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KEY POINTS

� Evidence of chronic kidney disease (CKD) in cats with diabetes mellitus (DM) is variable.

� There is currently no clinical evidence of an association of DM and CKD in dogs.

� Criteria for diagnosing diabetic kidney disease have not been established in dogs and
cats.

� Monitoring for CKD in cats with DM might be warranted.
INTRODUCTION

Diabetic kidney disease (DKD) is a chronic progressive kidney disease that is the most
common cause of end-stage renal failure in people in the western world.1 DKD results
from multifactorial pathophysiological mechanisms and clinically manifests with pro-
teinuria, subsequent progressive decline in glomerular filtration rate (GFR), and ulti-
mately progression to end-stage renal disease.2 There is minimal published
information about DKD in companion animals in the veterinary literature. The first
part of this review will focus on the pathophysiology of DKD, derived mainly from
the human medical literature and rodent models of DKD. Wherever there was corre-
sponding information relevant to companion animals, we mentioned it. The second
part of this review focuses on the limited veterinary literature that loosely supports
the existence of DKD as a clinical entity in companion animals.

Proposed Molecular Pathomechanisms of Diabetic Kidney Disease

Hyperglycemia
DKD does not develop in people in the absence of persistent hyperglycemia (ie, HbA1c
<5.7%),3 illustrating the importance of persistent hyperglycemia in the pathogenesis
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ofDKD.Microalbuminuria (proxy of early DKD) is already present in 15% to 20%of peo-
ple with prediabetes (HbA1c 5.7%–6.4%).3 In a human clinical trial of type-1 diabetes
mellitus (T1DM) strict glycemic control (HbA1c <6.5%4) decreased the incidence of
microalbuminuria by 50%.5 In contrast, the incidence of microalbuminuria increased
steeply when HbA1c was greater than 7%. In a human clinical trial of type-2 diabetes
mellitus (T2DM), reduction of HbA1c by 1% decreased the risk for microalbuminuria
by 33%.6

Hyperglycemia influences the normal intrarenal adaptive physiologic mechanisms
that regulate glomerular hemodynamics and renal blood flow. Glucose uptake by renal
cells is insulin-independent and increases in proportion to blood glucose levels.7

Glucose uptake in the renal proximal tubules (PCTs) is coupled to sodium absorption
via sodium-glucoseco-transporters (SGLTs).7 Thereare2SGLTs: type1 (SGLT1),which
is a high-affinity, low-capacity glucose/galactose transporter, and type2 (SGLT2),which
is a high-capacity, low-affinity glucose transporter; the latter being thepredominantPCT
SGLT and accounting for approximately 90% of glucose reabsorption in the PCTs.7

Sodium absorption by the PCTs affects the levels of sodium delivered to the distal
tubule. Specialized distal tubular cells (macula densa cells of the juxtaglomerular
apparatus) sense sodium levels and regulate the tone of the afferent and efferent
glomerular arterioles via tubuloglomerular feedback (TGF).8 TGF is an important evolu-
tionary survival mechanism of terrestrial species intended to conserve body salt and
maintain intravascular volume.8 Low or high levels of sodium chloride in the distal
segment signal intravascular volume contraction or expansion, respectively. In the
case of volume contraction, the TGF decreases the local conversion of ATP to aden-
osine and increases the production of intrarenal renin/angiotensin, which results in
afferent arteriole vasodilation and efferent arteriole vasoconstriction effectively
increasing renal perfusion and intraglomerular pressure. The opposite occurs in the
case of volume expansion.8–10 This physiologic adaptive mechanism positively affects
the host in the short term. However, it could have deleterious outcomes when it de-
velops into a sustained maladaptive response, as in DKD.
In an experiment in which single nephron proximal tubules were infused with

glucose,9 high intratubular glucose levels led to increased PCT glucose-coupled so-
dium absorption and decreased downstream sodium chloride delivery. The subse-
quent activation of TGF resulted in an increased intraglomerular pressure
(glomerular hypertension), and resulted in renal hyperfiltration. In a rodent model of
streptozotocin (STZ)-induced DM, tubular glucose overload led to a compensatory
proximal tubular hypertrophy within days,11 and similarly, people with DM have an in-
crease in renal tubular mass early in the development of DM.2,11,12 Renal tubular hy-
pertrophy is considered a predictor of poor renal outcomes in people with DKD,13,14

