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Abstract 37 

Background: Glomerular filtration rate (GFR) estimation is considered the gold standard for 38 

assessment of renal function given its direct proportionality to renal mass. Despite this, serum 39 

creatinine, and increasingly symmetric dimethylarginine (SDMA), are more commonly used 40 

as surrogate markers of GFR in clinical practice. Data pertaining to the correlations between 41 

GFR, serum SDMA concentration and serum creatinine concentration in client-owned dogs 42 

are limited.  43 



Objectives: to describe the relationship between GFR, serum SDMA concentration and 44 

serum creatinine concentration in a population of client-owned dogs, and to compare the 45 

clinical utility of serum SDMA to the gold standard of GFR estimation via serum iohexol 46 

clearance for the detection of pre-azotemic chronic kidney disease (CKD).  47 

Animals: Medical records of 132 dogs who had GFR estimation performed between 2012 and 48 

2017. 49 

Methods: The medical records of 132 client-owned dogs having GFR estimation performed 50 

via iohexol clearance between 2012 and 2017 were assessed. Simultaneous serum creatinine 51 

and SDMA were available for 110 and 115 dogs respectively. All dogs included in the study 52 

population were non-azotemic. Regression analysis was performed to determine the 53 

associations between GFR, SDMA and serum creatinine concentrations. The sensitivity, 54 

specificity, positive predictive value (PPV) and negative predictive value (NPV) of different cut-55 

off points for SDMA and serum creatinine concentrations for detecting decreases in GFR were 56 

calculated, using a 95% confidence interval. ROC curve analysis was performed to determine 57 

the optimal cut-off for SDMA and serum creatinine concentration to detect a GFR decrease 58 

≥40% below the mean GFR of the patient’s bodyweight category. 59 

Results: Serum creatinine and SDMA were moderately correlated with GFR (R2=0.46 and 0.27 60 

respectively, P<0.0001) and with each other (R2=0.23, P<0.0001). Increased SDMA above the 61 

reference interval of 14 µg/dl was sensitive (85.7%) but relatively non-specific (52.8%) for 62 

detection of a ≥ 40% GFR decrease below the mean GFR of the patient’s body weight category. 63 

The optimal SDMA concentration for assessing for a GFR decrease of ≥40% was 18 µg/dl 64 

(sensitivity 80%, specificity 90%). The optimal serum creatinine concentration cut-off 65 

detection of a ≥ 40% GFR decrease was ≥1.37mg/dL (sensitivity 64%, specificity 93%). 66 



Conclusions and clinical importance: SDMA can be a sensitive and specific marker for 67 

detecting decreased renal function depending on the cut-off used.  Using a cut-off of >18µg/dl 68 

rather than the traditional cut-off of >14µg/dl increases the specificity of SDMA for detecting 69 

decreased renal function as assessed by estimation of GFR. 70 

 71 

 72 

Glomerular filtration rate (GFR) estimation is regarded as the gold standard method for 73 

assessing renal function, as it is directly proportional to renal mass.1 While direct 74 

measurement of GFR is not possible, it can be estimated by assessing the clearance of a 75 

marker of GFR.2 Measuring the plasma clearance of iohexol has become a widely used means 76 

of estimating GFR due to its availability, cost and ease of use.3-12 Measuring the plasma 77 

clearance of iohexol using a limited sampling technique has been previously described in 78 

dogs.13 79 

 80 

Although GFR estimation is the gold standard for assessing renal function, measurement of 81 

serum creatinine, a surrogate marker of GFR, remains the main means of assessing renal 82 

function in dogs in clinical practice.14 However, using serum creatinine as a marker of GFR has 83 

significant limitations. The relationship between serum creatinine and GFR is exponential, 84 

such that serum creatinine has limited sensitivity for the early detection of declining renal 85 

function.15 In addition, lean body mass has a significant effect on serum creatinine 86 

concentrations,16 making assessment of GFR in well-muscled or cachexic animals challenging. 87 

Furthermore, false increases in serum creatinine concentrations are possible with certain 88 

assays,17 and in male dogs a small amount of creatinine is secreted in the renal tubules.18  89 

 90 



Recent studies indicate that symmetric dimethylarginine (SDMA) may be a promising 91 

marker of GFR in dogs.19,20 SDMA is produced by the breakdown of proteins, the arginine 92 

residues of which have been post-translationally methylated, and is excreted primarily 93 

