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Abstract
Introduction: Overreaching is marked by a deteriorated performance without a clear aetiology. Until now, no definite 

set of parameters identifying overreaching is known.
Aim of the study: To develop a multivariate factorial model derived from single measurements of Hb, Ht, red blood cell 

count (RBC), ferritin, cortisol (C), cortisol-binding protein (CBG), testosterone (T), sex hormone-binding protein (SHBG), 
free C (FC) and free T (FT), that is capable of classifying male athletes with or without a performance drop.

Methods: From 78 healthy elite male athletes (mean age: 25.4 yrs, range 17-34 yrs), who were involved in different 
endurance, interval and high intensity sports, venous blood was sampled under resting conditions for measurements of 
Hb, Ht, RBC, ferritin, C, CBG, T, SHBG, FC and FT (cross-sectional design).  In addition, the athletes were asked to rate 
their performance capacity (PC), training work load, injury free status, and feelings of general well being during the week 
preceding blood sampling. Misfits of the model, defined by serious over- or underestimations of the data, were used to 
predict a low PC.

Results: Three independent factors could describe the O2 transport capacity and anabolic/catabolic activity. These fac-
tors explained 84% of the total variance in all parameters. Overestimation of SHBG levels and underestimation of Ht levels 
coincided with low PC ratings (R2= 0.48). Inclusion of Hb to the regression model increased R2 to 0.55.

Conclusions: The internal consistency of the selected parameters from a composite group of athletes was sufficient 
to construct a three-factorial model. This model could be used to classify elite male athletes with or without a performance 
drop. The model should be tested in prospective studies on it’s predictive power of overreaching-related performance 
decrements. 
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Introduction
Studies in athletes with the aim of finding diagnostic 

parameters of overreaching/overtraining have suffered 
from poor statistical power and evidence. This is ma-
inly caused by the relatively small number of athletes 
with overtraining, the fact that signs and symptoms of 
overreaching/overtraining vary considerably between 
individuals and definitions of overreaching/overtra-
ining have changed over time (1). Moreover, regarding 
the potential markers of overreaching/overtraining, 
Halson and Jeukendrup (2) concluded that nearly every 
marker was based on small studies that have induced 
overreaching but not overtraining. In practical sense, 
this implies that sports physicians and scientists are 
mainly dealing with markers of overreaching rather 
than markers of overtraining. These markers consist of 
a wide range of biochemical, haematological, psycholo-
gical and hormonal parameters (3,4-22). In almost all 
cases, associations with overreaching/overtraining were 
based on univariate regression or anecdotal evidence (3, 

9,10,18,20,21,23).  Because relatively large inter-indivi-
dual variations in many overreaching/overtraining-rela-
ted parameters have been found (4,5,7,10,11,17,19-23), 
it is not likely that such an approach will lead to strong 
predictive markers. 

Assuming that overreaching is potentially a pre-stage 
or reversible first stage of overtraining (1,2,9,24), and 
sports physicians are dealing mainly with athletes suffe-
ring from overreaching, our major concern as scientists 
should be the state of overreaching. As Dal Monte (25) 
stated: “Failure on the part of athletes and coaches to 
recognise overreaching can lead, as a direct consequence 
of a poor competitive performance, to an inappropriate 
increase in the training loads, which, rather than susta-
ining the intended performance improvement can actually 
result in the onset of overtraining”. Various authors have 
used a training or exercise continuum, ranging from 
under- to overtraining, to explain how training load 
is associated with overreaching/overtraining and as a 
result, to deteriorated performances  (1). Using this con-
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tinuum, a recent consensus statement on the diagnosis 
of overtraining syndrome has defined functional (FO) 
and a non-functional phase (NFO) in overreaching (26), 
both preceding the state of overtraining (OTS). Fur-
thermore, the statement contains a myriad of possible 
markers of OTS, based on the principles that absolute 
values of these markers or changes in the processes 
associated with these markers might identify OTS in 
athletes. Compared to OTS, NFO is characterised by 
a shorter duration of the performance decrement and 
less severe symptoms. This implies, that identifying 
athletes at high-risk for overreaching (NFO) in time, 
may prevent  a further deterioration into OTS. 

Thus, the goal of this study is to find patterns of 
markers that discriminate athletes with a performance 
decrease associated with the NFO state from athletes 
without any performance decrease.

