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Abstract: Purpose: To investigate the validity of urine color as a metric of hydration status using CIE L*a*b* color space, as 

compared to the commonly used subjective 8-point scale. Methods: A total of 151 urine samples were collected from subjects 

(N=28) in various states of hydration. Urine osmolality and urine specific gravity (USG) were measured in each sample. Urine 

color was assessed by the subjective 8-point urine color scale and quantified using CIE L*a*b* color space. RESULTS: The 

correlation between the CIE b*-value and urine osmolality (rs=0.89) was determined to be significantly (p=0.004) greater than 

the correlation between the subjective 8-point urine color scale and urine osmolality (rs=0.85). The correlation between the CIE 

b*-value and USG (rs=0.90) was also determined to be significantly (p < 0.001) greater than the correlation between the urine 

color chart and USG (rs=0.84). Lastly, the correlation between urine color as determined by the 8-point subjective urine color 

chart and the CIE b*-value had a strong relationship (rs=0.92). Conclusions: The correlations of the quantitative CIE b*-value 

with urine osmolality and USG were significantly greater than the correlations with the 8-point subjective urine color scale. 

This suggests that a quantitative measurement of urine color via spectrophotometry is a better measure for assessing hydration 

status vs. subjective determination of urine color. The results of the current study raise the possibility of spectrophotometry as 

an additional non-invasive method of determining hydration status. 
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1. Introduction 

Urine color (Ucol) has been previously examined as a 

potential indicator of hydration status by comparing it to 

several established laboratory measures including urine 

specific gravity (USG) and urine osmolality. USG and urine 

osmolality are objective measures of the concentration of 

dissolved solutes within urine. A subjective measure of Ucol 

has been developed in which a sample is assessed using an 8-

point color scale where the number identifies the level of 

hydration [1]. Although practical and easy to use, the chart’s 

ability to predict changes in hydration has been inconsistent. 

Studies have shown that Ucol measured by a subjective urine 

color chart can, in some cases, be a valid indicator of 

hydration status in specific populations, such as young, male 

athletes and elderly women [2-9]. However, the relationship 

between subjective urine color and standard methods of 

determining hydration has overall shown variable results [7, 

10-12]. 

For example, the relationship between Ucol and USG were 

measured from daily urine samples for eight weeks from 

Caucasian nursing home residents (N=98) [7]. It was found 

that females (N=40) had a significant correlation (r=0.67, p < 

0.01) between Ucol and USG, while males (N=38) did not 

(r=0.17, ns). There also was a significant correlation between 

Ucol and USG in all females while only males with adequate 

renal function had a significant, but weak, correlation 

(r=0.39). This suggests that the relationship between Ucol and 

USG varies depending on sex and renal function. As this 

study was only conducted in a Caucasian, elderly population, 

the effects of ethnicity and age on the Ucol chart’s relationship 

to USG remains unclear. Adams et al. [13] also found that 

there were significant differences in Ucol measures between 

males and females. Additionally, Fortes et al. [10] took a 

convenience urine sample in adults, 60 years and older, 

(N=130) upon admission to a hospital and participants were 
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placed into groups depending on their hydration status. They 

found that the urine color scale was unable to discriminate 

between dehydration and euhydration. They suggest that this 

was due to decreased renal function common in older adults 

or that a potential confounding factor of their medication 

affected the urine color. These results suggest that subjective 

assessments of Ucol are not a reliable method of assessing 

dehydration. 

Numerous studies [2-11] have used subjective measures of 

Ucol to help predict hydration status, but only one [14] has 

used objective measures of Ucol to measure hydration status. 

Using the CIE L*a*b* color space Zhang et al. [14] found 

that a strong correlation exists between the b*-value and 

urine osmolality (r=0.86, p <0.0001). The L*-value (r=-0.56, 

p < 0.0001) and a*-value (r=-0.35, p < 0.0001) also had 

significant, but weak, correlations with urine osmolality. 

