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Abstract
Background  Chihuahua represents an increasingly widespread breed predisposed to cardiac disease. N-terminal 
pro-B-type natriuretic peptide (NT-proBNP) might be a useful point-of-care biomarker for dogs suspected of having 
heart disease, but breed differences have been reported. The urinary aldosterone-to-creatinine ratio (UAldo: C) 
appears to be a good indicator of renin-angiotensin-aldosterone system activity in dogs, but Chihuahuas showed 
significantly higher UAldo: C than other breeds. The objective of this study was to assess preliminary breed-specific 
reference intervals for NT-proBNP and UAldo: C in healthy Chihuahuas and evaluate sex differences in these 
parameters.

Results  Forty-three healthy Chihuahuas dogs were enrolled. The median NT-proBNP was 347 (125–515) pmol/L, and 
the median UAldo: C was 2.59 (1.57–4.61) µg/g. The NT-proBNP reference interval was 125 (90% CI 125–125) – 2121.4 
(90% CI 941.6–2248) pmol/L. 91% of the Chihuahuas were below the nonbreed-specific cut-off (900 pmol/L). The 
UAldo: C reference interval was 0.6 (90% CI 0.5–0.9) – 16.8 (90% CI 10.9–27.4) µg/g. No significant sex differences in 
NT-proBNP or UAldo: C were found.

Conclusions  The median value, interindividual coefficient of variation and reference interval of NT-proBNP were in 
line with those reported for other small breeds. In contrast to previous studies, no sex differences in NT-proBNP were 
detected. As previously suggested, Chihuahuas seem to be characterized by higher values of UAldo: C than other 
breeds.
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Introduction
Natriuretic peptides (NPs) counterbalance the effects 
of the renin-angiotensin-aldosterone system (RAAS), 
inducing vasodilation, diuresis and natriuresis and pro-
viding antifibrotic and antihypertrophic effects [1, 2]. In 
human and veterinary medicine, brain natriuretic pep-
tide and its inactive fragment N-terminal pro-B-type 
natriuretic peptide (NT-proBNP) are the most studied 
NPs in patients with cardiovascular diseases [1–3]. Com-
pared to other NPs, they are easier to assess because of 
their longer half-life and greater stability [1, 4]. Brain 
natriuretic peptide is primarily released by ventricles 
after myocardial stretch and hypoxia but also under other 
stimuli, such as angiotensin-II and adrenergic agonists [1, 
2]. Brain natriuretic peptide and NT-proBNP are recom-
mended for prevention, initial diagnosis, and risk stratifi-
cation in patients with heart failure; they are suggested as 
initial diagnostic tests to confirm the diagnosis of heart 
failure in symptomatic patients, while the monitoring of 
their concentrations is a useful prognostic tool and may 
guide further cardiological check-ups [5, 6]. In dogs, sev-
eral studies have been carried out. These peptides were 
found to be higher in dogs with overt and occult dilated 
cardiomyopathy than in controls [7–10]. N-terminal pro-
B-type natriuretic peptide was independently associated 
with survival in dogs with the occult form, although its 
screening utility was limited because of low sensitiv-
ity when used alone [9]. Relevant results have been 
reported in dogs with myxomatous mitral valve disease 
(MMVD). N-terminal pro-B-type natriuretic peptide 
was significantly greater in dogs with both symptomatic 
and asymptomatic MMVD than in healthy subjects, and 
it was found to increase with increasing disease severity 
[11–15]. Moreover, NT-proBNP is predictive of all-cause 
and cardiac mortality and is an independent risk factor 
for the first onset of congestive heart failure; lower levels 
of this peptide after treatment are associated with longer 
cardiac survival [11–13, 16–18]. These results suggest 
that NPs, in addition to standard diagnostic tests (e.g., 
echocardiography and thoracic radiography), might be 
of great aid in stratifying the risk of morbidity and mor-
tality and in guiding therapeutic strategies in dogs with 
MMVD [2]. Furthermore, several studies have shown the 
usefulness of brain natriuretic peptide and NT-proBNP 
in differentiating between dogs with cardiac and non-
cardiac causes of respiratory signs [19–23]. However, 
NT-proBNP concentration requires a careful interpreta-
tion because it can also be affected by other conditions, 
such as systemic hypertension and renal diseases. [24, 25] 
Nonbreed-specific cut-offs for NT-proBNP (900 pmol/L) 
have been proposed by the manufacturer of the currently 
available test1 for the screening of dogs suspected of hav-
ing heart disease [26]. However, significant interbreed 
variability has been reported, and the proposed cut-offs 

