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Objectives: The objective of this study was to provide a new classification method by
analyzing the relationship between urine color (Ucol) distribution and urine dry chemical
parameters based on image digital processing. Furthermore, this study aimed to assess
the reliability of Ucol to evaluate the states of body hydration and health.

Methods: A cross-sectional study among 525 college students, aged 17-23 years
old, of which 59 were men and 466 were women, was conducted. Urine samples were
obtained during physical examinations and 524 of them were considered valid, including
87 normal samples and 437 abnormal dry chemistry parameters samples. The urinalysis
included both micro- and macro-levels, in which the CIE L*a*b* values and routine urine
chemical examination were performed through digital imaging colorimetry and a urine
chemical analyzer, respectively.

Results: The results showed that L* (53.49 vs. 56.69) in the abnormal urine dry chemistry
group was lower than the normal group, while b* (37.39 vs. 33.80) was greater. Urine
color can be initially classified based on shade by grouping b*. Abnormal urine dry
chemical parameter samples were distributed more in the dark-colored group. Urine dry
chemical parameters were closely related to Ucol. Urine specific gravity (USG), protein,
urobilinogen, bilirubin, occult blood, ketone body, pH, and the number of abnormal dry
chemical parameters were all correlated with Ucol CIE L*a*b*; according to a stepwise
regression analysis, it was determined that more than 50% of the variation in the
three-color space values came from the urine dry chemical parameters, and the b*
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value was most affected by USG (standardized coefficient g = 0.734, p < 0.05). Based
on a receiver operating characteristic curve (ROC) analysis, Ucol > 4 provided moderate
sensitivity and good specificity (AUC = 0.892) for the detection of USG > 1.020.

Conclusions: Our findings on the Ucol analysis showed that grouping Ucol based on
b* value is an objective, simple, and practical method. At the same time, the results
suggested that digital imaging colorimetry for Ucol quantification is a potential method
for evaluating body hydration and, potentially, health.

Keywords: urine color, urine specific gravity, CIE L*a‘b* color space, urine dry chemical analysis, hydration,

chemical parameters

INTRODUCTION

Urine is a body fluid widely applied in biological and clinical
research (1) and is endowed with easy and non-invasive
sampling, with its measurement value being relatively stable
(2). A urinalysis includes both macroscopic and microscopic
parts. On the microscopic side, a urinalysis is a powerful tool
for collecting important diagnostic information in medicine (3).
The chemical examination of urine includes the identification of
protein, blood cells, glucose, pH, bilirubin, urobilinogen, ketone
body, nitrite, and white blood cells esterase (3, 4). Urine can
also sensitively detect the pathological alterations that occur
in various diseases (5), such as bladder and prostate cancer
(6, 7). In contrast, the macroscopic aspects refer to the color
and cloudiness analyses (8, 9). Indeed, the urinalysis for medical
purposes could date back to ancient Egypt, where urological
examinations identified various diseases by examining the color,
cloudiness, smell, and even taste of urine. Specifically, brown
urine indicates jaundice, red (blood) urine indicates urinary tract
tumors, colorless urine indicates diabetes mellitus, and foamy
urine indicates proteinuria (4). In 2008, the urine diagnosis
practiced in Chinese Tibetan medicine has been included in the
first batch of the national intangible cultural heritage expansion
project list of China (10). By identifying the macroscopic
characteristics and changes of urine, the location, nature, and
outcome of a disease can be judged, which can be used for its
diagnosis and differential diagnosis, its formulation of treatment
principles, and it prompting of treatment contraindications
(11, 12).

Compared with microscopic tests, urine color (Ucol) is
more accessible and easier to observe. Therefore, we further
explored in the current study how these two correlate, as
we sought to reflect microscopic sides from a macroscopic
view. Macroscopic color alterations in urine are definitely
the result of microscopic changes. Urine color depends on
the concentration of urine pigment produced by hemoglobin
catabolism (4, 13). Urine color has also been proved to be
related to hydration status in healthy adults and is significantly
related to two defined physiological parameters of hydration,
namely, urine osmolality and urine specific gravity (USG)
(14-17). However, the relationship between Ucol and other
microscopic parameters is also important, which makes it
necessary to explore the relationship between Ucol and urine dry
chemical parameters.
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FIGURE 1 | The urine image device.

