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Abstract Chronic kidney disease (CKD) occurs in more than 15% of the dogs over 
10 years of age and causes irreversible renal function deterioration. Therefore, it 
is important to diagnose CKD early and treat the disease properly. The purpose of 
this study aimed to to evaluate the clinical utility of urine albumin/creatinine ratio 
(ACR) using POC (point-of-care) device as an early detection urinary biomarker 
in CKD dogs and to confirm the correlation between ACR and other known CKD 
biomarkers. Urine and serum samples were obtained from 50 healthy dogs and 
50 dogs with CKD. Serum blood urea nitrogen (BUN), creatinine, and symmetric 
dimethylarginine (SDMA) concentrations, and urine protein creatinine ratio (UPC) 
were measured. Urine specific gravity (USG) was evaluated using refractometer, 
and ACR was measured using an i-SENS A1Care analyzer. The ACR values of dogs 
with CKD were significantly different from those of healthy dogs (p < 0.001), as 
with other renal biomarkers. ACR showed significant differences between healthy 
dogs and dogs with CKD at every IRIS stage (p < 0.005), whereas no significant 
differences were observed between dogs with CKD IRIS stage I and healthy dogs 
with UPC. There are significant positive correlation between ACR and BUN (r = 
0.611, p < 0.001), creatinine (r = 0.788, p < 0.001), SDMA (r = 0.747, p < 0.001), 
and UPC (r = 0.784, p < 0.001), and significant negative correlation between ACR 
and USG (r = –0.700, p < 0.001). In receiver operator characteristic curve analysis, 
the area under the curve (AUC) was 0.982 (95% CI 0.963-1.000, p < 0.001), with 
an optimal cut-off value of 64.20 mg/g (94% sensitivity and 94% specificity). Thus, 
ACR is a useful urinary biomarker for the early diagnosis of proteinuria in CKD and 
combined use of ACR and other renal biomarkers may be helpful for early diagno-
sis and prevention of CKD in dogs.
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Introduction

Chronic kidney disease (CKD) occurs in 1% of dogs, and its 
incidence increases by more than 15% in dogs over 10 years of 
age (3). CKD is considered one of the main causes of death in 
elderly dogs in today’s scenario of increased life expectancy (2).

It causes irreversible renal function deterioration, and is as-
sociated of various health problems, such as uremia, electro-
lyte imbalance, metabolic acidosis, non-regenerative anemia, 
proteinuria, and hypertension (15).

As nephrons lose their function during CKD, the heavy load 
on the remaining functional nephrons causes an increase in 
the blood flow and glomerular filtration rate, which leads to 
enlargement and thickening of the glomerulus. Glomerular 
lesions such as glomerular sclerosis may eventually occur, re-
sulting in proteinuria. Therefore, persistent proteinuria can be 
an indication of renal dysfunction (6), and is associated with 
an increased mortality rate in dogs with CKD (8). Attenuation 
of proteinuria increases the survival time of dogs with CKD (10).

The prognosis of CKD is associated with the severity of the 
disease, and the mean survival time of CKD dogs decreases 
with disease progression (16). Therefore, it is important to 
diagnose CKD early and provide appropriate treatment (5,11).

Currently, in veterinary medicine, circulating serum blood 
urea nitrogen (BUN), creatinine, symmetric dimethylarginine 
(SDMA), urine protein creatinine ratio (UPC), and urine specif-
ic gravity (USG) are the known renal biomarkers in dogs for 
representing glomerular function. Serum creatinine levels are 
not altered until 75% of the total nephron function is lost (5). 
Therefore, further research on various biomarkers is required. 
In a recent study, the values of urinary albumin/creatinine, 
urinary retinol-binding protein (RBP)/creatinine, and urinary 
N-acetyl-b-D-glucosaminidase (NAG)/creatinine were critical-
ly elevated in dogs with CKD, and a strong association with 
BUN, creatinine was found (18).