might not be appropriate for some breeds, as already 
highlighted for Labrador Retrievers and Greyhounds 
[27–29]. Even sex differences have been reported for this 
parameter [30, 31].

The assessment of RAAS activity through the mea-
surement of its components could be of great aid in the 
monitoring and therapeutic management of dogs with 
heart disease. Aldosterone represents the last effector of 
the neurohormonal cascade and has acquired a relevant 
role in the pathophysiology of congestive heart failure, 
becoming a therapeutic target in dogs with symptomatic 
MMVD [32–34]. The urinary aldosterone-to-creatinine 
ratio derived from spot urine samples has been proven 
to correlate well with 24-h urinary aldosterone excre-
tion [35]; thus, it can be a valid indicator of overall RAAS 
activity.

Chihuahua represents an increasingly widespread 
breed that is predisposed to MMVD; the most common 
causes of death in this breed are heart disease and respi-
ratory tract disorders [36, 37]. Thus, NT-proBNP and a 
related breed-specific reference intervals (RIs) might be 
particularly useful in this breed.

In a recent study, Chihuahuas also showed a signifi-
cantly higher urinary aldosterone-to-creatinine ratio 
(UAldo: C) than other breeds [38]. However, the number 
of Chihuahuas included was low, and other factors, such 
as sex, appeared to simultaneously affect aldosterone lev-
els. Although markers of RAAS activity are still far from 
being used in the diagnostic routine for patients with 
MMVD, precise monitoring and therapeutic modulation 
of this system, titrated on a single patient, might improve 
disease management.

The first aim of the present study was to determine a 
breed-specific RIs for plasma NT-proBNP in healthy 
Chihuahuas using the currently available second-gen-
eration Enzyme-linked immunosorbent assay (ELISA)1 
and to evaluate sex differences in this variable in a single-
breed population. The second aim was to assess UAldo: C 
in a larger population of healthy Chihuahuas, to obtain a 
preliminary breed-specific RI and to evaluate sex differ-
ences in UAldo: C in a single-breed population.

Materials & methods
Animals and study timeline
The present study was part of the research project “Iden-
tification of breed-specific reference values for echocar-
diographic parameters and neurohormonal biomarkers 
in Chihuahua breed”, approved by the Animal Welfare 
Organisation of the Università degli Studi di Milano 
(OPBA_88_2021).

The study was conducted with the informed consent 
of the owners. The enrolled subjects were recruited from 
among privately owned dogs referred to the Veterinary 
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Teaching Hospital – Università degli Studi di Milano 
(January-December 2021) for cardiological screening.

Each dog underwent the following procedures in this 
order: collection of medical history (including diet infor-
mation), indirect blood pressure measurement, complete 
physical examination, echocardiography, blood sampling 
(for complete blood count, biochemistry profile and 
plasma NT-proBNP measurement) and collection of a 
free-catch urine sample (for urinalysis and urinary aldo-
sterone determination).

Inclusion and exclusion criteria
Chihuahuas enrolled in the present study had to be 
healthy and older than 12 months. Female dogs had to 
be neutered or in anoestrus (i.e., at least 3 months after 
the last oestrus and before the subsequent proestrus) to 
exclude any possible influence of high progesterone/oes-
trogen states on NT-proBNP and UAldo: C [38–44]. Sub-
jects with any known disease, any clinical signs or who 
were subjected to any pharmacological treatment at the 
time of examinations were excluded.