Although they found that quantified Ucol had a strong 

correlation to urine osmolality, they did not measure Ucol on 

the 8-point subjective scale. Thus, it is unknown if the 

objective Ucol was better at predicting hydration status than 

the simpler, but more subjective 8-point scale. 

In light of the above, the purpose of this study was to 

compare the subjective 8-point urine color scale and the 

objective method of CIE L*a*b* color space to see which 

was a better measure of hydration status. It is hypothesized 

that the objective assessment of Ucol will have a stronger 

correlation to established standard measures of hydration 

status than the subjective assessment of Ucol. 

2. Methods 

Prior to data collection, all subjects read and signed an 

informed consent approved by the San Diego State 

University IRB. Participants (N=28, 6 female and 22 male) 

provided 151 spot samples of urine over several days. The 

mean ± SD age was 28.6 ± 11.3 and 29% considered 

themselves not Caucasian. Urine osmolality was measured in 

duplicate using a Wescor (Logan, UT) model 5500 vapor 

pressure osmometer and USG was measured using a clinical 

refractometer. Subjective Ucol was determined by two 

investigators using the Armstrong et al. 8-point urine color 

scale [1]. Objective Ucol was measured using a HunterLab 

Vista spectrophotometer and quantified on the CIE L*a*b* 

color space. Briefly, this three-dimensional color space 

consists of the L*-value which measures lightness of a 

sample, with “100” being the lightest it can be and “0” being 

the darkest. The a*-value measures between green and red, 

the negative values indicating more green and the positive 

values indicating more red. The b*-value measures between 

blue and yellow, the negative values indicate blueness and 

the positive values indicate yellowness. For both a*- and b*- 

values, “0” indicates an absence of the colors on its axis. 

Relationships between the variables were determined using 

Spearman rank correlations. Correlations were compared 

according to the procedures outlined by Eid et al. [15]. 

 

3. Results 

USG and urine osmolality, the well-established standards 

of measuring whole body hydration status, exhibited a strong 

relationship (rs=0.97) (Table 1). The 8-point scale [1] and 

urine osmolality also had a strong relationship (rs=0.85) 

(Figure 1), but urine osmolality had a stronger correlation 

with the CIE b*-value (rs=0.89) (Figure 2). It was determined 

that these two correlations were significantly different from 

one another (p < 0.004). The USG had a strong correlation to 

the 8-point color scale (rs=0.84), but had a stronger 

correlation with the b*-value (rs=0.90) (Table 1). These 

correlations were also deemed significantly different from 

one another (p < 0.001). There was also a strong relationship 

between the b*-value and 8-point urine color scale (rs=0.92) 

(Figure 3). 

4. Discussion 

The results of the current study illustrate that both 

subjective (i.e., 8-point urine color scale) and quantitative 

(i.e., CIE L*a*b* color space b*-value) measures are 

significantly correlated to established measures of hydration 

(i.e., urine osmolality and USG), as seen in Figures 1 and 2. 

Figure 3 also illustrates the strong, positive relationship 

between the values obtained from the 8-point color chart and 

the CIE b*-value. These results agree with past studies that 

have found a strong relationship between 8-point urine color 

chart and urine osmolality and USG [2-9]. 

The subjective Ucol results agree with past research 

findings in the literature. Armstrong et al. found strong 

correlations between Ucol using the 8-point subjective scale 

and urine osmolality (r
2
=0.77) and USG (r

2
=0.80) in a 

homogenous sample of young, healthy women [2]. Hahn & 

Waldréus studied men and women with a wide age range 

(ages 17-69) and found that the urine color scale had a 

moderately strong correlation to USG (r=0.73) as well as to 

osmolality (r=0.73) [3]. Kavouras et al. found that self-

assessment of Ucol in children’s 24-hr collection had a 

positive relationship with urine osmolality (r
2
=0.45, p < 

0.001) [4]. In women, even those pregnant and lactating, 

Mckenzie et al. [6] found that 24-hour Ucol was significantly 

correlated to 24-hour urine osmolality (r=0.61-0.84, all p < 

0.001) and 24-hour USG (r=0.62-0.89, all p < 0.001). Mentes 

et al. [7] examined elderly caucasian men and women and 

found that the women with adequate renal function had a 

moderately strong relationship between Ucol and USG 

(rs=0.67). 

