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Abstract

Background: Albuminuria, an important marker of decreased kidney function in

chronic kidney disease (CKD), is not routinely used for CKD detection or proteinuria

appearance. Its relationships with biochemical parameters and blood pressure in dogs

are poorly understood.

Objectives: This study aimed to evaluate the relationship of albuminuria with various

CKD markers, its correlation with the urinary protein to creatinine ratio (UPC), and

hypertension in dogswith early stages of CKD. It also sought to determine the usability

of the urinary albumin to creatinine ratio (UAC) for CKD screening.

Methods: The study reviewed records of 102 dogs, categorising them into four groups

based on disease status. UAC and UPC ratio, biochemistry and haematology variables,

age, and systolic blood pressure were determined.

Results: The Pearson’s correlation coefficient between log-transformed values of UPC

and UACwas r= 0.902 (95%CI: 0.87 to 0.93). Median UAC ratio values were 2.1 mg/g

for theHealthy control group (n=17), 54.2mg/g for early stagesCKD (n=42), 5.8mg/g

for Acute sick control (n= 30), and 104mg/g for Chronic sick control (n= 13). Thresh-

olding UAC ratio as an indicator for impaired kidney function with the threshold of

10 mg/g (established based on the receiver operating characteristic curve) had a sen-

sitivity 81.8%, specificity of 89.4%, positive predictive value (PPV) 90%, and negative

predictive value (NPV) 80.1%. The correlation of UAC with biochemistry and haema-

tology variables was statistically significant; for SDMA (µg/L), it was r = 0.566 and

for other variables, it was weak to moderate. UAC was markedly elevated in cases of

severe hypertension.

Conclusions: UAC ratio was significantly different among dogs with impaired and not

impaired kidney function. The correlation strength for the UAC and UPC ratios was

high. UAC ratio may be a promising marker for proteinuria analysis in dogs with CKD

or other kidney function alterations.
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1 INTRODUCTION

Chronic kidney disease (CKD) is considered a frequent pathology in

routine small animal practice (Hall et al., 2018), mainly originating

from damage to the glomerulus, the place of the kidney filtration bar-

rier (Cianciolo et al., 2016; Nabity et al., 2012). The disease affected

every canine age group, with a higher prevalence in older individu-

als (Kokkinos et al., 2022; O’Neill et al., 2013). Various causes were

identified for this progressive disease, including different infections

(e.g., leptospirosis (Di Azevedo et al., 2022), babesiosis (Karasová et al.,

2022), leishmaniosis (Giapitzoglou et al., 2020)), glomerular diseases

(Hokamp et al., 2016), ischaemic events (Brown et al., 2019; Polyak &

Grosche, 2008), nephrotoxicity (De Santis et al., 2022), neoplasia (Criv-

ellenti et al., 2016), urinary obstruction (Polzin & Cowgill, 2016) and

genetic factors (Lingaas et al., 2023). Determining the correct etiol-

ogy of CKD can be challenging (O’Neill et al., 2013; Perini-Perera et al.,

2021; Rudinsky et al., 2018). Dunaevich et al. (2020) explored this area

in 2020; based on their research the etiology could not be determined

reliably in up to 75% of CKD cases investigated. Therefore, CKD is

more often described as an acquired condition than hereditary, and the

etiology remains idiopathic (O’Neill et al., 2013; Rudinsky et al., 2018).

The progression rate of CKD varies highly in individuals, either in a

gradual fashion or as a result of acute kidney injury episodes (Dunae-

vich et al., 2020; Perini-Perera et al., 2021). During the diagnosis of

CKD in dogs, a number of markers are known to be associatedwith the

progression and outcome of the disease, including proteinuria, hyper-

tension, anaemia, creatinine and symmetric dimethylarginine (SDMA)

blood levels (Perini-Perera et al., 2021; Rudinsky et al., 2018). How-

ever, the usability of these diagnostic markers is limited, and CKD is

often diagnosed at late stages when the renal functions have already

been irreversibly damaged (Finco & Duncan, 1976; Hall et al., 2016;

Miyakawa et al., 2021; Sargent et al., 2021). Renal function is pre-

cisely established using the glomerular filtration rate (GFR) method.