(≥90%) by renal clearance.21,22 Unlike serum creatinine, SDMA is unaffected by lean body 94 

mass.16 SDMA has an exponential relationship with GFR but may be a more sensitive marker 95 

of declining GFR than creatinine.19 A caveat is that data pertaining to the effects of 96 

concurrent disease on SDMA remain somewhat limited.  97 

 98 

A study by Nabity et al. comparing SDMA with serum creatinine concentration and GFR for 99 

early detection of decreasing kidney function in dogs with X-linked hereditary nephropathy 100 

demonstrated that SDMA increased as the disease progressed, correlating with increases in 101 

serum creatinine and decreasing GFR.19 SDMA detected, on average, a <20% decrease in 102 

GFR, which was earlier than serum creatinine using any comparison method.19 In addition, 103 

Hall et al. demonstrated that serum SDMA increased before serum creatinine by a mean of 104 

9.8 months (range 2.2-27 months) in dogs with chronic kidney disease (CKD).20  Although the 105 

two aforementioned studies described the relationship between GFR, SDMA and serum 106 

creatinine, the study populations in both cases were relatively small populations of research 107 

colony dogs. Data relating to the relationship between GFR, SDMA and serum creatinine in a 108 

general population of client-owned dogs in a clinical setting where kidney disease is 109 

suspected based on their clinical presentation are lacking. 110 

 111 

The aim of this study was to describe the relationship between GFR, SDMA and serum 112 

creatinine in a population of client-owned dogs presenting to both referral and first-opinion 113 



practice, and to compare the clinical utility of SDMA to the gold standard of GFR estimation 114 

via serum iohexol clearance for the detection of pre-azotemic CKD. 115 

 116 

Materials and Methods: 117 

Data Acquisition and Analysis 118 

The medical records of dogs who had samples submitted for GFR estimation via iohexol 119 

clearance to the Royal Veterinary College from 9/3/12-4/11/17 were assessed. The project 120 

was reviewed and approved by the Royal Veterinary College (RVC) clinical research and 121 

ethical review board which allowed for access to joint iohexol clearance test submission 122 

forms held by deltaDOT Ltd. and the RVC, with subsequent submission of serum samples for 123 

SDMA and serum creatinine measurement via batch analysis to Idexx Laboratories Ltd. 124 

Additionally, contact with the veterinarians for access to the clinical records of the patients 125 

under investigation and for completion of a short questionnaire regarding patient outcomes 126 

was approved. This contact was performed prior to final implementation of the General 127 

Data Protection Regulation (EU) 2016/679. 128 

Iohexol clearance protocol  129 

A standard protocol was used for performing the iohexol clearance tests via a limited 130 

sampling technique, as previously described by McKenna et al.23 GFR was estimated from 131 

the iohexol clearance data by application of a compartmental model and correction formula 132 

previously described by Bexfield et al.,13 normalised to body weight in kilograms. For data 133 

analysis, dogs were divided into the four weight quartiles previously described by Bexfield et 134 

al.;13 1.8-12.4kg, 13.2-25.5kg, 25.7-31.6kg and 32.0-70.3kg. In the event that a dog’s body 135 



weight did not fall within the range of one of these body weight categories, the dog was 136 

included in the body weight category to which its body weight was closest. GFR estimation 137 

results were interpreted in light of the categorisation criteria previously defined by 138 

McKenna et al.:23 GFR group 1: GFR increased or <20% decreased from the mean GFR of the 139 

body weight category; kidney disease considered excluded or very unlikely as a cause of 140 

presenting clinical signs, GFR group 2: ≥20%-30% decrease in GFR from the mean GFR of the 141 

body weight category; kidney disease considered possible but unconfirmed as an aetiology 142 

for presenting clinical signs, GFR group 3: ≥30%-40% decrease in GFR from the mean GFR of 143 

the body weight category; kidney disease considered likely as an aetiology for presenting 144 

clinical signs, GFR group 4: ≥40% decrease in GFR from the mean GFR of the body weight 145 

category; kidney disease considered almost certain as an aetiology for presenting signs.  146 

 147 

Using the same serum that was submitted for GFR estimation via iohexol clearance testing, 148 

SDMA and serum creatinine concentrations were measured. After storage in a -80°C freezer 149 

for a median of 166 days (range 9-1360 days), all samples were submitted to Idexx 150 

