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Chronic kidney disease (CKD) is among the most 
common conditions affecting senior cats, impact-

ing quality of life and survival.1,2 Overactivation of 
the renin-angiotensin-aldosterone system (RAAS), 
a key regulator of vascular tone and extracellular 
fluid volume and composition, contributes to CKD 
progression and development of systemic arterial 
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hypertension.3–6 In addition to the important physi-
ologic and pathophysiologic roles of the histori-
cally described circulating RAAS, recent studies7–9 
increasingly highlight the roles of an intrarenal, para-
crine/autocrine renin-angiotensin system (RAS) reg-
ulated at the tissular level; this is now widely known 
as the intrarenal RAS.

Direct evaluation of the intrarenal RAS requires 
renal tissue, sampling of which relies on renal 
biopsy or postmortem sample collection, which 
has been a major obstacle for relevant research. In 
the field of human medicine, the urinary concentra-
tion of angiotensinogen, the only known precursor 

Objective
To compare urinary angiotensinogen, a proposed biomarker for intrarenal renin-angiotensinogen system (RAS) 
activity, between cats with surgically induced chronic kidney disease (CKD) and healthy cats and explore its correla-
tion with select clinical and circulating renin-angiotensin-aldosterone system (RAAS) markers.

Methods
Urine was banked from September 2022 through April 2023 during a study comparing circulating RAAS markers 
between cats with induced CKD and sex- and life stage–matched healthy cats. Urinary angiotensinogen concentra-
tion was measured from October 2025 through July 2026 using a validated in-house ELISA. Urinary concentration 
of angiotensinogen was indexed to that of creatinine or protein to account for urine concentration or indiscriminate 
urinary protein loss, respectively.

Results
28 cats (n = 14/group) were included. The median (IQR) indexed urinary angiotensinogen was higher in cats with 
CKD than in healthy cats (urinary angiotensinogen-to-protein ratio, 9.80 [5.47, 17.22] vs 3.38 [1.09, 5.52]; urinary 
angiotensinogen-to-creatinine ratio, 0.99 [0.40, 2.34] vs 0.31 [0.21, 0.60]). In cats with CKD, indexed urinary angio-
tensinogen correlated positively with serum creatinine concentration (urinary angiotensinogen-to-protein ratio,  
ρ = 0.573; urine angiotensinogen-to-creatinine ratio, ρ = 0.642). In healthy cats, urinary angiotensinogen-to-creat-
inine ratio correlated negatively with several circulating RAAS markers, including serum angiotensin II (ρ = −0.547) 
and angiotensin 1-7 (ρ = −0.631) equilibrium concentrations.

Conclusions
The intrarenal RAS, assessed by urinary angiotensinogen, is activated in cats with induced CKD, and its activity is 
inversely related to that of the circulating RAAS in healthy cats but not those with CKD.

Clinical Relevance
Concurrent evaluation of circulating RAAS and intrarenal RAS markers is required for complete assessment of this system.

Keywords:  intrarenal renin-angiotensin system, circulating renin-angiotensin-aldosterone system, enzyme-
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protein of angiotensin and possibly the rate-limiting 
factor of the intrarenal RAS,7 has been proposed as 
the most promising noninvasive biomarker for intra-
renal RAS.7,10 In humans, urinary angiotensinogen 
is positively correlated with intrarenal angioten-
sin II immunostaining11–16 and inversely correlated 
with kidney function.17,18 Further, urinary angioten-
sinogen predicts the risk of kidney function dete-
rioration in patients with immunoglobulin A (IgA) 
nephropathy19 or CKD of various etiologies.12 These 
data have enabled researchers to use urinary angio-
tensinogen as a surrogate for intrarenal RAS activity 
in humans, although debate remains over whether 
the urinary angiotensinogen elevation observed in 
patients merely reflects an overall increase in uri-
nary protein loss.20,21