Rarely used plasma clearance of exogenous variables is considered the

gold standard of GFR measurement (McKenna et al., 2020), whereas

identifying serum creatinine (sCREAT) and SDMA levels are the main

parameters used for GFR estimation for CKD detection and staging

(Coyne et al., 2020; International Renal Interest Society (IRIS) stag-

ing system)becauseof their simpledetermination.Additional approach

to the kidney functional investigation is the urinary albumin excretion

measurement, serving as a marker of generalised vascular dysfunction

(Butt et al., 2020).

Albuminuria is the most prominent sign of kidney glomeruli disease

in humans and rodents (Comper et al., 2022). It is considered a nega-

tive prognostic factor since its presence and magnitude are associated

with increased mortality. In dogs, albuminuria has been detected in

many different diseases, such as hereditary familial glomerulopathies

(Vaden, 2011), endocrinopathies (diabetes mellitus, hyperadrenocor-

ticism) (García San José et al., 2020; Herring et al., 2014), infections

(Kuleš et al., 2021) and systemic inflammatory response syndrome

(Schaefer et al., 2011). In canines suffering from CKD, increased levels

of albuminuria were described compared to healthy (Bacic et al., 2010;

Smets et al., 2010) andnormotensive dogs (Bacic et al., 2010). Albumin-

uria and hypertension were recognised to accompany the progression

of CKD in humans (Butt et al., 2020). In canines, albuminuria is quanti-

fied using the urinary albumin to creatinine ratio (UAC) and negatively

correlates with patient survival rates in critically ill dogs (Vaden et al.,

2010).

According to the International Renal Interest Society (IRIS), it is

recommended to test the urine for specific gravity, sediment activity,

and urine protein to creatinine ratio (UPC) in cases of CKD. Protein-

uria is a risk factor for CKD, and UPC is used for severity assessment.

However, using UPC as a diagnostic marker is controversial because

urine proteome is characterised by a more complex protein pattern

indicating mixed proteinuria (Ferlizza et al., 2020), and the UPC ratio

indicates only the severity of proteinuriawithout glomerular or tubular

loss specification (Chacar et al., 2017; Ferlizza et al., 2020; Raila et al.,

2014).

This retrospective study aimed to define the relationship of albu-

minuria to surrogateGFRmarkers (sCREAT, SDMA), compare albumin-

uria to proteinuria, and determine its relation to hypertension and IRIS

stages 1 and 2 in CKD early cases.

2 MATERIALS AND METHODS

2.1 Study population

Records from privately owned dogs presented to the University Small

Animal Clinic from May 2018 to December 2022 were reviewed. The

overall number of canines included in this study was 102 and the dogs

were further divided in 4 groups (G1–G4) basedon their disease status.

Disease status comprises histories, physical examinations, complete

blood count (CBC), serumbiochemistry profiles andurinalysis. An addi-

tional study inclusion criterion was normal urine sediment activity in

the sample. First included 17 healthy dogs (no assessed abnormali-

ties), second group included 42 dogs diagnosed with CKD IRIS stage 1

and 2, third group included 30 acute sick dogs without kidney function

alteration, and fourth group included 13 chronically ill dogs (Cushing’s

syndrome n = 8, diabetes mellitus n = 3, hypothyroidism n = 1). Addi-

tionally, based on the owner’s consent, blood pressure was measured

(n = 53), and SDMA was added to the serum biochemistry profile (n =

46). Of these, 37 dogs underwent both blood pressure measurement

and SDMA assessment. Figure 1 summarises the study design.

2.2 Diagnostic criteria

The patient’s age was corrected for weight according to the commonly

used age/weight charts for pets (Metzger, 2023) and noted (see Figure

S1). TheUAC ratiowas compared between the young, adult, senior and

geriatric dogs.