Haematological and hormonal parameters of elite 
male athletes who visited our hospital for a regular 
health screening, were used to study patterns of poten-
tial markers. The patterns were defined by means of a 
multi factorial model, basically describing the relation-
ship between the parameters in healthy athletes. Then 
we hypothesized that serious statistical misfits of the 
model–thus not adequately representing the original 
values of these parameters - indicated the existence 
of deviating regulatory mechanisms in these athletes. 
Assuming that such misfits were not symptomatic to 
any random error of the model, the model was tested by 
its potency to predict a reduced performance capacity. 
Regarding the mixture of sport activities of our athletes, 
a single test to objectively assess performance capacity 
could not be applied. Therefore, we quantified this per-
formance capacity by means of a subjective rating, based 
on its validity in monitoring exercise tolerance. 

Material and methods
Subjects 

We analysed a database of 78 healthy male elite 
athletes (mean age: 25.4 yrs, range 17-34 yrs; mean 
height: 178 cm, range 165-197cm; mean body weight: 
77 kg, range 60-95 kg), who visited our hospital for the 
first time. The athletes came to our hospital for various 
reasons, such as monitoring baseline levels before the 
competition season, seasonal evaluation, participation 
in research programs, or occasionally previous injury-
related complaints. Athletes with prevalent injuries were 
excluded from the study. The athletes were involved 
in different high performance sports at national and 
international levels. Forty-four athletes (56%) partici-
pated in endurance and long distance sports, mainly 
track and field, ice speed skating and cycling. Sixteen 
athletes (21%) participated in sports activities with a 
duration between 2 and 6 min, such as middle-distance 
track and field, ice skating and cycling. Twelve athletes 
(15%) were active in short distance track and field and 

short time power sports, such as sprinting and weight 
lifting. Finally, six athletes (8%) participated in interval 
sports, such as tennis or badminton. All subjects signed 
an informed consent before inclusion, and institutional 
review board approval was obtained for this study.  

Blood sampling
Under resting conditions, venous blood was col-

lected into K3EDTA tubes between 8.00-9.00 hr a.m. 
after an overnight fast. At the previous day subjects 
refrained from intensive training. As part of our clinical 
evaluation protocol a selected number of haematologi-
cal and hormonal parameters were measured. Blood for 
hormone measurements was immediately centrifuged 
(3000 RPM, 20 min at 4°C) and stored at -20°C until 
assayed within 4 wk. Hemoglobin (Hb) was measured 
by HiCN-method, hematocrit (Ht) by micromethod, 
red blood cell count (RBC) by coulter counter, and 
ferritin by immunometric assay. Serum cortisol (C) 
was measured by fluorescence polarization assay, cor-
tisol-binding protein (CBG) and testosterone (T) by 
radio immuno assay (RIA), and sex hormone-binding 
protein (SHBG) by immunoradiometric assay (IRMA). 
Albumin was determined by immunochemical method 
to calculate free cortisol (FC) and free testosterone (FT) 
according to a mass action formulation model. FC was 
calculated from total C, albumin, CBG, and the asso-
ciation constants of the protein-cortisol complex, and 
FT according to Vermeulen et al. (27). The intra- and 
inter-assay coefficients of variation for all analyses were 
less than 10%. 

Ratings
Subjects were asked to rate performance capacity 

(PC), training workload (TL), injury free status (IS) 
and feelings of general well being (WB) on a five-point 
scale (Likert technique (28)) during the week prece-
ding the blood sampling. Low scores were related to 
problems and high scores to optimum conditions. For 
example, the lowest score (= 1) for PC referred to a very 
low performance (i.e., “not at all in a good shape”) and 
the highest score (= 5) to an optimum performance 
(i.e., “in a very good shape”). 