Microalbuminuria, which can be confirmed by the urine 
albumin/creatinine ratio (ACR), refers to a state in which urine 
albumin excretion is increased but can’t be measured using 
conventional methods, and implies impaired glomerular 
filtration (13,19). In human medicine, ACR, called urinary al-
bumin-to-creatinine ratio (UAC) in veterinary medicine, is the 
first biomarker used to detect elevated protein levels in the 
urine when GFR decreases (7). However, the amount of urine 
albumin can be affected by the posture of the patient, hydra-
tion state, physical activity, blood pressure, stress, infection, 
and pregnancy (12).

In veterinary medicine, ACR is not routinely used to diag-
nose CKD as no point-of-care device is currently available. In 
a preliminary study, ACR was found to gradually increase over 

time in dogs with acute kidney injury (AKI), similar to serum 
creatinine and SDMA levels. 

Thus, the purpose of this study was to evaluate the clinical 
utility of urine ACR using a point-of-care device as an early 
detection urinary biomarker in dogs with CKD, to identify 
the correlation between ACR and other formerly known CKD 
biomarkers, and to determine the cut-off value of ACR for 
diagnosing CKD in dogs.

Materials and Methods

Study design

Serum and urine samples were obtained from healthy 
dogs and dogs with CKD at five local animal hospitals after 
obtaining the dog owner’s consent to use the samples for 
research purposes; the animal hospitals that participated in 
this study were Nine Animal Medical Center (Hwaseong-si, 
Gyeonggi-do, Republic of Korea), Times Animal Medical Cen-
ter (Suwon-si, Gyeonggi-do, Republic of Korea), Songjeong 
Animal Medical Center (Gwangju-si, Gyeonggi-do, Republic 
of Korea), Yongkang Animal Hospital (Seoul, Republic of 
Korea), and Cheonan Animal Medical Center (Cheonan-si, 
Chungcheongnam-do, Republic of Korea). The sampling pe-
riod was from February 2021 to June 2021 for admission for 
health and medical examinations. 

In total, 100 dogs were selected for this study. Of the 100 
dogs, 50 were healthy and 50 were diagnosed with CKD. 
Dogs with CKD were classified into four stages according to 
the disease severity based on the criteria proposed in the Inter-
national Renal Interest Society (IRIS) guide (14). The CKD IRIS 
staging system is based on the serum concentrations of creat-
inine and SDMA in this study, and CKD was staged based on 
the serum creatinine concentrations. There were six dogs with 
IRIS stage 1, twenty-two dogs with IRIS stage 2, thirteen dogs 
with IRIS stage 3, and nine dogs with IRIS stage 4. 

The concentrations of BUN, creatinine, and SDMA were 
measured in serum samples, and USG, UPC, and ACR were 
measured in urine samples (Fig. 1). All protocols in this study 
were approved by the Institutional Animal Care and Use Com-
mittee (PTB-2020-IACUC-003-A) prior to the experiment.

Inclusion and exclusion criteria

Healthy dogs were included in this study; for this if physi-
cal examination did not reveal any abnormalities, complete 
blood count (CBC), serum biochemical profile, radiography, 
or ultrasound were performed to check for any clinical signs 
of CKD. Dogs with CKD were diagnosed by a veterinarian 
based on the CBC, serum biochemical profile, radiography, or 
ultrasound, with kidney images being identified as abnormal 
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on the basis of IRIS criteria.
Dogs with hematuria, urolith, cystitis, or systemic under-

lying conditions associated with albuminuria such as occult 
neoplastic, infectious, immune-inflammatory, or non-renal 
cardiovascular diseases were excluded. But further, serum 
and urine samples left at room temperature for more than 24 
h, insufficient amounts of samples, a condition that would 
have warranted a retest, and samples that were contaminat-
ed were also excluded. 

Sample collection 

Blood from the dogs was collected by venipuncture from 
the jugular vein at local animal hospitals. A serum separating 
tube (BD Vacutainer® SSTTM Tube, Franklin Lakes, NJ, USA) 
was used to separate the serum. The tube was left to stand 
for 30 min and centrifuged at 3000 rpm for 15 min. Serum 
samples were stored at –70°C.

Urine samples were mostly collected via cystocentesis or 
few via catheterization at local animal hospitals. The collect-
ed urine was stored at 4°C within a week until use, and left 
at room temperature for 30 min before testing for USG, UPC, 
and ACR.

