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Introduction
Urine specific gravity (USG) is used to assess renal func-
tion – the ability of tubules to concentrate and dilute 
urine to maintain fluid homeostasis. Randomly collected 
samples in healthy dogs have USG values ranging from 
1.006 to >1.050, with early morning samples being 
slightly more concentrated than evening samples.1 
Healthy cats are considered to concentrate urine, result-
ing, in most cases, in a USG of >1.035 (SP Dibartola, per-
sonal communication),2–4 although reference intervals for 
randomly obtained urine samples vary, ranging from 
1.001–1.080 to 1.020–1.040.5,6 One study, performed at a 
single institution, of 66 apparently healthy adult male 
cats found that the USG ranged from 1.023 to 1.084, with 
a median of 1.057, with only 8/104 measurements having 
a USG <1.035.4 A more recent study, also performed at a 
single academic institution, found that 85% of 99 middle-

aged and old cats had USGs of >1.035, but did not com-
ment on the significance of this observation.7  
A further study by the same investigators found that 87% 
of 62 healthy cats had USGs of >1.035.8 A study of 29 kit-
tens found that, by 8 weeks of age, USG was in a range 
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similar to that of adult cats.9 However, no large-scale 
studies have examined USG in apparently healthy cats 
presenting to first opinion practice veterinarians, and no 
studies have examined relationships between USG and 
environmental factors in cats outside of an experimental 
setting. Furthermore, little information exists about vari-
ations in USG from feline urine samples collected at dif-
ferent times of the day.3 Based on these observations, 
clinicians have anecdotally advised that a USG of <1.035 
in an apparently healthy cat warrants investigation for a 
possible cause (SP Dibartola, personal communication). 

Investigators have found that cats fed canned (high-
moisture) diets consume more total water (through food 
and drinking) and have lower USGs than cats consuming 
dry diets.2,10–13 Similarly, the USG in healthy male adult 
cats decreased after oral water loading with 4–10 ml/kg 
of water.4 Consequently, a dietary modification that could 
dilute urine (as assessed by a decreased USG) has been 
proposed as a management strategy for cats with obstruc-
tive and non-obstructive lower urinary tract disor-
ders.12,14,15 Some authors have suggested a target USG of 
1.025 in cats with lower urinary tract disorders.15 However, 
no studies have systematically evaluated the effect of die-
tary modification on USG in cats with lower urinary tract 
disorders, nor demonstrated the magnitude of urine dilu-
tion that might result from such modifications.

We sought to examine USG in a large cohort of appar-
ently healthy adult cats presenting to first opinion prac-
tice for routine annual evaluation, routine anesthetic 
procedures or minor dermatological problems. We also 
examined USG in a small subset of young cats. We exam-
ined multiple environmental factors that might be asso-
ciated with changes in USG. We hypothesized that most 
apparently healthy adult cats should have a USG of 
>1.035, and that various environmental factors, such as 
diet, age, collection time and sex, could affect USG.

Methods
We designed a prospective cross-sectional study to 
examine the USG of apparently healthy cats. We 
recruited participants from the Veterinary Information 
Network (VIN) membership by a brief survey asking 
for clinicians to volunteer. Clinicians who volunteered 
were provided with information about the study objec-
tives, and instructions about data collection and sub-
mission. A data collection form was distributed to each 
participant to allow easy data recording (Supplementary 
material). The information was then uploaded to an 
online database using a proprietary online data collec-
tion system (VIN). 

All urine was collected either as part of a routine 
patient evaluation, or after informed client consent when 
not considered part of the routine evaluation. The 
method of urine collection was left to the discretion of 
the clinician, although cystocentesis was recommended.

Clinicians were instructed to calibrate their refrac-
tometers using distilled water at room temperature prior 
to obtaining a USG reading.

Cats were considered eligible for inclusion as ‘adult’ 
cats if they met the following criteria:

1	 The cat was apparently healthy as far as the client 
was concerned, and was not receiving any chronic 
therapy other than routine preventative therapies 
(antiparasitic, etc)

2	 The cat was presented to the clinician for a rou-
tine annual evaluation and/or vaccination, for a 
routine elective anesthetic procedure (eg, neu-
tering, declawing, dental prophylaxis), for a 
non-medical reason (eg, boarding or grooming), 
or for a minor dermatological or behavioral 
complaint

3	 The cat was a pet of the clinician or veterinary 
staff and not presented for any evaluation

4	 The cat was >6 months of age

Cats were excluded if the cat presented for inappropri-
ate elimination (voiding) or if it had a history of urinary 
tract disease. We did not exclude cats if they were <6 
months of age, but this cohort was analyzed 
separately.