Most studies used an eight-point color scale by Armstrong
(14, 18) to subjectively evaluate Ucol. The scale ranged
from light yellow to dark amber to analyze the correlation
of Ucol with hydration (15-17, 19-21). It is an effective
method that is highly practical for assessing hydration either
for researchers or self-assessment (17, 22, 23). However, this
subjective tool has certain methodological limitations, including
its lack of objective quantification (24) and the limited content
in its interval scale, as it is without continuous numerical
value [Color 1, 255255199; Color 2, 255251186; Color 3,
255249164; Color 4, 255232077; Color 5, 245227157; Color
6: 229201135; Color 7, 207159072; Color 8, 147140074 (RGB,
Sédersjukhuset Photographic Laboratory, Stockholm, Sweden)]
(20). Nonetheless, it is also important to enhance its practicality
through other methods based on this scale. The advent of the
Internet era has brought new ways of life to humans, and
the trend is prominent in the utilization of smartphones to
monitor health conditions. Chin et al. (25) designed an Internet
of Things (IoT)-based pervasive body hydration tracker, within
which external components, such as sensors, measure Ucol and
upload to cell phones to infer hydration status by analyzing the B
value of Ucol RGB; however, the device was much too complex.
Instead, cameras and computers allow for the fast processing
of images in terms of color balance and compensation. The
digital imaging colorimetric method uses digital devices to record
colors and numerically represent their shades. Chew et al. (26)
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TABLE 1 | Grouping criteria of urine color.

Group1 Group2 Group3 Group4 Group5 Group 6
Urine color
b* 11~20 21~30 31~40 41~50 51~60 34~50
a* 20~ 38

verified that digital imaging colorimetry using cell phones was
highly correlated with the hydration status of dengue patients
by analyzing the correlation between RGB values and established
laboratory parameters of urine photographs taken by Photoshop
extraction cell phones. In addition, no other studies on Ucol
distribution have been seen.

The International Commission on illumination (CIE)
recommended an objective tristimulus colorimetry, which is
the CIE L* a* b*. It is based on the perception of color and is
independent of light and equipment. It has been used for the
objective analysis of color and its movement, such as studying the
color distribution of human gingiva (27, 28). In this system, the
specific location of color space is defined by three coordinates,
namely, L*, a*, and b*, with L* being the luminance part and
a* and b* being the color parts. The larger value of L* indicates
higher luminance, the negative values of a* are presented as
green, and the positive value is red. The negative values of
b* are presented as blue while the positive value is yellow. In
addition, CIE L* a* b* can calculate the difference between two
colors. At present, it is recommended to use the CIEDE2000
color difference (AE) formula (27). Previous studies have used
CIE L*a*b* to identify Ucol, illustrating that the difference in
Ucol regarding hydrated status is related to urine osmolality
(29, 30).

Considering this, our study aimed to take urine images
and obtain CIE L* a* b* values with specific filming
equipment. Firstly, we analyzed the quantitative differences
in Ucol between normal and abnormal samples of urine
dry chemistry parameters. Secondly, we used a new Ucol
classification method to initially explore the distribution of
Ucol. Next, we analyzed the relationship between Ucol and
urine dry chemistry parameters. Finally, the accuracy of Ucol
for assessing hydration was determined. From an objective
perspective, we explored the distribution of Ucol and the
influence of urine dry chemical parameters on it, facilitating the
objectification and modern application of the traditional medical
urological diagnosis.

MATERIALS AND METHODS

Participants

A half-month cross-sectional study was conducted on newly
enrolled students for a physical examination in a university in
Beijing in September. The study protocol was approved by the
Ethics Review Committee of Beijing University of Traditional
Chinese Medicine (approval number: 2020BZYLL0301) and
was conducted according to the guidelines of the Declaration
of Helsinki.

Urine samples were collected during two batches of physical
examination. A total of 525 participants were recruited in the
study, and one sample with abnormal images was excluded.
Among them, 87 samples were normal regarding urine dry
chemical parameters and 437 samples were abnormal.

The two batches of urine samples were collected at different
times. Since we only wanted to understand the distribution of
abnormal samples in the early-stage study, we randomly kept part
of the abnormal urine dry chemistry parameter samples. In the
later stage of our study, we conceived a comparison study, so all
samples were kept for the second time.

The study collected sample for the first time was from 7:00
to 10:00 a.m. There were 253 samples, of which 59 came from
men and 195 came from women, with an average age of 20.50 &
3.04. The imbalance in the ratio of men to women students in
this school was one of the reasons for the imbalance in samples.
The second time was from 8:30 to 10:00 a.m. There were 272
samples, and because of the need to avoid the menstrual cycle,
the samples from women students had an average age of 18.4
=+ 1.81. There were 88 samples with normal urine dry chemical
parameters (one sample was excluded due to an abnormal image)
and 184 samples with abnormal parameters. Diet and vitamin
intake were not controlled and female participants were out of
their menstrual cycles.