Diagnosis of CKD was made based on clinical signs, alterations in

the biochemistry profile (SDMA >14 µg/dL; sCREAT >133 µmol/L;

blood urea nitrogen (BUN) >10.3 mmol/L), and abnormal kidney ultra-

sound findings (nodular lesions, hyper/hypoechoic kidney parenchyma,
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F IGURE 1 Flowchart of the research study.

abnormalities). IRIS stage was established following board recommen-

dation.

Evaluation of albuminuria was made based on the urinalysis, deter-

mining the levels of albumin and creatinine and calculating the urine

albumin to creatinine ratio (UAC) using the following formula:

UAC =
[
(Urinaryalbumin [mg∕L] × 0.1)∕

(urinarycreatinine
[
mmol∕L

]
×11.3)

]
×1000. (1)

The albuminuria severity subgroups were based on the UAC ratio

magnitude; values < 30 are considered physiological, microalbumin-

uria is classified as 30–300, and macroalbuminuria is defined as > 300

(Bacic et al., 2010).

Similarly, the urine protein to creatinine ratio (UPC) was calculated

using the following formula:

UPC = (urinarytotalprotein [mg∕L] × 0.1) ∕

(urinarycreatinine [mmol∕L] × 11.3) . (2)

The subgroups based on UPCwere classified based on the severity;

the nonproteinuric subgroup is defined by values < 0.2, the border-

line subgroup is classified as 0.2–0.5, and values > 0.5 are considered

proteinuric (IRIS).

Diagnosis of hypertension was made based on the measurement

of systolic blood pressure (SBP) using an oscillometric device (Cardell

Touch, Midmark, NY, USA) following the guidelines of the American

College of Veterinary Internal Medicine (ACVIM). Systemic hyperten-

sion was classified as ≥ 160 mm Hg, and the SBP of the normotensive

groupwas defined as≤ 159mmHg (Acierno et al., 2018).

Diagnosis of hyperadrenocorticism (n= 7), diabetesmellitus (n= 4),

and hypothyroidism (n = 1) was based on recommendations (Gilor &

Graves, 2011; Panciera, 2013; Reusch et al., 1993).

The acutely ill patients (G3; n = 30) included dogs presented to the

ambulancewith common clinical signs of anorexia (n= 8), lethargy (n=

12), diarrhoea (n = 8), vomiting (n = 9), and neurologic (n = 2), dental

(n = 2), ophthalmic (n = 1), skin (n = 5) and orthopaedics (n = 3) prob-

lems. Their final diagnosis did not include kidney function alterations,

and the problemwas solved without progressing to a chronic state.

2.3 Procedures

A thorough physical examination was performed, and jugular vein

blood was collected. Complete blood count was established using Sys-

mex XT-2000iV haematology analyser (Sysmex Corporation, Kobe,

Japan) or commercially available reference laboratory services (IDEXX

Laboratories, Inc.). Similarly, a serum biochemistry profile was estab-

lished (Abbott Architect c4000 clinical chemistry analyser, Abbott

Laboratories, IL, USA, or IDEXX GmbH). Abdominal ultrasonography

was performed by a trained examiner using a multifrequency (4–

9 MHz) microconvex or multifrequency (4–12 MHz and 4–18 MHz)

linear transducer (RS85 Prestige, SamsungHealthcare, Korea) in order

to support thediagnosis. The reference range forBUN, sCREAT, SDMA,

inorganic phosphate (P), potassium (K), magnesium (Mg), total pro-

tein (TP), albumin (Alb) and packed cell volume (PCV) are noted in

Table S1.

Cystocentesis was performed on examination day. In some cases

where owners rejected cystocentesis, free-catch urine was collected.

Urine-specific gravity (USG) was determined using a manual refrac-

tometer (A. KRÜSSOptronic, GmbH,Hamburg, Germany). The dipstick

test (HeptaPhan, Erba Lachema, s.r.o., Brno, Czech Republic) and dip-

slide urine culture (Uricult, Orion Diagnostica, Espoo, Finland) were

also performed. The microscopic examination of native urine sedi-

ment was evaluated as described by Hřibová et al. (2019). For the

purpose of the research, the activity of the sediment was defined as

the detection of haematuria (>5 red blood cells per high power field),

pyuria (>5 white blood cells per high power field) or bacteriuria. Uri-

nary biochemistry was measured using the automated clinical chem-

istry assays urine/CSF protein, microalbumin and creatinine (ARCHI-

TECT c4000 clinical chemistry analyser, Abbott Laboratories, IL,

USA).

