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Abstract. Urine specific gravity (USG), which is usually measured by refractometry, is an important indicator of renal
concentrating ability. Few studies have evaluated refractometers with separate scales for canine and feline urine. Variables such
as protein content or storage time may influence the USG. We compared the effects of measuring USG with a refractometer
with single or separate scales for canine and feline urine, investigated inter- and intra-observer variability, and measured
agreement between whole urine and supernatant. We evaluated the correlation between USG and osmolality, the influence
of urinary protein on USG and osmolality, and the impact of storage time up to 6 mo. We examined 252 canine and 126
feline samples. Bland—Altman analysis revealed higher USG values of the single-scale refractometer than the dual-scale
refractometer, with a mean difference (bias) of < 0.001 for canine and 0.003 for feline specimens. Inter- and intra-observer
variability were acceptable. Good agreement was shown between USG of whole urine and supernatant. Correlations between
USG and osmolality were excellent (0.98-0.99, p<0.001). Proteinuria up to 1 g/L had no major impact on USG or osmolality.
Storage time had no significant effect on USG. The difference between the refractometers is clinically irrelevant, and the use
of a refractometer with separate feline and canine scales is unnecessary. Whole urine and supernatant stored up to 6 mo can

both be used for USG measurement. The influence of proteinuria <1 g/L on USG and osmolality is negligible.

Key words: canine urine; feline urine; osmolality; proteinuria; refractometer; storage time; urine specific gravity.

Introduction

Evaluation of renal concentrating ability is an important test
to confirm diagnoses of chronic kidney disease or acute kid-
ney injury.'’ Osmolality is the gold standard for evaluating
the kidney’s urine concentration ability, but determination of
urine specific gravity (USG) is commonly used as a practical
alternative and is considered a sensitive test of renal concen-
trating ability.”* USG is defined as the ratio of the weight of
a volume of urine to the weight of the same volume of dis-
tilled water and is affected by the number, molecular mass,
and chemical structure of particles.** In contrast, osmolality
is the total solute concentration and is only affected by the
number of particles.7 For this reason, heavier molecules,
such as proteins, should have a larger effect on USG than on
osmolality. Reference methods to measure USG are pycnom-
etry and measurement of total solids after drying. Despite
inconsistencies between results obtained by reference meth-
ods and refractometry,'’ the latter is used in most veterinary
clinics and laboratories. Determination of USG with a refrac-
tometer is simple to perform and inexpensive.

Formulas for the relationship between total solids and
USG in human, canine, and feline urine samples were devel-
oped 60y ago."® Urine samples of 190 humans, 21 dogs, and
22 cats were included. The refractive index for all samples

together was higher than the refractive index for human sam-
ples alone. In that study, all 22 feline samples had specific
gravities > 1.030; the 21 canine and 190 human urines were
more dilute. Based on these calculations, refractometers with
separate scales for canine and feline urine samples have been
available for several years, but only a few studies have exam-
ined their usefulness for measurement of USG in feline urine
samples.*"” Previous studies have compared osmolality and
USG measured by refractometry, and most had good correla-
tion.*”'? Refractometry is therefore accepted as an adequate
surrogate of osmolality.” Although a 2002 study demon-
strated an impact of proteinuria on USG and osmolality,”
this was not confirmed in a 2013 study.’

In human and veterinary practice, measurement of USG is
usually performed by using fresh whole urine immediately
after collection. However, in laboratory studies, USG or osmo-
lality is often determined from stored urine supernatants. A
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Figure 1. Urine specimen handling scheme. Observer 1performed 2 readings with each refractometer, the dual-scale and the single-
scale refractometer. Observer 2 did one reading with each refractometer. The measurement of urine specific gravity (USG) from supernatant
was only performed by observer 1 who did 2 readings with each refractometer. Urine protein concentration was measured in 56 of 85
samples in which determination of osmolality was performed. Repeated USG measurements after storage were performed by observer 1
(2 measurements with each refractometer). Osmolality after storage was measured in 94 samples. In 80 samples, osmolality of both fresh
whole urine and of stored supernatant was determined. For all statistical analyses including USG, the first reading of observer 1 was used.

difference between whole urine and supernatant USG has not
been reported, nor how prolonged storage time of weeks or
months influences the results, to our knowledge.

Our aims were 1) to compare 2 optical refractometers, one
with a single scale and one with separate scales for canine
and feline urine samples, 2) to evaluate inter- and intra-
observer variability, 3) to measure the agreement between
whole urine and supernatant USG, 4) to evaluate the correla-
tion between USG and osmolality, 5) to investigate the influ-
ence of protein content on the correlation between USG and
osmolality, and 6) to determine the influence of up to 6 mo of
storage on USG.

