; 2017.

 4.  Hori Y, Iguchi M, Hirakawa A, Kamiya Z, Yamano S, Ibaragi T, et al. Evalu-
ation of atrial natriuretic peptide and cardiac troponin I concentrations 
for assessment of disease severity in dogs with naturally occurring mitral 
valve disease. J Am Vet Med Assoc. 2020;256(3):340–8.

 5.  Kaunda RE. Cardiovascular physiology concepts. 2021; 3th edition, pub-
lished by Wolters Kluwer, USA. ISBN-13: 9781975150075 .

 6.  Kuwahara K. The natriuretic peptide system in heart failure: diagnostic 
and therapeutic implications. Pharmacol Ther. 2021;227:107863.

 7.  Lupatelli G, Marchesi S, Siepi D, Bagaglia F, Palumbo B, Roscini AR, et al. 
Natriuretic peptides levels are related to HDL-cholesterol with no influ-
ence on endothelium, dependent vasodilation. Vasa. 2006;35(4):215–20.

https://ariveguidelines.org


Page 9 of 9Khaki et al. BMC Veterinary Research          (2022) 18:448  

•
 
fast, convenient online submission

 •
  

thorough peer review by experienced researchers in your field

• 
 
rapid publication on acceptance

• 
 
support for research data, including large and complex data types

•
  

gold Open Access which fosters wider collaboration and increased citations 

 
maximum visibility for your research: over 100M website views per year •

  At BMC, research is always in progress.

Learn more biomedcentral.com/submissions

Ready to submit your researchReady to submit your research  ?  Choose BMC and benefit from: ?  Choose BMC and benefit from: 

 8.  Seage EC, Drobatz KJ, Hess RS. Spectrophotometry and ultracentrifuga-
tion for measurement of plasma lipids in dogs with dabetes mellitus. J 
Vet Intern Med. 2018;1-6.

 9.  Xenoulis PG, Steiner JM. Canine hyperlipidaemia. J Small Anim Pract. 
2015;56(10):595–605.

 10.  Falk T, Jönsson L. Ischemic heart disease in the dog. J Small Anim Pract. 
2000;41:97–103.

 11.  Burtis CA, Bruns DE. Tietz fundamentals of clinical chemistry and molecu-
lar diagnostics. 7th ed. Missouri: Elsevier; 2015.

 12.  Wilson PW, Zech LA, Gregg RE, Shaefer EJ, Hoeg JM, Sprecher DL, et al. 
Estimation of VLDL cholesterol in hyperlipidemia. Clin Chim Acta. 
1985;151(3):285–91.

 13.  Friedewald WT, Levy RI, Fredrickson DS. Estimation of the concentration 
of low-density lipoprotein cholesterol in plasma, without use of the 
preparative ultracentrifuge. Clin Chem. 1972;18:499–502.

 14.  Oyama MA, Singletary GE. The use of NT-proBNP assay in the manage-
ment of canine patients with heart disease. Vet Clin North Am Small 
Anim Pract. 2010;40(4):545–58.

 15.  Takemura N, Toda N, Miyagawa Y, Asano K, Tejima K, Kanno N, et al. 
Evaluation of plasma Nterminal pro-brain natriuretic peptide (NT-proBNP) 
concentrations in dogs with mitral valve insufficiency. J Vet Med Sci. 
2009;71:925–9.

 16.  Asano K, Masuda K, Okumura M, Kadosawa T, Fujinaga T. Plasma atrial and 
brain natriuretic peptide levels in dogs with heart failure. J Vet Med Sci. 
1999;61(5):523–9.

 17.  Häggström J, Hansson K, Kvart C, Pedersen HD, Vuolteenaho O, Olsson 
K. Relationship between different natriuretic peptides and severity of 
naturally acquired mitral regurgitation in dogs with chronic myxomatous 
valve disease. J Vet Cardiol. 2000;2(1):7–16.

 18.  MacDonald KA, Kittleson MD, Munro C, Kass P. Brain natriuretic peptide 
concentration in dogs with heart disease and congestive heart failure. J 
Vet Intern Med. 2003;17(2):172–7.

 19.  Hori Y, Yamano S, Kanai K, Hoshi F, Itoh N, Higuchi S-I. Clinical implica-
tions of measurement of plasma atrial natriuretic peptide concentra-
tion in dogs with spontaneous heart disease. J Am Vet Med Assoc. 
2011;239:1077–83.