The current results agree with the above findings. 

However, it was additionally determined that although the 

qualitative 8-point urine color scale has a strong relationship 

to urine osmolality (rs=0.85) and USG (rs=0.84), the 

quantitative measurement of the CIEL*a*b* colorspace b*-

value has stronger relationships to osmolality (rs=0.89) and 

USG (rs=0.90). 

Among the three quantitative parameters of urine color, we 

found the b*-value had the strongest correlation to both USG 

and urine osmolality, thus the b*-value is the most 
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meaningful in predicting hydration status. This makes sense 

as the b*-value represents the change in color on a scale from 

yellow to blue while the a*-value represents the change in 

color from green to red and the L*-value represents how 

much lightness or darkness is in the color. The differences in 

color depend on the collective change of these three values. 

As the only other study that we know of that used 

CIEL*a*b* colorspace, Zhang et al. also found a strong 

correlation between the b*-value and urine osmolality 

(r=0.86, p < 0.0001), where the b*-value also showed good 

sensitivity (97.4%) and specificity (65.6%) [14]. 

Table 1. Spearman Rho correlation table for urine osmolality, urine specific gravity (USG), 8-point urine color chart, L*-value, a*-value, and b*-value. 

Characteristic 
Urine Osmolality 

(mmol/kg) 

Urine Specific 

Gravity (g/mL) 

8-Point Urine Color 

Scale (units) 

L*-value 

(units) 

a*-value 

(units) 

b*-value 

(units) 

Urine Osmolality (mmol/kg) 1.00 0.97 0.85 -0.70 -0.55 0.89 

Urine Specific Gravity (g/mL) 0.97 1.00 0.84 -0.77 -0.52 0.90 

8-Point Urine Color Scale (units) 0.85* 0.84** 1.00 -0.74 -0.57 0.92 

L*-value (units) -0.70 -0.77 -0.74 1.00 0.37 0.83 

a*-value (units) -0.55 -0.52 -0.57 0.37 1.00 -0.63 

b*-value (units) 0.89* 0.90** 0.92 0.83 -0.63 1.00 

* Indicates correlations were significantly different from each other (p < 0.05). 

** Indicates correlations were significantly different from each other (p < 0.05). 

 

Figure 1. Correlation between urine osmolality (mmol/kg) and the 8-point urine color chart. 

 

Figure 2. Correlation between urine osmolality (mmol/kg) and the b*-value. 



 Advances in Applied Physiology 2020; 5(2): 19-23 22 

 

 

Figure 3. Correlation between the 8-point urine color chart and the b*-value. 

The current study has several weaknesses. First, the study 

utilized free living conditions relevant to real world situations 

over several days, thus factors that might affect urine color 

(e.g., diet, medications, liver disease, kidney disease, etc.) 

were not controlled. Second, these findings require 

replication with a larger and more diverse sample. 

In conclusion, the positive relationship between the 

objective parameters at assessing hydration suggests that a 

subjective assessment of urine is accurate. However, the 

correlation of the b*-value with osmolality and USG were 

greater than the correlation with Armstrong ratings. This 

suggests that a quantitative measurement through multi-

spectral analysis is more accurate at determining hydration 

status than the qualitative urine color chart. These results 

raise the intriguing possibility of spectrophotometry as an 

additional non-invasive method of determining hydration 

status. 

5. Conclusion 

The objective measure of the b*-value has a stronger 

correlation with osmolality and USG than the subjective 

measure of the urine color chart. These results suggest the 

possibility of a quantitative measure of urine color as a 

determinant of hydration status. 
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