A dog was considered healthy in absence of any evi-
dence of clinically important systemic disease, if systolic 
blood pressure was < 160 mmHg, echocardiography was 
normal and complete blood count (ADVIA 120, Bayer 
Corporation, Tarrytown, NY, USA), biochemical analysis 
(BT 3500, Biotecnica Instruments SPA, Rome, Italy) and 
urinalysis (Combur 10 test, Roche diagnostics, Risch-
Rotkreuz, Switzerland and manual refractometer model 
105, Sper Scientific, Scottsdale, AZ, USA) were within 
the reference ranges provided by the manufacturers.

Systemic arterial pressure and echocardiography
Indirect systemic arterial pressure measurements were 
carried out with a veterinary high-definition oscillatory 
device2 following published guidelines [45].

Complete echocardiography (including M-mode, 
B-mode and Color Doppler echocardiography) was per-
formed on conscious dogs by two experienced echo-
cardiographers (AG and CL) using an ultrasonographic 
unit (Esaote MyLabOmega) equipped with two different 
multifrequency phased array probes (1–9 and 2–5 MHz, 
respectively) following published standards [46].

All measurements were taken from at least three con-
secutive cardiac cycles, and the mean was recorded. 
The following measurements were taken from the right 
parasternal short-axis view: left atrium-to-aortic root 
ratio (LA/Ao) measured in 2D-mode using the Hansson’s 
method [47] and left ventricular end-diastolic diameter 
(LVIDD) measured in 2D-guided M-mode with the lead-
ing edge to inner edge method at the level of the papillary 
muscle. Normalized left ventricular end-diastolic diam-
eter (LVIDDn) was obtained using the allometric equa-
tion, as previously described [48].

Sample collection, storage and analysis
Blood was drawn by peripheral venepuncture at least 
6 h after a meal and collected into EDTA and serum gel 
tubes. After centrifugation (3750 gpm for 5 min at room 
temperature), the serum was used for biochemical analy-
sis (urea, creatinine, glucose, total protein, albumin, ala-
nine aminotransferase, and alkaline phosphatase). Blood 
collected into EDTA tubes was used for complete blood 
count and then immediately centrifuged (3750 gpm for 
5 min). Plasma samples were stored at -80 °C and subse-
quently sent at the end of the study to the IDEXX labora-
tory (Korwestheim, Germany) and analysed in one single 
batch. Plasma NT-proBNP was measured by a second-
generation canine Cardiopet® proBNP test (coefficients of 
variation intra-assay 3.9–8.9% and inter-assay 2.0–5.0%) 
[49].

Urine samples were collected by spontaneous mictu-
rition, and standard urinalysis was performed with dip-
stick chemistry tests (Combur 10 test, Roche diagnostics, 
Risch-Rotkreuz, Switzerland), and refractometry (man-
ual refractometer model 105, Sper Scientific, Scottsdale, 
AZ, USA). The samples were then immediately centri-
fuged at 1250 gpm for 5  min, and the supernatant was 
obtained. Urinary protein and urinary creatinine were 
determined by a standard colorimetric assay. The residual 
supernatant was stored at -80  °C until urinary aldoste-
rone analysis.

Urinary aldosterone concentrations were determined 
by a commercially available species-independent ELISA 
kit3, as previously described [38]. The ELISA standard 
curve was linear between 250 and 3.9 pg/mL. The kit was 
validated for urinary aldosterone measure by recovery 
and dilution parallelism tests. The intra-assay coefficient 
of variation of aldosterone assay in urine samples ranged 
between 8.2 and 16.6% and the inter-assay coefficient of 
variation between 14.2 and 21.3%. Dog urine sample were 
tested in duplicates by a single operator using two kits of 
the same manufacturing lot simultaneously.