Laboratories Ltd., to either Idexx Wetherby (UK) or Idexx Ludwigsburg (Germany). Identical 151 

machines and methodology were used to measure SDMA and serum creatinine in both labs. 152 

The reference intervals for SDMA and serum creatinine used in this study were set at 0-153 

14µg/dL and 0.23-1.5mg/dl respectively on 10/29/2017. 154 

 155 

The veterinarian(s) who submitted each sample set for iohexol clearance to be measured 156 

were contacted via email and asked to complete a short questionnaire regarding patient 157 

outcomes. Data collected included patient status (i.e. alive/dead), date of euthanasia/death, 158 



reason for euthanasia/death if known and whether or not a diagnosis was reached for the 159 

clinical signs/ routine laboratory findings that prompted GFR estimation. If no response to 160 

the questionnaire was received or the answers were insufficient to provide outcome 161 

information, veterinarians were contacted directly by telephone to request the full clinical 162 

history and laboratory reports for the patients in question from the time of iohexol 163 

clearance sample submission to the time of follow-up.  164 

 165 

Statistical Analysis 166 

Data are presented as median (range) unless otherwise stated. GFR estimation results were 167 

expressed as % deviation from the mean GFR of that patient’s body weight category as 168 

defined by Bexfield et al.13 and interpreted in light of the categorisation criteria defined by 169 

McKenna et al.23 Statistical analyses were performed using statistical software Prism 8.24 To 170 

investigate the associations between SDMA and GFR, serum creatinine concentration and 171 

GFR, and SDMA and serum creatinine concentration, SDMA and serum creatinine results 172 

were plotted against GFR data, and against each other. Best‐fit equations were derived from 173 

the resulting data plots in order to measure the associations between variables. Log and 174 

power transformations were applied as required to obtain linear relationships between the 175 

variables. Data from the 116 dogs for which GFR results and creatinine +/- SDMA results 176 

were available were included in the calculation of these associations.  177 

 178 

The sensitivity, specificity, positive predictive value (PPV) and negative predictive value 179 

(NPV) of different cut-off points for SDMA (>10µg/dl, >12µg/dl, >14µg/dl, >16µg/dl, 180 



>18µg/dl and >20µg/dl) and different cut-off points for serum creatinine (≥1.0mg/dl, 181 

≥1.1mg/dl, ≥1.2mg/dl, ≥1.3mg/dl, ≥1.4mg/dl ) for detecting decreases in GFR (GFR 182 

decreases of ≥20%, ≥30% and ≥40% below the mean GFR of the patient’s bodyweight 183 

category respectively) were calculated, using a 95% confidence interval. For calculation of 184 

sensitivity, specificity, PPV and NPV only those dogs for which GFR, SDMA and serum 185 

creatinine results were simultaneously available were included (n=105). 186 

 187 

Receiver operating characteristic (ROC) curves were developed to assess the trade-off 188 

between the sensitivity and (1-specificity) across a series of cut-off points for SDMA 189 

(>10µg/dl, >12µg/dl, >14µg/dl, >16µg/dl, >18µg/dl and >20µg/dl) and serum creatinine 190 

(≥1.0mg/dl, ≥1.1mg/dl, ≥1.2mg/dl, ≥1.3mg/dl, ≥1.4mg/dl and >1.5mg/dl) to detect 191 

decreases in GFR of ≥20%, ≥30% and ≥40% below the mean GFR of a patient’s body weight 192 

category. 193 

 194 

Results: 195 

GFR, serum creatinine and SDMA results 196 

A total of 132 dogs had samples submitted for GFR estimation between 9/3/12 and 4/11/17. 197 

The characteristics of this study population have previously been described.23 Serum 198 

creatinine data were available for 117/132 (88.6%) dogs. In 7/117 (6.0%) dogs for which 199 

serum creatinine was available, serum creatinine was above the upper limits of the reference 200 

interval (>1.5mg/dl). The 7 azotemic dogs were excluded from the data set and from further 201 

analysis, leaving a total of 125 dogs in the data set. After exclusion of the 7 azotemic dogs, 202 



serum creatinine data was available for 110/125 (88%) dogs. SDMA was available for 111/125 203 

(88.8%) dogs with concurrent SDMA and creatinine available for 105 (84%) dogs.  204 

In the 116 dogs for which either serum creatinine or SDMA was available, median GFR was 205 

2.21ml/kg/min across all body weight categories with a range of 1.16-4.04ml/kg/min. 206 

