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Abstract A practical approach to reduce the interferences
of biochemicals and hematocrit ratio (Hct%) in the
determination of whole blood glucose using multiple
screen-printed carbon electrode (SPCE) test strips is
described. SPCE test strips with and without glucose
oxidase [i.e., GOD(+)-SPCEs and GOD(-)-SPCEs] were
used and the chronoamperometric currents of test glucose
solutions with various spiked uric acid concentrations and
Hct% were measured. By establishing the interference
relationships between glucose concentrations and uric acid
concentrations as well as Hct% values and with appropriate
corrections, the whole blood glucose determinations could
be made to be more accurate and comparable to those
determined by the reference YSI method. Specifically, the
use of the ΔI value, i.e., the current difference between
GOD(+)-SPCE and GOD(-)-SPCE measurements, would
reduce most of the uric acid/biochemical interferences. An
interpolation method was also established to correct for the

glucose determinations with Hct% interferences. The Hct%
corrections using the interpolation method are especially
important and necessary for those blood samples with
glucose concentrations higher than 110 mg dL-1 and Hct%
values lower than 35%. This approach should also be
applicable to other biochemical determinations using
similar electrochemical techniques.
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Introduction

Chronoamperometric biosensors have high sensitivities and
allow the determination of electroactive substances at
concentrations as low as 10-9 M with a dynamic range of
3–4 orders of magnitude. The concept of an amperometric
sensor for glucose was introduced by Clark and Lyons [1]
in 1962. In this case, the electrode response of the glucose
oxidase (GOD) catalyzed glucose oxidation reaction is
dependent on the oxygen concentration in the reaction
medium and the product H2O2 is detected typically
at 500–750 mV vs. the Ag/AgCl reference electrode.
However, this method suffers at least two types of
interferences for whole blood and serum samples. One is
from physiological biochemicals such as uric acid, ascorbic
acid and acetaminophen because these interferents are
oxidized at the same potential range as H2O2 [2, 3]. The
other is due to differences of hematocrit ratio (Hct%), i.e.,
red blood cells ratio [4]. This is because the red blood cell
fraction in the sample may affect the diffusion pathways
and rates of substrates to the enzymes to produce products
and electrochemical signals.
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One useful solution to partially reduce the biochemical
interferences is to introduce a low-oxidation potential
mediator that acts as the electron acceptor of the enzymatic
catalyzed oxidation [5–7]. In this approach, a mediator
such as ferrocene or a quinine-type compound is added in
the reaction vessel to shuttle electrons from the reduced
enzyme to the working electrode. Two major advantages for
using the mediated sensors are that (1) the electrochemical
signals are largely independent of oxygen concentration in
the sample and (2) lower oxidation potentials can be used
instead of that necessary for H2O2. Currently, glucose
electrochemical biosensors with screen-printed carbon
electrodes (SPCEs) and a mediator are commercially
mass-produced for convenient and low-cost homecare
applications. Electrochemical biosensors using similar
design principles for hemoglobin [8], Hct% [9] and uric
acid [10] are also available.

Several other techniques have also been reported to
eliminate the unwanted biochemical interferences. These
include the preconsumption of the interfering substances by
preoxidation employing horseradish peroxidase [11] or
ascorbate oxidase [12], and the effective separation of the
electrode from the interfering substances using a highly
hydrophilic polymeric analyte-regulating membrane [13] or
a polycarbonate membrane coated with a negatively
charged hydrogel layer [14]. Methods of mediator-free
and membrane-free biosensors were also described which
provided means to measure the cathodic (i.e., reduction)
current of the enzymatically liberated H2O2 by metal-
dispersed carbon paste electrodes [15, 16]. More recently, a
biosensor employing carbon nanotube nanoelectrode
ensembles was developed to determine the substrate
concentration selectively and avoided the generation of
overlapping signals from interferents [17]. A continuously
used amperometric biosensor for whole blood sample
analysis calibrated with acetaminophen was claimed to
achieve good correction of interferences by acetaminophen-
specific electrodes [18]. However, the large-scale produc-
tion of these devices is expected to be more complicated
and expensive than that of the SPCEs and may not be
readily suitable for homecare applications.