Materials and methods

Urine specimens from dogs and cats presented to the Clinic
of Small Animal Medicine at the Ludwig-Maximilians-Uni-
versity (LMU) in Munich, Germany because of health issues,
and from healthy dogs and cats of clinic staff members, were
consecutively collected from June 2015 to April 2016. Dogs
and cats were included regardless of breed, age, sex, medical
condition, or method of urine collection. Inclusion criteria
were a minimum volume of urine of 3.0 mL and the ability to
examine the samples within 1h of collection. Analyses were
performed by 2 independent blinded observers (defined as
observers 1 and 2; Fig. 1). The study was approved by the
ethical committee of the veterinary faculty of the LMU
Munich (50-15-06-2015).

All statistical analyses were conducted using MedCalc
statistical software v.16.4.3 (MedCalc Software, Ostend,
Belgium). A p <0.05 was considered statistically significant.

Refractometer comparison

USG of fresh whole urine was determined by an optical
hand-held clinical refractometer (Rhino Vet 360; Reichert
Analytical Instruments, Depew, NY) with separate scales
for dogs and cats, and with an optical bench-top refractom-
eter (SPR-T2; Atago, Tokyo, Japan) with a single scale,
referred to as dual-scale and single-scale refractometers,
respectively. The former has a refractometer range of
1.000-1.060; the latter has a single common reading scale
with a range of 1.000—1.050. Two drops (~ 0.1 mL total) of
fresh whole urine were placed on the prism of each refrac-
tometer. Both devices were calibrated to 1.000 with dis-
tilled water after every 5 readings and cleaned with a soft
tissue after each sample. USG was measured once with
each instrument by observer 2, and twice by observer 1,
using either the dog or the cat scale of the dual-scale refrac-
tometer as was species appropriate. The mean differences
(bias) of USG readings between refractometers were evalu-
ated with Bland—Altman analysis using the first readings of
observer 1, against the assumption that there would be no
significant difference between refractometers. Good agree-
ment was defined relative to a refractometer’s minimum
resolution of 0.005.
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Evaluation of inter- and intra-observer
variability

Whole urine USG was measured with each refractometer
twice by observer 1 and once by observer 2. Observers 1 and
2 were blinded to each other’s readings. For evaluation of
intra-observer variability, the duplicate readings of observer
1 were used. For evaluation of inter-observer variability of
the refractometer results, the first reading of observer 1 and
the reading of observer 2 were used. Usually, several urine
samples (< 10 samples) were investigated at the same time
by observer 1. The second measurement of observer 1 was
performed on all samples directly after the first measurement
within 20 min and using a different randomly selected order
to ensure that observer 1 was blinded to the first reading.
When only one urine sample was analyzed, observer 1 could
not be blinded to the first reading. Readings were then per-
formed by observer 2. Inter- and intra-observer variability
were calculated by a coefficient of variation for repeated
measurements (CV).

USG agreement between whole urine and
supernatant

After USG measurement of fresh whole urine samples, urine
specimens were centrifuged for 5min at 1,500 x g. The super-
natant was separated for the measurement of USG using the
dual-scale and the single-scale refractometers twice by
observer 1. The measurements of observer 1 were performed
in the same way as described above. The agreement between
results of whole urine and supernatant was evaluated with
Bland—Altman analysis using the first readings of observer 1.

USG and osmolality correlation

One aliquot of the supernatant of all samples was frozen at
—20°C and stored until determination of urine osmolality.
Osmolality was measured in a subset of fresh whole urine
samples and stored supernatant aliquots. Frozen supernatants
were brought to room temperature. Urine osmolality was
measured in duplicate with a freezing-point depression
osmometer (Automatic semi-micro; Knauer, Berlin, Ger-
many). Two-point calibration was done with distilled water
(0 mOsm/kg) and a 400 mOsm/kg solution according to the
manufacturer’s instructions. USG measurements of fresh
whole urine and the frozen supernatant (first reading of
observer 1 of each) were used to calculate the correlation
between osmolality of fresh whole urine and USG and
between osmolality of stored supernatants and USG, respec-
tively.

The relationship between USG readings obtained with
each refractometer and osmolality was measured by Pearson
correlation coefficient. Duplicate osmolality measurements
of the initially measured fresh whole urine samples were
used to assess repeatability using CV.

