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Abstract: Traditional markers such as creatinine and BUN have limited sensitivity for detecting early kidney dysfunction, whereas
symmetric dimethylarginine (SDMA) offers a more reliable indication of reduced glomerularfiltration rate. Chronic kidney dis ease
(CKD) in dogs is often associated with anemia due to decreased erythropoietin production, but the relationship between SDMA
levels and anemia severity remains unclear. This re trospective cross-sectional study analyzed canine patients presented to INI Vet-
erinary Service, Surabaya, Indonesia, between January 2024 and August 2025, with available complete blood counts and renal func-
tion profiles including SDMA, creatinine, and hematocrit (HCT). Anemia severity was classified by HCT values, renaldysfunction
was staged according to IRIS criteria, and statistical analyses include d Chi-square testing, re gression modeling, and ROC curve anal-
ysis. Among 157 dogs, anemia was present in 28.2% of cases and increased in prevalence and severity with advancing CKD stage.
SDMA concentrations were significantly higher in dogs with severe anemia, yet regression a nalysis re vealed that SDMA, creatinine,
and age were notinde pendent predictors of anemia severity. ROC analysis showed moderate discriminatory ability of SDMA (AUC
0.666), with high specificity (81.2%) but limited sensitivity (56.8%). In conclusion, anemia in dogs was more frequentand severe in
advanced CKD, but SDMA was not an inde pendent predictor after adjusting for creatinine and age. While ROC analysis suggests
SDMA may serve as a supportive “rule-in” biomarker, it lacks sensitivity to function as a standalone diagnostic tool.
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The kidney plays a central role in maintaining homeostasis by regulating fluid, elec-
DOI:10.52331/v31i1gy09 trolyte, acid-base, glucose, protein, lipid, and ion balances, as well as removing metabolic
waste [1,2]. Serum creatinine and blood urea nitrogen (BUN) are traditional biomarkers
widely used in clinical practice to assess kidney function. However, their sensitivity and
specificity arelimited, as they areinfluenced by multiple factors unrelated to kidney func-
tion, including age, sex, muscle mass, diet, and certain medications. Moreover, alterations
inserum creatinineand BUN aresubtleand may not bereadily detectable during the early
stages of kidney dysfunction [3,4].
Copyright: © 2021 by the . . .. . . . . .
Symmetric dimethylarginine (SDMA) is a methylated derivative of theamino acid ar-
ginine, produced during protein turnover and released into thebloodstream. It is primarily
eliminated by thekidneys through glomerular filtration, with minimal influence from mus-
cle mass, age, or sex. Because SDMA is almost exclusively excreted by thekidneys, its blood
concentration rises as glomerular filtration rate (GFR) declines. SDMA increases in the
blood with even mild reductions in GFR, often before serum creatininerises [5,6]. In dogs,
SDMA can detect as littleas a 20-25% decrease in GFR, making it a highly sensitive early
marker of kidney dysfunction [7].
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The decline of kidney function and anemia are closely linked, especially in chronic kidney disease
(CKD). The kidneys normally produce erythropoietin (EPO), a critical hormone that stimulates red blood
cell production [8]. In CKD, however,damaged kidneys lose the ability to produce adequate EPO, resulting
in normochromic-normocytic anemia that progressively worsens as kidney function declines [9,10]. Anemia
is not only highly prevalent among CKD patients, but also contributes significantly to poorer prognosis and
reduced quality of life. It is strongly linked to faster progression to end-stage renal disease, higher rates of
cardiovascular events, and elevated all-cause mortality. Therefore, the early identification and management
of anemia areessential for improvingoutcomes in CKD patients[11,12].

In this context, the detection of early or subclinical kidney dysfunction becomes particularly im-
portant, as it may enable therecognition of anemia before significant renal damage occurs. SDMA, as previ-
ously highlighted, is recognized as a more sensitive biomarker for detecting early kidney dysfunction com-
pared to creatinine [13]. An elevation in SDMA despite normal creatinine values suggests the presence of
early or subclinical renal impairment, which could represent a critical window for intervention. However,
the association between SDMA-detected early dysfunction and the risk of developing anemia has not yet
been clearly established, underscoring the need for further investigation. In response of the current re-
search gap, this study seeks to characterizeanemia patterns across early and advanced stages of renal dys-
function in canines by evaluatinghematologic and kidney function biomarkers.

