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Urine protein:creatinine ratio in growing kittens: new insight
Razão proteína:creatinina urinária em filhotes felinos em crescimento: nova visão
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INTRODUCTION
The presence of urinary proteins in healthy cats may not be 
pathological (Giraldi et al., 2020). Therefore, measuring urine 
protein concentration is admittedly essential for diagnosing 
and following kidney diseases. 

To estimate the presence of protein in the urine, the first 
tool to be performed is the dipstick test. For dogs, the mea-
surement of protein by dipstick test together with the urine 
specific gravity is reliable to guide the decision to assess or not 
a quantitative test (Zatelli et al., 2010). However, the same 
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procedure does not work for cats because the dipstick test is 
not accurate for protein detection in this species (Pérez-Accino 
et al., 2020). Therefore, urinary protein must be analyzed by 
quantitative methods, such as the Coomassie brilliant blue 
(CBB) or the Pyrogallol red-molybdate (PRM), the most 
common colorimetric tests in use. 

Urine protein:creatinine ratio (UPC) from a urine spot 
sample accurately estimates urinary protein loss in cats 
(Grauer, 2007). Reference values for UPC available for adult 
cats, including borderline proteinuria, ranges from 0.2 to 0.4 
(International Renal Interest Society, 2023). However, enough 
data are lacking to establish any agreement on UPC in kittens. 
Therefore, this study aimed to access the UPC of healthy kit-
tens in a controlled longitudinal experiment whose method-
ology is applicable in clinical practice or research. 

MATERIAL AND METHODS
The project has been approved by the Animal Ethics and 
Welfare Committee from the Federal University of Santa 
Catarina, protocol number 9616120417. 

The study included 12 clinically healthy multi-mixed-breed 
growing kittens, seven males and five females, from three lit-
ters of different parents. Each pregnant mother stayed housed 
in an individual comfortable cage before natural delivery. 
Mothers were removed after weaning, and the litters remained 
until the end of the experiment, being fed ad libitum with 
water and commercial kittens’ diet (39% of crude protein). 
In addition, kittens were allowed to exercise and play once a 
day on the room floor for one hour. 

All kittens assigned to this study remained healthy during 
the entire experimental period and have endoparasite control 

with praziquantel and pyrantel pamoate at 30 and 45 days 
of age. Immediately after the sample collection period, core 
vaccination protocol started, and the kittens were adopted.

Urine sampling was performed once a week, starting on 
the thirtieth day after birth (fourth week) and completed in 
the seventeenth week. Samples were obtained by stimula-
tion and gentle compression of the urinary bladder, always 
at night (from 7:00 pm to 10:00 pm). Uncentrifuged urine 
samples, ranging from 0.5 to 2.0 mL, were stored in micro-
tubes at –20°C for a month. The urine protein and creatinine 
analysis were done with the commercial kits pyrogallol red-
molybdate method and modified Jaffé test (both from Labtest 
Diagnostica®), respectively. The analyses were performed in 
duplicate for both analytes using semi-automatic biochemical 
analyzer, and arithmetic means were used to calculate the UPC.

The study design is a controlled longitudinal experiment 
with repeated measures (RM). The statistical analysis, includ-
ing descriptive statistics, two-way RM ANOVA (main fac-
tors: gender and age), and graphics, were performed using the 
GraphPad Prism version 9.3.0 (463) for Windows (GraphPad 
Software, San Diego, California USA).

RESULTS 
The statistical analysis included all the 168 UPC ratios 
obtained. Results of descriptive statistics (Table 1) show high 
coefficients of variation (CV) for males (51.1%) and females 
(54.9%). In addition, both male and female sets of repeated 
measures had striking fluctuations in UPC values over the 
14 weeks (Figure 1).

ANOVA results (Table 2) show that the interaction gen-
der x age was not statistically significant. Likewise, testing the 

Table 1. Descriptive statistic data of urine protein:creatinine ratio (UPC) from 12 healthy, multi-mixed-breeds kittens, from 4th to 
17th weeks of age. Urine was sampled once a week at 14-time points. 