Information collected about each cat included age, 
sex, reason for presentation (visit reason), USG, time of 
urine sampling (early morning, mid- or late morning, 
afternoon, evening), fasting status (removal of food only, 
removal of food and water, no fasting), diet (canned, 
mostly canned, equal proportions of canned and dry, 
mostly dry, dry), lifestyle (indoor only, indoor/outdoor, 
outdoor only), owner-perceived drinking avidity (hardly 
ever drinks, drinks normally, drinks avidly, restricted 
from drinking excessively), analysis method (regular in-
clinic refractometer, feline-specific refractometer, refer-
ence laboratory measurement).

If a clinician observed a USG <1.035, they were asked 
whether a medical or behavioral reason was identified to 
explain the USG, or whether they pursued a cause. 
Additionally, clinicians were asked if they repeated the 
USG at a later date to determine if the USG was persis-
tently <1.035.

Following data evaluation, one of the investigators 
(MR) contacted clinicians submitting data demonstrat-
ing a USG of <1.035 but without follow-up or explana-
tion for the USG to enquire as to whether additional 
evaluation could be performed. These results were then 
recorded where possible.

If a USG exceeded the upper limit of the refractome-
ter, clinicians were asked to record the measurement as 
being ‘>X’ (where ‘X’ defined the upper limit of the 
refractometer). In such cases, the sample was ascribed a 
value of ‘X + 0.001’ for the purpose of analysis.
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Statistical analysis
Data were evaluated by one of the investigators (MR) for 
integrity. Cats with identified pathology that could result 
in USGs of <1.035 were excluded from some analyses 
that examined the relationship of various environmental 
and biological factors and USG. Cats with USGs <1.035 
but without identifiable pathology (either excluded or 
not pursued) were included in these analyses.

The effects of age, sex, diet, analysis method, fasting, 
drinking avidity, sampling time and visit reason on USG 
in apparently healthy cats were analyzed with a general 
linear model using the MIXED procedure of SAS. The 
outcome variable was modeled as a Gaussian variable 
and the assumption of normality was satisfied by visual 
inspection of the distribution of the studentized residu-
als. Because previous investigators have suggested that 
dietary management of feline lower urinary tract disease 
(FLUTD) might result in lower USG, and obstructive 
FLUTD is more commonly seen in male cats, we included 
a two-way interaction between diet and sex into the 
model. Variables were manually removed in a stepwise 
backward manner from the model when the P value  
was >0.05.

We further examined the factors that might be associ-
ated with an apparently healthy cat having a USG of 
<1.035. First, we dichotomized the outcome variable 
(USG <1.035 and USG ⩾1.035). The independent varia-
bles age, sex, diet, analysis method, fasting, drinking 
avidity, sampling time and visit reason were then fitted 
in a logistic regression model using the LOGISTIC proce-
dure of SAS. Variables were manually removed in a 
backward stepwise manner beginning with the variable 
with the highest P value >0.05 until all remaining vari-
ables in the model were significantly associated with the 
outcome.

To examine whether older cats were more likely to 
have a pathological cause as an explanation for having a 
USG of <1.035, we compared the proportions of cats 

aged <9 years with cats aged >9 years and a USG of 
<1.035 that had identifiable disease on χ2 analysis.

Finally, to examine the effect of diet type on perceived 
drinking avidity, we performed ordinal logistic regression.

The significance for all statistical tests was set at  
P <0.05.

Results
Six hundred and ninety-two clinicians volunteered to 
participate in data acquisition; ultimately, data were sub-
mitted by 128 clinicians in first opinion practice.

Data were submitted for 993 adult cats and 64 young 
cats; 17 adult cats were excluded from further analysis 
because of presentation for inappropriate voiding. 
Demographics of all cats are presented in Table 1.