Information on the intrarenal RAS in cats remains 
limited and restrained by the need for tissue samples. 
Two earlier studies22,23 assessing RAS components in 
kidney tissue using immunohistochemistry staining 
reported mixed results on intrarenal RAS activation 
in cats with impaired kidney function. However, rele-
vant medical history, including diet, systemic arterial 
blood pressure, and whether the cats were admin-
istered RAAS-modifying drugs, was not described. 
Two more recent studies24,25 assessed the intrarenal 
RAS through kidney tissue mRNA levels of relevant 
genes (eg, angiotensinogen and renin). Both studies 
identified a higher angiotensinogen mRNA level in 
cats with kidney disease compared to healthy cats. 
Further, post hoc analysis from one of these studies25 
found a positive association between angiotensino-
gen mRNA level and the equilibrium concentration 
of angiotensin II in the kidneys of cats.26 Notably, 
the corresponding urinary angiotensinogen concen-
tration was not determined as the methodology to 
measure urinary angiotensinogen was not available 
when these studies were conducted.

An in-house ELISA that quantifies feline angio-
tensinogen in urine was recently developed and 
validated.26 This study aimed to compare urinary 
angiotensinogen in cats with surgically induced CKD 
and in sex- and life stage–matched healthy cats. 
Given its proposed role as an indicator of intrarenal 
RAS, we also investigated correlations between uri-
nary angiotensinogen and select clinical and circu-
lating RAAS markers.

Methods
Study design

This was a retrospective study using data and 
urine samples banked from a previous study27 that 
aimed to characterize the circulating RAAS in cats 
with surgically induced CKD. In that study, the cir-
culating RAAS was evaluated via measurement of 
serum equilibrium concentrations of various angio-
tensin peptides (ie, angiotensin I, II, III, IV, 1-5, and 
1-7) and aldosterone using LC-MS-MS. Urine samples 
collected during that study were banked at −80 °C 
for future analyses. Clinical, clinicopathologic, and 
circulating RAAS data generated in the previous 
study were reviewed, and banked urine samples 

were used for urinary angiotensinogen, protein, and 
creatinine analyses.

Animals
Cats in the surgically induced CKD group were 

purpose bred and underwent an 11/12th functional 
nephrectomy from January through July, 2019, as 
previously described.28 At the time of evaluation 
for the parent study27 and urine collection (April 10 
through 17, 2023), all cats in the CKD group were 
clinically stable, with 6 out of 14 cats having a pre-
vious diagnosis of systemic arterial hypertension 
chronically treated with amlodipine besylate (0.625 
to 2.5 mg/cat, PO, once a day). All procedures of 
the original study were approved by the University 
of Georgia IACUC (animal use protocol No. A2018 
10–001) and the Clinical Research Committee of the 
University of Georgia College of Veterinary Medicine 
(approval No. CR-665).

Cats in the control group were owned by staff 
members or students of the University of Georgia 
Veterinary Teaching Hospital and were recruited 
from September 9 through December 14, 2022.27 
These cats were recruited to match the CKD group’s 
sex proportion and life stage (ie, young adult). They 
were considered healthy based on a detailed medical 
history, physical examination, systolic blood pressure 
(SBP) measurement (indirectly obtained via Doppler 
sphygmomanometry), and clinicopathological eval-
uation, including hematology and serum and urine 
analyses. Informed owner consent was obtained 
prior to enrollment.

All cats whose urine samples were available were 
included in this study.

Sample analysis
Urinary total protein, creatinine, and angioten-

sinogen concentrations were measured on thawed 
urine samples from October 28 through November 
11, 2025. Total protein and creatinine concentrations 
were measured by the Clinical Pathology Laboratory 
of the University of Georgia College of Veterinary 
Medicine using enzymatic and turbidimetric meth-
ods, respectively. Urinary angiotensinogen concen-
tration was measured using a previously developed 
in-house sandwich ELISA.26 All standards (recombi-
nant feline angiotensinogen) and samples were run 
in triplicate, and the average of the 3 measurements 
was used.