On the other hand, it was usually found that artificially
higher responses were obtained for samples with lower Hct%
values, and lower responses were obtained for those with
higher Hct% values. In the preferred embodiments of a US
patent [19], the interferences of Hct% of an electrochemical
glucose biosensor were reduced by roughly 50% by the
introduction of a dummy electrode without enzyme.

Owing to its convenience and lower costs, the use of
electrochemical SPCEs for glucose determination in point-
of-care testing (POCT) has continued to increase. Because
it is not practical at the POCT setting to perform sample
pretreatment to reduce interferences such as in a wet

biochemical process, the accuracy and precision of glucose
determinations using the SPCE techniques are particularly
important. Thus, government regulatory agencies have
established the 510K and ISO15197:2003(E) guidelines as
performance criteria. In 1987, the American Diabetes
Association (ADA) recommended that POCT electrochem-
ical glucose determinations should fall within ±15% of
those determined by regular laboratory techniques and the
future goal was to reduce this variability to within ±10% for
glucose concentrations between 30 and 400 mg dL-1. This
goal was later modified by the ADA in 1994–1996 to be
within ±5% of those determined by regular laboratory
techniques [20–22]. Although the criteria in the govern-
ment regulatory guidelines have not been changed so far, it
is inevitable that the glucose determination specifications
are expected to be more rigorous. However, to the best of
our knowledge, no report has been published to date
concerning attempts to reduce the biochemical and hemat-
ocrit interferences and improve the precision and accuracy
of the electrochemical glucose determination [23, 24].

In this paper we report the results of our approach to
reduce the biochemical and Hct% interferences on the
chronoamperometric determination of whole blood glucose
using SPCEs. A practical solution could then be developed
to improve the accuracy and precision of whole blood
glucose determinations to serve the diabetic community
better. This simplified approach could also be applied to
reduce interferences for chronoamperometric determina-
tions of other analytes in the whole blood sample.

Experimental

Materials and equipment

GOD (EC 1.1.3.4, Aspergillus niger, Biozyme Laboratory,
code GO3A), and reagent grade L-ascorbic acid, uric acid,
bilirubin, carboxymethyl cellulose sodium salt, bovine
serum albumin (BSA), lyophilized hemoglobin, deoxy-
cholic acid, acetaminophen and water-soluble cholesterol
(Sigma), D-(+)-glucose, 3-acetamidophenol, Triton X-100,
potassium hexacyanoferrate(III), K2HPO4.3H2O and
KH2PO4 (Merck), glucose/HK and UA plus kits (Roche),
uric acid standard (Randox) and 0.9% saline (Taiwan
Biotech) were used as received. SPCEs and venous and
fresh capillary whole blood samples drawn from normal
people and diabetic patients by a registered nurse were
obtained from APEX Biotechnology Corporation.

A CV50W voltammetric analyzer (Bioanalytical Sys-
tems) was used for all electrochemical measurements. For
comparison purposes, a YSI 2300 STAT Plus glucose and
lactate analyzer (YSI Life Sciences), a HemoCue B-
Hemoglobin analyzer, an SP870 spectrophotometer (Meter-
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tech) and a KUBOTA 3110 micro hematocrit centrifuge
were used for glucose, hemoglobin, uric acid and Hct%
determinations, respectively.