USG was ⩾1.030 in 91% (95% confidence interval 
[CI] 89–93%) and ⩾1.035 in 88% (95% CI 86–90%) of 976 
adult apparently healthy cats; similar proportions were 
observed in young cats (94% ⩾1.030; 92% ⩾1.035). 
Additional investigation of the 121 adult cats and five 
young cats with USGs <1.035 (typically comprising a 
complete blood count, serum biochemistry and total 
thyroxine) identified a probable cause in 27 adult cats 
and no young cats. Of the 27 adult cats, only one cat 
was <9 years old (this cat was 9 months old). Causes in 
older adult cats consisted of chronic kidney disease and 
hyperthyroidism. No cause was identified in 43 adult 
cats, and a cause was not pursued in 51 adult cats. 
Clinicians remeasured USG in seven adult cats with ini-
tial USGs <1.035; five of these cats had USGs >1.035 on 
subsequent evaluation, while two cats had USGs 
<1.035, but no apparent clinical or biochemical abnor-
malities. Figure 1 shows the distribution of USGs in all 
apparently healthy young and adult cats. Significantly 
more cats ⩾9 years of age had a cause identified to 
explain a USG <1.035 than cats <9 years of age  
(P <0.01) (Figure 2).

Table 1  Characteristics of 976 apparently healthy adult cats and 64 apparently healthy young cats presenting to first 
opinion practice

Adult cats Adult healthy cats Adult USG <1.035 Young cats (n = 64)

  (n = 976) (n = 949) (n = 121)  

Age (years), median 
(range)

6 (0.5–21) 6 (0.5–21.0) 11 (0.5–20.0) 0.35 (0.15–0.45)

Sex, female (%) 56 56 61 56
Visit reason  

Annual examination  
or vaccination

551 532 65 3

Elective anesthesia 409 402 54 61
Minor medical 16 16 2 0
USG, median (range) 1.050 (1.005–1.090) 1.050 (1.005–1.090) 1.025 (1.005–1.034) 1.050 (1.017–1.080)

USG = urine specific gravity
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Factors that affected USG in the subgroup of 950 
adult cats without subsequently identified disease 
included age (P <0.01), diet type (P <0.01), sex  
(P = 0.01), fasting status (P <0.01), drinking avidity  
(P <0.02), analysis method (P <0.01), and the interac-
tion between diet type and sex (P <0.01). Specifically, 
USG decreased slightly with increasing age (Figure 3); 
decreased with increasing moisture content in the diet, 

but only in female cats (Figure 4a,b); was statistically 
lower in female cats than male cats (1.047 vs 1.049); was 
higher in unfasted cats than cats withheld either food 
or water prior to sampling (1.051 vs 1.047; data not 
shown); decreased with increasing drinking avidity 
(1.045 vs 1.041; Figure 5); and was higher in samples 
analyzed by reference laboratories than those analyzed 
with in-clinic refractometers (1.047 vs 1.051, data not 
shown).

Logistic regression identified three factors that inde-
pendently affected the odds of an apparently healthy 
adult cat having a USG of <1.035: age, visit reason and 
diet. Odds increased with age (P <0.01), were higher for 
cats presenting for elective anesthetic procedures  
compared with those presenting for annual wellness 
examinations (P <0.01), and increased with increasing 
moisture content of the diet (P <0.01) (Figure 6).

Finally, cats decreased their drinking avidity with 
increasing dietary moisture content (P <0.01).

Discussion
Our large-scale study confirms the conventionally held 
wisdom, and reinforces observations from smaller stud-
ies, that apparently healthy adult cats, presenting for 
random urinalysis, generally have a USG of >1.035. 
Additionally, young cats (<6 months old) have a similar 

Figure 1  Distribution of urine specific gravity (USG) measurements in 976 apparently healthy adult cats and 64 apparently 
healthy young cats presenting to first opinion practice. Black bars represent all adult cats; white bars represent young cats

Figure 2  Proportions of adult cats older or younger than  
9 years with identified pathology that could explain a urine 
specific gravity of <1.035. A cause was more commonly 
identified in older cats. Dz = Disease
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prevalence of USG >1.035. Unlike previous studies, our 
study also examined multiple environmental factors that 
might affect USG. We found that age, diet type, sex, fast-
ing status, drinking avidity and analysis method all 
influenced USG. Furthermore, factors that increased the 
probability of having a USG of <1.035 in apparently 
healthy cats included increasing moisture content of the 
diet, age and reason for presentation to the first opinion 
practitioner (annual examination vs elective anesthetic 
procedure). Cats >9 years old had a higher probability 
of having a subclinical disease process identified as a 
cause of a USG of <1.035 than younger cats.