Statistical analysis
Statistical analysis was performed with a commercially 
available statistical software (IBM SPSS® Statistics 28). 
Normality was tested using the Kolmogorov‒Smirnov 
test. Normally distributed variables are reported as the 
mean ± standard deviation, and nonnormally distributed 
variables are presented as the median and interquartile 
range. Parametric data were compared by unpaired t-test 
and non-parametric data were compared by unpaired 
Mann-Whitney test. To compare a normally distributed 
variable with a non-normally distributed one, unpaired 
Mann-Whitney test was used. The coefficient of variation 
(%CV) was calculated as the ratio of the standard devia-
tion to the mean multiplied by 100. Correlations among 
NT-proBNP, UAldo: C and body weight were explored by 
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the Pearson correlation coefficient (ρ), and results were 
interpreted as follows: ρ ≤ 0.03 weak correlation, ρ > 0.3 
and ≤ 0.7 moderate correlation, ρ > 0.7 strong correlation. 
Influence of age on NT-proBNP and UAldo: C were not 
evaluated in this study due to the predominantly young 
age of the patients. A P value < 0.05 was considered to 
indicate statistical significance.

Reference intervals (2.5-97.5% of the distribution) and 
90% confidence intervals (CIs) of each limit were calcu-
lated with an open-source application (Reference Value 
Advisor 2.1) [50]. In accordance with published guide-
lines [51], the RIs obtained with the robust method (on 
raw or Box‒Cox transformed data) were the first choice; 
if the robust method did not produce a valid RIs, the 
RIs calculated with the nonparametric method were 
reported. Potential outliers were identified by the same 
software via the combination of visual inspection, the 
Tukey test and the Dixon-Reed test. However, in accor-
dance with the American Society for Veterinary Clini-
cal Pathology guidelines [51], as all dogs included were 
selected randomly from a well-defined population and 
their health was confidently established, no outliers were 
removed from the analysis.

Values of NT-proBNP below the limit of detection (250 
pmol/L) were reported as half of the lower limit for the 
statistical analysis [52, 53].

Results
The study population consisted of 43 healthy chihuahuas. 
Twenty-six were intact females, 14 were intact males, and 
3 were neutered males. Body condition scores were 3/9 
for 1 dog, 4/9 for 18 dogs, 5/9 for 18 dogs, 6/9 for 4 dogs 
and 7/9 for 2 dogs. The demographic, echocardiographic 
and laboratory variables are reported in Table 1.

Body weight was significantly greater in males. No 
other significant differences were found between males 
and females.

Thirty-eight dogs were fed a normal-sodium commer-
cial diet (0.34% [OASY One Animal Protein Adult/Small 
Mini Salmon; OASY, Republic of San Marino], 0.4% 
sodium [Royal Canin Mini Adult; Royal Canin, Aimar-
gues, France] and 0.2% sodium [Monge All Breeds Adult 
Rabbit with Rice and Potatoes/Monge Grain Free – Duck 
with Potatoes – Mini Adult; Monge & C S.p.a, Monas-
terolo di Savigliano, Cuneo, Italy]); 5 dogs were fed an 
unspecified commercial diet. Physical examination, echo-
cardiography, complete blood count, biochemistry profile 
and urinalysis were unremarkable in all dogs.

The plasma NT-proBNP and urinary aldosterone 
concentrations are reported in Table  1. In eleven dogs 
(25.6%), the NT-proBNP level was below the limit 
of detection (< 250 pmol/L). One NT-proBNP (2248 
pmol/L) and two UAldo: C (13.93  µg/g and 23.80  µg/g, 
respectively) samples were detected as outliers. There 
were no significant differences in any of the reported 
parameters between females and males.

Urinary aldosterone to creatinine ratio showed a sig-
nificantly moderate correlation (0.397) with body weight.

The calculated RIs for NT-proBNP and UAldo: C in 
healthy Chihuahuas are reported in Table 2.

Discussion
N-terminal pro-B-type natriuretic peptide has been 
reported to have significant breed-to-breed variability, 
and breed-specific RIs have been recommended [27–
29]. To the authors’ knowledge, a specific RIs for NT-
proBNP in Chihuahuas have not yet been established [29, 
30]. In the present study, Chihuahuas showed a median 

Table 1  Demographic, echocardiographic and laboratory variables for 43 healthy chihuahuas
All (n = 43) Females (n = 26) Males (n = 17) P