Statistical analysis
Statistical analysis was conducted using the 

open-source software R (version 4.5.1; R Foundation 
for Statistical Computing).29

Data distribution for each variable was inspected 
visually and through the Shapiro-Wilk test and 
deemed unlikely to have followed normal distri-
butions. Therefore, data are presented as median 
(1st quartile, 3rd quartile), and comparisons were 
conducted using the Mann-Whitney U test. Urinary 
angiotensinogen concentrations (expressed in  
ng/mL) were indexed to those of urinary creatinine 
or urinary total protein (both expressed in mg/dL) 
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to account for overall urine concentration or the 
indiscriminatory urinary protein loss, respectively. 
The ability of indexed urinary angiotensinogen or 
urinary protein-to-creatinine ratio (UPC) to distin-
guish between cats with CKD and healthy cats was 
further examined using receiver operating charac-
teristic curves; the optimal cutoff was determined 
by maximizing the sum of sensitivity and specificity  
(Youden index).

The correlations between indexed urinary angio-
tensinogen or UPC and selected clinical and circulat-
ing RAAS markers were examined using Spearman 
correlation analysis. Clinical variables included serum 
creatinine concentration, SBP, and UPC. Circulating 
RAAS markers included serum equilibrium concentra-
tions of angiotensin II, angiotensin 1-7, and aldoste-
rone, as well as surrogates for ACE activity (ACE-S) 
and plasma renin activity (PRA-S). As described in 

the previous publication,27 these surrogates were cal-
culated using previously described formulas:

ACE-S ([pmol/L]/[pmol/L]) = (angiotensin II)/
(angiotensin I)30

PRA-S (pmol/L) = (angiotensin I) + (angiotensin II)31

For all inferential statistics, P values < .05 were 
defined as significant.

Results
Animals

Fourteen cats with surgically induced CKD and 
14 healthy cats had urine samples available and 
were included in this study. The demographic data 
at the time of urine sample collection are summa-
rized in Table 1. All cats from both groups were in 
the same life stage (young adult) according to the 

Table 1—Baseline demographic and clinical characteristics of cats with surgically induced chronic kidney disease 
(CKD) and sex- and life stage–matched healthy cats.

Control (n = 14) CKD (n = 14) P value

Age (y) 3.34 (2.43, 3.55) 5.08 (5.05, 5.10) < .001†
Body weight (kg) 4.44 (4.20, 5.20) 4.01 (3.35, 4.14) .001‡
Sex N/A*
  Female, spayed 8 (57.1%) 8 (57.1%)
  Male, neutered 6 (42.9%) 6 (42.9%)
Systolic blood pressure (mm Hg) 121 (109, 132) 143 (140, 171) < .001†
Hct (%) 38.8 (34.9, 41.8) 36.1 (33.5, 38.5) .141
Serum creatinine (mg/dL) 1.45 (1.20, 1.58) 2.05 (1.92, 2.35) N/A*
Serum SDMA (μg/dL) 11.5 (10.0, 12.8) Not performed N/A
Serum urea nitrogen (mg/dL) 22.5 (20.2, 26.0) 22.0 (21.2, 25.5) N/A*
Serum potassium (mmol/L) 4.30 (4.12, 4.60) 4.60 (4.00, 4.77) .746
Serum phosphorus (mmol/L) 4.15 (3.62, 4.50) 3.50 (3.23, 3.68) .020‡
Urine specific gravity 1.05 (1.05, 1.05) 1.03 (1.02, 1.04) N/A*
Urinary protein (mg/dL) 33.5 (29.0, 45.5) 23.5 (15.2, 36.2) .043‡
Urinary creatinine (mg/dL) 305 (261, 353) 222 (134, 299) .066
UPC 0.11 (0.09, 0.16) 0.11 (0.07, 0.14) .504
Urinary angiotensinogen (ng/mL) 92.9 (62.4, 195) 166 (109, 459) .089
Urine angiotensinogen-to-creatinine ratio (10-4) 0.31 (0.21, 0.60) 0.99 (0.40, 2.34) .031‡
Urine angiotensinogen-to-protein ratio (10-4) 3.38 (1.09, 5.52) 9.80 (5.47, 17.22) .003†

Data are presented as median (1st quartile, 3rd quartile) or n (%) as appropriate. P values were computed with the Mann-
Whitney U test.

