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ign of the Zodiac as a Predictor of Survival for Recipients of an
llogeneic Stem Cell Transplant for Chronic Myeloid Leukaemia

CML): An Artificial Association

.M. Szydlo, I. Gabriel, E. Olavarria, and J. Apperley

ABSTRACT

Background. Astrological or Zodiac (star) sign has been shown to be a statistically
significant factor in the outcome of a variety of diseases, conditions, and phenomena.
Methods. To investigate its relevance in the context of a stem cell transplant (SCT), we
examined its influence in chronic myeloid leukaemia, a disease with well-established
prognostic factors. Data were collected on 626 patients who received a first myeloablative
allogeneic SCT between 1981 and 2006. Star sign was determined for each patient.
Results. Univariate analyses comparing all 12 individual star signs showed considerable
variation of 5-year probabilities of survival, 63% for Arians, to 45% for Aquarians, but
without significance (P � .65). However, it was possible to pool together star signs likely
to provide dichotomous results. Thus, grouping together Aries, Taurus, Gemini, Leo,
Scorpio, and Capricorn (group A; n � 317) versus others (group B; n � 309) resulted in
a highly significant difference (58% vs 48%; P � .007). When adjusted for known
prognostic factors in a multivariate analysis, group B was associated with an increased risk
of mortality when compared with group A (relative risk [RR], 1.37; P � .005).
Conclusion. In this study, we show that, providing adequate care is taken, a significant
relationship between patient star sign and survival post SCT for CML can be observed.
This is, however, a completely erroneous result, and is based on the pooling together of
observations to artificially create a statistically significant result. Statistical analyses should

thus be carried out on a priori hypotheses and not to find a meaningful or significant result.
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HE ASSOCIATION of astrological star sign (zodiac)
with health and health care outcomes has previously

een investigated in numerous studies,1–10 and has been
hown to be a significant factor in the determination of a
ariety of diseases and conditions, including schizophrenia,1

astrointestinal (GI) hemorrhage,2 upper limb fractures,2

ertility,3 and suicidal disposition.4,5 In addition, a report by
oblhammer and Vaulpel11 showed that lifespan is associ-

ted with an individual’s month of birth. Thus, there is clear
otential for studying the relationship between date of birth
nd outcome. To investigate the relevance of this factor in
he context of stem cell transplantation (SCT), we examined
he influence of date of birth using the surrogate marker of
odiac star sign in a cohort of patients with chronic myeloid
eukemia (CML). This disease has well-established and
alidated prognostic factors that are incorporated in the
BMT/Gratwohl scoring system,12 and is thus an excellent

odel for teasing out potential new factors. i

041-1345/10/$–see front matter
oi:10.1016/j.transproceed.2010.07.036

312
ATIENTS

ll patients �16 years old (median, 33; range, 16–59) who
nderwent myeloablative allogeneic SCT for CML between 1981
nd 2006 were included in this study (first chronic phase [n � 474],
ccelerated phase [n � 95], blastic phase [n � 25], second chronic
hase [n � 32]). Stem cell donors were either HLA-identical
iblings (n � 364; 58%) or HLA-matched unrelated donors (MUD;
� 262; 42%). Conditioning consisted of total body irradiation and

ntravenous cyclophosphamide. All patients received graft-versus-host
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INAPPROPRIATE STATISTICAL METHODS 3313
isease prophylaxis, which consisted, in the main, of either cyclospor-
ne (CSA) and methotrexate (MTX) in 314 patients with related
onors (86.2%), and CSA and MTX in addition to T-cell depletion for
he MUD (n � 253; 96.5%).

ETHODS

tar sign was determined for each patient based on their date of
irth. The primary end point of interest in this study was survival.
urvival curves were generated using the Kaplan-Meier method,
nd the log-rank test used to compare groups. Gratwohl scores
ere calculated for each patient on the basis of disease stage, donor

ype, recipient age, donor/recipient gender combination, and inter-
al from diagnosis to transplant, allowing characterisation into 4
istinct groups (Table 1). The prognostic significance of star sign
as investigated firstly in univariate analyses, and then in multivar-

ate analyses that included the Gratwohl scoring system and year of
ransplant. P � .05 was considered significant.