Percentage deviation from the mean of the body weight category ranged from -55% to 207 

+68.0% with a median deviation of -10.7% from the mean. In 39/116 (33.6%) dogs the 208 

percentage deviation from the mean of the body weight category was ≥20% decreased. 209 

Median serum creatinine for all 110 non-azotemic dogs for which it was available was 210 

1.1mg/dl (range 0.38-1.5g/dl) whilst median SDMA for all 111 dogs for which it was 211 

available was 15µg/dl (range 6-27µg/dl).  212 

 213 

In 57/111 (51%) dogs, SDMA was above the upper limits of the reference interval 214 

(>14µg/dl). The median SDMA for these 57 dogs was 17µg/dl (range 15-27µg/dl). Median 215 

change in GFR from the mean GFR for the patient’s body weight category in the 57 dogs 216 

with increased SMDA was -16.73% (range -55% to +40.8%). In the 57 cases with increased 217 

SDMA, GFR was increased or <20% decreased below the mean GFR for the patient’s 218 

bodyweight category in 32/57 (56%) of cases. Further description of SDMA and serum 219 

creatinine results by GFR category is provided in Table 1: 220 

  221 



Table 1: GFR (defined as % deviation from the mean GFR of the patient’s body weight 222 

category) results for patients with normal (≤14µg/dl) or increased (>14µg/dl) SDMA and 223 

serum creatinine concentrations above and below the cut-off for stage 1 chronic kidney 224 

disease (≥1.4mg/dl), as per the International Renal Interest Society (IRIS) guidelines.25 225 

 226 

GFR results are expressed as per the categories defined by McKenna et al.:23 GFR group 1: 227 

GFR increased or <20% decreased from the mean GFR of the body weight category; kidney 228 

disease considered excluded/ or very unlikely, GFR group 2: ≥20%-30% decrease in GFR; 229 

kidney disease considered possible but unconfirmed, GFR group 3: ≥30%-40% decrease in 230 

GFR; kidney disease considered likely, GFR group 4: ≥40% decrease in GFR; kidney disease 231 

considered almost certain. 232 

 233 

 

Variable 

 

GFR ↑ or ↓<20%  

 

 

GFR ↓ ≥20- 30% 

 

GFR ↓ ≥30- 40% 

 

 

GFR ↓ ≥40 

 

SDMA ≤14µg/dl 

n=54 

 

43 (80%) 

 

3 (5.5%) 

 

5 (9%) 

 

3 (5.5%) 

 

SDMA >14µg/dl 

n=57 

 

32 (56%) 

 

8 (14%) 

 

5 (9%) 

 

12 (21%) 

 

 

Creatinine <1.4mg/dl 

n=99 

 

72 (73%) 

 

11 (11%) 

 

8 (8%) 

 

8 (8%) 



 

Creatinine ≥1.4mg/dl 

n=11 

 

2 (18%) 

 

0 (0%) 

 

2 (18%) 

 

7 (66%) 

 234 

The relationship between SDMA and serum creatinine concentration with GFR 235 

 236 

Serum creatinine and SDMA were moderately associated with GFR (R2=0.46 and 0.27 237 

respectively, P<0.0001) and with each other (R2=0.23, P<0.0001). The relationship between 238 

serum creatinine and SDMA was linear (Figure 1) while the relationships between SDMA and 239 

GFR (Figure 2) and serum creatinine and GFR (Figure 3) were non-linear. The relationships 240 

between the reciprocal of serum creatinine and GFR (Figure 4), and the reciprocal of SDMA 241 

and GFR (Figure 5) were linear again with moderate but significant association (R2 = 0.37 242 

and R2 = 0.25 respectively, P<0.0001).  243 

 244 

Utility of SDMA for detecting decreases in GFR 245 

The sensitivity and specificity of different cut-off points for SDMA (>10µg/dl, >12µg/dl, 246 

>14µg/dl, >16µg/dl, >18µg/dl and >20µg/dl) and different cut-off points for serum creatinine 247 

(≥1.0mg/dl, ≥1.1mg/dl, ≥1.2mg/dl, ≥1.3mg/dl and ≥1.4mg/dl) for detecting decreases in 248 