The association of increasing age with a decrease in 
USG was clinically unimportant, with most old cats still 
concentrating appropriately. However, older cats had a 
higher probability of having a USG of <1.035 than 
younger cats. In these cats, clinicians had a higher prob-
ability of identifying subclinical disease that might 
explain the low USG. However, this might reflect the 
willingness of a clinician to pursue a low USG in an older 
cat, and the ability of additional diagnostics – many of 

the young adult cats with USGs of <1.035 were shelter 
cats presenting for elective neutering or spaying, and 
could not be followed up by the clinician at a later date. 
However, in half of these young adult cats, the clinician 
failed to identify any underlying disease process – only 
one cat had a subsequent diagnosis of renal dysplasia. 
These data would suggest that clinicians should strongly 
consider additional diagnostics in an older, apparently 
healthy cat that has a random USG of <1.035. Conversely, 
extensive diagnostics in young cats are less likely to 
yield results consistent with a pathological etiology.

Many clinicians advise increasing the moisture con-
tent of the diet in cats either prone to, or suffering from, 
various feline lower urinary tract diseases. The basis for 
this recommendation is to dilute the urine through inad-
vertent increase in water consumption.14 Some studies 
have demonstrated that cats consuming diets with high 
moisture content consumed more total daily water than 
when consuming dry diets, even though cats consuming 
dry diets drank more water.2,12,16 However, other studies 
have found no difference in total water consumption 

Figure 3  Relationship between age and urine specific gravity (USG) in 976 apparently healthy adult cats. Black circles 
represent apparently healthy cats without identifiable disease; open circles represent cats with identified pathology that could 
explain a USG of <1.035. The dashed line and shaded region encompasses USG <1.035. The regression equation was 
derived after excluding cats with pathology (open circles). Dz = Disease
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with different diets.17 Some investigators also found that 
the USG of cats consuming dry diets was higher than 
that of cats consuming high moisture diets,2,16 while oth-
ers found no difference in USG of (mostly male) cats con-
suming a canned ‘urolith prevention diet’ and a dry 
‘urolith-forming diet’.18 We found that dietary moisture 
content was associated with a slightly lower USG, but 
only in female cats. Twenty-five percent (13/62) of 
female cats fed largely or exclusively canned diets had a 
USG of <1.035 and 50% had a USG of >1.040. Conversely, 

75% of male cats fed similar diets had a USG of >1.040, 
and only 3/49 (6%) male cats had a USG of <1.035. We 
could not explain the reason for selective effect of sex 
and diet type on USG. However, our data might suggest 
that dietary modification for controlling lower urinary 
tract disease in male cats might be less effective than in 
female cats. Clinicians should also note that most cats 
still had USGs of >1.040 regardless of diet moisture con-
tent, similar to observations of prior investigators.18 
However, diets higher in moisture content resulted in a 
higher probability of a cat having a USG of <1.035, an 
effect that was independent of sex or age.

Finally, we found an association of drinking avidity, as 
reported by the owner, and dietary moisture content – the 
higher the moisture content, the lower the reported drink-
ing avidity. This would suggest that cats fed dry food sup-
plement their water consumption by drinking, while 
those fed canned diets drink less, similar to observations 
of several previous studies.10,17 Some investigators 
observed that while voluntary water consumption was 
higher in cats fed dry foods, total water intake (voluntary 
and involuntary) was lower, suggesting that voluntary 
water consumption failed to compensate for the water 
content of the high-moisture diet.10 Other investigators 
found that cats fed a dry diet consumed a similar amount 
of water to those fed a canned diet and did not differ in 
total body water, or body water turnover.17 However, few 
studies examined the effect of the higher water consump-
tion on USG.2,12,16,18 Our study would suggest that in cats 
outside of an experimental setting, overall water con-
sumption might remain relatively stable, resulting in a 
USG of >1.035 in most cats, although the effect of diet in 

Figure 5  Box-and-whisker plots of urine specific gravity 
(USG) in cats with different drinking avidity. See Figure 4 for 
key

Figure 4  Box-and-whisker plots of urine specific gravity (USG) in cats fed different diets. (a) Female cats; (b) male cats. Gray 
boxes represent the interquartile range (IQR), horizontal lines represent the median, diamonds represent the mean, whiskers 
represent data within 1.5 × IQR of the median and asterisks represent data outside 1.5 × IQR of the median
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individual cats on USG would be best assessed by a pro-
spective repeated measures study of cats afflicted with 
lower urinary tract disorders. Consequently, clinicians 
who alter dietary moisture content as a means of manag-
ing feline urinary tract diseases should confirm that the 
dietary modification has achieved the desired response by 
measuring both urine volume and USG, as previously 
suggested by other investigators.14

Unexpectedly, fasting status affected USG in a counter-
intuitive manner. Cats that were not fasted had a higher 
USG than those that were fasted (either completely, or had 
food withheld overnight). Fasted cats were more likely to 
be presented for elective anesthetic procedures than un-
fasted cats. Similarly, cats presenting for elective anesthetic 
procedures were more likely to have a USG <1.035 than 
those presenting for routine annual evaluations. We could 
not find an explanation for these observations.