because it further accentuates intraglomerular hypertension and renal hyperfiltration,
thus contributing to the progressive development of glomerulosclerosis and protein-
uria. Nevertheless, strict glycemic control in people with T1DM DKD can reverse
and normalize renal mass and GFR within 3 months.15 Multiple growth factors
including insulin growth factor 1, vascular endothelial growth factor (VEGF), platelet-
derived growth factor, epidermal growth factor, transforming growth factor b1
(TGFb1), and connective tissue growth factor are involved in the process of tubular
hypertrophy in DKD. Unlike tubular hypertrophy, a reversible process, glomerular hy-
pertrophy is an irreversible process, which is in part mediated by intrarenal activation
of renin-angiotensin-aldosterone system (RAAS), resulting in the local production of
the potent growth factor angiotensin II (AGII). Hence, hyperglycemia leads to a domino
effect in which increased PCT glucose absorption leads to decreased sodium chloride
absorption in the distal tubule and TGF activation that alters glomerular
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hemodynamics, and leads to irreversible glomerular hypertrophy. The ensuing tubular
hypertrophy further aggravates the glomerular hypertrophy and culminates in
glomerulosclerosis.
In people, the differences between T1DM and T2DM in the age of onset of diabetes

(young vs old) and treatment (insulin vs metformin and GLP-1 analogs) are thought to
explain the fundamental structural differences in DKD: predominance of glomerulo-
sclerosis in T1DM DKD versus predominance of tubulointerstitial lesions in T2DM
DKD.16,17 The reason for these differences is inherent to the ability of the maladaptive
TGF to alter the glomerular hemodynamics. Glomerular hyperfiltration is more com-
mon in patients with T1DM because of their younger age, higher age-related baseline
GFR and renal plasma flow (RPF), lower renal vascular resistance (RVR), and because
they are treated with insulin, which is a potent vasodilator.18 In contrast, patients with
T2DM have a “protective” decreased capacity to alter glomerular hemodynamics
because of older age, lower GFR, RPF, and higher RVR. Dogs and cats, which are
exclusively treated with insulin and have disease onset at an older age, have structural
changes that combine those of T1DM and T2DM DKD seen in people.19–21

Hyperglycemic-induced tubular hypertrophy also increases proximal tubular oxy-
gen consumption by w40% (based on rodent models22) because the sodium-
glucose coupled absorption increases the activity of the basolateral Na-K ATPase
pumps (an ATP-dependent process). Consequently, there are substantial mismatches
between increasing tubular oxygen demands and decreased oxygen delivery to the
kidneys. The intimate linkage between renal hypoxia and enhanced tubular sodium-
glucose uptake was confirmed in an STZ-induced diabetic rat model in which renal
oxygen demands were normalized following treatment with phlorizin (a nonspecific
sodium-glucose cotransporter inhibitor).23 Renal hypoxia in DKD increases hypoxia-
inducible factor 1a (HIF1a) gene expression but fails to stimulate HIF1a downstream
signaling (including production of erythropoietin), thus effectively contributing to
decreased renal oxygen delivery.24,25 Renal hypoxia is a potent signal for the recruit-
ment of inflammatory cells and extracellular matrix remodeling. Hence, the global
effect of renal hypoxia contributes to progressive glomerular mesangial remodeling
and tubulointerstitial inflammation and fibrosis.
Unregulated renal glucose uptake during periods of sustained hyperglycemia over-

whelms the glomerular and tubular cells with glucose, oversaturates their glycolytic
pathway, and leads to diversion of glucose metabolism into nonglycolytic pathways,
including the hexosamine, aldose reductase (polyol), pentose phosphate, advanced
glycation endproducts (AGEs), and protein kinase C (PKC) pathways.
Activation of the polyol pathway is a commonly suggestedmechanism of renal injury