Retrieval of medical records

Clinical data including sex, breed, age, body weight, phys-
ical examination, and history of clinical signs were obtained 
from medical records.

The concentrations of BUN, creatinine, and SDMA were 
measured in the serum samples. Medical records for serum 

BUN, creatinine, and SDMA concentrations were obtained 
from local animal hospitals and critically reviewed to evaluate 
the minimum data base or results for renal function. In case 
of absence of medical records, the serum samples stored at 
–70°C were requested by IDEXX laboratories (IDEXX Labora-
tories Inc., Westbrook, ME, USA).

Urinalysis

For the collected urine samples, USG was quantitatively 
measured using a urine-specific gravity refractometer (ATAGO 
Inc, Tokyo, Japan). Zero adjustment was performed before 
measurement using distilled water.

The UPC was measured using a Catalyst One Chemistry 
Analyzer (IDEXX Inc.) according to the manufacturer’s in-
structions. Calibration was performed before measurement. 
For UPC measurement, 300 μL of urine sample was put into 
the sample cup, the slides for protein and creatinine were 
loaded, and then, the same amount of diluent was added to 
the dilution cup. It took 11 min to obtain the results. 

The ACR of the urine samples was measured using an 
A1Care®ACR analyzer (i-SENS Inc., Seoul, Korea) according to 
the manufacturer’s instructions. Calibration was performed 
prior to the measurement. For ACR measurement, 40 μL 
of urine sample was injected into the cartridge through a 
pipette after pressing the collector to eject the analytical re-
agent into the cartridge. The cartridge containing the sample 
was then inserted into the device. The results were obtained 
within 7 min. The A1Care® ACR Cartridge measures albumin 
and creatinine concentrations by immunoturbidimetry and 
chemical colorimetry, respectively. In the first reaction unit, 
albumin in the urine sample and antibodies in the cartridge 
produce a complex. Turbidity increased according to the 
degree of production, and the albumin concentration was 
calculated based on the degree of turbidity. Urine creatinine 
level was calculated based on color alteration through the 
Jaffe reaction. ACR was calculated using the measured albu-
min and creatinine concentrations. 

Statistical analysis

All data are expressed as mean and standard deviation. 
The Kolmogorov–Smirnov test was performed to assess nor-
mality. The Mann–Whitney U test was performed to evaluate 
the difference in renal biomarker values between healthy 
dogs and dogs with CKD. The Kruskal–Wallis test was per-
formed to evaluate biomarker values according to IRIS stage. 
Spearman correlation analysis was performed to identify a 
correlation between biomarkers and ACR. Receiver operating 
characteristic (ROC) analysis was performed to evaluate clin-
ical availability and the cut-off value. For statistical analysis, 

Fig. 1. Study design and population for the evaluation of ACR. PE, 
physical examination; CBC, complete blood count; S-chem, serum 
chemistry; CKD, chronic kidney disease; IRIS, international renal interest 
society; BUN, blood urea nitrogen; SDMA, symmetric dimethylarginine; 
USG, urine specific gravity; UPC, urine protein creatinine ratio; ACR, 
albumin creatinine ratio.
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SPSS ver. 26.0 software (IBM Co., Armonk, NY, USA) was 
used. Significance was defined as a p value < 0.05.

Results

Characteristics of the study population

The characteristics of healthy dogs and dogs with CKD in 
the study population are shown in Table 1. In healthy dogs 
as well as in dogs with CKD, no significant differences were 
observed between the sexes.

With respect to the breed distribution, Maltese (38%) was 
the most common breed in healthy dogs, followed by Poo-
dle (16%), Shih-tzu (12%), Chihuahua (8%), Pomeranian (8%), 
Mixed (6%), Yorkshire terrier (4%), and other breeds (18%). 
In dogs with CKD, Shih-tzu (28%) was the most common 

breed, followed by Maltese (20%), Poodle (16%), Yorkshire 
Terrier (12%), mixed breed (10%), Chihuahua (4%), Pomera-
nian (2%), and other breeds (8%). There was no significant 
difference in breed distribution between healthy dogs and 
dogs with CKD.