Construction of the SPCE test strips with and without GOD

The SPCE test strips were constructed according to a
described protocol [25]. Conducting films of silver and
carbon ink were screen-printed consecutively on a flat
surface of a PVC board to form a two-electrode system and
the board was dried by hot air. An about 0.27-mm-thick
electrically insulating layer was then applied to the flat
board surface to cover most of the electrode area and
allowed only the connecting and electrochemical reaction
portions to be partially exposed. For SPCE test strips
containing GOD [i.e., GOD(+)-SPCEs], a solution with the
following composition was added on the surface of the
reaction area (% w/w): bovine serum albumin (0.5%),
potassium ferricyanide (6.0%), carboxymethyl cellulose
(0.5%), Triton X-100 (0.07%), phosphate buffer (pH 5.0,
92.30%) and GOD (0.63%). The test strips were dried at
50 °C for 15 min and cut from the PVC board after a
reticular covering mesh had been applied on the reaction
layer. For SPCE test strips without GOD [i.e., GOD(-)-
SPCEs], a solution with a similar formulation to that of
GOD(+)-SPCEs was added to the test strips except that
BSA was used instead of GOD. The amount of the
formulation solution added onto the 12.6-mm2 reaction
area was approximately 5 μL for both GOD(+)-SPCEs and
GOD(-)-SPCEs. All GOD(+)-SPCEs and GOD(-)-SPCEs
were freshly prepared for single use.

Initial study of the effects of biochemical and hematocrit
interferences

The GOD(+)-SPCEs test strips were used to measure the
oxidative cyclic voltamograms for the endogenous and
exogenous biochemicals in the potential range from -400 to
400 mV at a scan rate of 100 mV s-1 using the CV50W
voltammetric analyzer after a 20-s sample incubation
period. For a healthy human being, the ADA recommends
that the blood sugar level is best kept at 80–120 mg dL-1

before meals and at 100–140 mg dL-1 at bedtime when
using a blood sample drawn from a vein (i.e., a whole
blood sample). The numbers increase to 90–130 mg dL-1

before meals and 110–150 mg dL-1 at bedtime when using
a blood sample drawn from a fingertip (i.e., plasma blood
sample) [26]. Thus, the our test glucose saline solutions
were prepared at concentrations of 71, 145 and 290 mg dL-1

to mimic the low-end and high-end glucose levels of a
healthy human being and that of a diabetic. The concen-
trations of the biochemicals (i.e., ascorbic acid, uric acid,
bilirubin, acetaminophen, 3-acetamidophenol and hemoglo-

bin) for the interference studies were prepared according to
the guidelines set by the National Committee for Clinical
Laboratory Standards document EP7-A: interference testing
in clinical chemistry; approved guideline [27].

Quantitation of biochemical and hematocrit interferences

Sample solutions containing the biochemical interferents
were prepared by spiking glucose and interfering biochem-
icals into reconstructed red blood cell saline (RRBC-saline)
as well as oxygenated whole blood solutions. RRBC-saline
solutions with designated Hct% were prepared by using a
fresh venous blood sample, washing four times with three
portions of saline solutions and centrifugation to remove
unwanted biochemicals, and diluting with appropriate
amounts of saline solutions (vide infra). For whole blood
oxygenation, 2 mL whole blood in a 7-mL capped
container was allowed to equilibrate with the atmosphere
on a horizontal rotator for 15 min. The cap was then opened
for 30 s, and the container was recapped and the contents
were allowed to equilibrate for another 15 min. The sample
solutions were added onto the GOD(+)-SPCEs and GOD(-)-
SPCEs, and the SPCE strips were connected to the CV50W
at 25 °C. A constant potential of 300 mV was applied to the
working electrode of the SPCE test strips and the oxidation
currents vs. time data were recorded. Freshly prepared SPCE
test strips were used for each measurement. The accuracies
for the glucose, Hct%, and uric acid determinations were
checked by comparing them with those obtained with the
YSI 2300 STAT Plus, the KUBOTA 3110 centrifuge, and the
Roche UA plus kit/Meterteck SP870 spectrophotometer,
respectively.