GFR (GFR decreases of ≥20%, ≥30% and ≥40% below the mean GFR of the patient’s 249 

bodyweight category respectively) are outlined in Table 2. The positive and negative 250 

predictive values of these cut-off points for SDMA and serum creatinine for detecting 251 

decreases in GFR are outlined in Table 3. 252 

 253 



Table 2: Ability of different cut-off points of SDMA  and serum creatinine  to detect different 254 

categories of % GFR decrease below the mean GFR of the patient’s body weight category.  255 

Variable Sample 

Size 

Sensitivity  

% 

GFR ↓ 

≥20% 

(95% CI) 

Specificity  

% 

GFR ↓ 

≥20% 

(95% CI) 

Sensitivity  

% 

GFR ↓ ≥30% 

(95% CI) 

Specificity 

% 

GFR ↓ 

≥30% 

(95% CI) 

Sensitivity 

% 

GFR ↓ ≥40% 

(95% CI) 

Specificity 

% 

GFR ↓ 

≥40% 

(95% CI) 

SDMA  

>10µg/dl 

105 97.0 (84-

100) 

23.6 (14-35) 100 (85-100) 21.7 (13-32) 100 (77-100) 19.8 (12-29) 

SDMA  

>12µg/dl  

105 84.9 (68-95) 43.1 (31-55) 90.9 (71-99) 41.0 (30-52) 92.9 (66-100) 38.5 (28-49) 

SDMA  

>14µg/dl  

105 72.7 (54-87) 56.9 (45-69) 72.7 (50-89) 53.0 (42-64) 85.7 (57-98) 52.8 (42-63) 

SDMA 

>16µg/dl  

105 57.6 (39-75) 79.2 (68-88) 63.6 (41-83) 75.9 (65-85) 78.6 (49-95) 74.7 (65-83) 

SDMA  

>18µg/dl  

105 45.5 (28-64) 94.4 (86-98) 54.6 (32-76) 91.6 (83-97) 71.4 (42-92) 90.1 (82-95) 

SDMA  

>20µg/dl  

105 27.3 (13-46) 95.8 (88-98) 40.9 (21-64) 96.4 (90-99) 50.0 (23-80) 94.5 (88-98) 

Creatinine ≥1.0mg/dl 105 81.8 (65-93) 52.8 (41-65) 81.8 (60-95) 48.2 (37-59) 78.6 (49-95) 45.1 (35-56) 

Creatinine ≥1.1mg/dl  105 78.8 (61-91) 68.1 (56-79) 81.8 (60-95) 62.7 (51-73) 78.6 (49-95) 58.2 (47-69) 

Creatinine ≥1.2mg/dl 105 66.7 (48-82) 83.3 (73-91) 77.3 (55-92) 79.5 (69-88) 78.6 (49-95) 74.7 (65-83) 

Creatinine ≥1.3mg/dl 105 57.6 (39-75) 90.3 (81-96) 72.7 (50-89) 88.0 (79-94) 71.4 (42-92) 82.4 (73-90) 



Creatinine ≥1.4mg/dl 105 30.3 (16-49) 97.2 (90-

100) 

45.5 (24-68) 97.6 (92-

100) 

57.1 (29-82) 95.6 (89-99) 

 256 

Table 3: Positive predictive values (PPV) and negative predictive values (PPV) of different 257 

cut-off points for SDMA and serum creatinine concentration to detect different categories 258 

of % GFR decrease below the mean GFR of the patient’s body weight category.  259 

Variable Sample 

Size 

PPV 

% 

GFR ↓ ≥20% 

(95% CI) 

NPV 

% 

 GFR 

↓≥20% 

(95% CI) 

PPV 

% 

GFR ↓ ≥30% 

(95% CI) 

NPV 

% 

GFR ↓ 

≥30% 

(95% CI) 

PPV 

% 

GFR ↓ ≥40% 

(95% CI) 

NPV 

% 

GFR ↓ ≥40% 

(95% CI) 

SDMA >10µg/dl  105 36.8 (34-40) 94.4 (70-99) 25.3 (23-27) 100 16.1 (15-18) 100 

SDMA >12µg/dl  105 40.6 (35-47) 86.1 (73-94) 29.0 (25-34) 94.4 (82-98) 18.8 (16-22) 97 (84-100) 

SDMA >14µg/dl  105 43.6 (36-52) 82.0 (72-89) 29.1 (23-37) 88.0 (78-94) 21.8 (17-27) 96.0 (87-99) 

SDMA >16µg/dl  105 55.9 (43-68) 80.3 (73-86) 41.2 (30-53) 88.7 (82-93) 32.4 (23-43) 95.8 (89-98) 