The mean ages of healthy dogs and dogs with CKD were 
9.67 ± 2.11 and 11.89 ± 2.99, respectively. The age of dogs 
with CKD was significantly higher than that of the healthy 
dogs (p < 0.05). 

Body weights of healthy dogs and dogs with CKD were 
5.22 ± 2.86 and 4.75 ± 1.97, respectively with no significant 
difference. 

A comparison of renal biomarkers 

The mean concentrations of serum BUN, creatinine, SDMA, 

Table 2. Comparison of renal biomarkers between healthy dogs and dogs with CKD

Variables
Healthy dogs Dogs with CKD Reference 

interval
p-value

Mean ± SD n Mean ± SD n

BUN (mg/dL) 21.29 ± 5.66 50 64.06 ± 35.58 50 9-31 < 0.001*
Creatinine (mg/dL) 0.58 ± 0.25 50 3.13 ± 2.09 50 0.5-1.4 < 0.001*
SDMA (μg/dL) 11.07 ± 1.80 30 38.29 ± 15.94 28 0-18 < 0.001*
USG 1.048 ± 0.016 45 1.020 ± 0.038 48 > 1.030 < 0.001*
UPC 0.24 ± 0.27 50 3.77 ± 5.91 50 < 0.2 < 0.001*
ACR (mg/g) 22.48 ± 22.77 50 333.27 ± 66.96 50  < 0.001*

n = The number of analyzed samples of dogs. 
CKD, chronic kidney disease; SD, standard deviation; BUN, blood urea nitrogen; SDMA, symmetric dimethylarginine; USG, urine specific gravity; UPC, 
urine protein creatinine ratio; ACR, albumin creatinine ratio.
*Indicates a significant difference between healthy dogs and dogs with CKD at p < 0.05.

Table 1. Characteristics of the study population

Variables Healthy dogs (n = 50) Dogs with CKD (n = 50) p-value

Sex, n (%)   0.544
  Male 31 (62) 28 (56)
  Female 19 (38) 22 (44)
Breed, n (%)   0.878
  Maltese 14 (28) 10 (20)
  Poodle 8 (16) 8 (16)
  Shih-tzu 6 (12) 14 (28)
  Chihuahua 4 (8) 2 (4)
  Pomeranian 4 (8) 1 (2)
  Mixed 3 (6) 5 (10)
  Yorkshire terrier 2 (4) 6 (12)
  Othersa 9 (18) 4 (8)
Age (years, mean ± SD) 9.67 ± 2.11 11.89 ± 2.99 < 0.001*
BW (kg, mean ± SD) 5.22 ± 2.86 4.71 ± 1.97 0.717

CKD, chronic kidney disease. 
aOthers: Shiba, Miniature Pinscher, Beagle, Greyhound, Lhasa Apso, Jido dog, Pekingese, Cocker Spaniel.
*Indicates a significant difference between healthy dogs and dogs with CKD at p < 0.05.
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and the mean values of USG, UPC, and ACR in healthy dogs 
and dogs with CKD are shown in Table 2. 

In healthy dogs, the mean serum BUN concentration was 
21.29 ± 5.66 mg/dL, whereas the dogs with CKD had 64.06 
± 35.58. Serum creatinine concentration was 0.58 ± 0.25 
mg/dL in healthy dogs, and 3.13 ± 2.09 in the dogs with 
CKD. Serum SDMA concentrations in healthy dogs and dogs 
with CKD were 11.07 ± 1.80 and 38.29 ± 15.94 μg/dL, re-
spectively. As for the urinary biomarkers, healthy dogs had a 
mean USG of 1.048 ± 0.016 and dogs with CKD had a USG 
of 1.020 ± 0.038. In healthy dogs, the mean UPC was 0.24 
± 0.27, and in dogs with CKD, UPC was 3.77 ± 5.91. ACR in 
healthy dogs was 22.48 ± 22.77 mg/g and in the dogs with 
CKD, ACR was 333.27 ± 266.96. There were significant dif-
ferences in every renal biomarker between healthy dogs and 
dogs with CKD, including the ACR (p < 0.05).