Results and discussion

Initial study of the effects of biochemical and hematocrit
interferences

A total of eight endogenous and exogenous biochemicals
were chosen for this study: glucose, ascorbic acid, uric
acid, hemoglobin, bilirubin, cholesterol, acetaminophen
and acetamidophenol. Figure 1 shows selected cyclic
voltamograms of some of these biochemicals at various
concentrations using the GOD(+)-SPCEs in the potential
range from –400 to 400 mVafter 20-s sample incubation. The
current readings of the oxidative cyclic voltamograms at
various concentrations of these biochemicals at 100, 200, 300
and 400 mV are listed in Table 1. It is noted that the
endogenous biochemical concentrations in a normal,
healthy person are generally as follows: glucose, below
150 mg dL-1; ascorbic acid, below 5 mg dL-1; uric acid,
below 10 mg dL-1; bilirubin, below 5 mg dL-1; cholesterol,
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below 200 mg dL-1; hemoglobin, below 10 g L-1 [28]. Thus,
excluding glucose, the higher (than normal) working con-
centrations chosen for fresh hemoglobin (20 g L-1) and the
rest of the biochemicals (300 and 20 mg dL-1, respectively)

for this initial study represent quite stressed physiological
conditions. From the current readings, it is observed that at
300 mV, most of the potential interfering biochemicals show
relatively the greatest interfering signals. It was found that
the degree of biochemical interferences for glucose determi-
nation is roughly in the order uric acid ∼ ascorbic acid >
hemoglobin > bilirubin > cholesterol. For the exogenous
biochemicals, acetaminophen has a higher degree of inter-
ference. However, the effect would be greatly reduced after
this material has been excreted from the body.

For subsequent chronoamperometric measurements of
various concentrations of glucose and uric acid in saline
solutions, a potential of 300 mV was used and the tenth
second current readings after 20-s sample incubation were
collected, as shown in Fig. 2. Under these conditions, the
current signals for glucose measurements in the 50–550 mg
dL-1 concentration range in saline and whole blood (Hct%
of 40%) were linear with good correlation coefficients
(Fig. S1). The measured current data for uric acid were also
linear with uric acid concentrations (data not shown).

One common complication for diabetic patients is
anemia due to hemodialysis [29, 30]. In this case,
abnormally low Hct% values were frequently observed for
whole blood samples. Thus, it is important to evaluate the
determination of blood glucose at low Hct% using SPCEs.
The Hct% interference effects on the current measurements
using GOD(+)-SPCEs at several glucose concentrations are
shown in Fig. 3. As expected, higher current readings were

Fig. 1 Voltamograms of glucose and biochemicals in saline solutions
on the screen-printed carbon electrode test strips with glucose oxidase
[GOD(+)-SPCEs] after 20-s sample incubation (scanning rate,
100 mV/s). a Control, glucose, 0 mg dL−1; b glucose, 100 mg dL−1;
c glucose, 200 mg dL−1; d ascorbic acid, 20 mg dL−1; e uric acid:
20 mg dL−1; f hemoglobin, 20 g L−1

Table 1 The current readings (μA) at various concentrations of selected biochemicals using the screen-printed carbon electrode test strips with
glucose oxidase [GOD(+)-SPCEs] at scanning potentials of 100, 200, 300 and 400 mV

Biochemicals Concentrations Scanning voltage (mV)

100 200 300 400

Saline 4.7 4.8 4.8 4.8

Glucose 71 mg dL−1 20.6 24.7 24.9 23.4
145 30.6 43.5 47.8 47.2
290 46.2 67.9 81.1 88.2

Ascorbic acid 10 mg dL−1 8.8 8.9 8.7 7.7
20 14.6 15.6 15.1 13.5

Uric acid 10 mg dL−1 7.7 8.1 7.9 7.1
20 11.3 11.8 11.4 10.6

Bilirubin 10 mg dL−1 6.7 6.5 6 5.5
20 7.9 7.2 6.7 6.2

Cholesterol 150 mg dL−1 5.1 4.9 4.8 4.7
300 4.2 4.2 4 3.8

Fresh hemoglobin 10 g L−1 7.7 7.8 7.5 6.9
20 11.5 12.5 11.7 10.7

Lyophilized hemoglobin 10 g L−1 4.9 4.8 4.8 4.8
20 5.1 5 4.9 4.8

Acetaminophen 10 mg dL−1 5.5 7.7 12.6 12.4
20 5.3 9.7 18.4 20.9

3-Acetamidophenol 10 mg dL−1 4.9 5 4.8 5
20 4.7 4.8 4.8 4.8
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observed for glucose concentrations with lower Hct% values.
An exponential decay relationship, i.e., I=ke-b[Hct%], could be
established between the current readings and the Hct%
values with correlation coefficients R2≥0.9088.