Study Procedure

On the day of the study, participants first collected their
urine. Afterward, the investigators tested the urine dry chemical
parameters, then the investigators obtained urine images and
analyzed the images accordingly. The entire process was
completed within 2h, and the process was discussed in the
following paragraphs.

Urine collection: In the laboratory toilet, participants collected
their mid-portion urine using a disposable urine cup and then
transferred a part of the urine to a hospital-standard 10-ml
disposable urine collection tube. The average transferred volume
of urine was 8-10ml. After the collection, they immediately
handed over the urine sample to the investigators.

Dry chemical analysis of urine: A total of 11 parameters were
obtained by professional testers in the lab using a Deere H-800
urine analyzer (Deere & Company, Changchun, China), and the
instrument was calibrated using quality control samples before
testing. Urine samples were tested without any modifications
or alterations.

Urine color collection method: The images of urine samples
were taken immediately after the measurement of urine dry
chemical parameters. The urine from the collection tube was
transferred to a white porcelain bowl by the investigators. The
bowl was marked by a measuring cylinder with 8 ml, and the
urine was added to 8 ml; thus, the urine volume was roughly
quantified as 8 ml. The urine image device is shown in Figure 1.
To eliminate the effects of light and other environmental factors,
we used a custom-made filming box (35.5 x 37.5 x 35.5cm)
with openings at the top and bottom and another 5-m opening
directly in front of the box. The box was made of wood with
a white interior. A Laikang mirror (Laikang Technology Co.,
Beijing, China) was placed on the top and then covered above
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FIGURE 2 | Consort diagram for the study.
TABLE 2 | Comparison of urine samples with normal and abnormal urine dry chemical parameters in CIE L*a*b*.
All urine samples Normal group Abnormal group z p
(n = 271) (n=87) (n = 184)
Urine color
L* 54.52 £ 5.50 56.69 £+ 5.27 53.49 £+ 5.32 —4.06 0.000*
a* 9.79 £ 5.34 8.69 +4.12 10.31 £ 5.77 —1.80 0.072
b* 36.24 +11.27 33.80 £ 10.97 37.39 £ 11.25 —2.47 0.014*

All values were shown as means + SD.

*There was a statistically significant difference between the normal group and the abnormal group, p < 0.05.

to ensure a closed environment. At the bottom, we placed
a sheet of white paper. We photographed it with a Laikang
mirror with its own light source (color temperature 5500K,
white light, 0-255 brightness adjustment) and 13 million px.
A white porcelain bowl containing a quantitative amount of
urine was placed under the lens of the Laikang mirror and
a color correction color card CASMATCH (Bear Corporation,
Tokyo, Japan) was placed next to it. Then, the jpeg format
of each image was obtained by connecting the Laikang mirror
to Bluetooth and using a remote control in a cell phone for
taking pictures. Urine color was analyzed using the Adobe
Photoshop CS5 (Adobe Systems, USA) software for urine images,
and a fixed size (300 x 300 px) area close to the bottom
of the cup size was selected by the ellipse selection tool,
while the average CIE L*a*b* values for each fixed area of
the image were obtained using the software filter-blur-average-
collection (26).

Definition of Normal and Abnormal Urine
The samples were divided into normal and abnormal groups
according to the analyzer results. As long as one parameter was
abnormal, the sample would be considered abnormal. Samples
were only regarded as normal when all the parameters were in
normal reference values.

Grouping Criteria of Ucol

The grouping criteria were determined according to five main
aspects: [J the color of the normal urine ranges from light yellow
to dark amber depending on the content of urine pigment, while
it is all yellow; O previous studies (31, 32) demonstrated the
significant relationship between the b* value of the CIE L*a*b*
color space and hydration status (numerical grade of the eight-
point color scale); O the value with a wide range span was
selected according to the actual situation of the samples in order
to make a good classification [in the normal group of samples,
the b* value (11-52) had the largest span compared to the L*
value (43 ~ 68) and the a* value (2 ~20)]; O there should be
a certain color difference between adjacent groups so that the
human eye can distinguish between them, since excessive groups
would be hard to distinguish and too few groups would not be
very meaningful; [J it should be objective, simple, and convenient
in application. Therefore, Ucol was classified according to the
method of grouping mainly by the b* value, and if necessary,
other values were considered secondarily.

Firstly, the samples were classified based on the b* value. The
range of b* values for normal samples was 11-52. The range of
the b* values for the abnormal samples was 12-60 after excluding
one sample with a black color (b* = 0). The intergroup spacing
was set to 10 and divided into five groups. Some samples were
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FIGURE 3 | The distribution of CIE L*a*b* values of normal urine samples in a
three-dimensional space (n = 87).

in a special location in the CIE L*a*b* three-dimensional color
space, and their a* values were observed to be higher (redder
component). Hence, we defined their a* range. and the range of
this group was initially determined to make it a group alone. The
darkest color was observed with the human eye in this group, so
it was set as the sixth group. The rest of the groups were arranged
in ascending order based on the b* value, making Ucol grouped
from light to dark. The first five groups required only one
dimension of b*, while the sixth group required consideration of
both the b* and a* dimensions. The grouping criteria for the six
groups of Ucol are shown in Table 1.