Significant differences were observed in serum BUN con-
centrations between healthy dogs and dogs with CKD at every 
IRIS stage (p < 0.05). Moreover, dogs with IRIS stage 1 and 
stage 2 CKD had significant differences in serum BUN concen-
trations compared to dogs with IRIS stage 4 CKD (p < 0.05) 
(Fig. 2A). Serum creatinine concentrations were significantly 
different between healthy dogs and dogs with CKD at every 

IRIS stage (p < 0.05). In addition, there were significant differ-
ences in serum creatinine concentrations between every IRIS 
stage of CKD (p < 0.05) (Fig. 2B). There were significant differ-
ences in serum SDMA concentrations between healthy dogs 
and dogs with CKD at every IRIS stage (p < 0.05). In addition, 
dogs with IRIS stage 2 and stage 3 CKD had significant differ-
ences in serum SDMA concentrations compared to dogs with 
IRIS stage 4 CKD (p < 0.05) (Fig. 2C). In the case of USG, there 
were no significant differences among every IRIS stage of CKD, 
while significant differences were found between healthy dogs 
and dogs with CKD at every IRIS stage (p < 0.05) (Fig. 2D). In 
healthy dogs, UPC significantly differed between dogs with 
CKD in IRIS stages 2, 3, and 4 (p < 0.05), while there was no 
significant difference in stage 1. In addition, there were signif-
icant differences between dogs with IRIS stages 1 and 2 CKD 
and dogs with IRIS stage 4 CKD (p < 0.05) (Fig. 2E). In ACR, 
significant differences were observed between healthy dogs 
and dogs with CKD at every IRIS stage (p < 0.05). In addition, 
dogs with IRIS stages 1 and 2 CKD were significantly different 
from dogs with IRIS stage 4 CKD (p < 0.05) (Fig. 2F).

Fig. 2. Box plots of serum BUN (A), creatinine (B), SDMA (C) concentrations, USG (D), UPC (E), and ACR (F) in healthy dogs and dogs with CKD. †In-
dicates that there is significant difference from healthy dogs at p < 0.05, and *indicates that there is significant difference between two groups of 
dogs with CKD at p < 0.05. ACR, urine albumin/creatinine ratio; IRIS, international renal interest society; BUN, blood urea nitrogen; SDMA, symmet-
ric dimethylarginine; USG, urine specific gravity; UPC, urine protein. 
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Comparison of ACR with other renal  
biomarkers

The correlation between ACR and other renal biomarkers is 
shown in Fig. 3. Moderate positive correlation was observed be-
tween ACR and serum BUN concentrations (r = 0.611, p < 0.001). 
ACR was strongly and positively correlated with serum creatinine 
concentrations (r = 0.611, p < 0.001), SDMA (r = 0.747, p < 0.001), 
and UPC (r = 0.784, p < 0.001). However, ACR was strongly and 
negatively correlated with USG (r = –0.700, p < 0.001).

The ROC curve analysis of ACR (Fig. 4) had an area under the 
curve (AUC) that was significantly different from 0.5 (AUC = 
0.982, 95% CI: 0.963-1.000, p < 0.001). Fifty healthy dogs and 
fifty dogs with CKD were included in this analysis. The optimal 
cut off value of ACR was 64.20 mg/g with 94% sensitivity and 
94% specificity. 

The ROC curve analysis of ACR compared with other re-
nal biomarkers is shown in Fig. 5. The ROC curve analysis of 
BUN, creatinine, SDMA, USG, UPC, and ACR had an AUC 
of 0.904 (95% CI: 0.810-1.000, p < 0.001), 1.000 (95% CI: 
1.000-1.000, p < 0.001), 1.000 (95% CI: 1.000-1.000, p < 

0.001), 0.052 (95% CI: 0.000-0.127, p < 0.001), 0.943 (95% 
CI: 0.869-1.000, p < 0.001), and 0.986 (95% CI: 0.963-1.000, 
p < 0.001) respectively. There were twenty-eight healthy 
dogs and twenty-eight dogs with CKD in this analysis.