Statistical analysis  	
Statistical analyses were carried out using SPSS for 

Windows Release 11.5. Mean values ± SD for blood 
parameters were calculated. Normality of distribution 
was examined using Kolmogorov-Smirnov statistics 
and a Lilliefors test. We used a Principal Component 
Factor Analysis with Varimax Rotation to extract 
independent factors from these parameters (29). The 
number of independent factors was based on eigenval-
ues larger than 1. To assess how well the model fitted 
the data, we required a minimum goodness-of-fit (R2) 
of 70%, independent of the number of factors. Factor 
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loadings of parameters represent the magnitude of 
the correlations between relevant parameters and the 
extracted factors. Each factor was represented by fac-
tor scores, indicating the impact of each factor on an 
individual athlete. These scores were used to reproduce 
the original blood levels by a multivariate linear regres-
sion technique. The residuals (Xoriginal-Xpredicted by factor scores) 
were used to identify athletes with an extreme misfit of 
the model, defined by cases in which residuals repre-
sented one of the 5 largest over- or underestimations 
by the model. As a result, for each original parameter 
ten (2x5) athletes could be marked as “deviated”. Un-
der- and overestimation were then saved into binary 
variables, with “deviated” athletes labeled as ‘1’ and 
others as ‘0’. Finally, univariate regression and analysis 

of variance, as well as  multivariate regression were 
used to test the link with PC. Statistical significance 
was defined as P ≤0.05. A step-by-step description of 
the data analysis is shown in figure 1. 

Results
Univariate analysis of blood- and performance-

related parameters
The values of the parameters (table 1) showed a 

normal distribution. A correlation matrix between 
these parameters is shown in table 2. Within three 
distinct sets of parameters strong correlations were 
found 1) Hb, Ht, RBC; 2) T, FT, SHBG; and 3) C, FC. 
CBG did not correlate with any parameter. 

Table 3 shows a correlation matrix of the perfor-
mance-related parameters obtained using a Likert 
scale. Regarding these relationships, a decreased per-
formance capacity will appear in a number of cases 
in athletes with previous injury-related complaints, 
loss of well being, or a reduction in training volume 
and intensity.

Table 1. Obtained values of blood-related parameters from 
a database of 78 male elite athletes

 Mean ± SD
Hb (mmol/l) 9.4 ± 0.6

Ht (l/l) 0.45 ± 0.03
RBC (x1012/l) 5.0 ± 0.4

Ferritin (ng/ml) 127 ± 77
C (µmol/l) 0.39 ± 0.12

CBG (mg/l) 47.0 ± 10.4
FC (nmol/l) 20.7 ± 10.5
T (nmol/l) 23.6 ± 7.4

SHBG (nmol/l) 38.0 ± 12.7
FT (pmol/l) 510 ± 154

Hb=hemoglobin; Ht= hematocrit; RBC= red blood cell count; C= corti-
sol; CBG=cortisol-binding protein; FC= free Cortisol; T= testosterone; 
SHBG= sex hormone-binding protein; FT= free Testosterone

Figure 1. A step-by-step description of the data analysis

Table 2.  Correlation matrix (Pearson’s correlation coefficient R) of blood-related parameters in male athletes (N=78)

Hb Ht RBC ferri-
tin C cbg FC T shbg FT

Hb .91** .80**  .09 .03 -.12 .08 .17 -.17 .28*
Ht  .84** .06 .05 -.02 .07 .12 -.18 .22

rBC .00 .02 -.08 .05 .21 -.12 .29*
Ferritin -.07 .12 -.11 .25* .18 .23*

C .11    .88** -.01 .07 -.13
Cbg   -.28* -.18 -.08 -.18
FC  .07 .05 .10
T    .51**   .88**

Shbg .07
** significant at P < 0.01 (2-tailed) 
*   significant at P < 0.05 (2-tailed) 
For abbreviations, see legends table 1



158
Schmikli S., Vergouwen P., de Vries W., Koppeschaar H., Backx F. / Medicina Sportiva 13 (3): 155-162, 2009

Multivariate factorial analysis
Using all parameters from table 2 the Principal 

Component Factor Analysis extracted a maximum of 
three independent factors, representing O2 transport 
capacity in blood, anabolic activity and catabolic 
activity. Ferritin and CBG levels did not fit in this 
three-factorial model very well, and the model did 
not reach the minimum required goodness-of-fit of 
70%. After removal of ferritin and CBG levels from 
the analysis, a new three-factorial model could explain 
84% of the total variance. The first factor, covering 
O2 transport capacity, explained 37% of the variance 
(eigenvalue=3). The second factor, covering anabolic 
activity, explained another 24% of the variance (eigen-
value=1.9), whereas the last factor, related to catabolic 
activity, explained the remaining 23% of the variance 
(eigenvalue=1.8).

