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Clinical significance of pretreatment Ca-P solubility product in 47 cats
with chronic kidney disease
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Abstract: Chronic kidney disease (CKD) and mineral disorders are one of the most common reasons of cats. Alterations in
mineral metabolism occur in early stage of CKD and increasing the severity in advanced stages. In Turkey, although some clinical
studies on CKD in cats are available, no data concerning the clinical significance of pretreatment Ca-P solubility product is present.
The purpose of the current study was to determine of Ca-P solubility product and its association with the life quality of cats with CKD.
Staging system for classifying cats with chronic kidney disease was based on IRIS guideline. The following groups were occurred
based on serum creatinine (SCr) and urine specific gravity < 1035: Stage 2= SCr 1.6 - 2.8 mg/dl; Stage 3= SCr 2.9 - 5.0 mg/dl; Stage
4=SCr > 5.0 mg/dl. Solubility product (calcium x phosphorus) was also defined. Although calcium levels were within reference ranges
in groups, Ca-P product were above 72 mg?/dI? in stage 3 and 4 cats. In conclusion, determination of pretreatment Ca-P solubility
product in cats with different stages of CKD could be useful to modify and manage the life quality of cats with CKD.
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Kronik bobrek yetmezligi bulunan 47 kedide tedavi 6ncesi belirlenen Ca - P ¢carpiminin klinik 6nemi

Ozet: Kronik bobrek yetmezligi (KBY) ve mineral metabolizmasi sorunlart kedilerin yaygin klinik problemlerinden biridir.
Mineral metabolizmasindaki degisimler KBY ’nin erken agamalarinda baglamakta ve ileri asamalarda ise siddeti artmaktadir. Her ne
kadar Ulkemizde KBY li kedilerde yapilan bazi klinik calismalar mevcutsa da, bu alismalarin hig birinde tedavi éncesi belirlenen Ca-
P ¢arpiminin klinik 6nemine dair veri bulunmamaktadir. Caligmanin amaci; KBY’li kedilerde Ca-P ¢arpimi ve yasam kalitesiyle olan
iligkisini ortaya koymaktir. Caligmada kronik bobrek yetmezligi olan kediler IRIS klasifikasyonuna gore siniflandirildi. Serum
kreatinin (SCr) ve 1035’in altindaki idrar dansitesi baz alinarak bobrek yetmezliginin siddetine gore gruplar; 2. agama= SCr 1.6 - 2.8
mg/dl; 3. asama SCr = 2.9 - 5.0 mg/dl ve 4. asama= SCr > 5.0 mg/dl olarak olusturuldu. Kalsiyum fosfor ¢carpimi ayrica tespit edildi.
Her ne kadar gruplarda kalsiyum diizeyleri referans degerler arasindaysa da, kalsiyum fosfor ¢arpimi 3 ve 4. asama kedilerde 72
mg%dI?’nin iizerinde belirlendi. Sonug olarak KBY 'nin gesitli asamalarindaki kedilerde Ca-P garpiminin tedavi éncesi belirlenmesi
KBY’li kedilerde yasam kalitesinin yonetilmesinde faydali olabilir.

Anahtar sozciikler: Bobrek hastaligi, fosfor, kalsiyum, kedi.

Introduction

Chronic kidney disease (CKD) and mineral disorders
are acommon clinical problem in aging cats. Structural or
functional renal abnormalities develop in 1.6-20 % of all
cats during their lifetime (24, 26). Alterations in mineral
metabolism occur in early stage of CKD and increase the
severity in advanced stage (26). Because of the
progression of the disease, literature have focused the
survival in cats with CKD (7, 17). In Turkey, although
some clinical studies including heamatological and

biochemical changes have been published in cats with
CKD (2, 8), these studies have consisted of less case series
and none of them had an explanation concerning the
clinical significance of Ca-P solubility product. Human
studies revealed the association between increased levels
of serum phosphorus and increased mortality (18, 20). It
has also been reported that human patients with a Ca-P
product > 72 mg?/dI? have higher mortality risk compared
to those with a Ca-P product between 42-52 mg?/dI? (5).
The purpose of the current study was that although it is
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known the progression of CKD in cats, determination of
Ca-P solubility product in different stages of CKD may be
used to manage the life quality of cats with CKD.