The early detection of anemia allows earlier intervention, which can improve patient outcomes and
reduce complications.In cases of early or subclinical kidney dysfunction, supportive therapy may help pre-
vent the development of anemia. Moreover, the use of SDMA for early anemia detection could refine CKD
staging and patient monitoring. These insights highlight not only their significance in veterinary medicine
but also potential parallels in human nephrology.

2. Materials and Methods
2.1 Study Design and Setting

A retrospective cross-sectional research design was used to determine the role of SDMA as a predictor
of anemia in early caninekidney dysfunction. The population consisted of canine patients who were hospi-
talized or seen as outpatients at INI Veterinary Service, Surabaya, Indonesia, between January 2024 and
August 2025, and in whom complete blood count (CBC) and renal function tests had been conducted.

2.2 Participants

The inclusion criteria were canine patients presented to INI Veterinary Service, Surabaya, Indonesia,
between January 2024 and August 2025, who underwent blood work that included SDMA, HCT, and creat-
inine measurements obtained during the same clinical encounter. Only cases with complete data sets, meas-
ured on standardized analyzers (IDEXX Catalyst One and ProCyte One), were included. The exclusion cri-
teria included: (1) poor sample quality or analyzer flags that could invalidate measurements (marked he-
molysis, lipemia, or icterus); (2) evidence of acute kidney injury or clearly prerenal azotemia at the time of
sampling(e.g., dehydration/hypovolemia, urinary obstruction), as defined in themedical record; (3) known
non-renal causes of anemia (e.g., acute hemorrhage or recent surgery/trauma, gastrointestinal bleeding, he-
molysis, hemoparasitosis such as Babesia/Ehtlichia, severe systemicinfection/inflammation, or neoplasia af-
fecting red cell mass); (4) prior blood transfusion within 30 days; or (5) recent therapy that directly alters
erythropoiesis (erythropoiesis-stimulating agents, iron/B12/folate supplementation) within the preceding
14-30 days. The independent variablewas the SDMA concentration, while the dependent variablewas ane-
mia severity, categorized into five levels (normal, mild, moderate, severe, very severe) according to HCT
values. Potential confounding variables included patients” age, sex, breed or body size, hydration status,
concurrent diseases, and medications that may influence kidney function or red blood cell levels.

2.3 Data Collection
2.3.1 Clinical Data

Demographic and clinical information recorded for each patient included name, sex, age, date of testing,
and body weight. Laboratory data consisted of renal function markers (SDMA, creatinine, blood urea nitro-
gen, and phosphorus) and CBC parameters, including HCT.

2.3.2 Laboratory Assessment

The data were collected by the attending veterinariansresponsible for each patient. Blood samples were

obtained via venipuncture and placed in EDTA tubes for hematological analysis, while serum samples were
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processed for biochemical evaluation. Hematological parameters weremeasured using the IDEXX ProCyte
One hematology analyzer, and biochemical markers, including creatinineand SDMA, were assessed using
the IDEXX Catalyst One chemistry analyzer. All reference ranges applied were those validated for canine
patients.

2.3.3 Early and Advanced Renal Dysfunction Grouping

Subjects were categorized into four groups according to SDMA and creatinine levels, in line with the
20231IRIS CKD staging system. The normal group had SDMA levels of 0-14 pg/dL and creatininelevels of
0.5-1.4mg/dL. The early renal dysfunction group (Stage 1) was defined by SDMA levels of 15-17 pg/dL with
creatinine levels remaining at 0.5-1.4 mg/dL. Moderate renal dysfunction (Stage 2) included subjects with
SDMA levels between 18-35 pg/dL and creatininelevels of 1.4-2.8 mg/dL. The advanced renal dysfunction
group (Stages 3 and 4) was characterized by SDMA levels >36 ug/dL and creatininelevels >2.9 mg/dL [14].

2.3.4 Anemia Severity Grouping

The analysis categorized canine patients into groups based on the severity of anemia. Classification was
determined using HCT values, with anemia defined as HCT <37%. Severity was further stratified into the
following categories: mild anemia (HCT 30-36.9%), moderate anemia (HCT 20-29.9%), severe anemia (HCT
13-19.9%), and very severeanemia (HCT <13%). Dogs with HCT > 37% were classified as havingno anemia
[15].