2.4 Statistical analyses

The UAC and UPC values present a heavily right-tailed distribution

and span several orders of magnitude (see Figure S2); the values

were transformed by a base 10 logarithm before most analyses. The
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TABLE 1 Study population characteristics.

Parameter All

G1: Healthy

control G2: CKD

G3: Acute

sick control

G4: Chronic

sick control

Number of subjects 102 17 42 30 13

Females 52 (51%) 11 (65%) 19 (45%) 13 (43%) 9 (69%)

Spayed (neutered) 18 (7) 3 (1) 5 (5) 7 (1) 3 (0)

Age (median, range) (years) 7 (1 to 17) 2 (1 to 9) 9 (1 to 17) 4 (1 to 12) 10 (3 to 14)

Weight (median, range) (kg) 15.9 (1.3 to 101) 20.8 (1.3 to 34) 9.5 (1.5 to 42) 25.5 (3.1 to 101) 8.4 (2.5 to 51)

Number of breed (mixed breed) 44 (21) 9 (5) 25 (4) 20 (6) 7 (6)

correlation between UAC and UPC was investigated using the

Pearson’s correlation coefficient for the log-transformed values.

The nonparametric Wilcoxon rank-sum test was used to investi-

gate the difference between study groups. Note that as the test is

based on ranks and not on the actual values and the logarithm is

a monotonous transformation, the result of the Wilcoxon rank-sum

test is the same whether applied to the original or log-transformed

data. Confidence intervals were constructed by bootstrapping. (If a

95% confidence interval for mean/median/correlation coefficient does

not include the value 0, the mean/median/coefficient is statistically

significantly different from 0 at the alpha level of 5%.)

The false-positive alpha level of 5 % was used to assess statisti-

cal significance. For tests of between-group differences, the p-values

were corrected for multiple testing using the Holmmethod is separate

families for each tested variable (Sections 3.4 and 3.5) (Holm, 1979).

The statistical analysis was performed using R version 4.2.2 (pack-

ages: readxl 1.4.2, dplyr 1.1.0, tidyr_1.3.0, Hmisc 4.8-0, confintr 0.2.0,

ggplot2 3.4.1).

The ROC curve (receiver operating characteristic curve) for UAC

as an indicator of kidney function was constructed, and the identi-

fied threshold (UAC = 10 mg/g) was used to determine screening test

adequacy in the 102 dogs from the 1 to 4 groups. The sensitivity,

specificity, and positive and negative predictive values were deter-

mined while as positives we took patients with diagnosed CKD and

dogs from the G4 and as negatives the healthy dogs and patients in

the G3.

3 RESULTS

3.1 Study population

One hundred two dogs were enrolled in this study between 2018

and 2022, all living in the Czech Republic. Both pure breeds and

mixed-breed dogswere included. Therewere 44 different breeds, with

21 mixed-breed dogs distributed among four analysed groups. The

Healthy group included 17 dogs, with 5 being mixed breeds and 12

purebreds. The most common purebreds were Belgian Shepherds (3

dogs), Hungarian Vizslas (2 dogs) and seven other breeds each rep-

resented by one dog. The CKD group comprised 42 dogs, including 4

mixed breeds and 38 purebreds. The Yorkshire Terrier was the most

F IGURE 2 The correlation plot shows log(UPC) and log(UAC)
dependence. Each point represents a single patient (n= 102).

common (7 dogs), followed by Chihuahuas (4 dogs), Golden Retriev-

ers (3 dogs), Dachshunds (2 dogs), West Highland White Terriers (2

dogs), and 20 other breeds each represented by one dog. The third

group, Acute Sick, included 30 dogs, 6 of which were mixed breeds,

and 24 were various breeds. The most frequent breeds were Rottweil-

ers (3 dogs) and Hungarian Vizslas (2 dogs), with 18 other breeds each

represented by one dog. The fourth group, Chronic sick, consisted of

13 dogs, including 6 mixed breeds and 7 different purebreds. The age

range of analysed dogs was 1–17 years, further divided into young

(n=27), adult (n=37), senior (n=37) and geriatric (n=18) groups. The

records of all 102 dogswere examined forUAC. The characteristics are

summarised in Table 1.

