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Abstract  

Background  

Angiotensin-converting enzyme inhibitors (ACEi) are a recommended treatment for glomerular 

proteinuria. Frequency of response to ACEi and the association of achieving proposed urine 

protein-to-creatinine ratio (UPC) targets on survival is unknown.   

Objectives: To determine response rates to ACEi therapy and whether a positive response is 

associated with improved survival.  

Animals: 85 dogs with proteinuria (UPC>2.0) 

Methods: Retrospective study including dogs (UPC>2.0) prescribed an ACEi for treatment of  

proteinuria. Baseline creatinine, albumin, cholesterol, UPC and systolic blood pressure were 

recorded, and cases reviewed to track UPC. Treatment response was defined as achieving a UPC 

of <0.5 or reduction of ≥50% from baseline within 3-months. Outcome data was collected to 

determine overall and 12-month survival.   

Results   

Thirty-five (41.2%) dogs responded to ACEi treatment. Treatment response was statistically 

associated with both median survival time (664 days for responders compared to 117 for non-

responders) and 12-month survival (78.6% responders alive compared to 27.5% non-responders). 

Baseline azotemia or hypoalbuminemia were also associated with a worse prognosis, with odds 

ratios of death at 12-months of 5.34 [Confidence interval (CI):1.85-17.32] and 4.51[CI:1.66-13.14], 

respectively. In the 25 dogs with normal baseline creatinine and albumin, response to treatment 

was still statistically associated with 12-month survival (91.7% responders alive compared to 53.9% 

non-responders).  

Conclusions and clinical importance    
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When the UPC is >2.0, achieving recommended UPC targets within 3-months appears to be 

associated with a significant survival benefit. Response to treatment remained significant even 

when dogs with azotemia and hypoalbuminemia were excluded.  

 



5 
 

Introduction  1 

Proteinuria is a hallmark of glomerular disease and when the urine protein-creatinine ratio (UPC) 2 

is >2.0 in the absence of pre- and post-renal causes, glomerular pathology is often present.1 3 

Glomerular proteinuria may be due to familial or acquired glomerular disease, the latter occurring 4 

as a result of damage sustained by immune-mediated processes or systemic factors impacting on 5 

the glomerulus; immune-complex glomerulonephritis is thought to account for up to 50% of dogs 6 

with acquired glomerular disease.2 While renal biopsy is required for a definitive pathological 7 

diagnosis thereby informing treatment choices, it is infrequently performed, and when the UPC 8 

is >2.0, a presumptive diagnosis of glomerular proteinuria is usually reached by non-invasive 9 

exclusion of pre- or post-renal causes of proteinuria, although rare cases with primary 10 

tubulointerstitial disease without glomerular pathology have been shown to have UPCs of this 11 

magnitude.2-4 12 

Glomerulopathies are a major cause of chronic kidney disease (CKD) and eventual renal failure in 13 

dogs,5 with proteinuria per se likely contributing to progressive renal pathology.6-8 Persistent 14 

proteinuria can also lead to the development of hypoalbuminemia, resulting in decreased oncotic 15 

pressure and weight loss/muscle wastage.9,10 Dogs may also become hypercoagulable with the 16 

potential for thromboembolic complications and/or may develop nephrotic syndrome both of 17 

which are associated with a worse prognosis.11-14 Even in the absence of a histopathological 18 

diagnosis, management of cases with presumed glomerular proteinuria is aimed at reduction of 19 

proteinuria and management of clinically relevant complications.15,16  20 

The 2013 ACVIM Consensus statement for standard therapy of glomerular disease in dogs states 21 

modification of the renin-angiotensin-aldosterone system (RAAS) should be standard of care for 22 

dogs with glomerular proteinuria and this is often achieved via use of an angiotensin converting 23 
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enzyme inhibitor (ACEi).16 Benazepril and enalapril are commonly used ACEi; a starting dose of 24 

0.5mg/kg orally once daily is recommended, and providing no adverse effects are seen,  25 

incremental dose increases are then recommended every 2-4weeks based on response .16 The 26 

proposed target of ACEi therapy is either a reduction in UPC to <0.5 or a >50% reduction from 27 

baseline.16 However, , there is currently limited data on how frequently dogs treated with ACEi 28 

meet such treatment targets and whether achieving these targets impacts on disease progression 29 

and overall survival.  30 

The aims of this retrospective study were to determine the proportion of dogs with a UPC>2.0 31 

acheiving the proposed target reduction in UPC within 3-months of starting an ACEi and determine 32 

whether a positive response to treatment was associated with improved survival. To investigate for 33 

possible confounding factors, secondary aims were to evaluate whether clinicopathological 34 

markers of disease severity in the 30-days prior to treatment commencement had an association 35 

with either response to treatment or survival.  36 

It was hypothesised that response to ACEi therapy within 3-months would be associated with 37 

improved 12-month survival. 38 

 39 

 40 

 41 

 42 

 43 

 44 

 45 

 46 
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Materials and Methods  47 

Clinical records of dogs referred to a University Teaching Hospital were searched to identify those 48 

with a UPC>2.0 prescribed an ACEi for treatment of proteinuria between January 2006 and April 49 

2021. Dogs were excluded if they were prescribed ACEi for any other condition; were receiving 50 

concurrent therapy known to affect renal protein loss (tyrosine kinase inhibitors, corticosteroids, 51 

or angiotensin receptor blockers [ARBs]) at the time of baseline urinalysis or did not have a 52 

baseline urinalysis and biochemistry performed within 30-days prior to starting ACEi therapy. 53 