For a given glucose concentration, the current responses
at various Hct% values and two uric acid concentrations are
shown in Fig. 4 with the use of GOD(-)-SPCEs. A similar
result to that of the above-discussed GOD(+)-SPCEs was
observed and corroborated well with those reported earlier
[19]. The normal adult hematocrit ranges are 39–51% for
men and 36–44% for women [31]. Outside this range, the
glucose determinations using this technique would give
larger errors, particularly for those with lower Hct%.

Initial elimination of interferences of uric acid/biochemicals
and Hct%

Three kinds of current signals are defined in this study: (1)
I(s+i) is the current reading obtained with the GOD(+)-
SPCEs and includes that of glucose with biochemical and
hematocrit interferences, (2) Ii is obtained with GOD(-)-
SPCEs and is due to biochemicals with minor hematocrit
interferences and (3) the calculated corrected current,
ΔI=I(s+i) -Ii. Note that the hematocrit interference might not
be completely eliminated by just calculating ΔI because the
degree of hematocrit interferences in glucose determination
is usually greater than that of other biochemicals (vide
infra). To minimize the interferences of Hct% completely,
additional interpolation was exercised (vide infra).

The tenth second I(s+i) and Ii values were obtained after
an initial 20-s sample incubation period. Figure 5 shows the

Fig. 3 Whole blood chronoamperometric current readings vs.
hematocrit ratio (Hct%) at various glucose concentrations using
GOD(+)SPCEs. The glucose concentrations were a 75.7, b 170.4,
c 318.0 and d 462.0 mg dL−1. The uric acid concentration was
6.5 mg dL−1. The best-fitted equations were a Y=5.491e−0.0097X

(R2=0.909), b Y=18.599e−0.0156X (R2=0.994), c Y=42.482e−0.0204X

(R2=0.997) and d Y=64.524e−0.0186X (R2=0.993)

Fig. 2 Chronoamperometric currents of saline solutions containing
different glucose and uric acid concentrations vs. time at 300 mV on
the GOD(+) SPCEs after 20-s incubation. Glucose: a 0, b 71 and
c 145 mg dL−1. Uric acid: d 5, e 10 and f 20 mg dL−1

Fig. 4 Whole blood chronoamperometric current readings vs. Hct% at a
glucose concentration of 85 mg dL−1 using screen-printed carbon
electrode test strips without glucose oxidase [GOD(-)SPCEs]. Uric acid
concentrations in the whole blood were a 4.6 and b 16.3 mg dL−1. The
best-fitted equations were a Y=1.512e−0.0198X (R2=0.992) and
b Y=2.674e−0.0191X (R2=0.992)
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current (i.e., I(s+i) and Ii) plots against spiked uric acid
concentrations in two sets of blood glucose solutions, i.e.,
93 mg dL-1 (Hct% 46%) and 316 mg dL-1 (Hct% 42%).
The ΔI values are also plotted in Fig. 5. It is observed that
the slopes of both I(s+i) and Ii plots against uric acid
concentrations are similar and the slopes of both ΔI plots
against uric acid concentrations are close to zero. This
implies that after uric acid concentration corrections, the
glucose oxidation currents are independent of uric acid
concentration, if Hct% values are not very different.

