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A B S T R A C T   

Background: Analysis of acid-base status (ABS) is requested in a wide range of clinical scenarios, including in the 
assessment of athletes’ performance and follow up, but there is a lack of high-quality biological variation (BV) 
data. The aims of this study were to estimate the BV of ABS related parameters in athletes and to evaluate if 
variables related to exercise may influence the estimates. 
Material and methods: Eleven samples from 30 triathletes were drawn, on a monthly basis. The samples were 
measured for pH, pCO2, bicarbonate, base excess, TCO2, Ca2+ and lactate. A CV-ANOVA was performed to 
calculate within-subject (CVI) estimates and a linear mixed model was applied to analyze the effect of the 
folowing variables on the BV; health status, sampling interval, intensity and duration of the exercise. 
Results: For all ABS parameters except for lactate, higher CVI estimates were found in athletes than what have 
been reported for the general population. No significant effect of the exercise and sampling related variables 
were observed, except for Ca2+. 
Conclusion: This difference founds in ABS parameters between athletes and the general population could be 
explained by the physiological stress during exercise. Laboratories attending this population could use these BV 
estimates to establish quality goals.   

1. Introduction 

Venous acid-base analysis is performed in a wide range of clinical 
scenarios to provide an evaluation of the acid-base status (ABS). These 
include inpatients in a critical care setting analysis of lactate concen-
trations to evaluate the severity of sepsis [1] and in outpatients, mea-
surement of bicarbonate/lactate to assess the progression of renal 
impairment reflected in metabolic acidosis [2]. ABS is often used in a 
monitoring situation, where current results are compared with previous 
results. Thus, it is essential to have knowledge on the homeostatic 
regulation of these biomarkers and to have a tool to distinguish physi-
ological changes in patients from analytical noise and normal biological 
variation. 

Biological variation (BV) describes the variation in the concentration 
of a certain measurand around the homeostatic set point; within an in-
dividual (within-subject BV; CVI) or between the homeostatic points 
from different individuals (between-subject BV; CVG) [3]. BV data have 
many important applications in laboratory medicine. These encompass 
setting analytical performance specifications (APS) [4], to assess the 
individuality of a measurand by the index of individuality (II) [5], to 
interpret serial results in an individual by the reference change value 
(RCV) [5], and to deliver personalized reference intervals [6]. However, 
when applying BV estimates, they must be reliable and relevant to the 
population to which they will be applied. The European Federation of 
Clinical Chemistry and Laboratory Medicine (EFLM) has published 
recommendations for the design and delivery of BV studies to obtain 
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robust BV estimates [7] and the Biological Variation Data Critical 
Appraisal Checklist (BIVAC) [8] which is a tool for critically assessing 
BV studies by their quality design and methodology. A meta-analysis 
with BV estimates for many measurands is published in an EFLM data-
base [9]. However, as of today, there are a very limited number of BV 
studies for ABS measurands. 

In athletes, the ABS is used to derive lactate thresholds during a stress 
test. These thresholds are considered highly reliable to identify the 
workload at the transition from aerobic to anaerobic metabolism as an 
alternative to the ventilation thresholds [10]. 

Recently, lactate has also been suggested as a potential marker to 
detect overtraining syndrome [11], when following athletes over time, 
probably because an increase in lactate concentrations indicates an 
unbalance in the metabolism that drives an acid accumulation. In these 
contexts, knowledge on BV of ABS measurands in athletes could help to 
understand the behavior of these measurands during athlete monitoring. 
However, to the best of our knowledge, there are no BV data for ABS 
available for athletes. 

Furthermore, in athletes, oxygenation and acid-basic metabolism 
mechanisms could be influenced by exercise, creating an imbalance 
between production and clearance of acids from the anaerobic meta-
bolism [12]. The concentration of these metabolites and related routes 
could therefore be subject to greater variations in athletes than in 
sedentary subjects, and consequently, higher BV estimates could be 
expected in athletes than in the general population. Furthermore, the 
type of training, type of exercise, intensity and duration could influence 
the individual results. 