2.4 Statistical Analysis

Data wereanalyzed using IBM SPSS Statistics (version 31,IBM Corp., Armonk, NY). Descriptivestatis-
tics were reported as mean + standard deviation (SD) or median (interquartile range, IQR) for continuous
variables, and frequency (percentage) for categorical variables. Comparisons of anemia severity (normal,
mild, moderate, severe, very severe) across renal dysfunction stages (normal, early, moderate, advanced)
were performed using the Chi-square test for trend. Differences in SDMA and hematocrit (HCT) levels
across anemia severity groups were evaluated using one-way ANOVA or the Kruskal-Wallis test, depend-
ing on data distribution, followed by appropriate post hoc tests. Correlation between SDMA and HCT values
was assessed using Pearson’s or Spearman’s correlation coefficients. To explore the relationship between
SDMA and anemia severity, an ordinal logistic regression model was applied with anemia severity (five
categories) as the dependent variableand SDMA as the independent predictor, adjusting for potential con-
founders such as age, sex, and creatinine. Receiver operating characteristic (ROC) curveanalysis was addi-
tionally performed to assess the discriminatory performance of SDMA for detecting clinically relevant ane-
mia (defined as HCT <37%). A two-sided p-value<0.05 was considered statistically significant.

2.5 Ethical Considerations

This study wasbased on a retrospectivereview of canine patient records. All blood samples were col-
lected as part of routine clinical diagnostic procedures, and no additional samples were drawn for research
purposes. Informed consent for blood collection and diagnostic testinghad been obtained from the owners
by the attending veterinarians at the time of clinical evaluation. Patient confidentiality was maintained
throughout the study by anonymizing identifying information such as name and medical record number.
Ethical approval for the use of clinical data was obtained from INI Veterinary Service, Surabaya, Indonesia,
in accordance with guidelines for the ethical use of animals in research (Protocol No. IACUC-INIVET-2025-
001).

3. Results
3.1 Study Population and Baseline Characteristics

A total of 173 blood test results were initially collected, but cases without creatinine values were ex-
cluded. After this adjustment, 157 canine patients wereincluded in the analysis. Among them, 60.5% were
female. The dogs had a mean age of 10 years (range: 1-17 years)and a mean body weight of 19.91bs (range:
2.4-79.41bs). The data were collected between January 2024 and August 2025. Detailed baseline characteris-
tics are presented in Appendix A.

3.2 Frequencies of CKD Staging and Anemia

A total of 157 canine patients were included in the analysis. Most patients had normal hematocrit
values (71.8%), while mild (13.4%), moderate (8.3%), severe (2.5%), and very severe (3.8%), where anemia
was less common. This distribution of data indicates that anemiaseverity was toward thenon-anemic group,
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with only a minority of patients experiencing anemia. Based on the IRIS classification, nearly half of the dogs
(49.7%) were classified as havingearly CKD, 30.6% as moderate, 8.3% as advanced, and 11.5% showed nor-
mal renal function. Thus, the majority of cases are presented in the early to moderate stages of disease.

3.3 Relationship between CKD stage and Anemia Severity

Chi-squareanalysis (Table 1) indicated a significant association between CKD stage and anemia sever-
ity (x2 =284, df = 12, p = 0.005). However, more than 60% of the expected cell counts were <5, limiting the
reliability of the result. Despite this limitation, descriptive trends were observed. Patients with advanced
CKD showed the highest proportion of anemia (54%), compared to moderate CKD (42%), early CKD (17%),
and those without CKD (22%). Mild to moderate anemia was most commonly found in patients with early
and moderate CKD, while severe and very severe anemia was uncommon and appeared primarily in ad-
vanced CKD stages. Notably, a few individuals without CKD also presented with very severeanemia, indi-
cating that anemia can develop from causes unrelated to CKD.

Table 1. Chi-square analysis on the relationship between CKD stage and anemia severity.

Anemia Severity Classification

Mild Moderate Normal Severe Very Se- Total
vere
Normal 1 1 14 0 2 18
CKD IRIS! Moderate 9 8 28 2 1 48
Classifica- Early 8 3 65 0 2 78
tion Advanced 3 1 6 2 1 13
Total 21 13 113 4 6 157

1 Chronic Kidney Disease-International Renal Interest Society
3.4 SDMA levels across anemia categories

The Kruskal-Wallis test (Fig. 1) demonstrated significant differences in SDMA across anemia categories
(H =183, df = 4, p=0.001). Post-hoc analysis revealed that only the severe anemia group differed signifi-
cantly from the normal group after Bonferroni adjustment (p = 0.031). Descriptively, SDMA concentrations
were lowest in thenormal and very severe anemia groups, intermediatein mild and moderate anemia, and
highest in severeanemia. The severe anemia category alsoshowed thewidest variability, with severalmark-
edly elevated values (>70 pg/dl), suggesting heterogeneity of renal dysfunction within this group. Interest-
ingly, patients with very severe anemia demonstrated relatively low and clustered SDMA values, which
may reflect small sample size or anemia from non-renal etiologies. Outliers were also noted in the normal
group, indicating that elevated SDMA can occur even in the absence of anemia. Overall, these findings sug-
gest that SDMA elevations become most apparent in association with severeanemia, whereas mild to mod-
erateanemia may not consistently reflect underlying renal impairment.