Discussion

Generally, as CKD is irreversibly progressive, it is important 
to diagnose it early and provide proper medical application 
to slow the progression of the disease as described previous-
ly (5,11). Until recently, quantitative point-of-care devices for 
estimating ACR were not commercially available in veterinary 
medicine. Thus, in this study, the clinical diagnostic availability 
of ACR was evaluated through comparison with other previ-
ously used renal biomarkers. 

In this study population, sex and breed distribution did not 
have an influence on the results obtained. In addition, previous 
studies have shown significant results regardless of sex and 
breed distribution when various breeds were included (1,8,17-
19). In addition, dogs with CKD were significantly older com-
pared with healthy dogs, and this result may be due to the 

Fig. 3. Scatter plots with line regressions of the relationship between ACR and serum BUN (A), creatinine (B), SDMA (C) concentrations, USG (D), 
UPC (E). r: Spearman correlation coefficient, *p < 0.05. ACR, albumin creatinine ratio; BUN, blood urea nitrogen; SDMA, symmetric dimethylargi-
nine; USG, urine specific gravity; UPC, urine protein creatinine ratio.
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fact that CKD occurs mainly in older dogs (2). However, body 
weight did not significantly differ between healthy dogs and 
dogs with CKD, with lower body weights in dogs with CKD 
due to possible anorexia and chronic wasting conditions. 

The ACR value of dogs with CKD was significantly differ-
ent from that of healthy dogs; this result is similar to that 
obtained for other renal biomarkers in this study. Previous 
studies have demonstrated significant differences in ACR 
measured between dogs with CKD and healthy dogs using 
enzyme-linked immunosorbent assay (1,18). In addition, mi-
croalbuminuria could be confirmed by ACR through a semi-
quantitative assay in a previous study (19) and has been con-
sidered as glomerular dysfunction as urine albumin excretion 
is increased in patients with renal disease (12).

ACR showed significant differences between dogs with 
CKD IRIS stage I and healthy dogs, whereas there was no sig-
nificant difference in UPC between dogs with CKD IRIS stage 
1 and healthy dogs. This result indicated that microalbumin-
uria can be confirmed but not enough to be detected for 
total protein. Thus, the microalbuminuria assay is more sen-
sitive and useful than the UPC test for detecting early-stage 
CKD in dogs (19).

However, ACR was not significantly different between ev-
ery IRIS stage of CKD. ACR was numerically increased by IRIS 
stage in dogs with CKD. ACR is associated with the early de-
tection of microalbuminuria, but not with staging. This can 
be related to the progressive reduction in the GFR (13). There 
was a significant strong positive correlation between ACR 

and advanced IRIS stage.
The significant correlation of ACR with other renal bio-

markers suggests the potential clinical availability of ACR for 
diagnosing CKD in dogs. Previous studies have demonstrated 
a correlation between ACR and UPC (9,17). In this correla-
tion analysis, serum BUN was only moderately and positively 
correlated with ACR, whereas other renal biomarkers were 
strongly significant. Serum BUN, which is a marker of CKD, 
decreases in cases of liver diseases and increases in case of 
high-protein meals or gastrointestinal bleeding.

ROC curve analysis of ACR in this study, patients can be di-
agnosed with CKD when ACR is greater than 64.20 mg/g with 
94% sensitivity and 94% specificity. These results indicated 
that ACR is an excellent indicator of CKD. According to a pre-
vious report (4), the reference interval for the ACR was set as 
0-19 mg/g in dogs. Among 124 healthy dogs, the median val-
ue was 3.0 mg/g with a total range of 0-48 mg/g (4), which is 
lower reference interval than the cut-off value of 64.20 mg/g 
in this paper. It might be due to differences in measurement 
methods for ACR and population. Therefore, further large-
scale studies are necessary to evaluate the normal range of 
the ACR in dogs. In human medicine, microalbuminuria, 
which is defined as an ACR of 30-300 mg/g, is the earliest 
indicator of CKD (1,13). ROC curve analysis of the use of ACR 
for diagnosing CKD in dogs revealed that ACR was a useful 

Fig. 4. ROC curve analysis for ACR. This analysis demonstrates sensitiv-
ity and specificity of ACR as diagnostic biomarker for CKD in 50 healthy 
dogs and 50 dogs with CKD. ACR had an AUC of 0.982 in this analysis 
(95% CI: 0.963-1.000, p < 0.001). ACR, albumin creatinine ratio; CKD, 
chronic kidney disease.