Statistical Analysis

The data analysis was performed on IBM SPSS Statistics version
20 (IBM Co., USA). The quantitative parameters of participants
were expressed as mean £ SD. First, the mean values of both
normal and abnormal urine CIE L*a*b* from the second batch
of samples were calculated, and the difference in the Ucol space
values between the abnormal and normal urine dry chemistry
groups was determined by a nonparametric test.

Next, the color distribution of all urine samples in the CIE L*
a* b* color space was observed. The distribution of the abnormal
samples of the second batch was analyzed in detail. The samples
were grouped according to the criteria, and then the percentage
of abnormal samples in each group was calculated to analyze the
color distribution of the abnormal group. The color difference
calculation was implemented by an Excel spreadsheet with a
parameter factor set to one provided by Sharma et al. (33).

Then, a Spearman correlation analysis was performed to
determine the correlation between Ucol and urine dry chemical
parameters. The value of |r] < 0.3 was considered a weak
correlation, 0.3 < |r| 6 was considered as moderate correlation,0.6
< |r] < 0.8 was considered a strong correlation, and |r| > 0.8
was considered a very strong correlation. Based on the urine

dry chemical parameters, a stepwise regression analysis was
used to predict the color characteristics of urine. The closer the
coefficient of determination R? was to 1, the better the fit of the
regression equation was.

Lastly, the ability of this new Ucol classification method
to assess hydration was determined. A receiver operating
characteristic curve (ROC) was generated using the Ucol
predictor variable, matching USG > 1.020 as the urine
concentration threshold (33, 34). To determine the optimal cutoff
value for Ucol used to identify USG > 1.020, the maximal
approach of the sensitivity and specificity was used. When
interpreting the area under the curve (AUC) a value of > 0.90
as excellent, 0.80-0.89 was considered good and 0.70-0.79 was
considered fair. The probability (p) level of 0.05 was defined
as statistically significant. The consort diagram for the study is
shown in Figure 2.

RESULTS

The Differences in Ucol Between Urine Dry
Chemistry Parameters Normal and

Abnormal Group

The L* value of the abnormal group was significantly lower than
that of the normal group (53.49 vs. 56.69); the difference in a*
value between the two groups was not statistically significant
(10.31 vs. 8.69); the b* value of the abnormal group was
significantly higher than that of the normal group (37.39 vs.
33.80) (Table 2).

The Color Distribution of Urine Samples

The samples were grouped according to the grouping criteria.
The distribution of the CIE L*a*b* values of the normal urine
samples in the three-dimensional space is shown in Figure 3. The
first batch grouping distribution of the CIE L*a*b* values of the
abnormal urine samples in the three-dimensional space is shown
in Figure 4A (one black sample with b* = 0 was excluded), with
the second batch shown in Figure 4B.

The detailed distribution of the second batch of urine samples
was analyzed. The grouping results of urine samples with normal-
dry chemical parameters are shown in Table 3. Of the normal
samples, 98.85% were distributed in groups 1-5, and the sixth
group with the darkest color was rarely distributed. The results
of the grouping of samples with abnormal parameters and
the percentage of abnormal groups are shown in Table 4. The
percentage of abnormal parameters in groups 4-6 with darker
colors were all higher and all exceeded the average percentage.

Relationship Between Ucol and Urine Dry

Chemical Parameters

The USG and pH information were missing in the normal
samples, so only abnormal urine samples (437) were involved in
the analysis of the correlation between urine specific gravity/pH
and urine color, while all samples (524) were involved in
the analyses of other remaining parameters. The results of
the Spearman correlation analysis (Table 5) showed that USG
was significantly strongly correlated with CIE L*a*b* values,

Frontiers in Nutrition | www.frontiersin.org

October 2021 | Volume 8 | Article 719260


https://www.frontiersin.org/journals/nutrition
https://www.frontiersin.org
https://www.frontiersin.org/journals/nutrition#articles

Liu et al.

Information in Objective Urine Color

TABLE 3 | Grouping results of urine samples with normal urine dry chemical parameters (n = 87).