3.2 Evaluation of UAC in the study population

The relationship between UAC and UPC was evaluated. Furthermore,

we determined the predictive power of UAC in the screening tests.
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F IGURE 3 The ROC curve for the urinary albumin to creatinine
ratio (UAC) as an indicator of impaired kidney function. The colour
scale represents the base 10 logarithm of UAC as a threshold used to
reduce kidney function. The area under the curve (AUC) is 0.92. The
teal colour for value log10(UAC)= 1 represents the chosen threshold
of UAC= 10mg/g and is indicated in the plot. For this threshold, the
false-positive rate is 11% (therefore, specificity is 89%) and the
true-positive rate (sensitivity) is 82%.

3.2.1 UAC versus UPC

The Pearson’s correlation coefficient between log-transformed val-

ues of r = 0.91 (95% CI: 0.87 to 0.93) indicates a strong statistically

significant association (Figure 2).

Further, we describe the dataset according to established UPC

and UAC levels where pathological proteinuria (UPC > 0.5) and albu-

minuria (UAC > 30) were defined. In 87.3% of cases (89/102), the

indication of values as pathological agrees with UAC and UPC. In par-

ticular, 64 agreed with normal, and 25 agreed with the pathological

cases. In 2.9% of cases (3/102), the indication of values as pathologi-

cal was only determined byUPC, and in 9.8% of cases (10/102), only by

UAC.

3.2.2 Determination of UAC adequacy for uses in
the screening test

We determined UAC’s predictive power in the kidney function screen-

ing tests. We constructed a ROC curve (receiver operating charac-

teristic curve) shown in Figure 3. The threshold of UAC = 10 mg/g

for indication of impaired kidney function was selected based on the

curve. Table 2 summarises the efficacy of assessment of altered kidney

function based on UAC values from analysed dogs (n= 102).

3.3 UAC association to haematology and serum
biochemistry findings

The relationshipbetweenUAC levels andvarioushaematologyandbio-

chemistry markers was analysed (Figure 4; and distributions of these

variables are shown in Figure S6). As expected, the results of UAC sig-

nificantly negatively correlated with the erythrocyte count. Similarly,

creatinine, BUN, SDMA, and phosphorus statistically significantly cor-

related with UAC levels. Systolic blood pressure was also shown to

correlate significantly with UAC. The numerical values are presented

in Table 3.

3.4 UAC in study groups

The levels of UAC and UPC in different study groups were examined

and are presented graphically in Figure 5. Table 4 contains medians

of UAC with their respective confidence intervals for all groups. The

numerical values for UPC, log(UAC) and log(UPC) are presented in

Table S2a–d, and all the confidence intervals are visualised in Figure S3.

Considering UAC, there is a statistically significant difference

between groupsCKDandHealthy controls (p< 0.001), CKDandAcute

sick control (p< 0.001). Healthy Control significantly differed from the

Acute sick control (p = 0.012). Similarly, both groups Healthy control

and the Acute sick control significantly differed from the Chronic sick

control group (p < 0.001 and p < 0.001, respectively). Groups CKD

and Chronic sick control show no statistically significant difference

TABLE 2 The deriving sensitivity, specificity, and predictive value of the assessment of impaired kidney function based on UAC values (using
established threshold) from analysed dogs.