in DKD,26 in which, glucose is metabolized to sorbitol by aldose reductase, which is
then metabolized to fructose by sorbitol dehydrogenase. Fructose is then metabolized
by fructokinase (ketohexokinase [KHK]). Metabolism of the fructose by KHK in the
proximal tubule leads to transient depletion of intracellular phosphate and ATP, oxida-
tive stress, and mitochondrial injury.27,28 Moreover, activation of the polyol pathway
leads to substantial consumption of nicotinamide adenine dinucleotide phosphate
(NADPH) (derived from the pentose phosphate pathway and critical for the replenish-
ment of reduced glutathione) and excessive production of nicotinamide adenine dinu-
cleotide (NADH), which is taken up by the mitochondrial respiratory chain and
increases the production of superoxide.29 Thus, chronic activation of the polyol
pathway culminates in renal injury, inflammation, and fibrosis.
The PKC signaling pathway is a potent activator of NADPH oxidase, a cytosolic

enzyme complex in mesangial cells, proximal tubular epithelium, vascular smooth
myocytes, endothelium, and fibroblasts.30 Hyperglycemia, AGII, and TGF-b are potent
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inducers of PKC. Activation of the PKC pathway results in large amounts of NADPH
oxidase-derived reactive oxygen species (ROS)31 and is considered an important un-
derlying mechanism of endothelial dysfunction in DKD.
AGEs are molecules generated from nonenzymatic covalent bonding of glucose

residues to free amino groups of proteins, lipids, and nucleic acids (ie, the Maillard re-
action). AGEs are filtered in the glomerulus and bind to their receptor RAGE on the
tubular epithelium. RAGE activates NADPH oxidase, which generates ROS, and acti-
vates the nuclear factor kappa B (NFkB) signaling pathway, which produces inflamma-
tory cytokines and mitochondrial-derived ROS through electrons leakage.32

The hexosamine pathway generates uridine-5-diphosphate-N-acetylglucosamine
(UDP-GlucNAc) from fructose-6-phosphate and glutamine. UDP-GlucNAc is the
amino sugar precursor used to synthesize glycoproteins, glycolipids, and proteogly-
cans. The hexosamine pathway is activated in DKD and results in hyperglycemia-
induced renal production of TGF-b and activation of the PKC pathway, resulting in
renal ROS-mediated damage, inflammation, and fibrosis.33

Thus, glucose shunting from the glycolytic pathway to the alternative pathways leads
to altered gene expression, mitochondrial dysfunction and oxidative stress, glycosyla-
tion of proteins and activation of RAGE, and endothelial injury, which synergistically
promote renal glomerular and tubular cellular injury, inflammation, and fibrosis.
Preliminary results from a recent untargetedmetabolomic study in catswith diabetes

demonstrated that the diversion of glucose to alternative glucose metabolizing path-
ways also occurs in cats with diabetes as serum metabolites of the above pathways
were abundant in the serum of cats with diabetes compared with that of control cats.34

Glucose uptake by the endothelium is an insulin-independent process. Sustained
high intraendothelial glucose fluxes lead to increased intracellular glucose levels
and subsequent activation of NADPH oxidase and uncoupling of endothelial nitric
oxide (NO) synthases, which results in the generation of ROS.35 Similarly, enhanced
mitochondrial substrate oxidation results in increased mitochondrial membrane po-
tential and subsequent overproduction of superoxide. ROS-mediated NF-kB signaling
then leads to inflammation. ROS also cause DNA strand breaks that stimulate the DNA
repair enzyme poly(ADP ribose) polymerase 1, which in turn inhibits the glycolytic
enzyme glyceraldehyde-3-phosphate dehydrogenase (GAPDH) by polyADP-
ribosylation. The inhibition of GAPDH diverts glucose metabolism to the hexosamine,
aldose reductase (polyol), pentose phosphate, AGE, and PKC pathways.36 ROS-
mediated injury and diversion of glucose to alternative metabolic pathways lead to
endothelial dysfunction and renal ischemic microangiopathy.
Chronic hyperglycemia affects the nutrient sensors mammalian target of rapamycin,

5’ AMP-activated protein kinase, and the sirtuins with subsequent downregulation of
autophagy (necessary for normal mitochondrial health), and reduced mitochondrial
regeneration and biogenesis.37,38 Patients with DKD have been shown to have
decreased expression of peroxisome-proliferator-activated receptor-g coactivator-1
alpha (PGC-1a; a master regulator of mitochondrial biogenesis) and reduced mito-
chondrial proteins and DNA. Moreover, increased mitochondrial fission results in
increased numbers of nonfunctional mitochondria. Mitochondrial dysfunction of
PCT and podocytes contributes to the development and progression of DKD through
ROS-mediated oxidative stress, energy depletion, impaired energy-dependent repair
mechanisms, and cell death.