Group 1 Group 2 Group 3 Group 4 Group 5 Group 6
L* 59.25 4+ 4.49 58.47 £+ 3.99 58.08 + 4.79 53.43 + 4.71 51.00 +£ 3.74 43.00 + 0.00
a* 3.08 +£0.79 542 +1.17 8.67 + 1.42 12.86 + 1.59 16.50 + 1.29 20.00 £+ 0.00
b* 15.68 + 3 24.89 £ 2.71 36.20 + 3.03 45.05 + 3.06 51.50 +£ 0.58 43.00 + 0.00
N 12 19 30 21 4 1
The color difference of the color means between the two adjacent groups of the normal samples was 3.45~9.18 units.
TABLE 4 | Grouping and percentage of urine samples with abnormal urine dry chemical parameters (n = 271).
Group Group 1 Group 2 Group 3 Group 4 Group 5 Group 6 Total
Number of normal samples 12 19 30 21 4 1 87
Number of abnormal samples 19 33 a7 59 16 10 184
Total 31 52 77 80 20 11 271
Percentage of abnormal samples 61.29% 63.46% 61.04% 73.75% 80.00% 90.91% 67.90%

TABLE 5 | Spearman correlation analysis results of urine color space values and

urine dry chemical parameters.

L* a* b*
rs (p) rs (p) rs (p)
UsG —0.620* (0.000)  0.664** (0.000) 0.614** (0.000)
Protein —0.605* (0.000)  0.627** (0.000) 0.539** (0.000)
White blood cells —0.065 (0.140) —0.057(0.194) —0.075 (0.088)
Occult blood —0.194" (0.000 0.095* (0.030) 0.046 (0.295)

Ketone body —0.316™ (0.000

0.242"* (0.000)

0.162** (0.000

)
)
)
)

)
Urobilinogen —0.154** (0.000 0.168** (0.000) 0.189** (0.000)
Bilirubin —0.368** (0.000 0.369** (0.000) 0.189** (0.000)
Nitrite —0.081 (0.064) 0.080 (0.068) —0.021 (0.627)
pH 0.358** (0.000) —0.345* (0.000)  —0.257** (0.000)
The number of —0.578** (0.000) 0.495** (0.000) 0.401** (0.000)
abnormal
parameters

rs denotes Spearman’s rho coefficient.
**Denotes p-value < 0.01.
*Denotes p-value < 0.05.

negatively correlated with L* (r = —0.620, p < 0.05), and
positively correlated with a* (r = 0.664, p < 0.05) and b* (r =
0.614, p < 0.05). Protein was strongly negatively correlated with
L* (r = —0.605, p < 0.05), strongly positively correlated with
a* (r = 0.627, p < 0.05), and moderately positively correlated
with b * (r = 0.539, p < 0.05). The number of abnormal urine
dry chemical parameters was moderately correlated with all three
values, negatively correlated with L* (r = —0.578, p < 0.05),
and positively correlated with the a * (r = 0.495, p < 0.05)
and b* values (r = 0.401, p < 0.05). Bilirubin and ketone body
were moderately negatively correlated with L* (r = —0.368,
—0.316, both p < 0.05) and positively correlated with a* (r =
0.369, 0.242, both p < 0.05) and b*(r = 0.189, 0.162, both p
< 0.05), respectively. pH had a significant moderately positive
correlation with L* (r = 0.358, p < 0.05) and a significant

negative correlation with a* (r = —0.345, p < 0.05) and b* (r
= —0.257, p < 0.05). Urobilinogen had a significant negative
weak correlation with L* (r = —0.154, p < 0.05) and a significant
weak positive correlation with a* (r = 0.168, p < 0.05) and
b* (r = 0.189, p < 0.05). Occult blood had a significant weak
negative correlation with the L* value (r = —0.194, p < 0.05),
a significant weak positive correlation with a* (r = 0.095, p
< 0.05), and no significant correlation with b*. There was no
significant correlation between white blood cells and nitrite with
CIE L*a*b* values. The urine color distribution diagram of
various parameters is shown in Figure 5, which intuitively shows
this conclusion.

The results of the stepwise regression analysis of CIE L*a*b*
color space values and urine dry chemical parameters are shown
in Table 6. The stepwise regression model had significance in
predicting the space values of urine color (p < 0.05 for all
three models, adjusted R*> = 0.559, 0.586, 0.527). Furthermore,
the L* value had the largest significant correlation with the
urine dry chemical parameters (USG > protein > urobilinogen
> the number of abnormal parameters > bilirubin > pH >
ketone body, all p < 0.05). These seven variables explained
55.9% of the L* values. The a* value had the largest significant
correlation with the urine dry chemical parameters (USG > the
number of abnormal parameters > protein > occult blood >
white blood cells > bilirubin > urobilinogen, all p < 0.05).
These seven variables explained 58.6% of the a* values. Urine
specific gravity, a parameter related to hydration, had the highest
effect on the three values. Urine specific gravity also had the
greatest effect on b* value (standard coefficient 8 = 0.734,
p < 0.05). Five variables (USG > urobilinogen > protein >
bilirubin > pH) could account for 52.7% of the b* values. The
adjusted R? value was used to determine this percentage of
variance, as this value was based on the sample size and the
number of predictor values contributing to the regression model.
The coefficients for each predictor value that contributed to
the construction of the stepwise regression models have been
reported (Table 6).
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FIGURE 4 | The distribution of CIE L*a*b* values of abnormal urine samples in a three-dimensional space. (A) The first batch of urine samples with abnormal urine
dry chemical parameters (n = 252); (B) the second batch of urine samples with abnormal urine dry chemical parameters (n = 184).