UPC Male (n= 7 x14) Female (n= 5x14) All (n= 12x14)

Minimum 0.18 0,23 0.18

25% Percentile 0.37 0.40 0.38

Median 0.54 0.60 0.56

75% Percentile 0.77 0.91 0.83

maximum 1.94 1.96 1.96

Range 1.76 1.73 1.78

Confidence level of median 96.7% 95,9% 96.3%

Lower confidence limit 0.47 0.50 0.51

Upper confidence limit 0.61 0.73 0.62

Mean (Std. Deviation) 0.61 (0.31) 0.70 (0.38) 0.65 (0.35)

Mean (Std. Error of mean) 0.61 (0.032) 0.70 (0.05) 0.65 (0.03)

Mean confidence level 95% 95% 95%

Lower confidence limit 0.55 0.61 0.60

Upper confidence limit 0.67 0.79 0.70

Coefficient of variation 51.1% 54.9% 53.3%
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gender or age as a source of UPC variation resulted as statis-
tically not significant.

The UPC fluctuation (Figure 2) shows an apparent cha-
otic up-and-down pattern over the weeks not influenced by 
the analyzed sources of variations. Each of the 12 kittens pres-
ents this up-and-down pattern.

DISCUSSION
The studied kittens presented UPC values ranging from 0.18 
to 1.96, which seems pathological since to be non-protein-
uric, adult cats must have UPC <0.2. However, in a contest 
of healthy kittens presenting relevant fluctuations of UPC 

values, the physiological cause is more reasonable to explain 
the events.

Although the reference value for elderly and geriatric cats 
is no different to that of adult felines (Mortier et al., 2023a), 
when we think about kittens, this can be considered differ-
ent. In a pioneering study of growing kittens, Hoskins et al. 
(1991) found UPC similar to that observed in healthy adult 
cats. Although the authors randomly composed experimen-
tal groups (7 to 14 kittens for each week of age, out of 29 
kittens available for the study), the statistical design implied 
the absence of actual repeated measures due to the dissocia-
tion between the evaluated groups. Thus, it may not have 

Table 2. Two-way RM ANOVA (alpha = 0.05) of urine protein:creatinine ratio (UPC) data from 12 healthy multi-mixed-breeds kittens 
(7 males and 5 females), from the 4th to 17th weeks of age. Urine was sampled once a week at 14-time points.

Source of variation % of total variation P value P value summary

Gender x Age 3.91 0.8492 ns

Gender 1.62 0.3195 ns

Age 14.9 0.0983 ns

Kittens 14.7 0.0023 **

ANOVA table SS DF MS F (DFn, DFd) P value

Gender x Age 0.779 13 0.069 F (13, 130) = 0.602 0.8492

Gender 0.322 1 0.322 F (1, 10) = 1.10 0.3195

Age 2.98 13 0.229 F (2.97, 29.7) = 2.30 0.0983

Kittens 2.94 10 0.294 F (10, 130) = 2.95 0.0023

Residual 12.9 130 0,100

Difference between row means

Mean of male 0.610

Mean of female 0.699

Difference between means -0.0888

SE of difference 0.0848

95% CI of difference -0.278 to 0.100

Figure 1. Scatter dot plotter with median of urine protein:creatinine 
ratio (UPC) from seven males and five females, multi-mixed-
breed healthy kittens, evaluated in 14 time-points (once a week) 
from 4th to 17th weeks of age.

Figure 2. (A) Means of urine protein:creatinine ratio (UPC) from 
the male set (black symbols) and female set (grey symbols) 
longitudinal data. (B) Median with maximum and minimum 
values of longitudinal data. From 12 multi-mixed-breed healthy 
kittens (7 male and 5 female), evaluated in 14 time-points (once a 
week), from 4th to 17th weeks of age (n= 168).
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CONCLUSIONS
Urine protein:creatinine ratio of healthy growing kittens 
changes unexpectedly, and most values reach magnitudes 
considered pathologic for adult cats, suggesting a clinically 
irrelevant condition.

Since the fluctuation of the UPC is not related to age 
(from the fourth to the seventeenth week of age), to inter-
pret of UPC of growing kittens, in practice or research, it is 
mandatory to repeat the measures, at least three times, at one 
week apart, to discharge pathologic event. 
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