Additionally, it may be helpful to establish specific reference in-
tervals (RI) for athletes. The standard way to assess an individual’s result 
is to compare it to a RI based on reference population values [13]. The RI 
usually represents data from the general population and is not neces-
sarily transferable to specific conditions such as pregnancy, obesity or in 
this case, athletes. 

The aims of this study were to deliver BV data for the ABS related 
parameters in athletes following a BIVAC compliant study design and to 
evaluate variables related to exercise that could theoretically influence 
these BV estimates. Furthermore, we performed a systematic review of 
BV studies on ABS related measurands and verified the RI published for 
these markers in our athlete population. 

2. Materials and Methods: 

2.1. Bibliographic search 

A literature search for BV studies on ABS related measurands (pH as 
hydrogen ion concentration ([H+]), partial pressure of carbon dioxide 
(pCO2), bicarbonate, base excess, and total carbon dioxide (TCO2), 
ionized calcium (Ca2+) and lactate) was conducted with cut-date 
November 30th, 2020). The search was performed in Pubmed, using 
as key terms [the measurand] in question with each of the following 
combinations: “within-subject*,” “between-subject*, “within-person*,” 
“between-person *,” “interindividual*,” and “intraindividual *, where 
the asterisk denotes “biological variation,” “variation,” “coefficient of 
variation,” and “CV”. 

2.2. Study population 

The study was presented in a formal meeting and by e-mail for three 
triathlon clubs from Madrid (Spain) and 32 subjects were recruited using 
the following inclusion criteria: 

Absence of any physical injury or complete recovery in the previous 
4 weeks, age > 18 years, > 13 h of training per week (Including running, 
cycling and/or swimming) and normal medical examination and normal 
stress tests, including electrocardiogram, spirometry and dynamometry, 
based on a sports medicine physician criteria. 

Thereafter, the following exclusion criteria were applied: 

History of cardiovascular, hematology, metabolic, thyroid, liver or 
kidney disease or a blood test results that indicated a chronic or acute 
disease, carrier state for HBV, HCV, and HIV, hospital inpatient the 
previous 4 weeks, blood donation in the previous 3 months or pregnancy 
or breastfeeding within one year. In the first visit, preliminary analysis 
was performed to check the recruited subjects’ health status. This 
included; haemogram, glucose, creatinine, total cholesterol, LDL- 
cholesterol, HDL-cholesterol, triglycerides, gamma- 
glutamyltransferase, alanine-amino-transaminase, aspartate-amino- 
transaminase, total and direct bilirubin, creatinine-phosphokinase, 
alkaline phosphatase, C-reactive protein, total proteins, thyroid stimu-
lating hormone. Serum HIL index (haemolysis, icterus and lipaemia 
index) was performed on all samples. Two subjects were excluded, a 
male (hereditary spherocytosis) and a female (hypothyroidism), leaving 
30 subjects enrolled in the study (15 females and 15 males), aged 19 to 
53 years. During the study, two individuals decided to abandon the 
study voluntarily, but their results (six visits) were included in the 
calculations. 

2.3. Stress test 

During the stress test (continuous ramp until exhaustion), spirometry 
and ergometry were performed and the ECG and blood pressure were 
monitored. Besides, maximum oxygen intake (VO2max) was measured 
representing the maximum amount of O2 that the body can distribute to 
the tissues and which is the most representative performance indicator 
in athletes [14]. The aerobic (AT) and anaerobic (ANT) threshold are 
also good markers to know the type of metabolism that is being utilized 
to obtain energy and to derive workload zones [15]. The ANT is the limit 
from which the balance between the O2 demand and supply is disrupted, 
resulting in a lactate accumulation. The heart rate (HR) and power were 
measured at the different thresholds. 