Systemic and Intraglomerular Hypertension

After hyperglycemia, hypertension is the next most important factor in the develop-
ment and progression of DKD because normotensive diabetic people with DKD
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progress at a lower rate than hypertensive patients with DKD.39,40 Systemic hyperten-
sion contributes to the development and progression of DKD through progressive
glomerular injury and proteinuria. The optimal target blood pressure has yet to be
determined for managing diabetic people with DKD but the general consensus is to
maintain it at less than 130/80 mm Hg to less than 140/90 mm Hg.
Activation of the RAAS in patients with diabetes is one of the underlying reasons

for developing systemic hypertension. However, RAAS activation also directly
contributes to intraglomerular hypertension (and injury) through additional mecha-
nisms (see later discussion) independent of systemic hypertension. Therefore,
angiotensin-converting enzyme (ACE) inhibitors (ACEi), AGII receptor blockers, and
aldosterone antagonists are thought to improve outcomes in human patients with
DKD by reducing intraglomerular hypertension, fibrosis, and inflammation.41,42

We provide a short review of RAAS below to highlight the intricacies of the intrarenal
RAAS and their effects on the development of DKD. ACE converts angiotensin I (AGI)
to AGII, which acts on the AGII type 1 receptor (AT1R). Chronic maladaptive activation
of AT1R leads to vasoconstriction, inflammation, fibrosis, oxidative stress, and cellular
proliferation.43 Unlike the AT1R, the AGII type 2 receptor (AT2R) has vasodilatory, anti-
inflammatory, antifibrotic, antioxidative, and antiproliferative effects.44,45 AGII has
lower affinity to AT2R than to AT1R and is converted by angiotensin-converting
enzyme-related carboxypeptidase 2 (ACE2) to angiotensin (1–7),46,47 which has a
high-affinity to and acts on the Mas receptor (MASR) that has the same renoprotective
effects as the AT2R.48 ACE2 can also convert AGI to angiotensin (1–9), which is then
converted by ACE or neprilysin (NEP) to angiotensin (1–7); NEP can also directly
convert AGI to angiotensin (1–7).49 Therefore, the ratio of activated AT1R versus
AT2R/MASR has a critical effect on the development of DKD, with the former promot-
ing DKD and the latter protecting against it.
ACE also has non-RAAS renal effects; ACE’s N-domain cleaves its natural substrate

N-acetyl-seryl-aspartyl-lysyl-proline (Ac-SDKP) into inactive fragments.50,51 Nephrons
release Ac-SDKP to prevent renal fibrosis52,53 through the antifibrotic microRNAs
(miR-29s and miR-let-7s)-mediated downregulation of dipeptidyl peptidase-4 and
suppression of the TGF-b signaling pathway.54 Thus, therapeutically, ACEi may
have an antifibrotic effect outside of the RAAS by increasing the levels of renal Ac-
SDKP.
Unlike ACE, ACE2 only has the C-catalytic domain that degrades angiotensins.

Rodent models of DKD indicated that increased levels of ACE2 combined with
decreased levels of ACE have renoprotective effects.55 Immunogold electron micro-
scopy localization study in rodents showed that ACE2 is localized to the podocytes
and ACE to the glomerular endothelium.56 It is speculated that ACE2 protects the
podocytes and the glomerular filtration barrier from the deleterious effects that ensue
with diabetes.