Influence of protein on USG and osmolality

To evaluate the influence of protein on USG and osmolality,
protein was determined in a subset of fresh whole urine sam-
ples in which measurement of USG and osmolality was per-
formed as described above. Urine protein concentration was
measured (Cobas INTEGRA 400 plus chemistry analyzer;
Roche Diagnostics, Mannheim, Germany). Linear regression
analysis was performed to examine the influence of protein
on the relationship between USG and osmolality. For USG,
the first readings of observer 1 were used for this analysis.

Influence of storage time on USG

To assess the influence of storage time on USG measure-
ment, whole urine samples and supernatants were stored at
4°C and at —20°C, respectively. A subset of the samples was
measured again after a storage time of 1-6 mo. Specimens
were brought to room temperature prior to measuring. USG
of the whole urine and the supernatant was measured twice
by observer 1 using the 2 refractometers. The comparison
between fresh and stored whole urine as well as between
fresh and stored supernatant was performed with Bland—-Alt-
man analysis using the first readings of observer 1.

Results

Of the 252 canine and 126 feline specimens in our study, 232
were collected via cystocentesis, 6 were catheter-derived sam-
ples, and 140 samples were free-catch. All cystocentesis- and
catheter-derived urine samples, as well as 115 free-catch sam-
ples, were obtained from patients in which a urinalysis was
medically indicated for further investigation; 25 free-catch
samples were collected from dogs and cats of staff members of
the clinic. The canine sample consisted of 119 males (41 cas-
trated, 78 intact) and 133 females (84 spayed, 49 intact). The
cat sample included 75 males (51 castrated, 24 intact) and 51
females (44 spayed, 7 intact). Ages of dogs were 2mo to 16y
(mean £ SD, 7.8+4.4 y) and of cats were 7mo to 20y (9.0£4.7
y). For patients presented because of clinical problems (Sup-
plementary Table 1), USG of canine whole urine was 1.004—
1.053, and for feline specimens was 1.002 to > 1.060. USG of
clinically normal dogs and cats was 1.019 to > 1.060 and
1.020—1.042, respectively. Osmolality measurements of super-
natant for clinical patients were 108-2,070 mOsm/kg for
canine samples and 872,640 mOsm/kg for feline specimens.
Osmolality of clinically normal dogs and cats was 689-2,020
mOsm/kg and 760-1,860 mOsm/kg, respectively.

Refractometer comparison

There was good agreement between the 2 refractometers for
measurements of USG of fresh whole urine (p<0.001 for
dog and cat samples) and fresh supernatant (p=0.002 for dog
samples, p<0.001 for cat samples). The mean difference
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Figure 2. Bland-Altman plot of fresh whole canine and
feline urine specific gravity (USG) measured on single-scale and
dual-scale refractometers. A. Bland—Altman plot for canine urine
samples. B. Bland—Altman plot for feline urine samples. The solid
line represents the mean difference, and the dashed lines represent
the limits of agreement (= mean difference + 1.96 standard deviation
(SD) of differences).

(bias) in USG of fresh whole urine between the 2 refractom-
eters was < 0.001 (95% limits of agreement (LOA): —0.001
t0 0.002) in dog samples and 0.003 (95% LOA: 0.001-0.005)
in cat samples (Fig. 2). The single-scale refractometer (mean
1.032 for fresh native urine) consistently had higher values
than the dual-scale refractometer (mean 1.029 for fresh
whole urine) for feline urine specimens. The bias in fresh
supernatant was < 0.001 for canine (95% LOA: —0.001 to
0.002) and 0.003 for feline specimens (95% LOA: 0.001—
0.005; Supplementary Table 2). The single-scale refractom-
eter results (mean 1.023 for fresh whole urine) were higher
on average than the dual-scale refractometer readings (mean
1.023 for fresh whole urine) for canine specimens.

Inter- and intra-observer variability

The intra-observer variability of both refractometers was
determined by measuring specimens of fresh whole urine

and fresh supernatant in duplicate for each of the 252 canine
and 126 feline specimens. The inter-observer variability for
refractometer measurements showed acceptable values (CV
< 0.5%) for the 2 devices for fresh whole urine. The intra-
observer variability (CV) for both refractometers of both
fresh whole urine and fresh supernatant was 0%.

USG agreement between whole urine and
supernatant

Good agreement between USG measurements of fresh whole
urine and fresh supernatant was indicated by Bland—Altman
analysis on 252 dog and 126 cat samples (Table 1).

USG and osmolality correlation

There was excellent correlation between readings of both
refractometers and osmolality measured in 85 fresh whole
urine samples (49 canine and 36 feline samples; »=0.98—
0.99; Fig. 3) and 94 supernatants (59 canine and 35 feline
samples; »=0.98-0.99; Table 2). The instruments had excel-
lent repeatability: CV of 0.388% for dog and cat samples,
and 0.391% for dog samples and 0.378% for cat samples,
respectively.