Cumulative variances for parameters explained by 
the three factors (communalities) are shown in the last 
column of table 4. Factor loadings of parameters are 
shown in the middle three columns of table 4. Apart 
from the moderate loading of SHBG on the anabolic 
activity-related factor, factor loadings were high (≥ 
0.82). For example, a factor loading of 0.91 for RBC 
indicated that the O2 transport capacity-related fac-
tor explained 83% (= 0.912) of the variance in RBC. 
Because the cumulative explained variance in RBC 
was 84%, the remaining anabolic and catabolic activ-

ity-related factors could only contribute 1% to the 
variance of RBC (84-83%). 

Prediction of PC
Univariate

From all haematological and hormonal parameters 
used in the study, only Hb levels showed a signifi-
cant positive Pearson’s correlation with PC (R=0.24; 
P<0.05). A non-parametric Spearman rank correlation 
revealed small but significant positive correlations of 
Hb and SHBG levels with PC (R=0.24; P<0.05 and 
R=0.23; P<0.05). An analysis of variance on these 
parameters showed mean differences between PC 
groups on T and FT levels, with highest values in both 
the lowest and highest PC group. 

Such an analysis also showed that a model-over
estimation of SHBG levels (R =-.43, F= 16.9; P<0.001), 
as well as a model-underestimation of FT levels (R= 
-0.29, F=6.9; P<0.01) were significantly related to PC. 
Therefore, if the factorial model either predicted higher 
levels of SHBG or lower levels of FT than actually found, 
a lower than average PC was found. Additionally, four 
athletes with underestimated FT levels also belonged to 
a group of five athletes with overestimated SHBG levels 
(χ2=48.2; DF =1; P<0.001). In latter group, the average 
FT-level (734 pmol/l) was about 48% higher than that in 
the athletes without overestimated SHBG levels (t=-3.6; 
P<0.001, Mann-Whitney test: U=53.0; P<0.05). 

Table 3. Correlation matrix* (Pearson’s correlation coefficient R) of feelings of well being, injury free status, training worklo-
ad, and performance capacity in male elite athletes (N=78)

Well Being Injury Free Status Training workload Performance Capacity
Well Being .53 .35 .55

Injury Free Status .54 .56
Training workload .44

*all correlations are significant at P<0.001, except for the correlation between Well Being and Training workload at P< 0.01

Table 4. Factor loadings of relevant parameters, and cumulative variance explained by three factors for all parameters sepa-
rately (N=78)

O2 transport capacity Anabolic activity Catabolic activity Cumulative variance (%)*
Ht .96 92
Hb .95 90

RBC .91 84
T .99 99

FT .82 77
SHBG .62 45

C .97 94
FC .97 94

For abbreviations, see legends table 1. 
* R2 explained by the three-factorial model



159
Schmikli S., Vergouwen P., de Vries W., Koppeschaar H., Backx F. / Medicina Sportiva 13 (3): 155-162, 2009

Multivariate
The upper panel of table 5 showed that PC was 

associated with a combination of an overestimation 
of both SHBG and Ht levels. The proportion of the 
explained variation (R2) was 0.48 (F=11.5; P<0.001). 
After inclusion of the original Hb levels (in mmol/
l) in the regression model, the proportion of the 
explained variance increased to 0.55 (F=10.6; P<0.001, 
lower panel of table 5). Based on these results, the 
following regression equation could be obtained, in 
which the constant (–1.4) was no longer significant:  

Performance Capacity1= -1.6 – (2.2 x overestimation 
SHBG) + (1.2 x overestimation Ht) + 0.5 x Hb

Discussion 
In this study in a composite group of elite male 

athletes, data of haematological and hormonal pa-
rameters were considered suitable for developing a 
three factorial model that could adequately describe 
deviating parameters. We hypothesize that athletes 
with an extreme misfitting to the model may represent 
a group with deviating regulatory mechanisms. This 
study has shown that such a misfitting can be used to 
classify elite male athletes with or without a subjecti-
vely rated performance drop; hence supporting the 
concept that subjectively rated underperformance does 
seem to have a real physiological background. Because 
a reduced performance capacity is a key symptom in 
overreaching, this result may help to develop a toolkit 
that identifies athletes at a high-risk of overreaching.

Regarding the mixture of sport activities of our ath-
letes, we have chosen to quantify their PC by rating.