In an attempt to eliminate Hct% interferences, a series of
glucose solutions were prepared with various concentra-
tions and Hct% values. The solutions were spiked with
various amounts of uric acid. The I(s+i) and Ii readings were
recorded in the same way as those of Fig. 5, and
corresponding ΔI values were calculated. Figure 6 shows
plots of ΔI values against Hct% values at four blood
glucose concentrations. From these plots, it is observed that
for a glucose concentration of 75.7 mg dL-1, the current
readings are similar in the Hct% range tested. However, for
glucose concentrations of 170.4, 318.0 and 462.0 mg dL-1,
the current readings are increasingly higher at lower Hct%
values, as expected (vide supra). Additional efforts to
eliminate Hct% interferences are described later.

Practical applications

Previously a correlation for the determination of whole
blood glucose between the more convenient YSI method
and that of the more accurate photometric hexokinase
method [32] was established in our laboratory using 96
plasma samples. The correlation equation was [glucose]YSI=
1.064[glucose]hexokinase-12.63, with R2=0.9781. For conve-
nience, the YSI method was used for the practical
applications discussed in this section.

The above-discussed methods to eliminate biochemical and
Hct% interferences were applied to 37 preclinical human
samples (16 from men and 21 from women). The experimen-
tally obtained I(s+i) and Ii values as well as calculated ΔI
values are listed in Table 2. The data in column 2 (i.e.,
[glucose]YSI), column 3 (i.e., [UA]optic) and column 4 (i.e.,
[Hct]KUBOTA) of Table 2 are the glucose and uric acid
concentrations and the Hct% values determined directly using
the methods of the YSI 2300 STAT Plus, the Roche UA plus
kit/Meterteck SP870 spectrophotometer and the KUBOTA
3110 centrifuge, respectively. The uncorrected glucose con-
centrations in column 6 (i.e., [glucose]uncorr) were obtained
using the I(s+i) values (column 5) and a calibration curve was
established between the data in columns 2 and 5 [33–35],
i.e., I(s+i)=0.0613[glucose]uncorr+0.0168. For each sample, a
percentage bias value is calculated using the corresponding
values in columns 2 and 6 and the sum of the absolute
percentage bias values for all samples is 204.2. Similarly, the

Fig. 6 Whole blood chronoamperometric ΔI values vs. Hct% at
various glucose concentrations. The tenth second I(s+i) and Ii readings
were recorded after 20-s sample incubation and ΔI was calculated.
Glucose concentrations a 75.7, b 170.4, c 318.0 and d 462.0. Best-
fitted equations a Y=4.419e−0.0133X (R2=0.909), b Y=17.958e−0.0184X

(R2=0.990), c Y=42.023e−0.0219X (R2=0.998) and d Y=64.696e−0.0199X

(R2=0.995)

Fig. 5 Effects of spiked uric acid concentrations on the whole blood
chronoamperometric current readings. The tenth second I(s+i) and Ii
readings were recorded after 20-s sample incubation and ΔI was
calculated. a Glucose, 93 mg dL−1: I(s+i) (closed squares), Ii (open
squares), ΔI (diamonds); best-fitted equation for ΔI, Y=−0.002X+
6.481. b Glucose, 316 mg dL−1: I(s+i) (closed circles), Ii (open circles),
ΔI (crosses); best-fitted equation for ΔI, Y=0.027X+17.089. The
range of all standard deviations is 0.053–0.192. UA uric acid
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uric acid corrected glucose concentrations in column 9 (i.e.,
[glucose]uacorr) were obtained using the ΔI values (column 8)
and a calibration curve was established between the data in
columns 2 and 8, i.e., ΔI=0.0601[glucose]uacorr-0.4421. The
sum of the absolute percentage bias values for [glucose]uacorr
is reduced to 181.7, indicating some improvement in accuracy.
If the 37 samples are divided into a high-glucose group (the

first 14 samples; more than 120 mg dL-1 glucose) and a
normal-glucose group (the last 23 samples; less than 120 mg
dL-1 glucose), it is found that the percentage bias is largely
contributed by the samples from the high-glucose group, i.e.,
samples from the higher-risk patients.