UPC was measured as standard at the laboratory performing urinalysis. Dogs with incomplete 54 

records were not included. Additionally, those without at least one follow-up urinalysis (including 55 

UPC measurement) at the university laboratory within 3-months of starting ACEi therapy were 56 

excluded. Screening for infectious diseases was not required for inclusion as the prevalence of 57 

infectious diseases that can contribute to proteinuria e.g., leishmania, is low in the UK. Cases  with 58 

an  active sediment on urinalysis or co-morbidities were not excluded.  59 

Medical records were reviewed and signalment and baseline variables recorded. Baseline variables 60 

were defined as the creatinine, albumin, cholesterol, UPC and systolic blood pressure (SBP) values 61 

obtained within 30-days prior to ACEi commencement. If several values were available within this 62 

time frame, the ones closest to the start of ACEi treatment were used. The choice and starting dose 63 

of ACEi (mg/kg/day), concurrent comorbidities and diagnoses were recorded, as were medications, 64 

dietary management and omega-3 fatty acid supplementation already being administered or started 65 

at the time of starting ACEi therapy. For clinical threshold analysis, azotemia was defined as a 66 

creatinine >1.4mg/dL (>125µmol/L); hypoalbuminemia an albumin <2.5g/dL (<25g/L) and 67 

hypercholesterolemia as cholesterol >348mg/dL (>9mmol/l).12,17 Severe proteinuria was defined 68 

as a UPC>3.5.3 Using the ACVIM Consensus Guidelines for Systemic Hypertension, 69 
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normotensive or pre-hypertensive dogs were classed as ‘non-hypertensive’ (SBP<159mmHg) 70 

whilst those with hypertension or severe hypertension were classed as ‘hypertensive’ 71 

(SBP≥160mmHg).18  The following data was collected from subsequent re-checks: date, UPC, 72 

new dose of ACEi if changed and whether ARBs or corticosteroids were started.  73 

Dogs were categorized as responders or non-responders. Treatment response was defined as a 74 

reduction of UPC to ≥50% from baseline or to <0.516 at any follow-up visit within 3-months of 75 

starting ACEi. If dogs did not achieve these targets by 3-months, they were classed as non-76 

responders. Dogs were also classed as non-responders if they were started on an ARB or 77 

corticosteroid within 3-months and prior to the UPC targets being achieved or if ACEi therapy was 78 

withdrawn due to progressive azotemia or hyperkalemia at any time during the first 3-months prior 79 

to the UPC targets being achieved.  80 

To perform survival analyses, the date of death/euthanasia, or the point at which the patient was 81 

lost to follow-up (last known to be alive) was recorded. If available, the reason for death/euthanasia 82 

was recorded. Dogs were then additionally classified based on their status 12-months after 83 

initiation of ACEi as either alive, dead, or lost to follow-up.  84 

Statistical analysis  85 

Normality testing (using the Anderson-Darling method) indicated that for 3 of the 4 continuous 86 

variables (creatinine, cholesterol, UPC) non-parametric statistical analyses were required, 87 

therefore, for descriptive statistics the median and range were reported. Pearson Chi-squared 88 

analysis was employed to determine the association between baseline clinical threshold variables 89 

(baseline azotemia, hypoalbuminemia, hypercholesterolemia, severe proteinuria, and hypertension) 90 

and treatment response. Baseline variables were also compared between dogs that did and did not 91 

respond to treatment utilizing either Mann-Whitney U or Pearson Chi-squared tests as appropriate.  92 
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Overall survival data (using all-cause mortality) was assessed using Kaplan Meier analysis with 93 

the Log-Rank (Mantel-Cox) test used to assess for a difference in median survival time (MST) 94 

between responder and non-responder dogs. The association between the presence of baseline 95 

azotemia, hypoalbuminemia, hypercholesterolemia, severe proteinuria, hypertension and overall 96 

survival were assessed similarly.   97 

Pearson Chi-squared analysis was used to assess for a relationship between response to treatment 98 

and survival at 12-months. The associations between baseline creatinine, albumin, cholesterol and 99 

UPC and 12-month survival were assessed using clinical thresholds and on a continuous basis 100 

whilst SBP was assessed on a clinical threshold basis only. For the clinical threshold analysis, 101 

Pearson Chi-squared tests were again employed, and Mann-Whitney tests were used to investigate 102 

the continuous data.  103 

Univariate logistic regression was carried out to generate odds ratios (OR) and 95% confidence 104 

intervals (CI) of survival to 12-months for response to treatment and baseline parameters. 105 

Parameters with a P value <0.2 were eligible for inclusion into the multivariable analysis.  106 

Parameters fitting this criterion were entered into a multivariable logistic regression model and 107 

terms removed until a minimum model was obtained with only statistically significant ORs 108 

remaining.  109 

To further account for possible interplay between baseline parameters and treatment response on 110 

12-month survival, a categorical tree was generated. This analytical technique was chosen due to 111 

the unbalanced data set with potentially different combinations of baseline clinical threshold 112 

values present in different dogs19. The categorical tree aimed to assess for the impact of numerous 113 

variables (treatment response, baseline azotemia/hypoalbuminemia/hypercholesterolemia or 114 

severe proteinuria) on 12-month survival and rank them in order of importance as well as identify 115 
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combinations of factors leading to the highest risk of death/greatest chance of survival. The 116 

categorical tree analysis allowed for binary division of data between groups of categories; the 117 

category that led to the biggest difference regarding 12-month survival represented the first 118 

division. One subset was then considered, and the model then assessed which category led to the 119 

biggest difference in 12-month survival in that sub-population of dogs. The different ‘branches’ of 120 

the tree were independent of each other in terms of what binary partitions were presented. This 121 

binary partitioning was continued for smaller and smaller subsets of data until no differentiation 122 

in terms of prevalence was possible.  123 

Statistical analysis was performed using commercially available software SPSS (IBM SPSS 124 