*P values were not computed since the variable was part of the grouping definition (eg, serum creatinine, SDMA, and BUN) or 
matching criteria (eg, sex). †P < .01. ‡P < .05.

N/A = Not applicable. SDMA = Symmetric dimethylarginine. UPC = Urinary protein-to-creatinine ratio.

Figure 1—Dot plot of urinary 
angiotensinogen (AGT)-to-protein 
ratio (A) and urinary AGT-to-
creatinine ratio (B) in cats with 
surgically induced chronic kidney 
disease (CKD; n = 14) and sex- 
and life stage–matched healthy 
cats (n = 14). Six of 14 cats in the 
group CKD were receiving amlo-
dipine at the time of sampling 
and are marked in pink. P values 
were computed using the Mann-
Whitney U test.
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American Animal Hospital Association and the 
American Association of Feline Practitioners guide-
lines.32 There was no correlation between urinary 
angiotensinogen and age for both the control and 
CKD groups (Supplementary Figure S1).

Thirteen cats in the CKD group were in 
International Renal Interest Society CKD stage 2, and 1 
was in stage 3. Twelve cats were not proteinuric (UPC < 
0.2), and 2 cats were borderline proteinuric (UPC > 
0.2 and < 0.4). Six cats were systemically hyperten-
sive and undergoing amlodipine treatment (0.625 to 
2.5 mg/cat, PO, once a day), 6 cats were prehyperten-
sive, and 2 cats were normotensive.33 As described in 
detail in the parent study,27 all but 1 cat with CKD were 
fed a therapeutic renal diet (Hill’s Prescription Diet k/d 
with Chicken Dry Cat Food; sodium content, 57 mg/ 
100 kcal); 1 cat was fed a hypoallergenic commer-
cial diet with low sodium content (Hill’s Prescription 
Diet z/d; sodium content, 79 mg/100 kcal). All but  
1 cat in the control group were fed a maintenance diet 
(sodium content, 101 to 250 mg/100 kcal); 1 cat was 
fed a low-sodium diet (Hill’s Prescription Diet z/d; 
sodium content, 79 mg/100 kcal).

Urinary angiotensinogen intergroup 
comparisons

Urinary angiotensinogen, indexed with urinary 
total protein or creatinine, was significantly higher 
for cats in the CKD group; this did not appear to be 
driven by amlodipine administration in hyperten-
sive cats (Figure 1). Neither of the indexed urinary 
angiotensinogen differed significantly between CKD 
cats that were or were not administered amlodipine 
(Supplementary Figure S2). In our samples consist-
ing exclusively of neutered cats, sex was also not a 
dominant factor for indexed urinary angiotensino-
gen (Supplementary Figures S3 and S4).

Based on receiver operating characteristic curves, 
indexed angiotensinogen was a better discriminator 

between groups than UPC. Areas under the curve 
for urinary angiotensinogen-to-protein ratio, urinary 
angiotensinogen-to-creatinine ratio, and UPC were 
0.827, 0.740, and 0.574, respectively (Figure 2). 
At the optimal cutoff determined by Youden index 
maximization, the urinary angiotensinogen-to-pro-
tein ratio had a sensitivity of 92.9% and specificity of 
64.3%, and the urinary angiotensinogen-to-creatinine 

Figure 2—Receiver operating 
characteristic curves for indexed 
urinary AGT or urine protein-
to-creatinine ratio (UPC) to 
distinguish cats with surgically 
induced CKD versus sex- and 
life stage–matched healthy cats. 
AUC = Area under curve.