Compared with Hct% interferences, uric acid/biochem-
ical interferences and others such as sample/strip back-

Table 2 Comparisons of the I(s+i) and ΔI readings as well as uncorrected and corrected glucose concentrations for 37 preclinical human samples

Sample Reference methods GOD(+)-SPCEs only GOD(+)-SPCEs and GOD(−)- SPCEs

[Glucose]YSI [UA]optic [Hct]KUBOTA I(s+i)=0.0613 ×[glucose]uncorr+0.0168 ΔI=0.0601 ×[glucose]uacorr− 0.4421

(mg dL−1) (mg dL−1) (%) I(s+i) [Glucose]uncorr |Bias%| I [Glucose]uacorr |Bias%|

1 352.0 7.1 39.0 21.2 345.4 1.9 20.5 348.7 0.9
2 330.0 9.1 44.0 21.3 347.5 5.3 20.1 341.1 3.4
3 329.0 2.5 43.0 20.5 333.9 1.5 20.0 340.0 3.4
4 298.0 4.0 43.0 18.0 292.6 1.8 17.0 290.1 2.6
5 270.0 2.4 45.0 14.1 230.1 14.8 13.7 234.7 13.1
6 258.0 4.4 33.0 18.0 292.6 13.4 17.0 290.1 12.5
7 257.0 6.7 44.0 15.0 243.7 5.2 14.3 244.7 4.8
8 248.0 5.4 38.0 15.4 250.2 0.9 14.7 252.7 1.9
9 248.0 8.4 43.0 15.5 251.9 1.6 14.7 251.3 1.3
10 232.0 5.0 43.5 13.1 213.3 8.1 12.5 214.7 7.5
11 200.0 4.0 31.0 15.0 244.8 22.4 13.7 235.8 17.9
12 175.0 3.6 45.5 9.5 154.0 12.0 8.8 154.0 12.0
13 175.0 4.6 37.0 11.6 188.8 7.9 10.7 185.9 6.2
14 134.0 4.0 39.0 6.5 106.2 20.8 6.0 106.6 20.4
Subsum 117.4 107.9
15 112.0 4.8 43.0 6.5 106.5 5.0 6.2 109.8 2.0
17 102.0 4.4 45.0 6.4 104.4 2.3 5.8 103.6 1.6
18 101.9 3.8 42.0 6.2 101.2 0.7 5.7 102.4 0.5
19 98.7 5.3 41.0 6.5 105.6 7.0 6.0 106.4 7.8
20 98.5 3.7 38.0 6.4 104.2 5.8 5.5 99.5 1.0
21 95.6 4.3 38.0 6.2 101.4 6.1 5.7 102.3 7.0
22 92.5 5.6 44.0 6.0 98.0 6.0 5.5 98.5 6.4
23 89.9 5.2 40.0 5.4 87.6 2.5 5.0 90.5 0.7
24 89.6 7.1 44.0 5.7 92.3 3.0 5.1 91.9 2.6
25 89.4 6.4 51.0 5.0 81.8 8.5 4.8 87.0 2.6
26 87.0 3.9 41.0 5.4 88.1 1.3 5.0 90.2 3.7
27 86.5 3.4 36.0 5.4 87.7 1.4 4.9 89.6 3.6
28 85.0 4.1 41.0 5.1 82.8 2.6 4.5 81.7 3.9
29 84.8 5.4 45.0 5.3 86.9 2.5 4.7 85.4 0.7
30 82.2 9.0 47.0 5.3 86.2 4.9 4.6 83.8 2.0
31 81.0 6.6 41.0 5.1 83.3 2.9 4.6 83.9 3.5
32 80.2 4.7 42.0 4.7 76.4 4.7 4.1 75.8 5.4
33 78.0 3.7 42.0 4.5 73.0 6.4 4.0 74.4 4.6
34 72.3 3.2 42.0 4.5 73.8 2.0 4.0 74.0 2.4
35 70.5 6.2 51.0 4.5 72.4 2.6 3.9 72.0 2.1
36 69.0 2.7 33.0 4.4 71.4 3.5 3.8 70.6 2.3
37 67.0 4.0 39.0 4.1 66.5 0.8 3.5 65.0 3.0
Subsum 86.8 73.8
Sum 204.2 181.7