Value

Impaired kidney

function

Normal kidney

function

UAC≥ 10 TP= 45 FP= 5 PPV= TP/(TP+FP)

90.0%

UAC< 10 FN= 10 TN= 42 NPV= TN/(TN+FN)

80.1%

Sen= TP/(TP+FN)

81.8%

Spec= TN/(TN+FP)

89.4%

Abbreviations: FN, false negative; FP, false positive; NPV, negative predictive value; PPV, positive predictive value; Sen, sensitivity; Spec, specificity; TN, true

negative; TP, true positive; UAC, urinary albumin to creatinine ratio.
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F IGURE 4 Correlation plots indicate the relation between log(UAC) and the investigated variables. Each point represents a single patient.
BUN, blood urea nitrogen; ERYS, red blood cells; K, potassium;Mg, magnesium; P, phosphorus; PCV, packed cell volume; sALB, serum albumin; SBP,
systolic blood pressure (n= 53); sCREAT, serum creatinine; SDMA, symmetric dimethylarginine (n= 46); TP, total protein.

(p = 0.204). These results of between-group hypothesis tests are

presented in a structured form in Table S3A and B).

The group medians and values differ except for the medians G2

and G4. Similarly, such values overlap markedly among G2 and G4.

Therefore, the UAC values alone cannot classify subjects into groups.

The only exception is between the groups with impaired (G2, G4) and

not impaired kidney function (G1, G3), where the separation is almost

complete, as seen in the log-transformed form in Figure 5.

3.5 UAC versus age

The different age groups were compared based on their UAC levels

(Figure 6). There is a clear trend of higher UAC values in older subjects.

In particular, there are statistically significant differences between

young and senior (p < 0.001), young and geriatric (p < 0.001), adult

and senior (p = 0.028). Insignificant, there is a comparison between

adult and geriatric (p = 0.057) dogs. Any differences there were not
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seen between senior and geriatric (p = 1.00) and young and adult (p =

0.172) dogs. Confidence intervals for means and medians of log(UAC)

in age groups are shown graphically in Figure S4 and Table S4. Note

that the lower values of UAC in younger individuals may be partly

explained by the distribution of age among study groups, as seen in

Figure S5.

3.6 The relationship between UAC and
hypertension

The correlation between log-UAC and systolic blood pressure was

calculated (r = 0.39, 95% CI: 0.11 to 0.60) to determine the relation-

ship between UAC levels and hypertension among CKD. The values

corresponding to hypertension are visually labelled in Figures 7 and 8.

4 DISCUSSION

Our study comprehensively describes the relationship between the

level of albuminuria and various markers of kidney function in dogs.

While albuminuria is commonly used as a diagnostic marker to deter-

mine kidney function in humanmedicine (Wouters et al., 2015), it is not

widely used in dogs. The results of our study indicate that albuminuria

could be considered a potential marker for better characterisation of

canine kidney function.

A published study recently defined the reference interval for dogs

for UAC as 0–19 mg/g with an upper limit 90% CI of 13–28 mg/g and a

maximum of 48 mg/g (Falus et al., 2022). The reference intervals com-

monly used in human medicine (Honetschlagerová et al., 2021) and

used for previous canine studies (Bacic et al., 2010; Pasławska et al.,

2020;Whittemoreet al., 2006) arebroader: 0–30mg/g. For the calcula-

tion of theUACandhypertension relationship in our study,weused the

previous classification because of a simple comparison with previously

published results.

Furthermore, albuminuria has been used for classifying CKD in

humans (Fukuda et al., 2020; Nadasdy et al., 1999). In addition, Rudin-

sky et al. (2018) described that the UAC ratio was higher in dogs

with CKD than in apparently healthy ones. Moreover, Miyakawa et al.

(2021) reported that albuminuria was associated with a faster pro-

gression of nonazotemic proteinuric CKD. A minimum number of

studies published have used UAC in the screening tests in dogs so far

(Lyon et al., 2010; Miyakawa et al., 2021). Therefore, we first tried to

describe the sensitivity, specificity andpredictive values of albuminuria

in screening tests for kidney function in relationship with CKD early

stages. In previous studies, albuminuria was followed by inflammatory

(Kuleš et al., 2021), metabolic (García San José et al., 2020) and renal

diseases (Bacic et al., 2010). In our chromic sick group, albuminuriawas

higher than in the controls. Albuminuria is not specific for CKD but

probably reveals kidney function decrease. This study encompasses

dogswith various health conditions. TheUAC ratio in dogswith altered

kidney function (CKD andChronic sick groups) was significantly differ-

ent from that in dogs with normal kidney function (Healthy and Acute

TABLE 3 Pearson’s correlation coefficients between log(UAC) and
various variables and corresponding 95% confidence intervals (CI).