Accuracy of Ucol for Assessing Hydration
The ROC analysis revealed the optimal Ucol cutoff for identifying
USG > 1.020 was 4 (AUC = 0.892). A Ucol of >4 offered
moderate sensitivity and good specificity (Table 7).

DISCUSSION

Our study showed that the Ucol obtained from general filming
equipment can be used in analytical studies. Abnormal urine
samples were darker and more yellowish than the normal
ones. Urine color could be classified based on shade mainly by
grouping b* value, and urine samples with abnormal dry urine
chemistry parameters were more distributed in darker areas.
Nine dry urine chemistry parameters, which are USG, protein,
bilirubin, urobilinogen, white blood cells, ketone body, occult
blood, pH, and number of abnormal parameters, were correlated
with Ucol space values. This new method of Ucol grouping had
good accuracy in the assessment of hydration. To our knowledge,
this is one of the first studies to use quantitative values to
classify Ucol.

Methodologically, to make the measurement easier, we
adopted digital imaging colorimetry to record Ucol, which
has the advantages of flexibility and convenience, rapidity,
economy, objectivity, reproducibility, permanent storage, and
accuracy. However, it can be affected by light, filming equipment,
operator, and analysis software. As a consequence, the obtained
chromaticity value will have a certain deviation (35, 36).
The Laikang mirror came with its own light source, and
the customized shooting box ensured a fixed height and
angle for measurement. Photoshop was used to objectively
quantify the average regional Ucol, maximizing control over the
shooting environment and other conditions, to make the results
accurate and objective. Since the urine images were taken in a
unified background, no color cards were applied to eliminate
background differences. The collected data were used to analyze
the distribution of Ucol in CIE L*a*b* and the relationship
between Ucol space values and urine dry chemical parameters.

To the best of our knowledge, the current eight-point color
scale developed by Armstrong et al. (14, 18) is an effective method
for assessing the relationship between Ucol and hydration in
healthy adults. Urine color has been shown to be closely related
to hydration status in daily activities, exercise, hydropenia, or in
children and women (8-14 years) (19-21, 37, 38). Meanwhile, the
IoT-based pervasive body hydration tracker developed by Chin
et al. (25) showed that the method of inferring the hydration by
considering only the B value of RGB was correct. Drawing on
the experience of the two methods above, we chose to classify
the Ucol mainly by grouping the b* value, and preliminarily
identified six groups and determined the distribution of the most
common Ucol. Hahn et al. (20) provided adapted RGB values
(Sodersjukhuset Photographic Laboratory, Stockholm, Sweden)
based on the original Armstrong color scale, and we converted
them to the CIE L*a*b*. We then found the fourth group of
colors of this value that did not appear in our normal samples
and only one case in our abnormal samples (Figure 4B). The one
was not grouped separately due to the relatively small number,
suggesting that we still need to expand our sample size. For
grouping, the eight-point color scale was based on observations
of urine samples, and was then printed on a laminated chart
(18) with an uneven distribution between groups. We classified
mainly by grouping the b* value, with isometric grouping to
make it simple and practical. The color difference between the
means of each adjacent two groups after the grouping of normal
samples was calculated and ranged from 3.45 to 9.18 units. For
the eight-point color scale, it was 2.44-23.12 units. The study
showed that the color difference equal to or beyond three could
be well recognized by the human eye (39), which indicates that
the grouping criteria had a certain distance between groups in
practical application. In addition, due to methodological issues
such as light sources and pixels, our color space values were low
overall, and the equipment needs improvement.

The results of our study showed that, firstly, the differences
in Ucol parameters were found between normal and abnormal
urine dry chemistry parameter groups. Using the results of
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number of abnormal parameters.

FIGURE 5 | samples containing ketone body abnormalities; (F) the diagram of urine samples containing urobilinogen abnormalities; (G) the diagram of urine samples
containing bilirubin abnormalities; (H) the diagram of urine samples containing nitrite abnormalities; (I) the diagram classified by pH; (J) the diagram classified by the

TABLE 6 | Stepwise regression analysis results of urine color and urine dry chemical parameters (n = 437).