3.5 Ordinal Logistic Regression on Predictors for Anemia Severity and CKD Staging

Ordinal logistic regression using anemia severity as the dependent variable showed that SDMA (p =
0.477), creatinine (p = 0.871), and age (p = 0.120) were not significant predictors. The model did not signifi-
cantly improve fit compared with the intercept-only model (x*> = 3.88, p = 0.275), indicating that anemia
severity was not explained by these variables. In contrast, ordinal regression with CKD stage as the outcome
demonstrated a significant overall model fit (x2 = 38.9, p < 0.001; Nagelkerke R? = 0.245), with creatinine
emerging as a significant predictor (B=-0.837, p=0.010). SDMA and age werenot significant. Goodness -of-
fit statistics (Pearson x2 =341.3, p = 0.999) indicated adequate model fit. These findings suggest that while
creatinineis strongly associated with CKD stage, neither creatinine, SDMA, nor age predicted anemia sever-
ity, underscoring the importance of direct hematologic assessment in CKD patients.
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Figure 1. Kruskal-Wallis test on SDMA levels across anemia severity categories. The blue boxes
represent the interquartile range (IQR), with the horizontalline inside each boxindicating the me-
dian SDMA concentration. The whiskers extend to the minimum and maximum values within 1.5
x IQR, while circles and asterisks denote outliers and extreme values, respectively.

3.6 ROC Curve Analysis

ROC analysis for detection of clinically relevant anemia (= mild) showed that SDMA had moderate
discriminatory ability (AUC = 0.666, 95% CI 0.560-0.773, p = 0.002), whereas creatinine demonstrated poor
and insignificant performance (AUC = 0.592, p = 0.118) (Fig. 2). The optimal SDMA cutoff of 18.5 ug/dL
provided 56.8% sensitivity and 81.2% specificity, yielding a Youden index of 0.381. In contrast, the optimal
creatinine cutoff of 1.35 mg/dL resulted in lower sensitivity (45.5%) but similar specificity (87.5%), with a
Youden index of 0.330 (Table 2). These findings indicate that SDMA is more reliable than creatinine for
identifying anemia associated with renal dysfunction, particularly due to its higher discriminatory ability
and good specificity. However, the modest sensitivity of SDMA suggests that normal or near-normal values
do not exclude the presence of anemia, underscoring the need for SDMA to be interpreted alongside other
clinical and laboratory parameters.
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Figure 2. Receiver operating characteristic (ROC) curve with binormalsmoothing for the detection
of clinically relevant anemia. The light blue line re presents the creatinine, the cyan line re presents
SDMA, and the diagonalmagenta line re presents the reference line for a non-discriminatory test.
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Table 2. The optimal cutoff, sensitivity, 1-specificity, and Youden index of SDMA and creatinine
in detecting clinically significant anemia.

Parameter
Biomarkers Optimal Cutoff Sensitivity 1-Specificity Youden Index
SDMA 18.50 0.568 0.188 0.381
Creatinine 1.350 0.455 0.125 0.330

4. Discussion

The results of this study indicate that anemia becomes more prevalent and severe with advancing CKD
stage, consistent with prior reports that link renal dysfunction to impaired erythropoietin production and
chronicinflammation. As kidney function declines, the ability to produce erythropoietin, the hormone that
stimulates red blood cell production diminishes, leading to reduced erythroid precursor cells in the bone
marrow and worsening anemia [8].In thestudy by Lippiet al. (2021), anemia was reported in approximately
60% of dogs, with thehighest prevalence observed in the more advanced CKD IRIS stages. The frequency of
anemia increased particularly in dogs with CKD IRIS stages 3 and 4, in which the frequency exceeded 70%
[15].In dogs with CKD, anemia prevalencerises from 47% in IRIS stage2, to 71%in stage 3, and 82% in stage
4. Severity also increases, with moderate to severe anemia more common to be found in later stages. Mor-
phological abnormalitiesinred blood cells, such as anisocytosis and poikilocytosis, become more frequent
as CKD progresses, indicating worsening bone marrow function [15,16]. Although the chi-squaretest sup-
ported an association between CKD stage and anemia, the uneven distribution of cases across categories
limited statistical robustness.