Age (years) 2.32 (1.19–4.11) 2.16 (1.17–3.86) 2.82 (2.10–5.90) 0.099
Body Weight (kg) 2.71 (2.39–3.10) 2.62 (2.35–2.84) 2.96 (2.57–3.53) 0.020*
BCS 5 (4–5) 4.75 (4–5) 5 (4-5.5) 0.411
SAP (mmHg) 137.72 ± 16.76 135.19 ± 18.17 141.59 ± 13.96 0.225
LVIDD (mm) 20.7 (19.8–21.7) 20.7 (19.7-22.35) 21 (19.8–21.3) 0.852
LVIDDn 1.51 ± 0.15 1.54 ± 0.17 1.46 ± 0.10 0.056
LA/Ao 1.38 ± 0.12 1.36 ± 0.12 1.40 ± 0.12 0.245
NT-proBNP (pmol/L) 347 (125–515) 347 (255–547) 347 (125–443) 0.408
UAldo(pg/dl) 4139 (2810–7194) 4938 (2926–7405) 3242 (2672–7146) 0.449
UAldo: C (µg/g) 2.59 (1.57–4.61) 3.08 (1.92–5.60) 1.86 (1.51–4.32) 0.124
BCS Body Condition Score (scale 1–9), SAP systolic arterial pressure, LVIDD left ventricular internal diameter in diastole (M-mode), LVIDDn left ventricular internal 
diameter in diastole (M-mode) normalized for body weight by allometric equation, LA/Ao left atrium-to-aortic root ratio (measured from right parasternal short-axis 
view), NT-proBNP N-terminal pro-B-type natriuretic peptide, UAldo urinary aldosterone, UAldo: C urinary aldosterone-to-creatinine ratio

Variables were reported as mean ± standard deviation when compared by unpaired t-test (both normally distributed variables). Variables were reported as median 
and interquartile range when compared by unpaired Mann-Whitney test (both non-normally distributed variables or normally distributed variable vs. non-normally 
distributed variable)

The Males group includes both intact and neutered males

*P < 0.05 was considered statistically significant
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NT-proBNP of 347 pmol/L, with a calculated 95% RI of 
125-2121.4 pmol/L. The median value was in line with 
or lower than those reported in other small breed dogs 
[29, 30]. The calculated RI was wide, but this was not an 
unexpected result. Rather, it likely reflects the high bio-
logical variability of NT-proBNP that has been previously 
documented in dogs, in the form of both intraindividual 
and within-group variation and presence of outlier [28–
30, 54, 55]. Wide RIs were already found in healthy Lab-
rador Retrievers (275–2100 pmol/L) [28] and in a healthy 
population of dogs of different small breeds (157–2842 
pmol/L), where the interindividual coefficient of variation 
(CV) ranged from 62% in CKCSs to 100% in miniature 
poodles [30]. In the present study, the interindividual CV 
was 115%, confirming a relevant interindividual variabil-
ity of NT-proBNP even within the same breed.

The interpretive criteria indicated by the manufac-
turer propose a cut-off of 900 pmol/L as a screening tool 
in dogs with suspected heart disease (presence of heart 
murmur or at-risk breed) [26]. 91% (39/43) of Chihua-
huas enrolled in this study had an NT-proBNP concen-
tration < 900 pmol/L; the remaining 4 dogs had values of 
907, 961, 982 and 2248 pmol/L, respectively. Based on 
these results, the generic cut-off of 900 pmol/L appears to 
be suitable for this breed, although a comparison of Chi-
huahuas with heart disease patients would be necessary 
to establish an accurate breed-specific cut-off. Exceed-
ing values could also occur in healthy Chihuahuas, likely 
because of the normal biological variation in NT-proBNP. 
This characteristic is more problematic in patients with 
heart diseases because it can make it difficult to interpret 
disease progression and response to therapy in the face 
of changes in NT-proBNP [55, 56]. Thus, individual serial 
monitoring should be performed in dogs with heart dis-
ease, and previous studies have suggested that a change 
of approximately 50–70% [depending on the American 
College of Veterinary Internal Medicine (ACVIM) stage] 
[33] is required to detect disease progression [55, 56].