Material and Methods

This study was a prospective clinical study in 69
clint-owned cats with the signs of polyuria, polydipsia,
vomiting, anorexia, halitosis, lethargy, depression or small
kidneys on palpation. Staging system for classifying cats
with chronic kidney disease based on IRIS guidelines was
used (16). The following groups were occurred based on
serum creatinine (SCr) and urine specific gravity < 1035:
Stage 2= SCr 1.6 — 2.8 mg/dl; Stage 3= SCr 2.9 - 5.0
mg/dl; Stage 4 = SCr > 5.0 mg/dl. Cats with proteinuria,
high blood pressure and CKD Stage 1 (SCr < 1.6 mg/dI)
were not included the IRIS staging. Cats with systemic
disease such as diabetes mellitus, hyperthyroidism,
neoplasia, postrenal obstruction and hepatic pathology
were excluded from the study. Cats with feline infectious
peritonitis, feline immunodeficiency virus or feline
leukemia virus performed with speed tests were also
excluded from the study. Cats were treated with
appropriate medications. Clinical procedures including
physical examination, complete blood count (Exigo® cbc
analyzer), serum profiles (Erba x1 600®), urinalysis (urine
test strip) and abdominal ultrasonography (Shimadzu ® -
Sdu 450) were performed in all cats. Solubility product
(calcium x phosphorus-mg?/dI?) was also defined (4). Cats

Table 1. Characteristics of cats in groups.

were fasted for at least 12 hour prior to blood sampling.
Written owner consents were also obtained from the
OWners.

Statistical analysis: Data regarding characteristics of
the cats were subjected to the Mean Procedure (SPSS,
Version 16, Chicago, ILL). Clinical data were analyzed
using cross-tabulation in chi-square test. Finally
hematological parameters and serum biochemistry
parameters were analyzed using the NPARIWAY
procedure. Differences by the stage were attained using
Kruskal-Wallis test, employing chi square value and
degree of freedom. Statistical significance was declared at
P<0.05.

Results

Data were collected from 69 clint-owned cats
referred to hospital with the signs of kidney disease. Stage
1 cats (n:15) with renal insufficiency but not renal failure
were excluded from the study. 7 cats with postrenal
obstruction, hyperthyroidism, renal mass or hepatic
pathology were not also included the study. Study were
performed with 47 cats with chronic kidney disease. The
mean age, weight, breed and sex distribution of cats in
groups were shown in Table 1. Historical and physical
examination findings in each group were also presented in
Table 2. Table 3 and Table 4 revealed complete blood
counts, serum profiles and urinalysis in groups.

Staging* Age (years) Weight (kg)

Breeds (n) Sex (nd, n?)

10.85+3.48 342 +0.51

Stage 2, n:7

Stage 3, n:11 11.59 +4.87 2.96 +£0.64

Stage 4, n:29 1041 +4.72 3.09 +0.80

P > 0.05 >0.05

DSH (n:3),
Persian (n:2),
Siamese (n:2) 43,39
DSH (n:8),
Siamese (n:2),
Van cat (n:1)

34,89

DSH (n:15),
Persian (n:4),
Siamese (n:4),
BSH (n:3),
Chinchilla (n:1),
Ankara cat (n:1)
Van cat (n:1)

143,159

DSH: Domestic short hair; BSH: British short hair; *Based on IRIS guidelines.
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Table 2. Historical and physical examination findings of cats in groups.

Historical exam findings Stage 2, n: 7 (%) Stage 3, n: 11 (%) Stage 4, n: 29 (%)

Polyuria/Polydipsia 2 (28) 4 (36) 17 (58)

Vomiting 3 (42) 8 (72) 19 (65)

Anorexia 1(14) 5 (45) 22 (75)

Halitosis - 3(27) 6 (20)

Lethargy 4 (57) 9 (81) 12 (41)

Depression - 3(27) 26 (89)

Physical exam findings Stage 2, n: 7 (%) Stage 3, n: 11 (%) Stage 4, n: 29 (%)

Dehydration 3 (42) 9 (81) 26 (89)

Pale mucous membranes 1(14) 2 (18) 8 (27)

Murmur 1(14) 1(9) 13 (44)

Poor oral health - 3(27) 18 (62)

Poor hair health - 6 (54) 22 (75)

Small kidneys on palpation* 1 (14%) 5 (45) 24 (82

(Uni- or Bilateral)
*confirmed by abdominal ultrasonography
Table 3. Heamatology profiles in cats with chronic kidney disease.