Table 2—Spearman correlation analysis between 
indexed baseline urinary angiotensinogen concentration 
or UPC and systolic blood pressure, serum creatinine 
concentration, or UPC.

ρ P value

Urinary angiotensinogen-to-protein ratio, control group
  Systolic blood pressure 0.442 .113
  Serum creatinine −0.479 .083
  UPC 0.065 .826
Urinary angiotensinogen-to-creatinine ratio, control group
  Systolic blood pressure 0.455 .102
  Serum creatinine −0.497 .070
  UPC 0.299 .299
Urine protein-to-creatinine ratio, control group
  Systolic blood pressure 0.169 .565
  Serum creatinine −0.347 .224
Urinary angiotensinogen-to-protein ratio, CKD group
  Systolic blood pressure 0.042 .887
  Serum creatinine 0.573 .032*
  UPC 0.272 .347
Urinary angiotensinogen-to-creatinine ratio, CKD group
  Systolic blood pressure 0.231 .427
  Serum creatinine 0.642 .013*
  UPC 0.541 .046*
UPC, CKD group
  Systolic blood pressure 0.417 .138
  Serum creatinine 0.270 .350

Samples were collected from 14 purpose-bred cats with 
surgically induced CKD and 14 community-owned sex- and life 
stage–matched healthy cats.

*P < .05.

D
ow

nloaded from
 https://avm

ajournals.avm
a.org at 2026-11-11 via O

pen Access. This is an open access article distributed under the C
C

 BY-N
C

 license
(http://creativecom

m
ons.org/licenses/by-nc/4.0/). http://creativecom

m
ons.org/licenses/by-nc/4.0/



AJVR� 5

ratio had a sensitivity of 92.9% and specificity of 50% 
for diagnosing CKD.

Correlations between urinary angiotensinogen 
and clinical variables

Correlations between indexed urinary angio-
tensinogen or UPC and selected clinical variables 
at baseline are shown in Table 2. In the CKD group, 
indexed urinary angiotensinogen was positively cor-
related with serum creatinine concentration (uri-
nary angiotensinogen-to-protein ratio, ρ = 0.573,  
P = .032; urinary angiotensinogen-to-creatinine ratio,  
ρ = 0.642, P = .013).

Correlations between urinary angiotensinogen 
and circulating RAAS

Correlations between circulating RAAS markers 
and indexed urinary angiotensinogen are summarized 

in Table 3. In healthy cats (control group), but not 
cats with CKD, the urinary angiotensinogen-to-cre-
atinine ratio was negatively correlated with multiple 
circulating RAAS markers (angiotensin II, ρ = −0.547, 
P = .043; angiotensin 1-7, ρ = −0.631, P = .016; PRA-S,  
ρ = −0.600, P = .023). However, the same 3 markers 
were also negatively correlated with UPC, and the 
urinary angiotensinogen-to-protein ratio was not 
significantly correlated with any of the selected cir-
culating RAAS markers.

Discussion
In this study, urinary angiotensinogen indexed 

to creatinine or total protein was higher in cats with 
surgically induced CKD compared to sex- and life 
stage–matched healthy cats. Additionally, urinary 
angiotensinogen correlated positively with serum 
creatinine concentration in cats with surgically 
induced CKD. This supports its possible role as a bio-
marker of intrarenal RAS activity and kidney disease 
as in rodents and human beings.7