 20.  Ogawa M, Hori Y, Kanno N, Iwasa N, Toyofuku T, Isayama N, et al. Com-
parison of N-terminal pro-atrial natriuretic peptide and three cardiac 
biomarkers for discriminatory ability of clinical stage in dogs with myxo-
matous mitral valve disease. J Vet Med Sci. 2021;83(4):705–15.

 21.  Oyama MA, Fox PR, Rush JE, Rozanski EA, Lesser M. Clinical utility of serum 
N-terminal pro-B-type natriuretic peptide concentration for identifying 
cardiac disease in dogs and assessing disease severity. J Am Vet Med 
Assoc. 2008;232(10):1496–503.

 22.  Bagardi M, Zamboni V, Locatelli C, Galizzi A, Ghilardi S, Brambilla PG. 
Management of Chronic Congestive Heart Failure Caused by Myxoma-
tous mitral valve disease in dogs: a narrative review from 1970 to 2020. 
Animals (Basel). 2022;12(2):209.

 23.  Hasegawa K, Fujiwara H, Doyama K, Mukoyama M, Nakao K, Fujiwara 
T, et al. Ventricular expression of atrial and brain natriuretic peptides in 
dilated cardiomyopathy. An immunohistocytochemical study of the 
endomyocardial biopsy specimens using specific monoclonal antibodies. 
Am J Pathol. 1993;142(1):107–16.

 24.  Mair J. Biochemistry of B-type natriuretic peptide--where are we now? 
Clin Chem Lab Med. 2008;46(11):1507–14.

 25.  Emanuelsson F, Nordestgaard BG, Tybjærg-Hansen A, Benn M. Impact 
of LDL cholesterol on microvascular versus macrovascular disease: a Men-
delian randomization study. J Am Coll Cardiol. 2019;74(11):1465–76.

 26.  Cismaru G, Serban T, Tripe A. Ultrasound methods in the evalua-
tion of atherosclerosis: from pathophysiology to clinic. Biomedicines. 
2021;9(4):418.

 27.  Luscher TF, Landmesser U, von Echardstein A, Fogelman AM. High-den-
sity lipoprotein. Circ Res. 2014;114(1):171–82.

 28.  Toikka JO, Ahotupa M, Viikari JS, Niinikoski H, Taskinen M, Irjala K, et al. 
Constantly low HDL-cholesterol concentration relates to endothelial 
dysfunction and increased in vivo LDL-oxidation in healthy young men. 
Atherosclerosis. 1999;147:133–8.

 29.  Stafforini DM, Zimmerman GA, McIntyre TM, Prescott SM. The platelet-
activating factor acetylhydrolase from human plasma prevents 
oxidative modification of low-density lipoprotein. Trans Assoc Am Phys. 
1992;105:44–63.

 30.  Wang HH, Garruti G, Liu M, Portincasa P, Wang DQ. Cholesterol and 
lipoprotein metabolism and atherosclerosis: recent advances in reverse 
cholesterol transport. Ann Hepatol. 2017;16(Suppl. 1: s3-105):s27–42.

 31.  Gallegos RP, Swingen C, Xu XJ, Wang X, Bianco R, Jerosch-Herold M, et al. 
Infarct extent by MRI correlates with peak serum troponin level in the 
canine model. J Surg Res. 2004;120(2):266–71.

 32.  Kagawa Y, Hirayama K, Uchida E, Izumisawa Y, Yamaguchi M, Kotani T, 
et al. Systemic atherosclerosis in dogs: histopathological and immu-
nohistochemical studies of atherosclerotic lesions. J Comp Pathol. 
1998;118(3):195–206.

 33.  Jönsson L. Coronary arterial lesions and myocardial infarcts in the dog: 
a pathologic and microangiographic study. Acta Vet Scand. 1972;Suppl 
38:1–80.

 34.  Falk T, Jönsson L, Olsen LH, Pedersen HD. Arteriosclerotic changes in 
the myocardium, lung, and kidney in dogs with chronic congestive 
heart failure and myxomatous mitral valve disease. Cardiovasc Pathol. 
2006;15(4):185–93.

 35.  Takeuchi H, Sata M. The relationship among brain natriuretic peptide 
(BNP), cholesterol and lipoprotein. Heart Asia. 2012;4(1):11–5.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.


	Diagnostic value of atrial natriuretic peptide (ANP), B-type natriuretic peptide (BNP) and their correlation with lipoproteins in dogs with myxomatous mitral valve disease
	Abstract 
	Background: 
	Results: 
	Conclusions: 

	Background
	Methods
	Radiography and echocardiography
	Statistical analysis

	Results
	Discussion
	Conclusions
	Acknowledgements
	References