GOD(−)-SPCEs screen-printed carbon electrode test strips without glucose oxidase, [glucose]YSI glucose concentration determined using the YSI
2300 STAT Plus, [UA]optic uric acid concentration determined using the Roche UA plus kit/Meterteck SP870, [Hct]KUBOTA hematocrit ratio
determined using the KUBOTA 3110 centrifuge, [glucose]uncorr uncorrected glucose concentration, [glucose]uacorr uric acid corrected glucose
concentration
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ground interferences are relatively lower and the use of
ΔI values would eliminate most of these minor interfer-
ences. However, glucose measurements using SPCE test
strips are also interfered with by Hct%, particularly for
samples with high glucose concentration and low Hct%
(Figs. 3, 6). For example, although both samples 27 and 36
have abnormally low uric acid concentrations (i.e., outside
the 3.5– 8.5 mg dL-1 range) and Hct% values (i.e., outside
the 36–51% range), the percentage bias values are relatively
low because they were in the low glucose concentration
group. On the other hand, samples 6 (Hct% 33%) and 11
(Hct% 31%) with normal uric acid concentrations but
abnormally low Hct% values tend to have much greater
percentage bias values.

To further improve the accuracy of the glucose measure-
ments, we propose the following method to reduce the
Hct% interferences, using sample 11 as one example. The
initially determined glucose concentration of sample 11
(i.e., 244.8 mg dL-1) fell between 170.4 and 318.0 mg dL-1;
therefore, the exponential decay equations represented by
curves b and c in Fig. 3 are applicable to calculate the two
current values, i.e., 11.5 μA (using the equation represented
by curve b) and 22.6 μA (using equation represented by c)
at Hct%=31%. Using the determined I(s+i) value of 15.0 μA
in Table 2 (column 5, sample 11) and by interpolation, we
calculated [glucose]Hct-corr of sample 11 to be 217.71 mg dL-1

for the I(s+i) system. The percentage bias is reduced to 8.8
and is lower than the corresponding value, 22.4 (Table 2,
column 7, sample 11), without any corrections. If the ΔI
value of 13.7 μA for sample 11 and the equations
represented by curves b and c in Fig. 6 are used, the value
of [glucose]Hct-corr. in the ΔI system is 217.69 mg dL-1. The
percentage bias is also reduced to 8.8 and is again lower
than the corresponding value, 17.9 (Table 2, column 10,
sample 11), with only uric acid/biochemical correction (cf.
Table S1 for sample calculations). Similarly, the respective
percentage bias values of sample 6 after Hct% corrections
are 3.1 and 4.9, and are lower than the respective values,
13.4 (Table 2, column 7, sample 6) and 12.5 (Table 2,
column 10, sample 6). The differences of the percentage
bias values of Hct% corrected values and that of Hct%
uncorrected values for other samples with normal Hct% are
not as large as for samples 6 and 11. Thus, hematocrit
corrections are especially important for samples with
abnormal hematocrit values.

In “Initial elimination of interferences of uric acid/
biochemicals and Hct%,” only glucose solutions with
spiked uric acid and adjusted Hct% were examined to
illustrate the interference effects, i.e., the sample back-
ground complexity of blood glucose determination was
somewhat simplified. However, the results of the simplified
exponential decay models were still quite useful in practical
applications, because by only determining the uric acid

concentrations and Hct% values for the samples in Table 2,
we could make significant correction improvements for the
glucose determinations. From the results discussed in this
section, Hct% corrections have been found to be more
important for low Hct% samples. Corrections with uric
acid/biochemicals interferences, although evident, may not
be as drastic as those with Hct% corrections. The present
approach should also be applicable to other analytes that
can be determined by SPCE electrochemical techniques.
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