There were no significant differences in NT-proBNP 
between females and males. This result is in contrast 
with previous reports in dogs, which found significantly 
higher NT-proBNP in females than in males [30, 31], and 
with reports in humans, where women showed signifi-
cantly higher NPs concentrations than men [39, 57–59]. 

The mechanism underlying the influence of sex on NPs is 
not completely clear, but it is thought to be related to the 
combined effects of different sex hormones (e.g., oestro-
gens, progesterone and androgens) [39–44]. The different 
results between the present study and the previous ones 
[30, 31] might be related to the smaller sample size and/
or more homogeneous population [i.e., single breed and 
restricted ranges of age and body weight (BW)]; more-
over, different levels of sex hormones could have played a 
role since they were not measured in any of these studies, 
and all intact females in the present study were in anoes-
trus (i.e., low progesterone and oestrogens). Measuring 
NT-proBNP along with sex hormones in different sexes/
neuters and in different phases of the reproductive cycle 
will help elucidate the relationship between NPs and sex.

Regarding UAldo: C, several studies have investigated 
it in healthy dogs, finding values < 1.0 µg/g; however, they 
were carried out on research dogs (hound-type dogs or 
beagles) and in a controlled experimental setting [60]. 
Ames et al. (2022) [61] reported a median value of 0.64 
(0.54–0.83) µg/g and a RI of 0.23 (90% CI 0.17–0.32)-1.82 
(90% CI 1.27–2.5) µg/g for 31 healthy client-owned dogs 
(17 spayed females and 14 neutered males; breed not 
specified), with a median BW of 22.2 (14.7–31.5) kg. A 
more recent study reported a median value of 0.47 (0.34–
0.62) µg/g and a RI of 0.2 (90% CI 0.1–0.2)-1.2 (90% CI 
1.0-1.3) µg/g for 60 healthy dogs with a median BW of 
20.7 (8.4–29.3) kg; however, nor breed neither sex was 
specified [62]. The median value and the breed-specific 
RI found in the present study were much higher and 
wider. Two main differences may have contributed to this 
discrepancy: sex and breed.

All female dogs included were spayed in the study of 
Ames et al. [61], while those enrolled in the present study 
were intact. An author’s previous study revealed signifi-
cantly higher UAldo: C in intact females than in males 
and spayed females [38]. Moreover, a progesterone-aldo-
sterone relationship has already been demonstrated in 
the chihuahua breed [63]. Recently, Adin and Hernandez 
[64] reported significantly higher angiotensin-converting 
enzyme activity in intact females Dobermann Pinscher 
(not in oestrus, not pregnant or lactating) than in spayed 
females and intact males of the same breed. In the pres-
ent study, UAldo: C was higher in intact females than in 

Table 2  Calculated RIs for NT-proBNP and UAldo: C in healthy chihuahuas
Median Min-Max Lower RI 90% CI Upper RI 90% CI %CV

NT-proBNP (pmol/L) 347 125–2248 125 125–125 2121.4 941.6–2248 115
UAldo: C (µg/g) 2.54 0.57–23.80 0.6 0.5–0.9 16.8 10.9–27.4 94
NT-proBNP N-terminal pro-B-type natriuretic peptide, UAldo: C urinary aldosterone-to-creatinine ratio, RI reference interval, CI confidence interval, %CV coefficient 
of variation

Coefficient of variation was calculated as the ratio of the standard deviation to the mean multiplied by 100

Median and RI for NT-proBNP was calculated via the non-parametric method

Median and RI for UAldo: C was calculated via the robust method on Box-Cox transformed data
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males, although the difference between groups was not 
statistically significant. In the authors’ previous study, the 
phase of the reproductive cycle was unknown [38], while 
in the present study, all female dogs were in anoestrus. 
Sex differences in RAAS activity are primarily attrib-
uted to the effect of female sex hormones [38, 63–73]. 
It can be presumed that high progesterone/oestrogen 
states (e.g., dioestrus, oestrus) enhance the discrepancy 
in RAAS activity between sexes/neuter status, while this 
difference is blunted in the case of low concentrations 
of these hormones (e.g., anoestrus). However, although 
oestradiol and progesterone concentrations in intact 
females-anoestrus and spayed females seem to overlap 
[74], the production of ovarian hormones is completely 
absent in spayed females and males. In contrast, ovaries 
are not quiescent during anoestrus, and hormone fluc-
tuations could occur [75]; however, whether they are suf-
ficient to cause an increase in RAAS activity compared 
to that of spayed females or males remains to be deter-
mined.6,438,637,365. Further investigations in the field of 
sex-RAAS relationships in dogs are warranted.