2.4. Sample collections 

In accordance with the Røraas simulation [16] and to assure a con-
fidence interval (CI) width lower than 1/3 CVI, eleven samples per 
subject from 30 subjects were drawn on a monthly basis (from January 
to November) at 8–10 am (Saturday morning) after ten hours fasting, 
with participants being instructed to avoid heavy dinner and not to 
participate in competition for one week and not to perform high in-
tensity exercise 24 h prior to sampling. High intensity exercise was 
defined as a heart rate (HR) > 82% of their maximum HR [16]. A 
stringent protocol was applied including standardizing of the pre-
analytical phase with venous blood collection being performed by the 
same phlebotomist for all visits after subjects rested 15 min in the seated 
position. 

The subjects completed at each visit a follow-up questionnaire 
including questions on fasting, nutritional supplements and diet 
changes, disease status and medication, last competition time, last 
training time with information on type and intensity and for women, 
date of last menstruation. 

2.5. Sample analysis 

Blood samples were drawn with a calcium balanced lithium – hep-
arin ABS analysis Syringe (Becton-DickinsonR) and measured within a 
maximum of 2 min after blood collection, in duplicate on a POCT 
analyzer (ABL 90 Flex. RadiometerR). The analysed measurands were 
pH, (converted to [H + ]), pCO2, bicarbonate, base excess, and TCO2, 
Ca2+ and lactate. The ABS methodology was under the Point-of-care 
testing (POCT) - Requirements for quality and competence (ISO 
22870:2016) accreditation requirements. An overview of the analytical 
methods is provided in Supplemental Table 1. 
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2.6. Statistical analysis 

The median and interquartile range (IQR) for stress test variables and 
ABS measurands were calculated in the subgroups of males and females. 
We performed a Spearman correlation test between VO2max (L Kg− 1), as 
the most representative marker of aerobic performance, and concen-
trations of ABS related measurands (with Bonferroni correction). We 
also used the median test to assess whether performing the exercise the 
day before (within 24 h) had any effect on the ABS related measurands 
concentration. 

A trend analysis was performed, as recommended by the BV-WG 
EFLM [8]: for all measurands, the results of each subject were plotted 
against the collection dates to observe any trends inherent to the subject, 
such as disease, changes in life-habits, among others. Furthermore, the 
total results from all subjects were also plotted to discard trends such as 
preanalytical or analytical error, lot to lot shifts, seasonal variations etc. 
If the equation had an r coefficient>0.75 and the slope 95% confidence 
interval did not include the 0, the trend was considered significant and 
the results corrected by the linear equation factors. Then, we performed 
outlier analysis between replicates and between samples for each person 
using the Cochrane C test and between mean values of different subjects 
applying the Reed’s criterion, as recommended by Fraser [3]. To obtain 
the BV estimates, we performed a CV-ANOVA for CVI and log-ANOVA 
for the CVG. To calculate the mean concentration, we used the first 
value from the duplicate analysis. 

Additionally, to explore the potential influence of different factors on 
the BV, we evaluated the parameters as detailed below, by a linear 
mixed model (LMM) [17] by including these variables as fixed effects 
and the BV estimates as random effects. To assess the effect, we calcu-
lated the CVI from the model with and without the variable that was 
assessed for, according to the script, and considering a difference of 5%, 
as significant:  

• Model without variable: log(measurand) ~ (1|Subject) + (1| Subject: 
Visit)  

• Model including the variable: log(measurand) ~ Variable + (1| 
Subject) + (1|Subject:Visit) 

Variables were defined as:  

• Moderate exercise in the previous 24 h (Yes/ No).  
• Health status: illness recorded in the ongoing questionnaire in the 

last week (Yes/ No).  
• Sampling interval: time since previous visit (number of days). 

Variables related to the intensity of exercise (recorded the week 
before sampling):  

1) Average HR during the training session classified by the percentage 
of the maximum HR, from T1 to T5: T1 (<65%); T2 (65–80%); T3 
(80–90%); T4 (95–98%); T5 (100%) [18].  