Histopathologic Changes in Diabetic Kidney Disease

The glomeruli in people with DKD have a set of characteristic morphologic changes,16

including increased glomerular size (hypertrophy), mostly due to nodular (Kimmel-
stiel-Wilson) or diffuse deposition of mesangial hyaline matrix; thickening of endothe-
lial basement membrane (BM) with occasional narrowing of capillary lumina;
podocyte foot fusion or effacement and decreased podocyte density (podocyte
death); and afferent and efferent arteriolar hyalinosis (progressive replacement of
arteriolar wall myocytes by hyaline matrix composed of immunoglobulins, comple-
ment, and plasma proteins). The mesangium expansion could lead to abnormalities
of the glomerular-tubular junction with focal adhesions, obstruction of the proximal
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tubular take-off from the glomerulus, and detachment of the tubule from the glomer-
ulus (atubular glomeruli).16 Tubular lesions involve focal to diffuse proximal tubular at-
rophy and interstitial fibrosis and are more characteristic of patients with T2DM.
To our knowledge, there are 3 reports with detailed pathologic condition of the kid-

neys of dogs and cats with spontaneous onset of DM19–21 and 8 reports describing
renal pathologic condition of dogs with experimentally induced DM.57–64 Overall, the
observed changes are reminiscent of those described above in people.16 The changes
in cats involve mild diffuse mesangial thickening with a Periodic acid–Schiff (PAS)-
positive material, tubular atrophy, and tubulointerstitial inflammation. In dogs, the
changes were predominantly restricted to the glomerulus and afferent arterioles,
were uncommon, and included nodular or diffuse PAS-positive thickening of the
mesangium and the afferent arteriolar wall.
Alloxan-induced or progestogen-induced DM resulted in similar changes in the kid-

neys. In 2 dogs with progestogen-induced diabetes, the changes in the glomeruli after
2 years of DM involved deposition of PAS-positive material in the mesangium (both
nodular and diffuse forms) and thickening of the capillary BM. There were also multi-
focal subendothelial foci of fibrin deposition. These changes (excluding fibrin deposi-
tion) are similar to those also seen in dogs treated with porcine growth hormone and in
dogs with experimentally induced DM following bovine pituitary growth hormone
administration. Dogs with alloxan-induced DKD also exhibited periglomerular tubular
atrophy and arteriolar hyalinosis.

Lipotoxicity and Inflammation

The glomerulosclerotic changes seen in DKD are not pathognomonic and share some
overlapping features with obesity-associated nephropathy.65,66 The overlap between
obesity and T2DM (ie, lipotoxicity) is thought to contribute directly to the development
of DKD and also through interference with insulin actions. Glomerular lipotoxic dam-
age to the podocytes is thought to occur through formation of ROS from dysfunc-
tional mitochondria, endoplasmic reticulum stress, and interference with the
podocyte insulin signaling (which is considered an antiapoptotic signal67), all of which
could lead to podocyte apoptosis, podocyte foot fusion, or foot retraction. Five
hyperlipidemic cats with lipoprotein-lipase deficiency68 had renal changes similar to
those seen in DKD, suggesting that lipotoxicity mediates glomerular injury in DKD
and in cats.
Monocytes andmacrophages propagate the inflammation in DKD through releasing

lysosomal enzymes, NO, ROS, TGFb, VEGF, tumor necrosis factor, interleukin-1, and
interferon gamma and targeting podocytes. During the development and progression
of renal disease, macrophages are recruited to the kidney by the C-C chemokine re-
ceptor type 2. Interference of macrophage recruitment improved renal outcomes in
mouse models of DKD and in human patients with T2DM DKD.69,70 The NF-kB
signaling pathway is activated in DKD. It mediates the inflammatory cascade and
the Janus kinase (JAK)-STAT signaling pathway that is overactive in podocytes,
mesangial cells, and renal tubular cells in DKD.71,72 Furthermore, suppressors of cyto-
kine signaling (SOCS1 and SOCS3) are underexpressed in DKD, and their negative
feedback on the JAK-STAT signaling pathway is removed, thus accentuating the
inflammatory process.73,74

Proteinuria and Renal Fibrosis

Alterations in the glomerular filtration barrier in the form of podocyte death, podocyte
foot fusion or effacement, and loss of the glycocalyx component heparan sulfate
(providing charge selectivity) result in albuminuria and are associated with urinary
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albumin excretion in T1DM and T2DM DKD.75,76 In the glomerulus, albuminuria in-
duces the production of the hyaline matrix by the mesangial cells. In the tubules, up-
take of albumin leads to overwhelming of the lysosomal degradation process and to
cell death. Hence, proteinuria promotes the development of inflammation and subse-
quent fibrosis.
Renal fibrosis is considered the final stage of DKD and is mediated by activated

myofibroblasts. They are recruited to the renal interstitium from the transformation
of mesenchymal stem cells and resident fibroblasts, recruitment of fibroblasts from
the bone marrow, and tubuloepithelial to mesenchymal transdifferentiation.77