Kenntä & Hassmén (32) postulated that ‘a physical 
effort is best conceptualized as a complex psychobio-
logical construct’. Such a construct validates the use of 
ratings, such as the rating of perceived exertion (RPE), 
as a valuable and reliable indicator in monitoring an 
individual’s exercise tolerance (33). The observed as-

sociations between the scores of the rated parameters 
(see table 3) showed that a reduced PC may coincide 
with an impact on the athlete’s well being and may 
not always represent a ‘minor issue’. This supports 
the construct validity of the scores, and the concept 
that underperformance is related to more problems 
than purely physical overload only.  Unfortunately, 
because of the retrospective character of the data, it 
was impossible to describe the nature of the reduced 
performance as e.g. injury- or disease-related, or 
simply due to voluntary undertraining. Of course, 
future studies have to address further the validity 
and reliability of the PC-scores by comparing those 
scores with more objective data, as obtained by field 
or laboratory tests.

Three-factorial model and PC
The data used in the factorial analysis can be 

considered as representative for elite male athletes 
involved in various endurance, interval and high 
intensity sports, as the average values of the selected 
parameters were consistent with data obtained from 
the literature (1,4-6,8,9,13,14,18,19,21-26,30,31). 

The three-factorial model is very robust.  The in-
ternal consistency of the selected parameters was more 
than sufficient to construct this model, with factors 
explaining 84% of the total variance in all parameters. 
However, regarding the anabolic activity-related factor, 
SHBG data fitted only moderately. This was as expec-
ted because FT levels were not correlated with SHBG 
levels, although T levels correlated with SHBG levels 
(table 2). This suggests that the underlying construct of 
this factor did not cover the typical function of SHBG, 
being binding of T and controlling FT. Similar conclu-
sions could be drawn for the data of CBG. As CBG data 
did not fit into the model, the catabolic activity-related 
factor only represented C and FC levels. Therefore, 
both factors seem to point at constructs that describe 
net hormone levels that are based on the balance be-

Table 5. Regression model of subjective performance capacity (PC) without (top) and with inclusion of Hb (bottom)

Parameter Regression coefficient Significance
Constant 3.1 P<0.001

Overestimated SHBG* -2.2 P<0.001
Overestimated Ht* 1.1 P<0.05

Constant -1.4 non-significant
Overestimated SHBG* -2.2 P<0.001

Overestimated Ht* 1.2 P<0.01
Hb** 0.5 P<0.01

* Overestimated SHBG and Ht as binary parameters: 1 = overestimated, 0 = non-overestimated 
**Hb in mmol/l

1 Rating op performance capacity: 1 = a very low performance (i.e., “not at all in a good shape”) and 5 = an optimum performance (i.e., “in a very good 
shape”). Overestimated SHBG and Ht as binary parameters: 1 = overestimated, 0 = non-overestimated.
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tween production and degradation, rather than the dy-
namic status of hormones with feedback mechanisms. 
The interaction of an overestimated SHBG with high 
T and FT values in the prediction of PC posed the 
question how androgen levels respond to training 
and overtraining. Fry et al. (34) studied a group of 
weight-trained athletes during an overtraining period 
and compared them with controls. They found no 
significant drop in FT after an overtraining period. 
They also concluded that SHBG levels simply followed 
the changes in T levels, implying that FT and SHBG 
levels were not related to each other. This is a similar 
result as we obtained from our factorial model based 
on a cross-sectional sample. However, because of the 
highly non-linear relationship between SHBG and 
FT (35), absence of a significant correlation between 
SHBG and FT could be expected. 

Reviews also confirmed the lack of proof for 
decreased androgen levels in overreaching or over-
training (1,2). Recently, a prospective study with mid-
dle-aged to older men following a 12-month aerobic 
exercise program again did not show any change in 
androgens (36). However, a recent cross-sectional study 
by Maïmoun et al. (37) showed that endurance athletes 
had reduced T levels compared to controls. Another 
prospective study by Safarinejad et al. (38) showed 
similar results.  Finally, a prospective study on the ef-
fects of aerobic training by Grandys et al. (39) revealed 
that improved local muscle endurance after a 5-week 
training period coincided with increased T, decreased 
SHBG, and of course, increased FT levels. But in spite of 
a drop in average SHBG levels, the highest increases in 
T and FT levels were achieved in athletes who had the 
highest SHBG levels. They reported no linear relation 
between performance and T or FT levels. In our study, 
we also did not find a linear correlation between per-
formance and T or FT levels, but indeed a correlation 
between performance and SHBG levels. 