2) Average of subjective perception of effort, the Borg scale: 0–4 sleep 
or inactive; 5–7 absence of effort; 8–9 very, very light; 10 very light; 
11–12 fairly light; 13–14 somewhat hard, 15–16 hard; 17–19 very 
hard; 20 maximum effort. [19]  

• Variable related to the duration of the exercise: number of hours of 
endurance activity per week (h/w). 

• The CVI and CVG estimates were used to determine APS for impre-
cision (CVA) and bias [20] and the (RCV) [3], and the II [21] were 
calculated as follows: CVA = 0,5⋅ (CVI)  

• Bias = 0.5⋅ (CVI
2 + CVG

2)1/2  

• II = CVI / CVG  
• RCV = 100% ⋅ (exp (±Z ⋅ 21/2 ⋅ ((CVLnA

2 + CVLnI
2))1/2)); 

where CVLn refers to ln-transformed data = (Ln (1 + CV2))1/2 and 
“Z” refers to the Z-score equal to the number of standard deviations 

appropriate for the selected probability. The CVA was derived from the 
sample results. The bias calculation is not in accordance with the theory 
of measurement uncertainty, but is used by many laboratories as a 
practical approach. 

To verify the transferability of RI, the CLSI-EP 28-A3 [22] protocol 
was followed. For parameters that did not fulfill the CLSI criteria, RI was 
calculated using a robust method [23]. For the calculations, we used 
RStudio Desktop 1.3.1093, Analyze-it and Microsoft Excel 2010. 

3. Results 

The systematic search only identified two papers for BGA, one of 
them included pH, (converted to [H + ]), pCO2, bicarbonate, base 
excess, and TCO2 estimates [24], and the other only pCO2, not reporting 
BV estimates [25]. For the specific bicarbonate search, we identified 6 
publications with BV data [26-30]. For lactate, three papers were 
identified, two in a healthy population [31,32] and one in ICU patients 
[33]. For Ca2+, only one publication reporting CVI estimates was found 
[29]. 

Data for demographics and stress test parameters of the 30 athletes 
included in the BV study are provided in Table 1. The median values of 
VO2max, an indicator of exercise performance, were close to p90 from 
the general population for both sexes for the 30–40 years age range 
(51.7 L Kg− 1 for male and 45.3 L Kg− 1 for females) [34]. We found 
significant differences for Ca2+, base excess, pCO2 and TCO2 between 
genders (Table 1, Supplemental Figure 1). 

No trends were identified in the data, indicating that the athletes 

Table 1 
Median and interquartile range for measures derived from the stress test and the 
ABS related measurands grouped by gender. Significant differences (p < 0.05) 
were found between genders for BE, Ca2+, pCO2, TCO2 and bicarbonate, as 
indicated by *, with higher results in males.   

Men Women  

Median IQR Median IQR 

Age (years) 41 32.5 - 42.5 34 30 - 39 
VO2max (L Kg− 1) 50.0 46.7 – 55.3 43.8 40.7 – 48.2 
Power at VO2max 

(W) 
383 338 – 389 268 250 – 283 

Power at 
anaerobic 
threshold (W) 

212 195 – 244 135 123 – 156 

Relative 
maximum 
power (W Kg- 
1) 

5.1 4.9 – 5.6 4.7 4.1 – 4.9 

Minimum heart 
rate (bpm) 

62 55 – 70 72 61 – 85 

Maximum heart 
rate (bpm) 

174 166 – 181 175 169 – 180 

Ventilation in 
VO2max (L 
min− 1) 

146 141 – 163 110 87 – 124 

Aerobic 
threshold 
(bpm) 

137 131 – 143 133 129 – 135 

Anaerobic 
threshold 
(bpm) 

157 150 – 161 160 152 – 163 

pH 7.36 7.34 – 7.38 7.36 7.34 – 7.39 
pCO2 * (mmHg) 52.6 49.3 – 55.6 48.3 44.6 – 52.6 
TCO2 *(mmol/ 

L) 
27.6 25.9 – 29.6 25.9 24.3 – 28.1 

Ca2+ * (mmol/ 
L) 