A major argument for the use of urinary angio-
tensinogen as a marker of intrarenal RAS activity is 
that the majority of angiotensinogen found in urine 
originates from protein expression in kidney tissue 
as opposed to it being filtered from plasma by the 
glomerulus.7 Increased protein expression of angio-
tensinogen in the kidneys of cats with CKD is sup-
ported by previous studies24,25 showing higher mRNA 
levels of its gene (ie, angiotensinogen). If this is the 
case, the proportion of angiotensinogen among all 
urinary protein should increase, whereas if increased 
angiotensinogen is a mere result of increased over-
all/indiscriminate urinary protein loss, the propor-
tion of angiotensinogen/total urinary protein should 
be relatively stable. Therefore, we corrected the 
urinary angiotensinogen concentration not only 
relative to urinary creatinine (to account for overall 
urine concentration) but also relative to urinary total 
protein. We showed that the proportion of angio-
tensinogen among all urinary proteins (ie, urinary 
angiotensinogen-to-protein ratio) is increased in 
cats with surgically induced CKD relative to healthy 
cats. Together with the previous findings of elevated 
angiotensinogen mRNA levels in kidneys from cats 
with CKD,24,25 these data support that a meaningful 
proportion of urinary angiotensinogen in cats results  
from intrarenal expression.

L-type calcium channel blockers, including amlo-
dipine, activate the circulating RAAS in dogs, human 
beings, and cats.27,34–39 In this study, amlodipine was 
not associated with higher urinary angiotensinogen, 
suggesting it might not activate intrarenal RAS as it 
does in the circulation. Gender and age also did not 
appear to be major determinants of urinary angio-
tensinogen in our study cohort. This is consistent 
with previous studies14,40,41 in human beings, which 
found no significant associations between urinary 
angiotensinogen and gender or age.

There was a negative correlation between uri-
nary angiotensinogen-to-creatinine ratio and multi-
ple circulating RAAS markers (ie, serum equilibrium 
concentration of angiotensin II and angiotensin 1-7 

Table 3—Spearman correlation analysis between 
indexed urinary angiotensinogen and circulating renin-
angiotensin-aldosterone system (RAAS) markers in  
14 purpose-bred cats with surgically induced CKD and 
14 community-owned sex- and life stage–matched 
healthy cats.

ρ P value

Urinary angiotensinogen-to-protein ratio, control group
  Serum angiotensin II −0.323 .260
  Serum angiotensin 1-7 −0.477 .085
  Serum aldosterone −0.055 .852
  Serum PRA-S −0.367 .197
  Serum ACE-S 0.213 .464
Urinary angiotensinogen-to-creatinine ratio, control group
  Serum angiotensin II −0.547 .043*
  Serum angiotensin 1-7 −0.631 .016*
  Serum aldosterone −0.178 .543
  Serum PRA-S −0.600 .023*
  Serum ACE-S 0.235 .418
UPC, control group
  Serum angiotensin II −0.591 .026*
  Serum angiotensin 1-7 −0.560 .037*
  Serum aldosterone −0.136 .643
  Serum PRA-S −0.642 .013*
  Serum ACE-S 0.169 .562
Urinary angiotensinogen-to-protein ratio, CKD group
  Serum angiotensin II −0.235 .418
  Serum angiotensin 1-7 −0.121 .681
  Serum aldosterone −0.138 .637
  Serum PRA-S −0.204 .483
  Serum ACE-S −0.015 .958
Urinary angiotensinogen-to-creatinine ratio, CKD group
  Serum angiotensin II −0.059 .840
  Serum angiotensin 1-7 0.011 .970
  Serum aldosterone −0.037 .899
  Serum PRA-S −0.020 .946
  Serum ACE-S −0.218 .455
UPC, CKD group
  Serum angiotensin II 0.130 .657
  Serum angiotensin 1-7 0.117 .690
  Serum aldosterone −0.117 .690
  Serum PRA-S 0.148 .613
  Serum ACE-S −0.369 .194

*P < .05.
ACE-S = Surrogate for angiotensin-converting enzyme 

activity. PRA-S = Surrogate for plasma renin activity.
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and PRA-S) in healthy cats. This appeared to be par-
tially driven by a negative correlation between these 
markers and total urinary protein loss (as repre-
sented by UPC); urinary angiotensinogen-to-protein 
ratio trended toward being negatively correlated 
with these circulating RAAS markers, but this did not 
reach statistical significance.