Variable r
95%CI

lower bond

95%CI

upper bond

log10 (UPC) 0.902 0.856 0.931

sCREAT

(mmol/L)

0.331 0.161 0.486

SDMA (µg/L) 0.566 0.295 0.744

BUN (mmol/L) 0.369 0.158 0.518

ERYS (T/L) −0.332 −0.514 −0.142

PCV (%) −0.226 −0.429 −0.02

sALB (g/L) −0.173 −0.36 0.038

TP 0.023 −0.201 0.215

SBP (mmHg) 0.388 0.095 0.603

Age (years) 0.495 0.338 0.615

P (mmol/L) 0.336 0.159 0.479

K (mmol/L) 0.116 −0.048 0.297

Mg (mmol/L) 0.081 −0.187 0.375

Note: The sign of the coefficient indicates the direction of the relationship

(direct for positive and inverse for negative coefficient), and the magni-

tudeof the coefficient indicates the strengthof the relationship. Confidence

intervals not including 0 indicate a statistically significant correlation.

Abbreviations: BUN, blood urea nitrogen; CI, confidence interval; ERYS, red

blood cells; K, potassium; Mg, magnesium; P, phosphorus; PCV, packed cell

volume; SBP, systolic blood pressure (n = 53); sCREAT: serum creatinine;

SDMA: symmetric dimethylarginine (n= 46).

sick groups) at the time of diagnosis. However, UAC was not differ-

ent among individual dogs from IRIS stages 1 and 2. UAC appears to

be related to kidney function but lacks the reliability and precision to

differentiate stages of CKD.

We established a UAC threshold of 10 mg/g using an ROC curve.

Our research suggests that levels of UAC higher than 10 based on our

analyses are indications for kidney biochemistry analyses, including

the determination of SDMA. The GFR value is defined as the vol-

ume of ultra-filtrate created in the glomeruli and correlates to the

total amount of renal mass (Sargent et al., 2021). In clinical practice,

serum SDMA combined with urine-specific gravity is the most com-

monmarker of renal function. SDMA, an endogenousmarker produced

by all cells, is an indirect estimate of glomerular filtration, and its

serumconcentrations inversely correlate toGFR (Hall et al., 2016;Kiel-

stein et al., 2006; Nabity et al., 2012). Our results, obtained from a

group of 46 dogs (10 of which were healthy), show a significant cor-

relation between albuminuria and SDMA. In contrast, creatinine was

not elevated in all dogs with reduced kidney function and UAC lev-

els over the threshold. Thus, UAC likely represents a more sensitive

marker for reduced kidney function than routinely used serum creati-

nine. Reduced kidney function is a component not only of CKDbut also

can occur due to other chronic diseases (Cushing’s (Smets et al., 2010),

diabetes mellitus (Herring et al., 2014), hypothyroidism (van Hoek &

Daminet, 2009)). A complete biochemical panel examination provides
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F IGURE 5 Distribution of UAC, UPC, log(UAC) and log(UPC) values in study groups. All values are shown as dots. The horizontal lines indicate
medians; the boxes’ bottom and top edges indicate the first and the third quartiles, respectively. G1, Healthy control; G2, CKD; G3, Acute sick
control; G4, Chronic sick control.

the necessary information for identifying the cause of reduced kidney

function and finding the correct diagnosis.

Regarding the correlation ofUAC levelswith different ages, the data

showed a noticeable trend of UAC rising with older dogs. The previous

studies both confirm and disprove this observation (Falus et al., 2022;

Smets et al., 2010). The incidence of CKD rises with age, which is also

shown in our study population, as the median age for the CKD group

is higher compared to apparently healthy subjects or subjects with-

out kidney function alteration. The reason for age association could

be in the constitution of the study population. Older dogs tend to

have health alterationsmore often; therefore, albuminuria seemsmore

influenced by kidney function decrease than age.