Stage 2, Stage 2, Stage 3, Stage 3, Stage 4, Stage 4,
n:7 n:7 n:11 n:11 n:29 n:29 X2: P
(Mean = SD) (Median) (Mean+=SD) (Median) (Mean+SD) (Median)

WBC, 10°/1 (5.5-19.5) 8.40 £4.45 7,84 9.52+3.78 7,25 12.58 £9.65 9,07 23,03
LYM, 10°/1 (1-7) 1.84+£0.40 2,01 1.36 £0.84 1,54 1.94 £1.55 13 19,045
MONO, 10°/1(0.2-1) 0.38 +0.21 0,38 1.14+1.64 0,6 0.97 +0.78 0,66 4.9;0.28
NEUT, 10°/1(2.8-13) 4.70 £5.32 1,96 6.80+4.14 6,3 9.20 £9.15 6 4.3;0.34
EOS, 10°/1 0.21 +0.10 0,28 0.23+0.14 0,2 0.45+0.51 0,29 4.4;0.20
LYM, % 35.65+17.6% 42,9 18.95 + 15.6P 114 18.9+15.5° 14 1.9;0.04
MONO, % 5.90+2.24 6,1 7.30 +£5.00 6,1 7.62+4.18 6,9 4.9;0.62
NEUT, % 54.02 +£21.3 41,8 71.78 £17.5 78,7 63.83 £22.79 69,7 3.6;0.24
EOS, % 4.51 £3.30 6,9 2.18+1.21 19 3.64 +3.82 3 16,031
RBC, 10%/1 (5-11) 6.61 =1.50 6,29 6.41+£2.12 5,89 5.87+1.92 5,72 1.8;0.55
HGB, g/dl (8-15) 10.34 +3.20 10 11.14 £2.94 10,6 9.83+2.56 9 1.8;0.40
HCT, % (25-45) 27.88 £6.65 249 31.05 £9.50 32,23 26.52 £9.75 26,6 2.4;0.39
MCYV, fl (39-50) 42.28 +3.88 42,8 48.68 +=3.88 48 46.68 £6.13 45 4.9;0.08
MCH, pg (12.5-17.5) 15.47 £2.75 14 18.9 £ 6.90 17,4 17.57 £4.99 169  2.9;0.40
MCHC, g/dl (31-38.5) 344+6.17 32,2 34.02 +4.09 34,6 33.43+3.41 33,1 0.07;0.81
RDW, % (14-18.5) 1637 £3.24 15 1542 +£2.94 14,8 14.40 £2.86 13,7 3.67,;0.24
PLT, 10°/1(200-500) 313.2+242.8 245 289.6 £194. 1 254 370.53 £225.5 354 1.67;0.54
MPV, fl (8-12) 11.68 £1.53 12 11.11 £3.36 10,5 11.07 £3.49 11,6 0.33;0.90

ab different letters are significantly different



388 Ekrem Cagatay Colakoglu - Hadi Alihosseini - Ali Evren Haydardedeoglu

Table 4. Serum profiles in cats with chronic kidney disease.

Stage 2, Stage 2, Stage 3, Stage 3, Stage 4, Stage 4,
n:7 n:7 n:11 n:11 n:29 n:29 X?;P
(Mean + SD) (Median) (Mean=+SD) (Median) (Mean=SD) (Median)

Urea, mg/dl (15-64.2) 933+424 84,8 126.05+59.46  116,6 162.69 £ 100.2 130 3.54;0.13
Creatinin, mg/dl (0.8-1.8) 2.30 +0.392 2,4 3.96 +0.592 3,93 7.90 +2.42° 7,7 34.4;<0.0001
T. Protein, g/dl (5.4-7.8) 6.65 +1.57 75 7.01 £0.90 6,71 7.50 +1.34 74 123,023
Glucose, mg/dl (70-110) 97.7+15.1 95 120.46 +£44.11 97 126.56 +£33.23 124 53;0.14
Albumin, g/dl (3.5-4.5) 2.58+1.22 2,5 3.26+0.71 3,1 2.92 £0.40 29 26,010
T. Bilirubin, mg/dl (0.1-0.2) 0.25+0.15 0,24 0.26 £0.16 0,2 0.35+0.38 0,21 0.7;0.65
ALP, 1U/l (25-93) 29.6+11.4 30 59.92+70.9 36,9 36.17 £26.43 28 1.77;0.19
AST, 1U/l (26-43) 18.3 +7.828 15 43.55 £36.40° 34 56.18 £35.13° 59 9.92;0.03
ALT, 1U/l (6-83) 36.2+31.7 24 65.02 +£59. 17 25 64.74 + 4470 59 2.75;0.33
GGT, 1U/I (6-28) 2.00 £1.82 1 5.41 £8.30 29 2.68+4.17 1 1.97;0.27
Ca, mg/dl (7.5-10.8) 9.80 +1.11 9,5 9.59+£0.95 9,6 9.77 £1.07 9,7 0.08;0.86
1. Phosphorus, mg/dl 5.34+2.272 4,3 7.66 +3.612 5,6 13.05 +3.04° 13,1 21.5;<0.0001
Na, mmol/l (146-159) 151575 155 148.45+5.98 149 147.117 +£26.04 151 2.29;0.88
K, mmol/l (3.8-5.3) 3.91+£0.59 3,9 4.07+£0.76 3,9 4.53+1.10 43 3.74;0.20
Ca x P Product, mg?/dI? 524+232% 4165 73.12+33.95% 58,3 127.427 £31,52 1364 22.21;<0.0001
Urine Specific Gravity 1032.5+6.3 1025 1030.8 6.4 1024 1025.8 +5.3 1021 7.5;0.04
Urine Ph 6.25+0.41 6 6.32+0.52 6.1 6.81+0.43 6.5 8.8;0.04