Statistics 27) and R (v4.2.1© 2021, The R Foundation for Statistical Computing). Statistical 125 

significance was taken as P<0.05. 126 

 127 

 128 

129 
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Results  130 

Case Selection: 131 

The initial database search identified 1,000 dogs with a UPC>2.0. Of these, 245 were prescribed 132 

an ACEi. Thirty-one dogs were not prescribed an ACEi for treatment of proteinuria; these dogs 133 

were excluded. Of the remaining 214 dogs, 24 were excluded as they were receiving concurrent 134 

medication known to affect UPC, 12 dogs were excluded as their baseline biochemistry or 135 

urinalysis was performed >30-days prior to starting the ACEi. A further 93 were excluded due to 136 

incomplete clinical records or lack of follow-up within 3-months. Therefore, 85 dogs were 137 

included.  138 

Study Population Characteristics: 139 

Of the 85 dogs, 57.6% were female (n=49/85; neutered n=34), and 42.4% were male (n=36/85; 140 

neutered n=15). The median age at the time of starting ACEi therapy was 8.70 years (range 0.65-141 

13.85 years). Weight was available for 73 dogs; the median weight was 14.70kg (range 2.30-142 

50.0kg). There were 11 crossbreeds with the remainder of the population being purebreds.  143 

At the time of starting ACEi, protein losing nephropathy (PLN) was listed as the diagnosis for 144 

56.5% (n=48/85) dogs. Thirteen dogs (15.3%) had renal diseases other than PLN listed as their 145 

diagnosis, 17.6% (n=15/85) had at least one endocrinopathy whilst 11.8% (n=10/85) had a 146 

diagnosis of neoplasia (of which 2 had concurrent endocrine disease). One dog was listed as having 147 

a type III hypersensitivity reaction.  148 

Of the 15 dogs with endocrinopathies, 8 had hyperadrenocorticism of which 5 were receiving 149 

trilostane treatment prior to ACEi commencement and two were later started on trilostane.  All 6 150 

dogs with diabetes mellitus were receiving insulin therapy. One dog had hypothyroidism and was 151 

receiving levothyroxine prior to starting ACEi treatment. Regarding infectious diseases, one dog 152 
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was positive on serology for Borrelia burgdorferi, no other infectious diseases were documented. 153 

No dog underwent renal biopsy. 154 

The median baseline creatinine was 1.14mg/dL (range 0.51-6.30); 40.0% of dogs (n=34/85) were 155 

azotemic.  156 

The median baseline UPC was 6.61 (range 2.15-30.5), 80.0% of dogs had severe proteinuria 157 

(n=68/85). The median baseline albumin was 2.5g/dL (range 0.8-3.7g/dL); 45.9% (n=39/85) of 158 

dogs were hypoalbuminemic. The median cholesterol was 331.5mg/dL (range 83.8-1409.8); 44.7% 159 

(37/84) of dogs were hypercholesterolemic. Baseline SBP measurement was available for 46 dogs; 160 

52.2% (n=24) of these were classed as being hypertensive (hypertension n=10, severe hypertension 161 

n=14) prior to starting ACEi therapy.  162 

Six dogs were prescribed enalapril whilst the remainder received benazepril. The starting dose of 163 

ACEi was available for 73 dogs with a median of 0.5mg/kg/day (range 0.16-1.52mg/kg/day). At 164 

the time of starting ACEi therapy 8.2% (n=7/85) of dogs were already receiving a renal diet and a 165 

further 29.4% (n=25/85) of dogs were started on a renal prescription diet alongside ACEi. None 166 

of the dogs were on omega-3 fatty acid supplementation prior to starting an ACEi, however, these 167 

were started in 9.4% (n=8/85) of dogs at the same time as the introduction of ACEi, of these, 3 168 

were concurrently started on a renal diet. Three dogs were already on anti-thrombotic medication 169 

at the time of starting ACEi; a further 37.6% (n=32/85) were started on such medications at the 170 

same time as starting ACEi. At the time of ACEi commencement, 8.2% (n=7/85) were receiving 171 

amlodipine therapy, 3 of which had documented hypertension at baseline.  172 

Response to treatment 173 

Table 1 shows the baseline variables of dogs that were classed as responders and non-responders. 174 

Statistically significant differences in baseline parameters were not found between responders and 175 
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non-responders. Thirty-five dogs (41.2%) responded to ACEi therapy within 3-months with only 176 

one achieving a UPC<0.5. The median number of rechecks performed within 3-months in this 177 

group was 2 (range 1-5). The median time to response was 33days (range 3-82days) and the median 178 

dose at the time of response was 0.52mg/kg/day (range 0.19-1.32mg/kg/day). Of the dogs that 179 

responded, 10 had a further urine sample available within the 3-month period after the one 180 

documenting a treatment response. Of these, 30% (n=3/10) had a subsequent UPC that would not 181 

have satisfied criteria for successful response to treatment. 182 

Of the fifty dogs (58.8%) that were classified as non-responders; 78.0% (n=39/50) did not reach 183 

either UPC target within the first 3-months, 10.0% (n=5/50) had their ACEi therapy withdrawn 184 

due to progressive azotemia, 8.0% (n=4/50) were started on corticosteroid therapy and 4.0% 185 