Non-standardized Standard t-value p-value F value of model p-value of model R? adjusted R?
coefficient coefficient §

L*

Constant 61.702 22164  0.000 79.950 0.000 0.566 0.559
UsG —1.220 —0.324 —7.928  0.000

The number of abnormal parameters —1.145 —0.158 —3.427  0.001

Urobilinogen —3.846 —-0.213 —6.495  0.000

Protein —1.637 —0.240 —6.331  0.000

Bilirubin —1.861 —0.152 —3.791  0.000

pH 0.934 0.094 2517 0.012

Ketone body —0.736 —0.073 —-1.968 0.050

a*

Constant —0.743 —0.602  0.548 89.067 0.000 0.5692 0.586
UsG 1.578 0.451 12.608  0.000

Bilirubin 1.382 0.121 2.907 0.004

Protein 0.996 0.157 4.013 0.000

Urobilinogen 1.843 0.110 3.378 0.001

The number of abnormal parameters 1.685 0.249 4.768 0.000

Occult blood —0.635 —0.125 —3.360  0.001

White blood cells -0.514 -0.122 —-3.207  0.001

b*

Constant 9.983 2514 0.012 98.062 0.000 0.532 0.527
UsG 3.825 0.734 17.472  0.000

Urobilinogen 3.412 0.137 4.050 0.000

pH 1.281 0.093 2.405 0.017

Protein 1.063 0.113 2.987 0.003

Bilirubin —1.796 —0.106 —2.959  0.003

TABLE 7 | Urine samples classified according to USG and urine color (Ucol) values; followed by metrics from the receiver operating characteristic curve (ROC) analysis.

Diagnostic Standard Metrics from ROC analysis?

USG > 1.020 USG < 1.020 Sensitivity Specificity Accuracy PPV NPV
(n =337) (n=99)
Ucol > 4 268 12 0.795 0.879 0.814 0.957 0.558
Ucol < 4 69 87

aSensitivity: percentage of true positives (that is, USG > 1.020) detected by UCol > 4. Specificity: percentage of true negatives (that is, USG < 1.020) detected by Ucol < 4. Accuracy:
percentage of all samples (positive or negative) accurately classified by UCol. Positive predictive value (PPV): probability that a urine sample with UCol > 4 has a USG > 1.020. Negative
predictive value (NPV): probability that a urine sample with Ucol < 4 has a USG < 1.020.

urine dry chemistry analysis, all samples were divided into
normal and abnormal parameters groups. The nonparametric
tests analyzing the CIE L*a*b* values of the two groups showed
that the L* and b* values differed between the two groups,
such that the lower the L* value, the lower the brightness.
When the b* value was positive, there was a positive correlation
between the b* value and the yellow component, showing that
the abnormal group had darker and more yellow Ucol than
the normal group (Table 2). For the first time, such an analysis
was performed, suggesting that alterations to dry chemical

parameters lead to changes in the color of urine, most of which
are darker.

Secondly, the color distributions of samples with normal
and abnormal parameters were different. In our second batch,
98.85% of the normal samples were distributed in groups 1-5,
and only a small portion was distributed in the darkest color
group. Abnormal samples accounted for a higher percentage in
the darker groups 4-6 (Table 4), showing that the samples with
abnormal urine parameters were distributed more in the darker
areas. It was suggested that if the Ucol is consistently dark, there
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may be abnormalities in the body, and vice versa if the urine is
consistently light, implying that there may be also abnormalities.
Meanwhile, the concentration of urine, which is influenced by
many parameters, also affects urine color (40), showing that
urine color is related to both urine concentration and urine dry
chemical parameters. Although for the second time we collected
the entire samples without screening, the number of normal
samples was relatively small compared with the abnormal ones.
The results are yet to be validated with a larger sample size in
the future.

Thirdly, the reasons for the color differences between normal
and abnormal urine dry chemistry parameters were further
analyzed. Correlation and stepwise regression analyses were
performed. Several studies have shown a significant relationship
between Ucol and osmolality as well as USG (14-17). Our study
found a significant and strong correlation between USG and all
three space values of Ucol (Table 5). They negatively correlated
with the L* value (r = —0.620, p < 0.05) and positively correlated
with a* (r = 0.664, p < 0.05) and b*(r = 0.614, p < 0.05), which
indicated a higher USG, lower brightness, and a higher portion
of the red and yellow components, namely, the darker Ucol.
In assessing the effect of hydration on Ucol, belasco et al. (32)
demonstrated a significant decrease in L* value and a significant
increase in b* value with increasing urine osmolality, while a*
value was presented as a parabolic curve: decrease at first and then
increase. Urine specific gravity and osmolality correlated strongly
(r =0.97) (31), as seen in agreement with the changes in the L*
and b* values studied by Belasco et al. In the regression analysis,
USG also had an effect on three color space values, with USG
having the greatest effect on the b* value (standardized coefficient
p = 0.734, p < 0.05), which showed that USG had a strong effect
on Ucol.