1.23 1.21 – 1.24 1.21 1.19 – 1.23 

Bicarbonate * 
(mmol/L) 

4.84 4.61 – 5.0 4.51 4.31 – 4.72 

Lactate (mmol/ 
L) 

0.80 0.60 – 1.00 0.80 0.6 – 1.10 

Gap anion 11.90 10.9 – 12.7 11.80 11.0 – 12.5 
Base excess* 3.0 2.0 – 3.8 1.35 0.20 – 2.6  
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were in a stable state over the study period. Results for lactate for all 11 
samplings for the 30 athletes are displayed in Fig. 1. We found a negative 
correlation between VO2max (L Kg− 1) and lactate concentration (r =
-0.19, p = 0.006) and a positive correlation between VO2max (L Kg− 1) 
and bicarbonate concentration (r = 0.12, p = 0.049). No significant 
correlations were observed (p > 0.05) for the other ABS parameters 
(data not shown). 

There were no differences in ABS parameters from blood collections 
where athletes had indicated having performed moderate exercise the 
previous 24 h compared to collections where they indicated having 
rested (Supplemental Table 2 and Supplemental Figure 2). 

CVI results were similar between genders, except for base excess 
where the 95 %CI did not overlap (Table 2, Supplemental Table 3). All 
the ABS parameters were associated with a high II (>0.6) (Table 3). 
Regarding variables that potentially may affect the CVI estimate, no 
differences were found except for Ca2+ (3%), where the CVI decreased 
from 1.87 (1.69–2.07) to 1.81 (1.64–2.01) (p < 0.05), after including the 
variable “duration” (number of hours of endurance activity performed 
during the previous week to the blood collection) in the LMM. Suggested 
athlete specific RI are presented in Table 4. 

4. Discussion 

Little data on BV for ABS have been published, with current data for 
BGA parameters being derived from one only publication [24]. There, 
Harding and Fraser published BV estimates for pH, reported as [H+], 
partial (pCO2), bicarbonate, base excess, and TCO2 measured in capil-
lary specimens of whole blood from a cohort of 14 healthy subjects. This 
study is graded as a BIVAC grade C in the EFLM Biological Variation 
Database [9]. Through the bibliographic search, we also found BV data 
for bicarbonate, lactate and Ca2+, but all these publications were graded 
C as well [25-33]. So the BV data published for these measurands in the 
literature are very limited and not of high-quality. Moreover, no data for 
BV in athletes or other groups with a physiological state that can in-
fluence the BV estimates are available. For athletes, it is important to 
assess whether exercise-related factors may influence the BV estimates. 

4.1. Acid-base status parameters in athletes 

The athletes, probably due to the adaptation to “their physiological 

condition” i.e. a high-exercise regime, showed different concentrations 
of metabolites than those found in the general, more sedate, population. 
They could also have a higher clearance rate to compensate for the high 
production rate of metabolic products to maintain the homeostatic 
balance. As we can see in Table 4, our results indicate that ABS pa-
rameters are higher than those of the general population, indicating that 
athlete-specific RI may be relevant to consider. 

Correlation analysis between factors that potentially may influence 
the concentrations of venous ABS parameters identified a negative 
correlation between lactate and VO2max and a positive correlation be-
tween VO2max and bicarbonate. This finding could be explained by the 
greater VO2max in athletes, caused by a more efficient distribution of 
the oxygen in the body leading to a lower level of anaerobic metabolite 
accumulation and a greater buffer capacity for lactate. 

We observed significantly higher values for Ca2+, EB, TCO2, and 
bicarbonate in males than females. Therefore, it seems that although 
men have higher concentrations of metabolic products, they maintain 
the pH within the RI. 

4.2. Biological variation in athletes 

BV estimates for ABS parameters are particularly of interest in high- 
endurance athletes where oxygenation and acid-base metabolism 
mechanisms could be influenced by the type of training, exercise type, 
intensity and duration of exercise. Consequently, this could lead to 
different BV estimates from those observed in the general population. 

