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Introduction

Monitoring of blood lactate (BLa) concentration during exercise is one of
the most consistent indicators of exercise intensity, and commonplace
in sports physiology laboratories and in the field ', Lactate analysis
is performed for prescription of training intensities, and to evaluate
individual responses to specific training sessions . A portable lactate
analyser allows real-time data feedback during on-field testing and
training monitoring. In this study, we assessed the validity and reliability
of the portable lactate analyser Nova (Lactate Plus, Nova Biomedical,
USA) against two valid and reliable laboratory-based lactate analysers,
the EKF (Biosen C-line Sport, EKF Diagnostics, Germany) and the
YSI (YSI 1500, Yellow Springs Instrument Company, USA). In addition,
we also compared the performance of the Nova analyser with that of
three portable lactate analysers, Lactate Scout (LS, EKF Diagnostics,
Germany), Lactate Pro | (LP, Arkray KDK, Japan) and Lactate Pro Il
(LP2, Arkray KDK, Japan). Thus, we determined the reproducibility
and validity of the Nova analyser results for BLa, and the quantitative
agreement between the Nova analyser and laboratory analysers for
lactate monitoring of subjects during exercise of difference intensity.

Methodology

Subject

Fifty-one trained and healthy individuals from the Hong Kong Sports
Institute (HKSI) were recruited to participate in this study. All participants
gave written informed consent and the protocol was reviewed and
approved by the HKSI.

Experimental design
Blood samples were taken during a VO, max test and an incremental

step-test across a range of exercise intensities from rest to exhaustion
(0.5 mM to 22 mM lactate) ®”. 300 uL Capillary blood samples were
drawn from the fingertips of the subjects and collected in a large
capillary tube (300 pL) ®*%. Samples were randomly allocated to
different lactate analysers and used for inter-analyser comparison using
both laboratory analysers (EKF and YSI) and all portable analysers (LP,
LP2 and LS) against the Nova portable analyser.

Statistical analysis
A comparison of the results of analysers was performed using a Pearson

product-moment correlation analysis and a paired t-test. Least-product
regression analysis was used rather than least-squares regression,
to minimise the deviation of both the dependent variable and the
independent variable from linear regression with a 95% confidence
interval (Cl). The inter-reliability of EKF, YSI and Nova analysers was
tested, while the validity of the Nova analyser was tested against the two
laboratory analysers and the three portable lactate analysers.

Results

Reliability

Two samples of blood were collected from each subject for intra-
comparison of EKF, YSI and Nova. Results for the three pairs of lactate
analyser tests were highly correlated (r > 0.99), and paired t-tests
showed that no significant difference (p > 0.05) existed in the results
generated by the three analysers.

Validity

The results showed that a very strong relationship (r > 0.97) existed
between the results generated by Nova and those generated by
the other five analysers (EKF, YSI, LS, LP1 and LP2). A paired
t-test showed that the results from Nova were not significantly
different from those obtained from EKF and LS (p = 0.42 and 0.92
respectively), while there was a significant difference between the
results from Nova and those from YSI, LP1 and LP2 (p < 0.001).
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Least-product regression (Table 1) indicated that proportional biases
existed between the results of Nova and LP (slope = 0.85, 95% CI = 0.8
to 0.9) and between the results of Nova and LP2 (slope = 1.16, 95% ClI
=1.12 to 1.21). Small fixed biases were observed between the results
of Nova and LS (y-intercept = -0.55, 95% CI = -1.05 to -0.05), and also
in the results from LP (y-intercept = 0.7, 95% CI = 0.35 to 1.05) and LP2
(y-intercept = -0.78, 95% CI = -1.21 to -0.35) in comparison with the
results from Nova.

Table 1. Least-product regression equation, 95% ClI for y-intercept
and slope for the Nova lactate analyser results compared with
those of five other lactate analysers

Lactate analyser Equation 95% Cl for 95% ClI for
comparison y-intercept slope
Nova VS EKF | y =-0.18 + 1.04x (-0.51, 0.15) (0.96, 1.11)
Nova VS YSI y=-0.3 +1.01x (-0.72,0.13) (0.92, 1.11)
Nova VS LS y =-0.55+1.06x | (-1.05,-0.05)" (0.99, 1.13)
Nova VS LP y =0.7 + 0.85x (0.35,1.05) " (0.8, 0.9)*
NovaVSLP2 |y=-0.78+1.16x | (-1.21,-0.35)" (1.12,1.21)*

1 95% ClI for y-intercept not including the value of 0 means that fixed bias existed
*95% CI for slope not including the value of 1 means that proportional bias existed

Discussion

The findings of this study indicated that BLa measurements from the
Nova analyser were highly comparable to those from two laboratory
standard BLa analysers (EKF and YSI). A linear relationship existed
between the lactate values obtained using Nova, EKF and YSI, which
substantiates the reliability and validity of Nova. Therefore, the Nova
lactate analyser is recommended for BLa monitoring of athletes during
on-field training.

An interesting finding is that results from the Nova and LS analysers are
somewhat interchangeable, as indicated by regression transformation.
There was also a small fixed bias between measurements made with
these two analysers, but there was no evidence of a proportional bias
(Table 1). This may imply that the lactate values measured by Nova
and LS were closer than the values measured by Nova and LP, and by
Nova and LP2. The existence of a high fixed and proportional bias must
therefore be considered when determining the suitability of LP or LP2
analysers to replace Nova during physiological assessments.

Both Nova and LS appear suitable for use out of the laboratory. These
devices required blood volumes of 0.7 pL (Nova) and 0.5 L (LS) ", and
had analysis times of 13 s (Nova) and 10 s (LS). However, each batch of
LS analyser test-strips requires a unique calibration, whilst no calibration
is needed when using the Nova analyser '®. Thus, use of Nova
eliminates a time-consuming step that is also a source of real error, and
is thus preferable.

To conclude, the Nova portable lactate analyser is accurate and reliable,
with performance comparable to that of EKF or YSI laboratory analysers
across a full range of lactate concentrations. In addition, only a short
time is required for BLa measurement by the Nova analyser. Thus, the
authors recommend the use of the Nova analyser for BLa monitoring
during on-field training.
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