Clinical Perspective of Diabetic Kidney Disease in Dogs and Cats

Given the kidneys’ massive reserve capacity and nephron redundancy, attrition of
enough nephrons has to exhaust the renal reserve before chronic kidney disease
(CKD) ensues. This presents a clinical challenge to assessing the longitudinal relation-
ship of DM and CKD because the hyperfiltration associated with diabetic glucosuria
might reduce renal filtration markers and thus a creatinine level might not be an accu-
rate measure of nephronmass under these circumstances. Furthermore, there is over-
lap in the clinical signs between DM and CKD, and thus, early onset CKD clinical signs
might be overlooked as poorly managed DM.

Potential Role of Inflammation

Both CKD78,79 and obesity80 have been shown to be associated with chronic inflam-
mation. Understanding the cause-and-effect relationship between chronic disease
and chronic inflammation is challenging because it is difficult to ascertain if the inflam-
matory state caused or was caused by the chronic disease process. In human med-
icine, both type 1 and type 2 DM have been shown to be associated with
proinflammatory chemokine and cytokine signatures.81 Obesity, which is strongly
implicated in type 2 DM in people, is also considered a chronic inflammatory state.80

Of interest in humans, the incidence of diabetic nephropathy in T2DM was twice that
of type 1 diabetes in an age-matched cohort of patients aged younger than 30 years.
In humans, there has been a steady increase in the number of cases of T2DM, and it is
estimated that greater than 50% of human patients requiring renal replacement ther-
apy have T2DM.82

Fluid Imbalances in Diabetes Mellitus and Chronic Kidney Disease

A further contributing factor in the development of CKD in dogs and cats could be
explained by dehydration and fluid imbalances associated with DM. Dogs and cats
diagnosed with DM tend to be older and therefore at a higher risk of CKD, and there-
fore, dehydration and fluid imbalance might exacerbate kidney disease. This is espe-
cially true in the case of DKA where severe fluid imbalances lead to hypovolemia
necessitating volume resuscitation. DKA represents a potential double hit to the kid-
ney because it is associated with both severe fluid imbalances and inflammation
both of which could be injurious to the kidney. In 2 previous studies, 65% of dogs83

and 61% of cats84 with DKA were in newly diagnosed diabetics.

Urinary Tract Infections in Diabetes Mellitus and Chronic Kidney Disease

Concerns over the role of urinary tract infection (UTI) in the exacerbation of CKD in DM
also deserve mention. In our experience, some veterinarians occasionally screen pa-
tients for UTIs in CKD due to a concern that a UTI could result in an ascending infec-
tion, exacerbating CKD. Because glucose is an excellent growth medium for bacteria
many veterinarians have been taught that diabetics have a higher risk of UTI. However,
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2 earlier studies in cats with CKD85,86 showed no association with the presence of a
UTI as defined by a positive urine culture and severity of azotemia and survival. In
both studies, the authors acknowledged that antimicrobial treatment of UTI might
have influenced the lack of association seen but the authors speculated that subclin-
ical bacteriuria in CKD is unlikely to be a significant driver in the exacerbation of CKD.
This is further supported by the fact that human patients with T2DM with asymptom-
atic bacteriuria (ASB) do not seem to be associated with adverse outcomes.87 Further-
more, although it is intuitively logical that glucosuric patients are at an increased risk of
a UTI, there is conflicting evidence on the role of glucosuria in DM and the etiopatho-
genesis of UTI in human patients with DM is complex.87 In an in vitro study on uropa-
thogenic bacterial growth in urine samples, glucose concentrations ranging between
100 and 1000 mg/dL enhanced bacterial growth but a decrease in bacterial growth
was seen in when urinary glucose concentrations were very high (10,000 mg/dL).88

Another clinical study in humans also showed an association between glucosuria
and ASB in people89 but this association was not seen in another large study in women
with DM with ASB and was also not seen in another cohort of human patients with
symptomatic UTIs.90