(n=2/50) were started on an ARB before either UPC target was reached.   The median number of 186 

rechecks performed within 3-months of starting ACEi therapy was 1 (range 1-6). The median 187 

maximum dose for dogs that failed to reach UPC targets was 0.55mg/kg/day (range 0.24-188 

2.38mg/kg/day).  189 

One dog that responded to treatment died within 3-months of starting ACEi whilst eight dogs that 190 

were classed as non-responders died within this time frame.  191 

Neither the presence of baseline azotemia (χ21=0.810, P=0.368), hypoalbuminemia (χ21=1.83, 192 

P=0.176), hypercholesterolemia (χ21=0.498, P=0.480), severe proteinuria (χ21=0.976, P=0.323) nor 193 

hypertension (χ21=0.056, P=0.813) were found to be significantly associated with treatment 194 

response.  195 

Outcome  196 

Association between treatment response and survival  197 
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There was a statistically significant difference in MST between responders and non-responders 198 

(664 [95% CI:459-869] vs 117 [95% CI:131-223] days, respectively, P=0.009, Figure 1). Of the 199 

68 dogs with a known outcome at 12-months, 41.2% (n=28/68) were responders. Of these, 78.6% 200 

(n=22/28) were alive at 12-months whilst 27.5% (n=11/40) of non-responders were alive at 12-201 

months; this difference was statistically significant (χ21=17.2, P<0.001), with the odds of death 202 

greatly reduced (0.1) in responders (Table 2). 203 

Association between clinicopathological variables and hypertension on survival   204 

The MST of dogs that were or were not azotemic at the time of diagnosis also differed significantly 205 

(175[95% CI:62-288] vs 586[95% CI:398-773]days, respectively), P<0.001, Figure 2). Whilst 206 

dogs that were hypoalbuminaemic at baseline had a shorter MST that those that were not (177[95% 207 

CI:115-239] vs 531[95% CI:373-689]days, respectively), this was not statistically significant 208 

(P=0.064). There was no statistically significant difference in the MST for dogs that had 209 

hypercholesterolemia at baseline compared to those that didn’t (375 [95% CI:28-722] vs 412[95% 210 

CI:145-679]days, respectively, P=0.242) nor those with severe proteinuria compared to those that 211 

didn’t (300[95% CI:63-537] vs 531[95% CI:403-659]days, respectively, P=0.916) or hypertension 212 

(hypertensive – 251[95% CI:0=532] vs normotensive – 454[95% CI:240=668]days, P=0.372).  213 

When assessed as continuous variables, creatinine, albumin and UPC were found to be statistically 214 

significantly associated with 12-month outcome whilst cholesterol was not (Figure 3A-D). 215 

Furthermore, logistic regression estimated 2.53 and 1.18 increases in the odds of death with each   216 

1.1mg/dL (100µmol/L) increase in creatinine and each unit increase in UPC, respectively, a 217 

reduction in odds (0.40) with each 0.1g/dL increase in albumin and no change in odds associated 218 

with increasing cholesterol (1.00, Table 2). Qualitatively similar results were obtained when 219 

creatinine, albumin, cholesterol, UPC and SBP were assessed in terms of clinical thresholds. The 220 



15 
 

presence of baseline azotemia (χ21=9.5, P=0.003, OR=5.34 (Table 2)) and hypoalbuminemia 221 

(χ21=8.7, P=0.004, OR=4.51) were both negatively associated with 12-month survival, whereas 222 

there was no difference in survival at 12-months in dogs with or without hypercholesterolemia 223 

(n=17/36; χ21<0.01, P=0.924, OR=0.95) or those with or without severe proteinuria (χ21=2.756, 224 

P=0.106, OR 2.91). Twelve-month survival data was known for 38 dogs with baseline SBP 225 

readings available; 60% (n=12/20) of the dogs that were not hypertensive were alive at 12-months 226 

compared to 38.9% (n=7/18) of hypertensive dogs. Hypertension at baseline was not associated 227 

with 12-month survival (χ21=1.689, P=0.197, OR=2.36).  228 

To remove any impact of baseline azotemia and hypoalbuminemia on outcome, 12-month survival 229 

analysis was repeated on the sub-population of 25 dogs without these abnormalities present. 230 

Response to treatment remained significantly associated with survival at 12-months in this cohort 231 

of dogs (χ21=4.425, p=0.035, OR=0.01).  232 

Reasons for Euthanasia   233 

Thirty-five dogs were known to be dead at the 12-month follow-up date. Of these dogs, reason for 234 

death was known for 24 (68.6%). Progression or presence of renal disease was cited as at least part 235 

of the reason for euthanasia in 87.5% of cases (n=21/24). Reasons for euthanasia in the remaining 236 

dogs were progression of neoplasia (n=1), development of cardiorespiratory disease (n=1) and 237 

progression of lymphoma along with respiratory compromise (n=1).  238 

Multivariable analysis 239 

Multivariable logistic regression analysis to evaluate the relative importance of azotemia or 240 

hypoalbuminemia given treatment response found that even considering the reduction in odds of 241 

death in responders, the presence of both azotemia and hypoalbuminemia at baseline were still 242 

associated with increased odds of death at 12-months (7.69 and 4.66, respectively, Table 3).  243 
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Categorical Tree  244 