Influence of protein USG and osmolality

The influence of urine protein on the correlation between
USG and osmolality was investigated in 56 specimens (37
canine and 19 feline samples) with linear regression analysis
(Fig. 4). There was no recognizable influence of urine pro-
tein up to values of 1 g/L (p=0.087). An increase in the USG
compared with osmolality for specimens containing protein
concentrations > 1 g/L was significant (p=0.007).

Influence of storage time on USG

Whole urine samples (27 canine samples, 18 feline samples)
and supernatants (41 canine samples, 30 feline samples)
were stored for a median of 3 mo (range: 1-6 mo) and 4mo
(range: 1-6 mo), respectively. Significant differences in
USG before and after storage were not observed for the read-
ings of either refractometer (p=0.08—1.00; Table 3).

Discussion

The mean difference (bias) for the measurements of fresh
whole urine was < 0.001 for canine specimens. Given that
refractometers have a resolution of 0.005, this difference is
not clinically relevant because it falls outside the limit of
detection. The mean difference (bias) of 0.003 for cat urine
was 10-fold larger than dogs, but there was still good agree-
ment between the 2 refractometers. For a specific patient,
interpretation of the USG using a defined cutoff for concen-
trating ability (USG > 1.030 for dogs, USG > 1.035 for cats)"*
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Table 1. Agreement between canine and feline fresh whole urine and supernatant urine specific gravity (USG) measurements

measured in dual-scale and single-scale refractometers.

All samples (n=378)

Dog samples (n=252) Cat samples (n=126)

Dual-scale
Mean difference <—0.001
95% LOA —0.002 to 0.001
p value <0.001
Single-scale
Mean difference <—0.001
95% LOA —0.001 to 0.001
p value <0.001

<—0.001 <—0.001
—0.002 to 0.001 —0.001 to 0.001
<0.001 <0.001
<—0.001 <—0.001
—0.001 to 0.001 —0.001 to 0.001
<0.001 0.002

LOA = limits of agreement.
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Figure 3. Correlation scatter plot between urine specific gravity
(USG) and osmolality of fresh whole urine. A. Correlation between
the dual-scale refractometer and osmolality. B. Correlation between
the single-scale refractometer and osmolality.

could lead to different clinical conclusions with the use of
different refractometers. However, USG in healthy animals
can vary widely. This was also shown in our study; USG of
clinically normal dogs and cats ranged from 1.019 to > 1.060
and 1.020-1.042, respectively. Furthermore, USG can vary
widely during a 24-h period.”® Therefore, the assessment of

Table 2. Pearson correlation coefficient between canine and
feline urine osmolality and urine specific gravity on fresh whole
urine and urine supernatant measured on dual-scale and single-
scale refractometers.

All Dog Cat
(n=85) (n=49) (n=36)
Fresh whole urine
Dual-scale 0.986 0.989 0.991
p value <0.001 <0.001 <0.001
Single-scale 0.992 0.990 0.993
p value <0.001 <0.001 <0.001
All samples  Dog samples  Cat samples
(n=94) (n=59) (n=395)
Supernatant
Dual-scale 0.984 0.986 0.990
p value <0.001 <0.001 <0.001
Single-scale 0.990 0.986 0.992
p value <0.001 <0.001 <0.001

kidney concentrating ability should never be based on a sin-
gle measurement of USG and strict cutoff values, and the
mean difference of 0.003 in USG between refractometers in
feline samples is unlikely to change diagnostic and therapeu-
tic plans in the individual patient. There are only a few studies
that have investigated the usefulness of a separate scale for
feline urine. In one study, USG measurements of 5 refractom-
eters, including 1 refractometer with separate scales for cats
and dogs and another refractometer for measuring only feline
urine, were compared to the results with 2 reference methods
for measuring USG (pycnometry and measurement of total
solids after drying)." Interestingly, the 2 refractometers
designed for cat urine gave consistently lower values than the
reference methods and consistently revealed the lowest USG
of all refractometers, leading to the conclusion that the feline
refractometers gave falsely low values of USG. Two previous
studies compared USG measurements of an optical and a
digital refractometer for canine urine samples'® and for feline
urine specimens,”’ resulting in a mean difference of 0.001 and
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Figure 4. Correlation scatterplot of urine specific gravity
(USG) and osmolality with various protein values. A. Scatter plot
of the dual-scale refractometer and osmolality. B. Scatter plot of
the single-scale refractometer and osmolality. The lines represent
different protein concentrations: 0 = 0-0.14g/L; 1 = 0.15-0.29 g/L;
2=03-1g/L;3=>1g/L.