Gunawan et al. (2023) reported a dog with IRIS stage 4 CKD that exhibited severe non-regenerative
anemia in conjunction with a markedly elevated SDMA concentration (64 pg/dL; reference range: 0-14
pg/dL) [17]. This suggests that dogs with severe anemia due to advanced kidney disease can have signifi-
cantly increased SDMA concentrations. SDMA levels were higher in dogs with severe anemia compared
with non-anemic dogs, suggesting that progressive renal impairment is associated with anemia severity.
Aging itself is associated with mild decreases in hematocrit and serum iron, likely due to iron-restricted
erythropoiesis and low-grade inflammation, but these changes are less pronounced than those seen with
significant renal dysfunction [18]. Therefore, this relationship was not consistent across all anemia catego-
ries, likely due to the small sample size in severe groups.

Ordinallogistic regression failed to demonstrate SDMA as anindependent predictor of anemia severity
after adjusting for creatinine and age. In contrast, creatininewas strongly associated with CKD stage, reaf-
firming its established role as a renal biomarker. These findings suggest that while SDMA reflects renal
dysfunction, it may not directly drive the pathogenesis of anemia.

ROC curveanalysis demonstrated that SODMA had a moderate discriminatory capacity for identifying
clinically relevant anemia, with an optimal cutoff of 18.5 ug/dL. At this threshold, specificity was relatively
high (81.2%), but sensitivity wasmodest (56.8%). This performance profile suggests that SDMA may bemore
useful as a “rule-in” test for anemia associated with renal dysfunction, as elevated values strongly support
the presence of disease, whereas normal or near-normal values do not reliably exclude it.

The superior performance of SDMA compared to creatinine (AUC 0.666 vs. 0.592, respectively)is con-
sistent with its known ability to detect renal impairment earlier and more reliably than creatinine, which is
strongly influenced by factors such as musclemass, hydration status, and extrarenal conditions [19,20]. The
moderate, but not excellent, discriminative capacity observed in this study indicates that SDMA alone
should not be considered a definitive diagnostic tool for anemia in CKD but rather a complementary bi-
omarker to beinterpreted alongsidehematological indices (HCT, reticulocyte count), renal staging, and iron
status.

Importantly, therelatively high specificity observed for SDMA suggests that its greatest clinical utility
may liein identifying subsets of dogs where anemia is more likely to be of renal origin. This may help dif-
ferentiate CKD-related anemia from anemia due to other etiologies such as nutritional deficiencies, chronic
inflammation, or bone marrow disorders. On the other hand, the limited sensitivity underscores the need
for caution, as relyingsolely on SDMA could result in underdiagnosis of clinically relevant anemia, partic-
ularly in earlier CKD stages or when multiple factors contribute to anemia development.

Taken together, these results highlight the potential utility of SDMA in the clinical evaluation of dogs
with CKD. While SDMA may not serveas a strongindependent predictor of anemia severity, it demonstrates
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moderate diagnostic accuracy and outperforms creatinine in identifying clinically meaningful anemia.
Larger, balanced cohorts are needed to validate the cutoff identified in this study and to clarify the role of
SDMA in the complex interplay between renal dysfunction and anemia in canine patients.

5. Conclusions

In conclusion, both the prevalence and the morphological abnormalities of anemia in dogs increase
progressively with advancing IRIS stages. Although SDMA concentrations wereelevated in dogs with more
advanced CKD and severe anemia, multivariable analysis did not establish SDMA as an independent pre-
dictor of anemia severity after accounting for creatinineand age. Nevertheless, ROC curve analysis indicated
that SDMA has a moderate discriminatory ability for detecting clinically relevant anemia, with relatively
high specificity but limited sensitivity. These findings suggest that SDMA may serve as a useful adjunctive
biomarker in the clinical evaluation of dogs with CKD, particularlyas a supportive “rule-in” test to identify
anemia of renal origin, but should not replace conventional hematological and biochemical assessments.
Further studies with larger and more balanced populations arewarranted tovalidate the diagnostic thresh-
olds and better define theclinical role of SDMA in theearly recognition and management of CKD-associated
anemia in dogs.
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