SDMA >18µg/dl  105 79.0 (57-91) 79.1 (73-84) 63.2 (43-79) 88.4 (83-92) 52.6 (35-69) 95.4 (90-98) 

SDMA >20µg/dl  105 75.0 (46-91) 74.2 (70-78) 75.0 (47-91) 86.0 (81-90) 53.3 (33-73) 92.6 (88-96) 

Creatinine 

≥1.0mg/dl 

105 44.3 (37-52) 86.4 (75-93) 29.5 (24-36) 90.9 (80-96) 18.0 (14-23) 93.2 (83-97) 

Creatinine 

≥1.1mg/dl  

105 53.1 (44-62) 87.5 (78-93) 36.7 (29-45) 92.9 (84-97) 22.5 (17-29) 94.6 (86-98) 

Creatinine 

≥1.2mg/dl 

105 64.7 (51-76) 84.5 (77-90) 50.0 (38-62) 93.0 (86-97) 32.4 (23-43) 95.8 (89-98) 

Creatinine 

≥1.3mg/dl 

105 73.1 (56-85) 82.3 (76-87) 61.5 (46-75) 92.4 (86-96) 38.5 (26-52) 94.9 (89-98) 

Creatinine 

≥1.4mg/dl 

105 83.3 (54-96) 75.3 (71-79) 83.3 (54-95) 87.1 (82-91) 66.7 (41-85) 93.6 (89-96) 

 260 



A receiver operating characteristic (ROC) curve assessing the trade-off between sensitivity 261 

and (1-specificity) across each cut-off point for SDMA (>10µg/dl, >12µg/dl, >14µg/dl, 262 

>16µg/dl, >18µg/dl and >20µg/dl) to detect decreases in GFR below the mean GFR of a 263 

patient’s body weight category of ≥20%, ≥30% and ≥40% is presented in Figure 6. The area 264 

under the curve for SDMA assessing for a decrease in GFR ≥20% was 0.76, 0.79 for assessing 265 

for a GFR decrease ≥30% and 0.86 for assessing for a GFR decrease ≥40%. Using Youden’s J 266 

statistic, the optimal SDMA concentration for assessing for a GFR decrease of ≥20% was 267 

16µg/dl (sensitivity 72% (95% CI 55-86), specificity 70% (95% CI 58-80)). The optimal SDMA 268 

concentration for assessing for a GFR decrease of ≥30% was 19µg/dl (sensitivity 57% (95% CI 269 

34-77), specificity 90% (95% CI 81-95)) and optimal SDMA concentration for assessing for a 270 

GFR decrease of ≥40% was 18µg/dl (sensitivity 80% (95% CI 52-96), specificity 90% (95% CI 271 

73-89)). 272 

 273 

A ROC curve assessing the trade-off between sensitivity and (1-specificity) across different 274 

cut-off points for serum creatinine (≥1.0mg/dl, ≥1.1mg/dl, ≥1.2mg/dl, ≥1.3mg/dl and 275 

≥1.4mg/dl) to detect decreases in GFR below the mean GFR of a patient’s body weight 276 

category of ≥20%, ≥30% and ≥40% is presented in Figure 7. The area under the curve for 277 

serum creatinine assessing for a decrease in GFR ≥20% was 0.82, 0.83 for assessing for a GFR 278 

decrease ≥30% and 0.80 for assessing for a GFR decrease ≥40%. Using Youden’s J statistic, 279 

the optimal serum creatinine concentration cut-off for assessing for a GFR decrease of ≥20% 280 

was ≥1.25mg/dL (sensitivity 67% (95% CI 48-82), specificity 89% (95% CI 79-95)). The 281 

optimal serum creatinine concentration for assessing for a GFR decrease of ≥30% was 282 

≥1.31mg/dL (sensitivity 73% (95% CI 50-89), specificity 90% (95% CI 82-96)) and optimal 283 



serum creatinine concentration for assessing for a GFR decrease of ≥40% was ≥1.37mg/dL 284 