ab different letters are significantly different

Discussion and Conclusion

CKD is the most common metabolic disease of aging
cats. Age-related increase in the prevalence of CKD in cats
has been reported (23). Renal disorders in cats above 13
years of age have been identified as the most common
cause of death (14). Mortality in cats with CKD has
defined as 4% between 1 to 5 years of age and 17% in cats
dying at > 11 years of age (19). Although survival was not
the aim of this study and younger cats included in each
group, the mean age of all cats in groups were about 11
year old.

Severity of the CKD associated complications such as
hyperphosphatemia, secondary renal hyperparathyroidism,
hypokalemia, anemia, proteinuria, hypertension and
uremia as well as the process of treatment and prognosis
vary in advancing IRIS stage (7, 16). In 30% to 65% of
cats with CKD, anemia could develop attributable to
decreased erythropoietin production (10). In a study
previously defined, no significant correlations were found
between anemia and survival in cats with CKD (15).
Although anemia is a common finding in cats with end
stage CKD (11), in this study it was not a remarkable
finding. Dehydration was thought as the possible reason
of masking the anemia in cats with CKD.

Some studies performed in cats with CKD based on
elevated blood creatinine concentrations to diagnose the
kidney disease in cats with or without clinical signs (4,
17). IRIS guidelines also confirmed creatinine
measurements for staging the renal failure (16). Creatinine
levels obtained from this study were statistically

significant in each IRIS stages as consistent with the
reports previously described.

Hyperphosphatemia is a clinicopathologic marker of
renal fibrosis, mortality and progression of CKD in cats
(22). Phosphorus level in early stages of CKD is kept
within reference ranges by parathyroid hormone (PTH).
However, phosphorus level can no longer maintain in cats
with IRIS stage 2, 3 and 4 because of decreasing the
glomerular filtration rate (1, 13). Data obtained from the
current study supported this finding. Although we do not
know the PTH levels in cats with different IRIS stages of
CKD, inorganic phosphorus levels in IRIS stages
gradually increased in this study.

CKD is a concurrent disease in cats with
hypercalcemia (9). Several mechanism including
decreased glomerular filtration and bone storage of
calcium and, increased tubular reabsorption have
supported the hypercalcemia risk (25). Whether CKD is a
risk factor for hypercalcemia is still unclear (9). In some
studies 11.5-21% of cats with CKD had concurrent
hypercalcemia (3, 12, 27). In this study presented here
mean calcium concentrations in groups were within
reference ranges and no significant differences were found
among groups.

In a study obtained from 50 cats, higher phosphorus
level has been associated with a higher risk of death within
1 month. In the same study, higher urea and serum
creatinine concentrations were also related to increased
risk of death (21). In another study (7) 11.8 % increase in
the risk of death was defined for each 1 unit increase in
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phosphorus level. In Turkey, although some studies
including clinical, heamatological and biochemical
changes have been published in cats with CKD (2, 8), none
of them had an explanation concerning the clinical
significance of Ca-P solubility product. Point out the
determination of Ca-P solubility product in different
stages of CKD to modify the prognosis and manage the
life quality of cats with CKD is the main purpose of the
current study. In a human study (5), patients with a Ca-P
solubility product above 72 mg?/dI? had a 34% higher risk
of death compared with those with a Ca-P product
between 42-52 mg?/dI2. It has been also reported that cats
with soft tissue calcifications had elevated levels of Ca-P
product (above 70 mg?/dI?) with or without hypercalcemia
(4, 6). In the current study although calcium levels were
within reference ranges in each group, Ca-P product were
above 72 mg?/dI? in stage 3 and 4 cats as consistent with
the reports previously described (4, 6).

In conclusion, determination of pretreatment Ca-P
solubility product in cats with different stages of CKD
could be useful to modify and manage the life quality of
cats with CKD.
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