0.003, respectively. These results are very similar to the
results obtained in our study.

The excellent intra-observer variability in our study was
similar to those reported in a previous study.'> However, in
our study, we measured all samples in duplicate, whereas in
that study, the USG of only 7 urine specimens was deter-
mined 8 times with the refractometers.

Contrary to the textbook recommendation to avoid the use
of urine supernatant for the measurement of USG,"' which is
followed in many clinical studies that use whole urine,'*%
supernatant is used for the USG measurement and dipstick
analysis in other more recent clinical studies.'>** Based on
our results, either whole urine or supernatant can be used for
measuring USG.

The excellent correlation between USG and osmolality
in our study is in agreement with earlier studies that exam-
ined this correlation.>*®*!> A 2015 study revealed poor
correlation between USG and osmolality in urine samples

obtained from healthy human volunteers and patients with
kidney diseases, with a correlation coefficient of »=0.462
when all urine samples were considered together.'” The
correlation remained poor when urine samples without pro-
teinuria or glucosuria were analyzed (r=0.572). Correla-
tion was even poor in the healthy control group (#=0.609).
The reason that the relationship between USG and osmolal-
ity is less consistent than in other studies is unclear to us.
The calculation of the correlation coefficient has often been
used in human medical studies and is still often used in vet-
erinary medical studies as an indicator of agreement
between 2 methods of measurement,’ but it only reflects the
association between 2 methods of measurements.” The best
statistical approach for calculating the agreement between
2 methods is Bland—Altman analysis. The comparison
between USG and osmolality using Bland—Altman differ-
ence plots, however, is not possible because of different
units of measurement.

When examining the relationship between osmolality
and USG, most studies excluded specimens with protein
content because of the widespread opinion that good cor-
relation between osmolality and USG only exists in sam-
ples without proteinuria.*'**® Our results are in agreement
with a 1982 study that examined the impact of proteinuria
on USG measured by refractometry.® In that study, the USG
also did not exceed the osmolality until the protein content
reached 1g/L. However, that study examined the effect of
protein by adding albumin to pooled human urine that con-
tained no protein whereas our study investigated the corre-
lation between USG and osmolality in naturally proteinuric
dogs and cats. In our study, 14 of 56 samples (25%) had an
elevated urine protein concentration of 0.3—1 g/L. A protein
content of 1g/L already represents a high protein content,
which is rarely seen in patients. This is confirmed by our
study in which only 7 of 56 samples (12%) had a protein
content > 1g/L. Therefore, in our study population, mild-
to-moderate proteinuria was more common than severe
proteinuria. The results of our study are clinically helpful in
patients with a urine protein content of 0.3—1.0g/L given
that we demonstrated that USG is not affected by this small
amount of protein.

The influence of shorter storage times (up to 24 h) has
been investigated previously, and no significant changes
were found in USG."*' However, the impact of long-term
storage has not been validated. In our study, the good agree-
ment between measurements of fresh and stored urine and
supernatant demonstrates that urine can be also stored for
further evaluation for longer periods of time. A limitation of
our study is that the period of storage time was not exactly
defined but varied from 1 to 6 mo; it can, however, be pre-
sumed that a more precisely defined storage time would not
have changed the results.
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Table 3. Agreement between fresh and stored canine and feline urine specific gravity whole urine and urine supernatant measured on
dual-scale and single-scale refractometers.

Fresh vs. stored whole urine

All samples Dog samples Cat samples
(n=45) (n=27) (n=18)

Dual-scale

Mean difference <-0.001 <-0.001 <-0.001

95% LOA —0.001 to 0.001 —0.002 to 0.001 —0.001 to 0.001

p value 0.090 0.294 0.083
Single-scale

Mean difference <-0.001 <-0.001 <-0.001

95% LOA —0.001 to 0.001 —0.001 to 0.001 —0.001 to 0.001

p value 0.090 0.327 0.163

Fresh vs. stored supernatant
All samples Dog samples Cat samples
(n=71) (n=41) (n=30)

Dual-scale

Mean difference <0.001 <0.001 <0.001

95% LOA —0.001 to 0.001 —0.001 to 0.001 —0.001 to 0.001

p value 0.621 1.000 0.424
Single-scale

Mean difference <-0.001 <-0.001 <-0.001

95% LOA —0.001 to 0.001 —0.001 to 0.001 —0.001 to 0.001

p value 0.203 0.291 0.488

LOA = limits of agreement.
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