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Glucose and protein in urine are among the important substances for urine analysis and have generally been measured based on
a reagent strip test. In this study, these two substances were measured using mid-infrared absorption spectroscopy. Samples were
prepared from a commercial synthetic urine product. Glucose and albumin were added as well as red blood cells, which are expected
to create the most spectroscopic interference of any substance. Concentrations of these substances were varied independently. Optimal
wavelength regions were determined from a partial least squares regression analysis (glucose 980 - 1150/cm, albumin 1400 - 1570/cm).
Interference by other substances increased the differences between measured and predicted values. Albumin measurement in particular
weres heavily influenced by the presence of glucose and red blood cells. Depending on the inference by other substances, measurement
errors were 29.85~45.19 mg/dl for a glucose level between 0 and 1000 mg/dl and 14.0~93.11 mg/dl for an albumin level of 0 ~
500 mg/dl. Our study proposes an alternative to the chemical test-strip analysis, which shows only discrete concentration levels.
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TABLE 1. Regression and prediction of glucose and albumin concentrations in synthetic urine with respect to different wavelength regions

N Wavelength Glucose N Wavelength Albumin
o [1/cm] R? RMSECV [mg/dI] o [/em] R? RMSECV [mg/dI]
1 980-1150 0.9920 29.85 1 1400-1570 0.9939 14.00
2 1000-1130 0.9897 33.95 2 1500-1590 0.9900 17.89
3 1000-1500 0.9895 34.15 3 1400-1590 0.9870 20.43
4 1000-1170 0.9893 34.49 4 1000-1590 0.9854 21.66
5 4000-4545 0.6740 190.69 5 1100-1350 0.9837 22.86
6 5500-6500 0.5593 221.65 6 2700-3000 0.9612 35.25
RMSECV : root-mean-square standard error of cross validation
R® : correlation coefficient
1.2 1.8
—— Omg/dl 0 mg/dl
100 mg/dl ; 1.6 50 mg/dl
,,,,,, 500 mg/dl // -———-- 100 mg/dl
o "1 ——— 1000 mg/dl 2 ——— 500 mg/dl
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FIG. 1. Absorption spectra of glucose and albumin in the synthetic urine (Surine™, DTIL, U.S.A.) : (a) glucose concentration between 0 and
1000 mg/dl, (b) albumin concentrations between 0 and 500 mg/dl.
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TABLE 2. Prediction of glucose and albumin concentrations for different sample groups. Group 'Total' includes all the samples except outliers.

Groups A and C do not include any red blood cells. Group B does not have any albumin and Group D contains no glucose

prediction substance sample group R’ RMSECV [mg/dl] No of samples remarks
Total 0.9834 45.19 93
Glucose A 0.9923 32.29 2 RBC = 0
(0 ~ 1000 mg/dl) ' ’
B 0.9891 37.08 23 Albumin = 0
Total 0.7819 93.11 93
Albumin
C 0.9407 51.54 24 RBC =0
(0 ~ 500 mg/dl)
D 0.9123 64.95 16 Glucose = 0
Glucose Albumin
glu alb RBC glu alb RBC
40 300
IS 5 250
% 30 %
.5 .E 200+
2 204 2 150
B -g / /./'
X ~— >— e o 100+ ././' /
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FIG. 2. Main effect plots from Design of Experiment (ANOVA: analysis of variance). Level in x-axis is the concentration level and y-axis is

% prediction error.
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Absorption spectra in the wavelength region of albumin prediction. Spectra with different interfering substances in the synthetic urine
were measured. Albumin = 500 mg/dl, glucose = 1000 mg/dl and red blood cells = 1.0 mg/dl.
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FIG. 4. Calibration and cross-validation results for glucose and albumin given in Table 2 (Total sample group).
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FIG. 5. An overall process of calibration and prediction modeling.

TABLE 3. Further studies for albumin prediction where different sample groups were arranged according to the concentration levels of
interfering substances (glucose and red blood cells). Numbers of calibration and predictions samples are given as well.

Concentration Range [mg/dl] No. of samples
Target Group Glucose Alburmin REC calibration prediction
group group

T 0 ~ 1000 0 ~ 500 0~1.0 32 16

1 0 ~ 300 0 ~ 500 0~10 31 16
Albumin 2 500 ~ 1000 0 ~ 500 0~10 30 16

3 0 ~ 1000 0 ~ 500 0~0.1 32 16

4 0 ~ 1000 0 ~ 500 0.5 ~ 1.0 30 15

TABLE 4. Cross validation and prediction of albumin concentrations using different sample groups given in Table 3.

Cross-validation Prediction
Group 3 3
R RMSECV [mg/dl] R RMSEP [mg/dl]

T 0.8659 80.18 0.8009 96.66

1 0.9058 58.59 0.8595 85.61

2 0.5725 123.51 0.5432 149.82

3 0.9095 60.35 0.9321 54.60

4 0.7223 107.49 0.3675 146.21
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FIG. 6. Cross-validation and prediction results for glucose and albumin given in Table 4 (Group 3). 32 samples were used for calibration and

concentrations of 16 samples were predicted.
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