(sensitivity 64% (95% CI 35-87), specificity 93% (95% CI 86-98)). 285 

 286 

Out of the 57 dogs who had increased SDMA measured, in 32 dogs (56%) their GFR result 287 

was not considered consistent with renal disease (GFR increased or <20% decreased from 288 

the mean GFR of their bodyweight category). Out of these 32 dogs, reviewing the available 289 

follow up data, a final diagnosis was available for 23 (71.8%), with a median time to follow 290 

up of 344 days (range 2-951). A range of different final diagnoses for the patients’ 291 

presenting clinical signs were obtained: psychogenic polydipsia (n=8), idiopathic 292 

dermatopathy (n=5), clinically normal (n=3), central diabetes insipidus (n=2), colonic 293 

adenocarcinoma (n=1), urinary tract infection (n=1), urinary incontinence (n=1), 294 

pyelonephritis (n=1), and renal mass (n=1). Follow-up data on dogs who had a decrease in 295 

GFR ≥20% below mean is further discussed in a separate publication by McKenna et al.23  296 

 297 

Discussion 298 

As anticipated the relationships between GFR and both serum creatinine and SDMA were 299 

non-linear. The regression associations between SDMA and GFR, and between serum 300 

creatinine and GFR in this study were lower than previously reported by Nabity et al.19 A 301 

possible explanation for this is that the dogs in this study represented a heterogenous 302 

population of client-owned dogs, which were ultimately diagnosed with a variety of medical 303 

conditions that may have influenced serum creatinine and/or SDMA concentrations. 304 



Increased SDMA above the reference interval of 14µg/dl was sensitive (85.7%) but relatively 305 

non-specific (52.8%) for detection of a ≥40% GFR decrease below the mean GFR of the 306 

patient’s body weight category; a category that is considered as clear indication for a renal 307 

etiology of disease. Using ROC curve analysis and Youden’s J statistic, the optimal SDMA 308 

concentration for assessing for a GFR decrease of ≥40% was 18µg/dl (sensitivity 80%, 309 

specificity 90%). Given the relatively low specificity of SDMA >14µg/dl for detecting of a GFR 310 

decrease of ≥40% , the authors suggest that applying a cut-off of >18µg/dl may be more 311 

appropriate than the previously-described reference interval when used as a screening test 312 

for decreased renal function in dogs with a clinical presentation suggestive of non-azotemic 313 

renal disease as a cause for polyuria and polydipsia or other urinary tract signs. When using 314 

SDMA to screen for non-azotemic renal disease, if using the traditional reference interval of 315 

>14µg/dL, only about half (52.8%) of cases will ultimately have significantly decreased GFR 316 

(defined as a GFR decrease of ≥40% below the mean GFR for the patient’s bodweight 317 

category). The specificity is greatly improved (90%), while maintaining acceptable sensitivity 318 

(80%), if the SDMA cut-off is changed to >18µg/dL even if serum creatinine is within the 319 

reference interval.    320 

 321 

Fifty six percent of patients who had SDMA measured above reference interval (> 14µg/dL) 322 

did not have a GFR result consistent with decreased renal function (defined as an increased 323 

GFR or <20% decreased below the mean GFR of the patient’s bodyweight category) raising 324 

concern for false positive results in this scenario had SDMA alone been used (as a single 325 

data point) to interpret renal function in dogs being screened for non-azotemic renal 326 

disease. Evaluating the final diagnosis from follow-up clinical data for dogs with increased 327 



SDMA but normal GFR estimation results, several fell into the category of idiopathic 328 

dermatopathy. Many of these cases had GFR estimation performed to screen for AKI due to 329 

the presence of skin lesions, reflecting the recent emergence of cutaneous renal glomerular 330 

vasculopathy in the United Kingdom.26 Three dogs with increased SDMA and an 331 

increase/≤20% decrease from the mean GFR of their bodyweight category were considered 332 

clinically normal by the submitting veterinarians at the time of follow-up; unfortunately this 333 

assessment was based on spontaneous resolution of the dogs’ clinical signs (polyuria-334 

polydipsia in all cases) rather than on longitudinal monitoring of their kidney function. 335 

Therefore, the authors cannot exclude the possibility that these patients may have had 336 

undetected kidney disease at the time of follow-up, and that progression of kidney disease 337 

would have been documented either through serial assessment of serum creatinine 338 

concentration or repeat GFR estimation. The ultimate classification of these dogs as normal 339 

can therefore be questioned. Serial assessment of SDMA and GFR estimation in these dogs 340 

would have been of interest to determine the long-term outcome of carefully monitored 341 

renal function in these dogs with initially elevated SDMA concentrations. However, this was 342 

unfortunately not possible within the scope of this study.  343 

 344 

A common rationale for measuring SMDA or performing GFR estimation in dogs is to 345 

determine whether a renal etiology exists for presenting clinical signs, typically polyuria and 346 

polydipsia, in non-azotemic patients. All dogs included in the statistical analysis for this 347 

study were non-azotemic at the time of GFR estimation. Using ROC curve analysis and 348 