Compared to BV estimates published by Fraser, where capillary 
blood was used [24], we observed higher CVI and CVG estimates for 
pCO2, TCO2 and pH in a ratio scale (H+) derived from the venous blood 
gas analysis, (Table 2). This finding could be explained by the increased 
production and clearance of metabolism products due to the exercise 
practice in athletes [35]. However, it should be taken into account that 
differences between sample material (venous and capillary blood) or 
study design may explain this finding. 

No differences in CVI estimates were observed between genders, 
except in the case of base excess. The CVI for male athletes (46.5%) was 
much lower than the CVI for female athletes (90.1%), which was closer 
to the CVI estimate published for the general population (76.4%). 
However, the CVG in athletes (both genders) was similar to the general 
population (Table 2). 

Fig. 1. Range of lactate concentration for the 30 athletes included in the study and the reference interval reported by Radiometer (reagent provider), for the general 
population, indicated by the red lines. Participants number 1 and 30 were excluded. (For interpretation of the references to colour in this figure legend, the reader is 
referred to the web version of this article.) 
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For bicarbonate, BV estimates were slightly higher in athletes than 
those published by Fraser et al [24]. However, if we assess the range of 
published estimates including data from both whole blood and serum 
[26-30], no clear difference is seen, as the athlete-based estimates are 
within the ranges reported from the healthy population (Table 2). 

Although lactate concentrations were greater in athletes than in the 
general population (Fig. 1 and Table 4), published CVI estimates for the 
healthy population [31,32] (CVI = 31.0% and 27.2%) were similar to 
the CVI found in this study (30.5%). The CVG estimate, on the other 

hand, was higher in the general population than the athletes (Table 2). 
It is expected that the concentrations of the products of the aerobic 

and anaerobic metabolisms may be more elevated in athletes than in the 
general population. However, Cadegiani and Kater have found lactate 
concentrations in athletes even lower than sedentary controls [11]. The 
authors explain this circumstance by a possible adaptation of enzymatic 
metabolism, increasing their performance to achieve a better clearance 
of these products. We do not have data from a control group to compare 
with, but if assessing population RI we can see that the RI derived from 
the general population are not directly transferable to the athlete group. 
Our population showed higher and wider RI than the general population 
for all the ABS magnitudes except pH. Highly remarkable is the gap 
anion RI, which is right-skewed, probably due to the organic acids 
accumulation in athletes. 

We compared our data derived from our athlete population with 
other studies. The inclusion of a control group in our study, consisting of 
non-athletes, would have provided better grounds for assessing differ-
ences between athletes and the general population. 

In our study, all subjects were quite homogeneous with regard to 
type, duration and intensity of training, as most of the training consisted 
of running, cycling and swimming at similar intensities and durations 
(Supplemental Table 3). Moderate exercise 24 h before sample collec-
tion, appears not to influence the results of the ABS magnitudes (Sup-
plemental Figure 2). We did not identify any factor that had a significant 
effect on the CVI estimates, except for the case of Ca2+. Thus, the dif-
ferences in estimates observed between the general population and our 
athlete population could not be explained by the different factors related 

Table 2 
Number of subjects and included results, percentage of excluded outliers, mean and standard deviation (SD), analytical imprecision (CVA), within-individual (CVI) and 
between-individual (CVG) BV estimates and their 95% confidence intervals for the ABS related measurands. BV estimates from health population (8).  