Finally, to evaluate the interplay between the presence of a combination of factors in terms of 245 

clustering of clinical thresholds and response to treatment in particular dogs, a categorical tree was 246 

generated. Although 12-month survival data was available for 68 dogs, only 67 dogs were included 247 

in the categorical tree as cholesterol was unavailable for one dog. Hypertension was not included 248 

in this model as SBP was not available for all dogs. The categorical tree determined the principal 249 

factor influencing 12-month survival to be treatment response. The worst outcome was seen in 250 

dogs that failed to respond to ACEi within 3-months and that were azotemic; none of these dogs 251 

(n=17) were alive at 12-months (Figure 4, [1]). Conversely, the best outcome was seen in dogs 252 

that responded to treatment and which had normal albumin and cholesterol at baseline; all dogs 253 

(n=8) with this combination of factors were alive at 12-months (Figure 4 [2]).  254 

  255 
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Discussion  256 

We set out to evaluate the frequency that ACEi treatment resulted in a ≥50% reduction in UPC or 257 

a UPC<0.5 within 3-months in a cohort of dogs with a UPC>2.0, and to evaluate whether achieving 258 

this target conveyed survival benefit.  Although only 41.2% of our study cohort achieved one of 259 

the targets for reduction in UPC within 3-months, those that did were significantly more likely to 260 

be alive 12-months after starting treatment with responders also having significantly longer MST. 261 

The presence of baseline azotemia or hypoalbuminemia, and magnitude of proteinuria, were also 262 

associated with a worse outcome, although to a lesser extent.   263 

There are numerous studies in the human literature supporting the use of ACEi in proteinuric renal 264 

diseases, including diabetic nephropathy,20,21 non-diabetic nephropathy22-25 and IgA 265 

nephropathy,26,27 where they have been shown to slow the progression to end-stage renal failure. 266 

Similarly, there is evidence within veterinary literature to support their use in the management of 267 

proteinuric renal disease; Grauer et al (2000) showed that enalapril reduced proteinuria and slowed 268 

disease progression in some dogs with idiopathic glomerulonephritis28 and Grodecki et al (1997) 269 

reported that enalapril delayed the increase in serum creatinine and UPC in dogs with X-linked 270 

hereditary nephritis.29 What is less clear is whether the benefits of ACEi are associated with the 271 

magnitude of reduction in proteinuria. While ACEi reduce proteinuria via their impact on 272 

glomerular haemodynamics,30-32 they also lead to a decrease in the production of vasoactive 273 

substances implicated in development of glomerulosclerosis, delay the growth and proliferation of 274 

mesangial cells, and reduce the degradation of bradykinin, all of which may influence the rate of 275 

disease progression independent of the magnitude of reduction of proteinuria.31,33-37 Given that 276 

dogs achieving a 50% reduction in UPC were 10 times more likely to be alive at 12-months 277 

compared to those that did not and had a significantly longer MST, it appears that outcome is 278 
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associated with the magnitude of reduction in UPC in response to ACEi. This strong association 279 

supports the currently recommended target of >50% reduction in UPC, justifying both the time 280 

and financial commitments needed to achieve this target.  281 

Treatment response was not the only variable found to be associated with survival. The presence 282 

of baseline azotemia, hypoalbuminemia, and magnitude of baseline creatinine, albumin and UPC 283 

were all negatively associated with 12-month survival. This is unsurprising as increasing IRIS 284 

stage, the presence of nephrotic syndrome and increased UPC are previously reported negative 285 

prognostic indicators in a variety of canine renal diseases.12,38-41 Similarly, in human IgA 286 

nephropathy, baseline creatinine and magnitude of proteinuria are independent predictors of 287 

progression to end-stage renal disease.42 288 

Whilst multivariable analysis confirmed that azotemia and hypoalbuminemia were independent 289 

risk factors for death before 12-months, response to therapy remained positively associated with 290 

12-month survival in the subset of dogs with less severe disease (i.e. with normal creatinine and 291 

albumin). Additionally, the categorical tree analysis provided a clear visual representation of the 292 

association between the categorical variables assessed and 12-month survival. Although the 293 

presence of azotemia had a negative association and lack of hypoalbuminemia a positive 294 

association, treatment response ranked highest in its association with survival at 12-months. 295 

Therefore, although the presence of markers of disease severity (azotemia and hypoalbuminemia) 296 

appear to be negative prognostic indicators, response to treatment is suggested to have the strongest 297 

association with 12-month survival and hence these results again support the currently 298 

recommended target of a 50% reduction in UPC regardless of disease severity. 299 

When UPC was assessed as a continuous variable it was found to be associated with 12-month 300 

survival, however, when it was assessed as a categorical variable the same significance was not 301 
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found. Severe proteinuria was defined as a UPC>3.5; as per the ACVIM Consensus Guidelines 3. 302 

Eight percent of dogs had severe proteinuria and hence it possible that this study was 303 

underpowered to detect a difference between the two groups. The cut-off of 3.5 to define severe 304 

proteinuria may also be too low in cases of glomerular protein loss; additional studies are required 305 

to further interrogate this cut-off.  306 

As reported in people with proteinuric renal disease43 and in previous canine studies,28,44 a variable 307 

response to ACEi was observed in our study cohort, with only about 40% of dogs reaching the 308 

target UPC. This is unsurprising as ACEi therapy does not address the underlying cause of 309 

glomerular disease and treatment with ACEi is unlikely to result in complete resolution of 310 

glomerular injury.45 Additionally, in our study, inadequate dose escalation may have been a factor 311 

in failure to achieve response. Other potential explanations for this inconsistent response include 312 

angiotensin converting enzyme (ACE) gene polymorphisms,46-49 differing etiology for 313 

proteinuria50 and disease severity or magnitude of the proteinuria at time of starting ACEi 314 

therapy.51 Lack of response to ACEi could also occur due to incomplete suppression of angiotensin 315 