The relationship between albuminuria and blood pressure was

already described by Bacic et al. (2010), who stated that hyperten-

sive individuals showa higherUAC ratio than normotensive individuals

and that UAC is as useful marker as UPC for determining protein-

uria. Our study confirms these conclusions with results based on

a larger and more diverse study population, where a wider set of

routine kidney variables was determined in all patients. Further-

more, the original study only included dogs with diagnosed CKD,
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TABLE 4 Estimates and 95% confidence intervals for group
medians of UAC.

Study group n Median

95%CI

formedian

G1: Healthy control 17 2.1 1.4 to 3.1

G2: CKD 42 54.2 21.6 to 175.0

G3: Acute sick control 30 5.8 2.5 to 8.2

G4: Chronic sick control 13 104.0 40.6 to 624.0

Note: In contrast to box plots in Figure 5, the confidence intervals cap-

ture the uncertainty about the mean/median estimate and do not capture

the distribution of the values in the population. Nonoverlapping confidence

intervals indicate a statistically significant difference between groups. In

some cases, there can be statistically significant differences even when the

confidence intervals overlap slightly.

Abbreviation: CI, confidence interval.

F IGURE 6 Distribution of log(UAC) values in different age groups.
All values are shown as dots; the horizontal lines indicatemedians, and
the boxes’ bottom and top edges indicate the first and third quartiles,
respectively.

whereas, in our study, groups with different clinical diagnoses are also

included.

We compared UAC and UPC in two scenarios. First, we correlated

the ratios among individual dogs. The correlation analysis revealed

a very strong relationship between UAC and UPC in dogs with nor-

mal sediment, which was only slightly different. In the second case,

F IGURE 7 The correlation plot shows the dependence of SBP and
log(UAC). The data points are shown in blue (no hypertension) or red
(hypertension), regression line is shown in blue, with the shaded area
representing the corresponding confidence interval. In particular, the
regression line has an intercept estimated as−0.7 (95%CI−2.1 to 0.7)
and a slope as 0.015 (95%CI 0.005 to 0.024). This can be understood
as a ten-fold increase in UAC per every 67mmHg increase in SBP.

we compared the classification of patients into ‘normal’, ‘border’ and

‘proteinuria’ groups against their classification into ‘normal’, ‘microal-

buminuria’ and ‘macroalbuminuria’ groups, taking into account the

detected level of systolic blood pressure. The classification of a patient

according to UPC corresponded with their classification according to

UAC.

This study has multiple limitations. First, serum biochemistry vari-

ables were measured in two laboratories with varying reference

ranges. Second, the number of subjects in both the Chronic sick group

and theHealthy control groupwas relatively low. Furthermore, the age

structure of the Healthy group significantly differed from the rest of

the groups. The analysis was conducted retrospectively, and although

there were 27 young and 26 senior dogs in the entire sample, most of

the young dogswere healthywhilemost of the senior dogs, and all geri-

atric dogs,were ill. Finally, the classification into IRIS staging subgroups

was less accurate due to missing SDMA test results in some patients.

In 14 cases, a dog was classified into an IRIS stage without SDMA

values.

In conclusion, the study results show that themeasurement of albu-

minuria in CKD patients might be a promising marker of proteinuria

analysis in dogs. Among the analysed dogs, UAC strongly correlated

with SDMA levels, as well as with the RBC haematology parameter.

Through ROC analysis, we proposed a value of 10mg/g as indicative of

the need for a complete biochemical examination to assess the cause of

kidney function alterations. In cases of severehypertension,UAC levels

were consistently elevated.
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F IGURE 8 The dataset separated by both systolic blood pressure and severity of albuminuria (different symbols mark subjects). In a group
with normal levels of albuminuria, 3 out of 28 subjects suffered from hypertension. In themicroalbuminuria group, 4 out of 9 subjects suffered
from hypertension. In themacroalbuminuria group, hypertension was diagnosed in 6 out of 16 subjects.
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