Measurand N. of 
subjects 

N. included 
results 

Outliers 
(%) 

Mean 
(SD) 

Gender CVA 

(%) 
CVI CVG Healthy 

population  

CVI (%) 

Healthy 
population  

CVG (%) 

CVI (%) (95% 
CI) 

CVG (%) (95% 
CI) 

Bicarbonate 
(mmol/L) 

30 574 1.7 4.62 ♂/ ♀ 0.6 4.6 6.7 3.4–7.2 5.3–17.4 
(0.3) (4.2–5.0) (67.9–8.9) 

Ca2þ (mmol/ 
L) 

30 573 1.9 1.2 ♂/ ♀ 0.5 1.8 2.0 2.4 3.6 
(0.0) (1.6–2.0) (1.5–2.7) 

pCO2 

(mmHg) 
30 578 1.0 50.0 ♂/ ♀ 0.8 7.8 10.4 4.8 5.3 

(5.2) (7.2–8.6) (8.0–13.9) 
TCO2 

(mmol/L) 
30 567 3.2 27.0 

(3.0) 
♂/ ♀ 0.6 9.3 6.3 4 4 

(8.5–10.1) (4.6–8.7) 
[Hþ] 

nmol/L 
30 571 2.2 42.7 ♂/ ♀ 0.9 4.8 5.1 3.5 2* 

(3.0) (4.4–5.3) (3.9–6.8) 
Lactate 

(mmol/L) 
24 452 22.6 0.9 ♂/ ♀ 8.1 30.5 19.3 30.1 29 

(0.3) (27.6–34.1) (13.2–28.4) 
Gap anion 30 564 3.4 11.3 ♂/ ♀ 7.5 12.4 5.5 NA NA 

(1.0) (11.0–13.9) (3.2–8.3) 
Base excess 30 565 3.3 +2.8 

(1.4) 
♂ 7.2 46.5 41.0 76.4 43.2 

(40.7–54.0) (26.6–68.59 
+1.3 
(1.7) 

♀ 13.8 90.1 46.6 
(75.5–111.0) (24.6–87.4)  

Table 3 
Index of Individuality (II), Reference Change Values (RCV) and analytical per-
formance specifications based on BV of ABS parameters from athletes. RCVpos 
indicates an increase and RCVneg a decrease. APS-CVA indicates desirable APS 
for imprecision and APS- Bias, for bias.*The bias calculation is not in accordance 
with the theory of measurement uncertainty.  

Measurand Gender II (CVI 
/ CVG) 

RCV 
neg (%) 

RCV 
pos 
(%) 

APS 
-CVA 

(%) 

APS- 
Bias 
(%)* 

pCO2 ♂/ ♀  0.76 ¡16.6  20.0  2.3  2.0 
TCO2 ♂/ ♀  1.48 ¡19.5  24.2  4.7  2.8 
Lactate ♂/ ♀  1.58 ¡51.3  105.2  15.3  9.0 
[Hþ] ♂/ ♀  0.95 ¡10.8  12.1  2.4  1.7 
Ca2þ ♂/ ♀  0.89 ¡4.3  4.4  0.9  0.7 
Bicarbonate ♂/ ♀  0.69 ¡10.2  11.4  2.3  2.0 
Base excess ♂  1.13 ¡64.8  183.7  23.5  15.5 

♀  1.93 ¡83.8  517.9  45.1  25.4  

Table 4 
Overview of reference intervals (RI) delivered by the reagent provider (Radiometer) for acid-basis status measurands in a healthy population and suggested RI for the 
athlete population where the RI were not transferable according to the CLSI EP-28 A-3, with the corresponding statistical significance (p).  

Measurand Units Gender General population RI p-value Verified by CLSI EP28-A3C protocol Athletes  

RI 

pH – ♂/ ♀ 7.33–7.43 0.66 Yes – 
pCO2 mmHg ♂/ ♀ 38–50 <0.05 No 37–61 
TCO2 mmol/L ♂/ ♀ 22–26 <0.05 No 21–33 
Ca2þ mmol/L ♂/ ♀ 1.00–1.20 <0.05 No 1.15–1.28 
Bicarbonate mmol/L ♂/ ♀ 3.77–4.43 <0.05 No 3.77–5.24 
Lactate mg/dL ♂/ ♀ 0.5–1.6 <0.05 No 0.4–2.0 
Base Excess – ♀ − 3.4–1.4 <0.05 No − 0.2–5.2 

♂ − 2.7–2.5 − 1.6–4.6 
Anion Gap – ♂/ ♀ 0.8–16 <0.05 No 7.8–14.1  
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to intensity and duration of exercise, such as HR, subjective perception 
of effort, duration, health complaints the week before, or the time be-
tween visits. Considering these findings, the differences in CVI estimates 
may be explained by the adaptation to the endurance training routine in 
athletes. However, there could be other factors related to the physical 
exercise not recorded during this study that could have an influence on 
the BV. Additionally, robust data on BV for ABS parameters in healthy 
individuals are lacking and for direct comparison, both study pop-
ulations should be included in the same study. 