II synthesis either via incomplete inhibition of ACE or production via ACE-independent 316 

pathways.52 Aldosterone breakthrough (increased aldosterone levels despite ACEi treatment) has 317 

also been reported to occur in a subset of human patients.53-55 While this phenomenon has not been 318 

widely investigated in dogs, a recent study reported that 34-59% of dogs with proteinuric CKD 319 

receiving RAAS inhibitors demonstrated aldosterone breakthrough; and it was also reported in 32% 320 

of dogs treated with benazepril for cardiac disease.56,57 Aldosterone breakthrough may also account 321 

for the subset of dogs that initially responded to treatment but had subsequent increases in UPC 322 

that did not meet either UPC target. The variability in response to ACEi and the clear survival 323 
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benefit associated with achieving target reductions in UPC, support the recent focus on alternative 324 

or adjunctive methods of RAAS suppression when ACEi are insufficient.  325 

In humans, combination therapy of an ACEi and ARB is reported to have a possible synergistic 326 

effect with a recent meta-analysis review suggesting combination therapy to be both safe and 327 

effective.58,59 Combination therapy has not yet been widely studied in veterinary medicine, 328 

however, ARBs, specifically telmisartan, are becoming more frequently prescribed and represent 329 

an alternative to ACEi treatment. While literature on the use of telmisartan in dogs is sparse, 330 

promising data is now emerging. Lecavalier et al (2021) assessed a population of dogs with a UPC 331 

of ≥2.0 (if non-azotemic) or ≥0.5 (if azotemic) and found that 3-months after telmisartan treatment 332 

68% had reached target UPC (defined as per the current study) whilst a UPC of <0.5 was achieved 333 

in 9-14.3% of dogs.60 A UPC<0.5 was also achieved in 21.4% of dogs treated with telmisartan for 334 

proteinuric CKD in another study.61 The use of telmisartan was directly compared to enalapril by 335 

Lourenco et al (2020) who found the change in UPC from baseline to day 30 to be significantly 336 

greater in dogs with proteinuric CKD (UPC>0.5 and azotemic or ≥1.0 if non-azotemic) treated 337 

with telmisartan than those treated with enalapril.44 Further prospective studies are required to 338 

assess the use of RAAS inhibition in a cohort of dogs with known renal pathology to determine 339 

response rates and impact on patient outcomes.   340 

Interestingly, response to ACEi in this study was not associated with disease severity as defined 341 

by the presence of azotemia or hypoalbuminemia. In the human literature, the use of ACEi has 342 

been shown to slow progression of disease even in patients with severe renal failure.62 Our results 343 

suggest that, similarly to human medicine, dogs that are azotemic at the time of starting ACEi may 344 

still show a positive response and benefit from improved survival. This has possible clinical 345 

significance as there is often hesitation to start ACEi therapy in patients with pre-existing azotemia 346 
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due to concerns that ACEi-associated alterations in renal hemodynamics will lead to worsening of 347 

azotemia. Further prospective studies are required to assess the benefits and tolerability of ACEi 348 

use in dogs with higher IRIS stages.  Additionally, response to ACEi was not found to be associated 349 

with the presence of baseline hypertension. When the human literature is reviewed this finding is 350 

perhaps not surprising with several studies previously showing ACEi to have beneficial effects 351 

that are only in part due to the reduction in blood pressure they often concurrently cause.22,23,43  352 

This study had several important limitations, including the decision to use a UPC of >2.0 as an 353 

inclusion criterion to recruit cases  with presumed glomerular protein loss. While UPC of >2.0 has 354 

been widely accepted as an indicator of glomerular proteinuria,1 several more recent studies have 355 

reported UPC>2.0 in dogs with histopathologically-confirmed tubulointerstitial disease2,4 and 356 

therefore it’s possible that some included dogs did not have primary glomerular disease. Similarly, 357 

dogs with confirmed glomerular disease can have a UPC<2.04 and would have been excluded from 358 

our study, again potentially impacting on our conclusions. Given the retrospective nature of this 359 

study, with case enrollment starting from 2006, the presence of glomerulonephropathy could not 360 

be definitively confirmed or characterized.  361 

 Due to the retrospective nature of this study, dogs did not undergo a standardized work-up and 362 

comprehensive screening for potential triggers was not performed in all cases. It is also possible 363 

that some dogs may have had pre or post renal conditions contributing to their proteinuria. 364 

Additionally, the starting dose of ACEi and timing of dose escalations was uncontrolled; a 365 

substantial proportion of dogs were started on a dose that was below the recommended starting 366 

dose and few dogs had their dose of ACEi increased to the upper limits of the dose range. The 367 

median dose at the time of response was 0.52mg/kg/day which is the current recommended starting 368 

dose16 and median time to response was 33 days. The median maximum dose for dogs that failed 369 
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to reach UPC targets was 0.55mg/kg/day (range 0.24-2.38mg/kg/day). This may account for the 370 

low proportion of dogs reaching UPC targets and it is possible that the numbers of responders 371 

would have been higher if dogs had been treated more aggressively and further dose escalations 372 

pursued. While dose escalation of ACEi has recently been shown to improve response in dogs,44 373 

an earlier study questioned the benefit.63 It should be noted that the median starting UPC in the 374 