Fig. 5. ROC curve analysis of ACR compared with other renal bio-
markers. This analysis demonstrates sensitivity and specificity of BUN, 
creatinine, SDMA, USG, UPC, and ACR as diagnostic biomarker for CKD 
in 28 healthy dogs and 28 dogs with CKD. The AUC of BUN, creatinine, 
SDMA, USG, UPC, and ACR were 0.904 (p < 0.001), 1.000 (p < 0.001), 
1.000 (p < 0.001), 0.052 (p < 0.001), 0.943 (p < 0.001), and 0.986 
(p < 0.001) respectively. ACR, albumin creatinine ratio; BUN, blood urea 
nitrogen; SDMA, symmetric dimethylarginine; USG, urine specific gravity; 
UPC, urine protein creatinine ratio; CKD, chronic kidney disease.
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diagnostic biomarker for CKD at a similar level to other renal 
biomarkers except USG. There was a significance in the order 
of creatine, SDMA, ACR, UPC, and BUN in diagnosing CKD, 
whereas USG showed no significance in diagnosing CKD. This 
is because the CKD IRIS stage system is based on serum creat-
inine and SDMA concentrations, and USG can easily fluctuate 
according to the amount of drink or the time of collection.

In healthy dogs, those with USG of less than 1.030 had 
significantly higher ACR than those with USG of above 1.030, 
which might indicate CKD progression because decreased 
USG and elevated ACR are associated with microalbuminuria 
due to early glomerular dysfunction. For further investigation, 
follow-up observations are needed and should be verified in 
a larger number of patients.

However, microalbuminuria can be affected by physio-
logical transient factors such as the posture of the patient, 
strenuous physical activity, hydration state, fever, stress, or 
pregnancy. In addition, urinary tract infections, inflammation, 
or severe hematuria, which can elicit false-positive results, 
should be ruled out prior to testing (12). 

In the early stage of CKD, clinical signs are not common and 
are rarely noticeable (14), usually with normal serum creatinine 
and SDMA concentrations. In a preliminary study of AKI-in-
duced dogs, there were dogs with elevated ACR, while serum 
creatinine and SDMA concentrations were both normal. 

After transient increase, urinary tract infections, inflamma-
tion, or severe hematuria were excluded; when decreased 
USG with normal serum creatinine or SDMA concentrations; 
and diagnostic abnormal renal imaging with or without 
any clinical signs, the early stage of CKD diagnosis can be 
achieved by estimating the ACR. 

Therefore, the early diagnosis of CKD can be accomplished 
by complementary diagnosis using other biomarkers includ-
ing ACR.

However, there were limitations with respect to the study 
population. The number of healthy dogs or dogs with CKD 
was not perfectly matched with every biomarker as the se-
rum and urine samples were not sufficient to measure serum 
SDMA concentrations or USG. The number of IRIS stages in 
each group was not sufficient to determine significance, es-
pecially for stage 1. Unfortunately, the number of dogs with 
IRIS stage 1 for SDMA was not sufficient to determine signifi-
cance because of unnoticeable clinical signs in the early stage 
of CKD. Further investigations with an appropriate number of 
patients are required.

In conclusion, the measurement of ACR using a point-of-
care device could be more useful than the UPC test because 
it is possible to diagnose CKD earlier with a small amount of 
urine in a short time. Therefore, ACR is considered a useful 

urinary biomarker for the early diagnosis of proteinuria in 
CKD. In addition, clear correlations were observed between 
ACR and other renal biomarkers. Based on this study, there 
was a diagnostic possibility of CKD when ACR was over 
64.20 mg/g. Thus, the combined use of ACR and other renal 
biomarkers may be helpful for the early diagnosis and pre-
vention of CKD in dogs.
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