In addition, Ucol space values were also correlated with
protein, urobilinogen, bilirubin, white blood cells, occult blood,
ketone body, pH, and the number of abnormal urine dry
chemical parameters, but not with nitrite. Protein was highly
correlated with CIE L*a*b* values and had a great effect on
all three values. In the correlation analysis, abnormal samples
of bilirubin and urobilinogen were fewer and were weakly
correlated with CIE L*a*b*, while in the regression analysis,
both were shown to affect CIE L*a*b* values (Table 6), which
indicated that these two parameters had a greater effect on Ucol.
White blood cells were not correlated with urine CIE L*a*b*
values in the correlation analysis, but were shown to affect a*
values to a lesser extent in the regression analysis. Occult blood
was weakly correlated with the L* and a* values in the correlation
analysis, but was shown to affect only a* in the regression analysis.
Ketone body and pH correlated weakly with CIE L*a*b* values,
and ketone body had an effect on L* and pH on a* and b* in
the regression analysis. It can be seen that white blood cells,
occult blood, ketone body, and pH have some degree of influence
on Ucol, but this was relatively low. The number of abnormal
urine dry chemical parameters, a parameter calculated at a later
stage, was also correlated with Ucol, indicating that microscopic
accumulation affected macroscopic color changes. This was
the first study to parameterize the number of abnormal urine
dry chemical parameters. Nitrite was not associated with CIE

L*a*b* values in both the correlation and regression analyses,
indicating that it did not affect Ucol. Chew et al. (26) related
urine RGB to urine chemical parameters with urine images,
demonstrating that urine RGB values were also strongly related
to urine chemical parameters, with all three RGB values showing
significant negative correlations with urine osmolality and USG
(allr < —0.701, p < 0.001) and significant correlations with urine
protein, ketone body, bilirubin, urobilin, and urine hemoglobin.
Although the color systems were different, all indicated a close
relationship between Ucol and urine chemistry parameters.

The successful findings of the correlation analysis prompted
the construction of regression models (Table 6), suggesting the
predictive potential of urine dry chemical parameters for Ucol.
In the stepwise regression analysis, the adjusted R? values of all
three models were higher than 0.5, showing that the urine dry
chemical parameters better explained the variation in Ucol (more
than 50%) and that Ucol was more influenced by the urine dry
chemical parameters. This is an inspiring finding, as it further
supports the strong relationship between urine dry chemical
parameters and Ucol.

Finally, we determined the accuracy of the new classification
method for hydration assessment (AUC = 0.892). The AUC of
children was between 0.67 and 0.78 when using the eight-point
color scale for self-assessing hydration (osmolality) (17, 22, 23).
A similar AUC was found in a new (LUC) scale (osmolality.73
and USG.76) (34), suggesting that the results reported by the
Ucol classification method with b* were similar and even more
accurate than those studies using the charts.

There are some limitations that should be mentioned. This
cross-sectional study was conducted during the daily activities
of the participants and the participants were not limited. The
interruption of diet and medication on Ucol were not eliminated.
In addition, previous studies (41) demonstrating that gender,
age, and the collection time of urine samples (morning or non-
morning) affected the result, and we did not bring in these factors.
In terms of method, the digital colorimetric method has the
advantage of being convenient and cheap, but its accuracy is
limited. Although previous studies have successfully used this
method for hydration and the trends are consistent, the color
space values we measured were low and the equipment needs
to be improved. In addition, the small and limited sample size
only came from one university in China. Bedsides, relatively low
normal samples and the universal differences between normal
and abnormal urine dry chemistry parameters remain to be
verified with larger sample sizes in the future.

Overall, this study demonstrated that grouping Ucol based
on b* value is an objective, simple, and practical method. At
the same time, using digital imaging colorimetry to objectively
quantify Ucol is a potential method to assess the hydration status
of a person and, potentially, their health. Future studies should
consider larger sampling and the variance of age, gender, and
region to improve accuracy. The relationship between objective
Ucol and other parameters, such as blood parameters, should also
be examined and not limited to urine parameters. Furthermore,
it should be combined with smart devices for application. At
the same time, specific analyses should be performed on specific
diseases in order to fit better in the clinic.
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