canine study that reported an improvement with dose escalation was 2.23, whereas in our study it 375 

was 6.61, and this may have impacted on the likelihood of achieving a treatment response.44 In 376 

human medicine, ACEi dose optimisation is reported to improve outcome.64,65 Further controlled 377 

studies are needed to determine whether ACEi dose escalations increase the number of responders 378 

and ultimately  influences the MST or 12-month survival of responders. The population in this 379 

study was heterogenous, particularly with respect to their concurrent diagnoses; numerous dogs 380 

had a co-morbidity that could have impacted on the UPC and if such co-morbidities were not well 381 

controlled then it is possible that regardless of the efficacy of the ACEi therapy the UPC may have 382 

remained increased. Conversely, treatment of underlying diseases could decrease proteinuria 383 

independently of ACEi therapy. The study population was chosen to reflect the situation 384 

commonly seen in clinical practice, where standard therapies (e.g., ACEi) for glomerular diseases 385 

are often started without performing renal biopsies and in the presence of co-morbidities and while, 386 

the presence of co-morbidities could also have affected the reliability of survival data,  over 85% 387 

of the dogs with known cause of death had progression of renal disease listed as at least a 388 

contributing factor to the reason behind their euthanasia, supporting this decision.  389 

Concurrent therapy for the treatment of glomerular proteinuria or its complications was also not 390 

controlled. Some enrolled dogs were already receiving a prescription renal diet whereas others 391 

were started on a renal diet at the time of starting ACEi therapy and others were never fed such a 392 
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diet. Feeding a renal diet has previously been shown to reduce UPC in dogs with proteinuric 393 

CKD.66 Omega-3 supplementation, antithrombotic and anti-hypertensive therapy were also not 394 

controlled. The impact of diet and the aforementioned additional therapies on the UPC and survival 395 

in this study is unknown.  396 

In conclusion, this study suggests response to treatment with ACEi in dogs with a UPC>2.0 397 

conveys a significant survival benefit, however, achieving target UPCs was only achieved in 40% 398 

of dogs on treatment with ACEi. The presence of baseline azotemia, hypoalbuminemia and the 399 

magnitude of proteinuria were found to be independent negative prognostic indicators in these 400 

dogs. Further prospective studies are required to corroborate the findings of this study and to 401 

further our understanding of the variable response to ACEi in dogs with confirmed glomerular 402 

proteinuria.  403 

 404 

  405 
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Figures  

Figure 1: Kaplan-Meier survival curve of all-cause mortality for a cohort of 85 dogs with a 

UPC>2.0 that respond to or fail to respond to treatment with angiotensin converting enzyme 

inhibition. Treatment response was defined as achieving a UPC of <0.5 or reduction of ≥50% 

from baseline within 3-months of starting treatment. (Log-rank Mantel Cox p=0.009) 

Figure 2: Kaplan-Meier survival curve of all-cause mortality for a cohort of 85 dogs with  a 

UPC>2.0 with and without baseline azotemia. (Log-rank Mantel Cox p=<0.001) 

Figure 3: Box and Whisker Plots for clinicopathological variables at baseline and survival status 

at 12-months for dogs with a UPC>2.0 treated with angiotensin converting enzyme inhibition. 

12-month survival status was known for 68 dogs. A) Creatinine (mg/dL); B) Albumin (g/dL); C) 

Urine protein-creatinine ratio (UPC) and D) Cholesterol (mg/dL)  Indicate values > 1.5 x 

Interquartile Range. Mann-Whitney U test was performed. Statistical significance indicated by 

*** <0.001, * <0.05 

Figure 4: Categorical tree showing impact of achieving either UPC target within 3-months and 

the presence of baseline biochemical abnormalities on survival at 12 months in a cohort of dogs 

with a UPC>2.0 treated with angiotensin converting enzyme inhibition. Treatment response was 

defined as achieving a UPC of <0.5 or reduction of ≥50% from baseline within 3-months of 

starting treatment. (n) = number of dogs with that combination of factors; %= % of that 

combination known to be alive at 12 months. (1 & 2) in boxes see results text 
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Variables  Responders 
(n=35) 

Non-Responders 
(n=50) 

P-value 

Age (years) 9.10 (0.65-13.85) 8.50 (1.49-10.11) PM = 0.954 
Sex  Female  

[neutered, %] 
23 (65.7%) 
[14, 60.9%] 

26 (52.0%) 
[20, 76.9%] 

Gender : Pχ = 
0.300 

Neutered : 
Pχ = 0.999 

Male  
[neutered, %] 

12 (34.3%) 
[6, 50.0%] 

24 (48%) 
[9, 37.5%] 

Weight (kg), n=73 11.35 (2.3-38.7) 16.15 (2.9-50.0) PM = 0.082 
Serum biochemistry Creatinine 

(mg/dL) 1.1 (0.6-4.8) 1.2 (0.5-6.3) PM = 0.294 

Urea (mg/dL) 9.0 (2.4-50.6) 10.8 (2.5-45.7) PM = 0.556 
Albumin 
(g/dL)  2.7 (0.5-3.7) 2.35 (0.80-3.50) PM = 0.057 

Cholesterol, 
n=84 338.8 (134.0-660.9) 313.6 (83.1-1397.9) PM = 0.502 

UPC  6.20 (2.32-20.30) 6.88 (2.04-30.50) PM = 0.456 
Severe Proteinuria  26 (74.3%) 42 (84.0%) Pχ = 0.409 
Hypertension (n=46)  9 (25.7%) 15 (30.0%) Pχ = 0.999 
IRIS CKD stage  I  23 (65.7%) 28 (56.0%) Pχ = 0.593 