Equally unexpectedly, we found an association 
between visit reason and USG, independent of fasting 
status. We cannot provide a physiological explanation 
for this observation and believe it to be a false positive 
association (a type I error).

The USG also differed with analysis method – specifi-
cally, urine analyzed by reference laboratories had a 
higher USG than that analyzed by in-clinic refractome-
ters. We did not observe differences between types of in-
clinic refractometers (those with feline-specific scales vs 
those without). We did not do paired USG analysis to 
determine if the difference between methods was a func-
tion of method, sample handling or chance.

Similar to findings in a previous study, the sampling 
time did not affect USG.3 In dogs, the ‘first morning’ 
sample is often considered the most concentrated, 
because most dogs sleep through the night without 
drinking, resulting in a higher USG in the first sample of 
the day.1 However, cats are probably more nocturnal 
than dogs, and therefore drink or eat during the night, 
resulting in an early morning USG that is not different 
from that during the day.

Limitations
We did not measure total water consumption to deter-
mine if diet and drinking avidity affected total water 
intake and USG. Drinking avidity was based on a 

Figure 6  Forest plot demonstrating factors contributing to the odds of an apparently healthy cat having a urine specific gravity 
(USG) of <1.035
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subjective assessment by the owner, without any 
standardization.

In almost 50% of young adult cats with a USG of 
<1.035, clinicians did not perform additional diagnostic 
tests to determine if a cause could be identified. In only a 
few cats did clinicians perform a repeat USG to deter-
mine if the initial measurement could be replicated. 
Therefore, the age-related probabilities of identifying 
disease in cats with USGs of <1.035 should be inter-
preted cautiously because of the potential bias in clini-
cians’ willingness to investigate potential causes.

Additionally, concentrating ability is often lost prior 
to any increases in biochemical analytes (blood urea 
nitrogen, creatinine). We did not have clinicians perform 
advanced renal function testing in cats where no under-
lying pathology could be identified; therefore, some of 
the apparently healthy cats without identifiable pathol-
ogy might have subclinical renal dysfunction.

We did not request that all cats undergo additional 
biochemical testing to confirm health status. Thus, some 
apparently healthy cats with USGs >1.035 might have 
had unidentified occult diseases. Conversely, the ‘appar-
ently healthy’ status was determined subjectively by the 
client and clinician, and would likely represent ‘appar-
ently healthy cats’ presenting to other clinicians.

Finally, we only requested that participating clini-
cians calibrate their refractometers with distilled water 
(with a specific gravity of 1.000), but did not use quality 
control materials to assess the accuracy of the  
refractometers. However, this calibration method is 
similar to that used by other investigators.19 Similarly, 
other studies have used refractometers to estimate USG 
in cats without detailing either the type of refractometer 
or calibration methods.4,7,9,10,18 Refractometers are gen-
erally considered robust instruments, and manufacturer 
data suggest that they are unlikely to become substan-
tially uncalibrated over a 6 month period with routine 
use and care. While it is possible that some of the meas-
urements might have been inaccurate, we would antici-
pate this inaccuracy to be random across the entire 
population, and would therefore not affect the group 
comparisons. However, a recent study has suggested 
that some in-clinic refractometers do not accurately 
measure solutions with USG in clinically relevant 
ranges, with measured specific gravity (SG) being lower 
than expected SG and the discrepancy increasing with 
increasing SG.19 Therefore, it is not possible from our 
study (nor any study published to date) to determine 
the true USG of apparently healthy or diseased cats, but 
only to provide estimates obtained by clinical refrac-
tometry in practice. However, our results reflect the 
real-world findings of first opinion practitioners, rather 
than findings in a tightly controlled research setting, 
and are therefore broadly extrapolatable to the adult 
feline population.

Conclusions
Our study, in over 1000 apparently healthy adult cats, 
suggests that most cats concentrate their urine to a USG of 
>1.035 on a random single urinalysis. Dietary modifica-
tion has a modest effect on USG, mostly evident in female 
cats. Older cats with USGs of <1.035 warrant additional 
investigation to determine if subclinical pathology is pre-
sent that could account for the USG measurement.

Supplementary material  Feline USG Study Data Collec-
tion Form.
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