There is a paucity of veterinary studies pertaining to the incidence and risk factors
of UTIs in DM. Furthermore, although there are parallels between humans and pets,
the term ASB does not apply to pets and the term subclinical bacteriuria is used. It is
more difficult to establish the presence of a clinical UTI in a nonverbal patient, and
clinicians are often reliant on information from the client, which can be influenced
by the owner’s bias. In a retrospective study in cats,91 the authors documented pos-
itive urine cultures in 12% of cats with diabetes with one cat displaying signs consis-
tent with a UTI. These data were collected as part of the standard of care of that
institution for cats with diabetes, and thus, cats were not specifically sampled if
they had poor diabetic control or signs of lower UTIs. Therefore, it is plausible that
most of the cats in this study might be more consistent with subclinical bacteriuria
and might not represent a true UTI. These results were similar to another study
with positive urinary cultures in 13% of 141 cats with diabetes.92 In this study, the
criteria for culture differed slightly from that of Mayer and colleagues91 in that urine
was collected for culture in cats that had signs of UTIs, poorly controlled diabetics
or newly diagnosed diabetics. Unsurprisingly, the incidence of clinical UTIs (with
signs consistent with lower urinary tract disease [LUTD]) was higher in this study
where 44% had clinical signs attributable to LUTD. Bailiff and colleagues92 docu-
mented an incidence of urine culture positivity in 11% of newly diagnosed cats
with diabetes and suggested that because so many cases were subclinical that a
UTI should not be excluded because of the absence of clinical signs. Interestingly,
in this same study, 100% of cats with LUTD signs (8 out of 18 positive cases) had
positive urine cultures. These studies highlight the need for further studies and stan-
dardized definitions in veterinary medicine. Both studies were conducted by repu-
table organizations and skilled clinicians, but the varied data are in part
attributable to the variations in the criteria for testing, where in one institution it
was part of a routine assessment for diabetics and in another the criteria for testing
were more narrowly defined. We frequently encounter cases from referring veterinar-
ians where they are unsure how to treat a recurring UTI in a veterinary patient with a
recurrent positive culture and on further questioning, we determine that culture was
performed with very little evidence of a LUTD as part of a geriatric assessment, for
example, The ISCAID consensus statement on the management of UTIs is a useful
resource for practitioners who are seeking guidance in managing UTIs in dogs and
cats.93
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As mentioned previously, ASB was not associated with adverse outcomes in T2DM
human patients,87 and treatment of ASB in DM has been shown to increase the risk for
adverse events.94 Therefore, subclinical bacteriuria is unlikely to be a significant
contributor to the progression of renal disease. Urine culture should be performed
when there are signs of LUTD. Other clinical scenarios where testing is sensible would
be DKA, poorly controlled diabetics and cases with worsening renal parameters, or ul-
trasonographic evidence of upper or lower UTD.

Making a Diagnosis

In human medicine, the diagnostic criteria for diabetic nephropathy are a persistent
estimated GFR (eGFR) of less than 60 mL/min/1.73 m2 or an urinary albumin excretion
of more than 30 mg/g or both.82 Urinary protein loss is a major hallmark of diabetic ne-
phropathy; however, recently there has been an observed increase in the proportion of
patients with T2DM with nonalbuminuric CKD. The exact causes of this are unknown
but are thought to be related in part to successful management of blood pressure and
dyslipidemias in patients with T2DM and also an aging population where around 25%
of individuals aged older than 65 years without T2DM have an eGFR of less than
60 mL/min/1.73 m2.82

In small animal patients, the IRIS staging system to diagnose and manage CKD
http://www.iris-kidney.com/guidelines/staging.html. Detecting andmanaging protein-
uria is considered important due to the association with progression of CKD. The role
of proteinuria and progression in CKD is particularly pertinent in the case of DM and
CKD in pets because it highlights several gaps in our understanding. Although the as-
sociation of proteinuria and CKD progression has been well established in the veter-
inary literature,95,96 the causal relationship between the 2 remains unknown. It is
possible that proteinuria could be associated with CKD progression due to nephron
injury but it is also equally plausible that proteinuria is a marker of more severe renal
injury that is more likely to progress. This has implications for the management of
CKD because if proteinuria is merely an injury marker, ameliorating proteinuria might
improve renal outcomes. Indeed, some previous studies suggest that this might be the
case, where a reduction of proteinuria in patients was not associated with an improved
outcome.97 Furthermore, proteinuria does not seem to be consistently associated with
renal disease progression in other disease states associated with CKD such as hyper-
thyroidism in cats.98 As more effective pharmacologic and dietary strategies for the
amelioration of proteinuria emerge, it will hopefully become evident if therapeutic
reduction of proteinuria has a clinical benefit.
The confounding effect of glucosuria on urine specific gravity (USG) also could