II 9 (25.7%) 15 (30.0%) 
III  3 (8.6%) 5 (10.0%) 
IV  0 2 (4.0%) 

Co-morbidities Neoplasia   3 (8.6%) 7 (12.7%) Pχ = 0.974 
Hyperadrenoco
rticism  3 (8.6%) 5 (9.1%) Pχ = 0.594 

Diabetes 
mellitus   2 (5.7%)  4 (7.3%)  Pχ = 0.686 

ACEi used  Benazepril 33 (94.3%) 46 (92.0%) Pχ = 0.686 
Enalapril  2 (5.7%) 4 (8.0%) 

Starting dose of ACEi (mg/kg/day), 
n=73 0.44 (0.16-1.27) 0.50 (0.24-1.52) PM = 0.144 

Starting dose of ACEi <0.5mg/kg/day  17 (48.6%) 19 (38.0%) Pχ = 0.538 
Renal support 
therapies  given 
(started either before 
or at the time of 
ACEi)   

Renal Diet      14 (40.0%) 18 (36.0%) Pχ = 0.708 
Omega-3 
supplemen-
tation 

1 (2.9%) 7 (14.0%) 
Pχ = 0.083 

Aspirin 5 (14.3%) 10 (20%) Pχ = 0.496 
Clopidogrel 6 (17.1%) 14 (28.0%) Pχ = 0.245 

Table 1: Baseline variables of 85 dogs with  UPC>2.0 that responded and did not respond to 

angiotensin converting enzyme inhibitors. Treatment response was defined as achieving a UPC 

of <0.5 or reduction of ≥50% from baseline within 3-months. Data presented as median (range) 

or n (% of population) as appropriate. Data was available for entire study population (n=85) 

unless otherwise indicated. [UPC= urine protein-creatinine ratio, CKD= chronic kidney disease, 

ACEi= angiotensin converting enzyme inhibitor]. PM = P-value from a Mann-Whitney statistical 

test, Pχ = P-value from a χ2 statistical test.  
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Parameter OR OR CI P value 

Either UPC target achieved within 3-months 0.10 0.03 – 0.31 <0.001 

Baseline creatinine    

Values (mg/dL) 2.53 1.38 – 5.61 0.008 

Azotemic 5.34 1.85 – 17.32 0.003 

Baseline albumin    

Values (g/dl) 0.40 0.18 – 0.82 0.016 

Hypoalbuminemic 4.51 1.66 – 13.14 0.004 

Baseline cholesterol    

Values (mg/dL) 1.00 1.00 – 1.00 0.742 

Hypercholesterolemia 0.95 0.36 – 2.51 0.924 

Baseline urine protein-creatinine ratio (UPC)    

Values 1.18 1.05 – 1.34 0.010 

Severe proteinuria (UPC >3.5) 2.91 0.84-11.79 0.106 

Baseline systolic blood pressure     

Hypertensive (systolic blood pressure >159mmHg) 2.36 0.65-9.05 0.197 

Table 2: Odds ratios from the univariable analysis of the association between response to 

treatment with an angiotensin converting enzyme inhibitor and baseline clinicopathological 

parameters and death by 12-months in a cohort of 85 dogs with a UPC >2.0. Treatment response 

was defined as achieving a UPC of <0.5 or reduction of ≥50% from baseline within 3-months of 

starting treatment. [OR=odds ratio, OR CI=odds ratio 95% confidence interval, P value – 

associated statistical significance, UPC=urine protein-creatinine ratio]  
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Predictors OR OR CI P value 

Either UPC target achieved within 3-months 0.10 0.02 – 0.34 0.001 

Azotemic at baseline 7.69 1.95 – 39.55 0.007 

Hypoalbuminemic at baseline 4.66 1.32 – 19.04 0.021 

Table 3: Factors found on multivariable analysis to be significantly associated with death by 12-

months in a cohort of 85 dogs with a UPC>2.0 treated with ACEi. Treatment response was 

defined as achieving a UPC of <0.5 or reduction of ≥50% from baseline within 3-months of 

starting treatment. [OR=odds ratio, OR CI=odds ratio 95% confidence interval, P value – 

associated statistical significance, UPC=urine protein-creatinine ratio] 

 

 
 



 

Figure 1: Kaplan-Meier survival curve of all-cause mortality for dogs with presumed glomerular proteinuria that respond to or fail 

treatment with an ACEi. (Log-rank Mantel Cox p=0.009) 



 

Figure 2: Kaplan-Meier survival curve of all-cause mortality for dogs with presumed glomerular proteinuria with and without 

baseline azotemia. (Log-rank Mantel Cox p=<0.001) 



 

Figure 3: Box and Whisker Plots for clinicopathological variables at baseline  A) Creatinine 

(mg/dl); B) Albumin (g/dl); C) Urine protein/creatinine ratio (UPC) and D) Cholesterol 

(mg/dl) and survival status at 12-months.  Indicate values > 1.5 x Interquartile Range. 

Mann-Whitney U test was performed. Statistical significance indicated by *** <0.001, * 

<0.05



 

 

 

 

 

 

 

 

 

 

Figure 4: Categorical tree showing assessing impact of achieving target within 3-months and the presence of baseline biochemical abnormalities on 

survival at 12-months. (n) = number of dogs with that combination of factors; %= % of that combination known to be alive at 12 months. (1 & 2) in 

boxes see results text 
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