This intriguing similarity between the results of the 
intervention study of Grandys et al. (39) and our cross-
sectional study triggered us to verify the reason for a 
lack of a relationship between performance and T or FT 
levels in our data. One should keep in mind that the stu-
dy of Grandys et al. (39) used an objective performance 
index, whereas our study used a subjective one. In our 
study a highly overestimated SHBG-level coincided with 
the lowest PC rating. SHBG-levels in the overestimated 
group were significantly lower, and showed a narrower 
range compared to the non-overestimated group (mean 
SHBG: 27.2 versus 38.7 nmol/l; range: 21-33 versus 
14-71 nmol/l, respectively). Although average T levels 
were not significantly different between the groups, the 
overestimated group again showed a narrower range 
in T than the non-overestimated SHBG group (range: 
19-36 versus 10-42 nmol/l, respectively). However, FT 
levels were 1.5 times higher in the overestimated group 

(F=13 P<0.01), and the range was also smaller than in 
the non-overestimated group. Such a finding makes it 
tempting to suggest that in the SHBG-overestimated 
group with poorly rated performances, FT levels were 
highest of all. But such an interpretation is not correct, 
because FT levels in the non-overestimated group with a 
maximal performance rating (PC=5) were equally high. 
A similar pattern was found in T. Therefore, the average 
T and FT levels showed a type of U-shaped curve with 
performance, and no linear relationship. This may also 
explain why Glandys et al. (39) only reported a positive 
correlation between SHBG levels and performance, but 
not between T or FT levels and performance. 

Our results suggest that there was simply less SHBG 
available to bind T in the overestimated SHBG group 
with a poor performance rating. This caused relatively 
high FT levels. In the non-overestimated SHBG group 
with the highest PC values, absolute levels of T were 
highest. However, these athletes also had more SHBG 
to bind T compared to athletes in the overestimated 
SHBG group. This resulted in marginally lower FT le-
vels in the non-overestimated SHBG group compared 
to FT levels in the overestimated SHBG group with the 
lowest  performance rating. 

There maybe several reasons why androgen studies 
in athletes have revealed  more or less conflicting 
results. In our study, both low and high performance 
athletes showed similarly high FT levels, but different 
T/SHBG ratios. More importantly, a direct comparison 
of androgen levels between different studies is very 
difficult, because methods to obtain T and SHBG, 
as well as methods to measure or calculate FT vary 
substantially between studies (35,40).

Multivariate regression analysis revealed that an 
underestimated Ht (low predicted values of Ht com-
pared to the actual levels) was linked with a relatively 
low PC. The blood viscosity is relatively high in 
those cases, which may limit the blood flow to the 
muscles. Monitoring of Ht has been mentioned as an 
important factor in early detection of overtraining in 
elite sportsmen (5). It should be noted that both RBC 
and Hb levels were not significantly different in the 
overestimated and non-overestimated Ht-group. The 
inclusion of Hb in the regression model as a positive 
predictor of PC is in line with the experience that low 
levels of Hb, indicating a low binding capacity for O2, 
may contribute to a low PC. 

In summary, a relatively low PC was predicted if 1) 
FT levels were high because SHBG levels were relative-
ly low, 2) lower than actual levels of Ht were predicted 
by the model, and 3) low Hb levels were found.

Conclusions
A multi-factorial model in healthy male elite 

athletes that describes the regulatory systems of O2  
transport in blood, the anabolic and catabolic activity, 
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appears to provide sufficient information to detect 
those athletes who might not be ‘in good shape’ ac-
cording to their misfit to the model. The strongest 
misfits, associated with parameters of O2 transport 
and anabolic activity, were capable of predicting a 
subjectively rated low performance capacity. Howe-
ver, the cross-sectional design of this study demands 
that the predictive power of this multivariate model 
approach must also be studied prospectively, before 
its application can be helpful for the early detection 
of overreaching. Finally, additional parameters, such 
as insulin or IGF-1, must be explored to improve the 
potency of the factorial model further. 
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