complicate the diagnosis of early CKD in DM. However, a recent study showed that
the addition of glucose to urine did not significantly increase in USG, which suggests
that USG is still a useful marker in the evaluation of a patient with CKD. Dogs and cats
with DM tend to have USGs greater than 1.02099 and therefore persistently isosthenu-
ric urine in a patient with pu/pd should raise the concern for CKD in these cases. Cli-
nicians should suspect CKD in well-controlled diabetic cases with persistent Pu/Pd.

Diabetic Kidney Disease and Diabetes Mellitus in Dogs and Cats

Only a few studies of DM and CKD in dogs and cats are available. In one study that
investigated risk factors associated with CKD progression and survival,100 DM was
not identified as a comorbidity; however, this study was not designed to identify
DKD. In another longitudinal study that was conducted during 2 years in 11 dogs
with diabetes, 44% of dogs had proteinuria101 but none of the dogs developed
azotemia or signs of CKD during the study period. Of interest, as previously mentioned

http://www.iris-kidney.com/guidelines/staging.html
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people with T1DM are half as likely to develop DKD compared with type 2.82 In addi-
tion, it is plausible that dogs with diabetic that tend to be older, do not live long enough
to develop azotemic DKD. The presence of proteinuria in the previously mentioned
study was persistent in 36% of dogs, which would be classified as DKD in people.
In another dog study, ultrasonographic evidence of renovascular resistance was
shown using the resistive index.102 This study also showed a positive correlation be-
tween increasing the renovascular resistance and glycated hemoglobin but the
increased renovascular resistance was not correlated with systemic blood pressure
or proteinuria.
Therefore, the presence of proteinuria and increased renovascular resistance seen

in dogs with diabetes might increase the risk for DKD but the progression to CKD has
not been shown to our knowledge.
Cats would be expected to be at a greater risk of DKD because their diabetes more

closely resembles T2DM in people. Two retrospective studies in cats failed to show
and association between DM and CKD in cats.103,104 The retrospective nature of these
studies does limit the inferences that can be derived from them but it should be noted
that Green and colleagues (2014) involved a large number of cats (1230 cats) for a vet-
erinary study. The data from this study was obtained from 755 primary care practices
and thus represents the typical clinical presentation of cats with CKD. Interestingly, in
this study, an earlier diagnosis of DM was associated with lower odds of CKD but the
authors concluded that DMwas unlikely to have a protective effect on the kidneys. The
findings of these 2 retrospective studies differ from a more recent retrospective study
in 561 cats presented to 2 referral hospitals.105 In this study, 67 cats were diagnosed
with CKD and 16 with DM. Furthermore, 44% of the DM cats were diagnosed with
CKD and a multivariate analysis showed a significant association between DM and
CKD. Another reason for the observed difference could in part be due to the fact
that in one study, the data were obtained from primary care practices,104 and in the
other the study, data were derived from a university teaching hospital and an endocri-
nology clinic,105 which might have resulted in some differences in the sample popula-
tions of cats.

SUMMARY

In conclusion, some clinical evidence in dogs and cats suggests that DKD might
occur in some individuals. Based on these data, occasionally screening for CKD in
pets with diabetes might be warranted. In many cases, biochemistry and urinalysis
are performed 2 to 3 times a year in patients with diabetes depending on the level
of control.

CLINICS CARE POINTS
� Although the pathomechanisms implicated in development of diabetic kidney disease in
people are also present in companion animals with DM, there is no evidence that
companion animals with diabetes will develop CKD leading to renal failure in their lifetime.

� Monitoring for CKD in cats and dogs with diabetes might be warranted based on the human
literature and a paucity of studies in companion animals.
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