Youden’s J statistic, the optimal serum creatinine cut-off for assessing for a GFR decrease of 349 

≥40% was ≥1.37mg/dL (sensitivity 64%, specificity 93%). This cut-off for serum creatinine 350 



had lower sensitivity (64% vs. 80%) but similar specificity (93% vs. 90%) to a using cut-off of 351 

>18mg/dl for SMDA for detection of a GFR decrease of ≥40%. Using such a cut-off for serum 352 

creatinine therefore offers no significant advantage over using a cutoff of >18mg/dl for 353 

SDMA for detection of decreased renal function, but the presence of a high-normal serum 354 

creatinine concentration in conjunction with an SDMA result of >18mg/dl may further 355 

support clinical suspicion for the presence of decreased renal function.  356 

 357 

The authors acknowledge that using breed-specific reference ranges for serum creatinine or 358 

serial monitoring of serum creatinine concentrations may have increased the sensitivity of 359 

creatinine for detection of decreased renal function without the requirement for GFR 360 

estimation in some of the dogs in the present study. However, breed-specific reference 361 

intervals and serial creatinine concentrations from the same laboratory were not available, 362 

so it was not possible to compare the sensitivity of SMDA to the use of breed-specific 363 

creatinine reference intervals or to serial creatinine measurements. Such a comparison 364 

could be a focus for a future study.  365 

 366 

The authors recognise the limitations of this study. Firstly, the study was retrospective in 367 

nature. The reference interval for serum creatinine at Idexx Laboratories (at both the 368 

German and UK locations) was changed to 0.5-1.5mg/dl (44-133µmol/l) during the course of 369 

the study (on 29th October 2017). The reference intervals prior to this date had been 0.23-370 

1.63mg/dl (20-144.5µmol/l) in the UK and <1.4mg/dl (<124umol/l) in Germany. 93 samples 371 

were sent to the Idexx’s UK laboratory prior to the reference interval change while the 372 



remaining 17 samples were sent to Idexx’s German laboratory after the reference interval 373 

change. The change in reference intervals did not reflect a change in the equipment or 374 

methodology used for measurement of serum creatinine concentration. The most up-to-375 

date reference interval of 0.5-1.5mg/dl (44-133µmol/l) was used for the purpose of 376 

interpretation of serum creatinine values in this study. The reference intervals for SDMA did 377 

not change during the course of the study. 378 

 379 

The authors also acknowledge the limitations of using GFR estimation as the gold standard 380 

for assessment of renal function. GFR varies with the size of dog (somewhat accounted for 381 

by body weight)12 and with breed,27 which may lead to misinterpretation of a patient’s renal 382 

function if the patient size and breed is not taken into account. It is also possible that 383 

comparing a patient’s GFR to the mean GFR of the patients’ bodyweight category as defined 384 

by Bexfield et al.13 may lead to misinterpretation of a patient’s renal function;  the mean 385 

GFR of the patient’s bodyweight category may not reflect what is a normal GFR for an 386 

individual patient, which could lead to over-estimation or under-estimation of any reduction 387 

in GFR.  388 

 389 

In conclusion, SDMA can be a sensitive and specific marker for detecting decreased renal 390 

function depending on the cut-off used.  Using a cutoff of >18µg/dl rather than the 391 

traditional cutoff of >14µg/dl increases the specificity of SDMA for detecting decreased 392 

renal function. 393 

  394 
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Figure 1: relationship between serum SDMA and serum creatinine 
 
Figure 2: relationship between GFR and serum SDMA 
 
Figure 3: relationship between GFR and serum creatinine 
 
Figure 4: relationship between GFR and reciprocal of serum creatinine 
 
Figure 5: relationship between GFR and reciprocal of serum SDMA 
 

Figure 6: ROC curve for SDMA detecting a GFR decrease of ≥20%, ≥30% and ≥40% below the 
mean GFR of a patient’s body weight category.  
 

Figure 7: ROC curve for serum creatinine detecting a GFR decrease of ≥20%, ≥30% and ≥40% 
below the mean GFR of a patient’s body weight category. 
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