Another limitation is that for some measurand such as lactate, a high 
percentage of results (22.3 % as outliers) had to be eliminated to achieve 
the homoscedasticity criteria required for the nested ANOVA. Thus, 
these estimates need to be applied with caution, as they may not be 
representative and not all the ABS parameters may fully fit the BV model 
in athletes. A Bayesian approach to calculate BV may have been more 
appropriate, as it does not depend on the variance homogeneity of the 
data [36]. 

Furthermore, the CVG estimates are based on data from 30 subjects 
so these estimates and the derived RI are not fully representative. The RI 
were calculated with a robust, non-parametric method, but the CLSI 
recommends a greater sample size to achieve a narrow CI 90% in the 
upper and lower limit of the RI, to be representative of the selected 
population. 

4.3. Analytical performance specifications 

One of the most important applications of BV data is the possibility to 
establish APS to assure the accuracy of patients’ results. In the case of 
ABS measurands, the current BV estimates are based on very few pub-
lications derived from the general population, all of which have been 
appraised as BIVAC grade C [8]. BV estimates derived from an athlete 
population in this study is higher than those previously published for the 
general population, except for Ca2+. The most remarkable differences, if 
focusing on desirable BV based APS for imprecision calculated as 
0.5*CVI, were for pCO2 (3.9 vs 2.4%) and anion gap (6.2 vs 4.8%), 
respectively. 

For general laboratories which have established their APS based on 
BV data derived from the general population, these APS will have 
relevance also for the athletes. 

Laboratories dedicated specifically to athletes’ healthcare, perfor-
mance monitoring and point of care testing during a stress test, could 
apply the APS derived from our athlete population (Table 3). 

4.4. Results interpretation: Reference change value vs biological reference 
intervals 

In the case of athlete monitoring the goal will most often be to detect 
a metabolite accumulation (organic acids) and the RCV could be 
calculated by the one-sided approach (alpha = 5% and Z = 1.65) 
(Table 3). In this context this means significant increases in the case of 
lactate, pCO2, gap anion and bicarbonate or decreases in pH and base 
excess. All the ABS magnitudes had II above 0.6 (Table 4) [37] indi-
cating that RI can be recommended for monitoring by serial test results. 
pCO2 and bicarbonate, however, had borderline results (II: 0.76 and 
0.69, respectively) and for these, RCV may be helpful when monitoring 
of results. Our data emphasizes the need for reliable and transferable RI 
for ABS measurands derived from a sufficiently high number of athletes. 

5. Conclusions 

BV estimates for the ABS measurands are higher in athletes than 
those previously published for the general population. This difference 
does not seem to be directly explained by factors such as the intensity 
and duration of the exercise or moderate exercise in the 24 before 
sampling. However, it could be explained by the “chronic” physiological 
stress produced by exercise derived from the accumulation and increase 

of clearance rate of aerobic and anaerobic metabolites. Laboratories 
attending specifically to an athlete population could use these BV esti-
mates to derive APS. Our data indicates that the best approach to 
interpret the ABS measurands in this population may be the use of 
specific biological RI instead of the RCV, due to the lack of individuality 
of most of these measurands. Our study provides suggested RI for an 
athlete population, but these should be applied cautiously as the low 
number of included subjects does not guarantee transferability and 
robustness of these intervals. 

Funding 

This work was supported by Hospital La Paz Institute for Health 
Research Foundation. Dr. Luis Álvarez Grant 2017. 
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