Breed was the other main difference between the two 
RIs of UAldo: C. In the studies of Ames et al. [61] and 
Hammond et al., [62] the breed of healthy dogs was 
not specified, but they were likely of medium/large size 
considering the reported BW [61, 62]. In the authors’ 
previous study, Chihuahua and Cavalier King Charles 
Spaniels, UAldo: C was significantly higher than other 
breeds [38]. In the present study, the values of UAldo: C 
in Chihuahua males and females appeared to be much 
higher than those reported for other breeds. The reason 
for these elevated UAldo: C values in Chihuahua remains 
to be determined. Polymorphisms of genes encoding 
RAAS components could be a possible explanation [76–
78]. However, other countless and unexplored breed-
specific physiological factors could have played a role, 
considering the relevant between-breed genetic variation 
reported in canine species [79]. For example, breed dif-
ferences in heart rate, systemic blood pressure and cat-
echolamine concentrations have been reported in dogs 
[29, 80–82].

Overall, these sex and breed differences may have led 
to both higher absolute values and greater interindivid-
ual variability in UAldo: C in the present study than in 
the studies of Ames et al. [61] and Hammond et al. [62]. 
Other factors, such as circadian aldosterone variations 
[83], dietary sodium intake [84], electrolytes and blood 
pressure fluctuations, hydration status and changes in 
sympathetic activity, may also contribute to both within- 
and between studies variability [61, 85]. Additional 
comparisons are difficult to make because, in contrast 
to NT-proBNP, UAldo: C does not have a standardized 
assay, lack of interpretative criteria and its use in patients 
with heart diseases is supported by many fewer studies. 

All these factors limit the diagnostic power of UAldo: C 
as a point-of-care biomarker, as well as the utility of a 
reference interval in a clinical setting. As previously sug-
gested, individual longitudinal monitoring is currently 
preferred [38, 61].

The present study has several limitations. First, the low 
number of subjects may have limited the statistical power 
of the study; in particular, the ideal number of subjects 
for the calculation of a RI is ≥ 120 in veterinary medicine 
[51]. Second, because of the biological variability of NT-
proBNP and UAldo: C [54–56, 83], multiple measure-
ments (i.e., daily and weekly) and a more standardized 
urine and blood sampling time would have improved 
the accuracy of the results. Third, the absence of spayed 
females, low number of neutered males and lack of sex 
hormones measurements limit the consideration of the 
relationships between sex and both NT-proBNP and 
UAldo: C, and further investigations in this field are 
encouraged. Lastly, the influence of age on NT-proBNP 
could not be evaluated in this study due to the predomi-
nantly young age of the patients.

Conclusion
The present study assessed Chihuahua-specific pre-
liminary RIs for NT-proBNP and UAldo: C, which rep-
resent different aspects of the same neurohormonal 
system. The median values, RIs and interindividual CV 
of NT-proBNP are in line with those previously reported 
for other small breed dogs [29, 30]. The proposed non-
breed-specific cut-off of 900 pmol/L [26] seems to be 
valid for most healthy Chihuahuas, although extreme 
values in normal subjects might occur even in this breed. 
In contrast to previous studies [30, 31], no sex differences 
in NT-proBNP were detected. As previously suggested, 
Chihuahuas seem to be characterized by higher values of 
UAldo: C than other breeds. In the current state of lit-
erature, the use of a RI for UAldo: C seems to be worth-
less in a clinical setting, and an individual longitudinal 
approach should be pursued. However, the results should 
be interpreted in conjunction with a physical examina-
tion and complementary tests, such as echocardiography, 
due to the high biological variability of biomarkers.
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