In humans, studies evaluating the associations 
between circulating RAAS and intrarenal RAS have 
yielded mixed results. One study42 focusing on pedi-
atric IgA nephropathy found a negative correlation 
between urinary aldosterone-to-creatinine ratio, an 
indicator of circulating RAAS, and urinary angio-
tensinogen-to-creatinine ratio. Another study43 
in healthy humans found largely no associations 
between circulating and intrarenal RAS markers 
except that in healthy adult men there was a negative 
correlation between plasma angiotensin-converting 
enzyme concentration and urinary prorenin-to-cre-
atinine ratio. A previous study24 evaluating cats with 
CKD induced by ischemia reperfusion found a lack 
of association between most of the circulating RAAS 
and kidney transcription of RAS-related genes. 
Overall, the association between circulating RAAS 
and intrarenal RAS appears to be complex, likely 
depending on the population sampled, the marker 
used, and specific underlying disease.

One notable element in our study is the differ-
ence in sodium intake between the CKD and control 
groups. Diet is known to affect the circulating RAAS, 
with a low-sodium diet leading to circulating RAAS 
activation.44 However, in humans and rodents, an 
opposite relation has been documented between 
dietary sodium intake and intrarenal RAS. Rodents 
receiving a low-sodium diet experienced an activation 
in circulating but not intrarenal RA(A)S45; meanwhile, 
a high-sodium diet induced a significant increase in 
intrarenal expression of RAS-related genes and pro-
teins, including mRNA expression of angiotensino-
gen, and protein/peptide expression of cortext renin 
and angiotensin II.46 In a crossover clinical trial in 
humans (n = 100), a low-sodium diet led to a signifi-
cant decrease in urinary angiotensinogen, whereas 
a high-sodium diet showed an opposite effect (ie, 
a significant increase in urinary angiotensinogen).47 
Altogether, these studies suggest a positive relation-
ship between dietary sodium intake and intrarenal 
RAS activity. Compared to the control group, the 
CKD group in our study had a lower dietary sodium 
intake; however, their urinary angiotensinogen was 
still higher. This might be due to CKD playing a more 
dominant factor than dietary sodium intake in deter-
mining intrarenal RAS activity in these cats. However, 
future studies focusing on the effects of diet on intra-
renal RAS in cats are needed to clarify this.

This study has several limitations. First, despite 
similarities in histology, biochemical variables, and 
clinical presentation,28 it is unknown whether the 
intrarenal RAS status in cats with induced CKD via a 
remnant kidney model is comparable to that in cats 
with naturally occurring CKD. Second, kidney tissue 
was not available for this study. Therefore, we can-
not verify whether the urinary angiotensinogen is 

associated with kidney mRNA or protein expression 
levels or angiotensin II immunostaining in these cats 
as described in people and rodents.11–16 The study 
also had a relatively small sample size; therefore, type 
II error is possible in the instances where no correla-
tions were found. Finally, cats in the CKD group had a 
significantly higher SBP than healthy cats. While this is 
consistent with the common clinical picture, this study 
could not disentangle the effects of systemic arterial 
hypertension or its treatment from those of CKD.

In conclusion, we demonstrated that urinary 
angiotensinogen—a widely recognized intrare-
nal RAS biomarker in human beings and rode
nts11–13,17–19,48,49—is elevated in cats with surgically 
induced CKD and correlates positively with serum 
creatinine in this population. This suggests activa-
tion of intrarenal RAS during CKD in cats. Because 
circulating RAAS activation (based on serum angio-
tensin peptide concentrations) was not apparent in 
these cats with induced CKD,27 these results also 
highlight that concurrent evaluation of the intra-
renal RAS is required for a more complete assess-
ment of this system in health and disease states. 
Meanwhile, associations between intrarenal and 
circulating RA(A)S in cats with or without CKD war-
rant further investigation.
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