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lymphoma. As far as we know, this phenomenon has not
been previously reported, and the significance of this obser-
vation remains elusive. In addition, in our series MGMT
hypermethylation does not seem to play a significant role
in the response to chemotherapy in CTCL patients. The pos-
sibility that MGMT hypermethylation may  be a negative
prognostic factor identifying a specific subset of lymphomas
cannot be completely ruled out.

In conclusion, our results demonstrate that hypermethy-
lation in p15INK4b and p16INK4a promoter genes seems to play
a role in the pathogenesis of cutaneous T-cell lymphoma.
These phenomena occur independently as tumor-specific
events and probably are not-dependent on the stage of the
disease. MGMT promoter hypermethylation occurs in a sig-
nificant percentage of T-cell cutaneous lymphomas. 
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Blood Doping

Longitudinal variation of hemoglobin and reticulocytes in
elite rowers

Longitudinal monitoring of athlete’s hematologic
parameters holds considerable promise as a strategy to
detect and thereby deter illicit blood doping. This study
documents temporal changes of hemoglobin concentra-
tion (Hb) and reticulocyte counts in elite rowers. The
‘within subject’ variation in rowers was comparable to
that of athletes from other sports. Reticulocyte results
were dependent on the type of instrument used.
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The concept of utilizing a Hematologic passport as a tool
to highlight athletes who have used illegal blood doping to
enhance performance is gaining credibility. Faced with a
limited budget, anti-doping authorities must balance the
frequency of testing with the scope of hematologic evalu-
ation. Two cornerstones of this approach will be Hb con-
centration and reticulocyte counts, which can both be
measured on portable analyzers relocated to the event ven-
ue. Thus samples collected at the time of competition for
routine blood screens could also provide a cost-effective
and convenient source of Passport data.

A crucial element of the Passport approach is to define in
advance normal fluctuations in blood parameters, to enable
authorities to discriminate between expected and suspect
changes. It is also necessary to recognize whether biologi-
cal variability is sport-specific or whether such changes are
universal across different sports. The first aim of this
research was to report the variation of Hb and reticulocytes
in rowers, and then to contrast these with data reported
previously for athletes from another discipline. A second
aim was to verify whether it was tenable to compare hema-
tologic results obtained on different instruments. 

Blood samples were obtained from members of the French
National Rowing squad (n=83 males, n=31 females).
Between two and eight (average  4.8 males and 3.7 females)
EDTA blood samples were collected from each rower
between July 2001 and March 2004, and were measured on
either an ADVIA 120 Hematology Analyzer or a Sysmex
Roche XE2100 (instruments were calibrated according to
manufacturers’ specifications). To provide heightened res-
olution reticulocytes are reported on a square root scale.1
These results were contrasted with previously reported data
comprising longitudinal evaluations from a subset of n=288
male professional football players measured on average 2.9
times between May 1999 and July 2002.2 Analysis of vari-
ance was used to partition the total variation present in
each data set into three components: the variation within
subjects, the variation between days (within instruments)
and the variation between subjects.

Table 1 gives estimates of the variances. In each case the
estimate allows for the other two components of variation.
All of the between subject and between days variances are
significantly greater than zero (F-test, p ≤ 0.001). The esti-
mates show that the within subject variance for both Hb and
reticulocytes is comparable among (male) football players
and rowers. For Hb the between subject variances for males
are comparable (estimates are at least double those of the
within subject estimates, although lower for females). In

    



comparison, the variance components for both males
(n=739) and females (n=413) competing in various sports3

who were measured over a 21-day period, was of the same
magnitude reported here for males (the between subject,
between days and within subject variances being 56.5, 4.6
and 16.1 for males, 48.9, 6.0 and 18.9 for females, respec-
tively). Reticulocyte variance within subjects was approxi-
mately 0.75 times that of between subject variance, regard-

less of sport or gender (similar results were found for males
and females from mixed sports).3 Bias between instruments
for Hb, after allowing for differences between subjects, was
statistically significant but not important, being within
expected tolerance limits (ADVIA values were 3.9 g/L high-
er than Sysmex ones, p=0.004). As shown in Figure 1 retic-
ulocyte values derived from the ADVIA were consistently
higher than when measured on the Sysmex platform
(p<0.001). These quantitative data illustrate that for Hb the
major component of variance is attributable to between
subject variation, which supports the intuitive belief that
comparing an athlete’s current values with their own lon-
gitudinal data rather than population-derived thresholds
will provide greater resolution when searching for signs of
blood doping. The similarity of within subject variation
apparent across different sports augurs well for the univer-
sality of this approach. Although of secondary importance
to the Passport concept (which is contingent upon consis-
tent within subject variance), there was no apparent expla-
nation for why between subject variation in the cohort of
female rowers was markedly lower than for other groups,
and this deserves closer scrutiny.

Our results also emphasize the need to quantify, and
adjust for, instrument bias for reticulocyte assays. Instru-
ment bias can be quantified by using the mean value from
a cohort of athletes as a de facto calibration agent, and bias
negated by using a paper adjustment to standardize values.1
The ADVIA-Sysmex bias in this study is consistent with that
found in previous research,1 and underlines the need to doc-
ument the type of instrument used when measuring retic-
ulocytes.
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Table 1. Components of variation of hemoglobin con-
centration and reticulocytes in two cohorts of athletes.

Rowers Footballers
Males Females Males
(n=83) (n=31) (n=288)

Hb (g/L)2

Between subjects 45.1 18.3 49.7
Between days 4.4 5.9 5.4
Within subjects 18.9 13.5 17.3

Retics (√%)2

Between subjects 0.0127 0.0139 0.0135
Between days 0.0031 0.0043 0.0036
Within subjects 0.0083 0.0103 0.0085

Analysis of variance partitioned total variation into ‘Between subjects’,
‘Between days’ (within instruments) and ‘Within subjects’ from hematologic
data collected longitudinally over a period of 33 months (rowers) or 38 months
(football players).

Figure 1. Square root transformed reticulocyte values
(√√%; mean ± SE, standard error of the mean was used to
facilitate comparison of differences between instru-
ments) of elite rowers derived from either an Advia 120
Hematology analyzer or a Sysmex Roche XE2100. Sub-
groups of a cohort of n=83 males and n=31 females were
measured on an ADVIA (n=66M and 26F) and one month
later on a Sysmex (n=58M and 18F).
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