ESULTS

he variables incorporated in the Gratwohl scoring system,
nd their influence on survival, are shown in Table 1. As
xpected, patients transplanted in an advanced disease
hase, from a MUD, with a duration of disease before SCT
f �1 year, or age �40 years had inferior survival proba-
ilities. No influence due to recipient/donor gender mis-
atch was observed. The Gratwohl scoring system pre-

icted well for those patients who were at high risk for poor

Table 1. Probabilities of Survival at 5 Years After SCT for
Standard Risk Factors

Parameter n
Probability of

Survival P

atient age (y) .094
�20 32 54.9
20–40 408 56.7
�40 186 45.6

isease stage at SCT �.0001
First CP 474 60.9
AP 95 37.4
Second CP/BC 57 15.8

uration of disease pre-SCT (y) .0002
�1 241 64.6
�1 384 46.4

onor type .004
Identical sibling 364 58.4
MUD 262 46.3

atient/donor gender match .40
Male/female 143 53.3
Other 481 53.5

ransplant era .002
2/81–5/89 155 48.4
6/89–11/93 156 47.4
12/93–6/98 157 51.5
7/98–9/06 158 66.9
ratwohl score .0004
0–1 85 72.4
2 175 69.5
3 185 48.8

4–7 178 33.1

t

urvival (i.e., high Gratwohl score), but was less able to
ifferentiate the 2 groupings with the lowest scores (hence
est survival prognosis). The influence of year of transplant
howed that significant improvement has been achieved in
he last epoch.

Univariate analysis comparing all 12 individual star signs
howed considerable variation with respect to their proba-
ility of survival at 5 years; however, there was no significant
verall difference (P � .65; Table 2). The comparison of the
-year survival probabilities for Arians (63%) and Aquarians
45%) was of borderline nonsignificance (P � .071; Fig 1).

hen grouped according to their elements, fire-vital (Aries,
eo, Sagittarius), earth-physical (Taurus, Virgo, Capri-
orn), air-mental (Gemini, Libra, Aquarius), and water-
motional (Cancer, Scorpio, Pisces), no statistical differ-
nce was observed (P � .75). However, it was possible,
sing observational methods, to pool together star signs

Table 2. Probabilities of Survival at 5 Years After SCT for
Zodiac Star Signs

Parameter n
Probability of

Survival P

tar sign (calendar dates D/M) .65
Aries (21/3–19/4) 44 62.9
Taurus (20/4–20/5) 43 58.1
Gemini (21/5–20/6) 54 56.8
Cancer (23/7–22/8) 63 48.8
Leo (23/7–22/8) 59 57.3
Virgo (23/8–22/9) 54 46.3
Libra (23/9–22/10) 54 51.0
Scorpio (23/10–21/11) 56 59.6
Sagittarius (22/11–21/12) 54 48.1
Capricorn (22/12–19/1) 61 56.3
Aquarius (20/1–18/2) 35 44.5
Pisces (19/2–20/3) 49 49.7

tar sign groups .007
Group A (Aries, Taurus, Gemini,
Leo, Scorpio, Capricorn)

317 58.3

Group B (Cancer, Virgo, Libra,
Sagittarius, Aquarius, Pisces)

309 48.1

ig 1. Probabilities of survival after SCT for patients born under

he star signs Aries and Aquarius.
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ikely to provide dichotomous results. Thus, grouping to-
ether Aries, Taurus, Gemini, Leo, Scorpio, and Capricorn
group A; n � 317) versus others (group B; n � 309)
esulted in a highly significant difference (58% vs 48% at 5
ears; P � .007; Fig 2).

When adjusted for Gratwohl score and transplant era in
Cox proportional hazards regression analysis, patients

ith star signs in group B were associated with an increased
isk of mortality when compared with group A (relative risk
RR], 1.37; P � .005; Table 3). The influence of patient star
ign was thus confirmed in this large cohort of transplant
atients.

ISCUSSION

his study was devised to investigate the influence of a
ontroversial parameter on survival after SCT. For this
nvestigation to have a sound basis, it was important to use

disease model with well-established prognostic factors;
hus our choice of CML. Our initial investigation failed to
nd any significant relationship between star sign and
urvival. However, by pooling together those star signs with
he best outcomes versus those with the poorest, a robust
esult was obtained, even when adjusted for by established
rognostic factors. However, this ’significant’ result was
btained on the basis of a flawed scientific method-namely,
he pooling together of groups with no scientific commu-
ality, for the explicit reason of achieving significance. The
roblem with such an approach is that the post hoc

ntervention of grouping eliminates the element of chance,
hich is precisely the basis for the statistical test in the first

nstance.
The pooling or grouping of data is admissible in the case

f adjacent categories, and if there is scientific justification.
hen dealing with continuous variables, the interpretation

f results is often considerably easier if the values are
reduced’ to groups with established cutoff values. However,
he seeking of a cutoff value that provides a statistically
ignificant difference is inappropriate. Herein lies the root
f the problem: studies that show significant results are
onsiderably more likely to be published than those that

ig 2. Probabilities of survival after SCT for patients born under
 s
2he different star sign groupings.
ave negative findings. Not only does this cause an
nderrepresentation of studies that show no differences

n treatment groups, actual treatment efficacies may be
verstated.13

The trawling and reanalysis of data to find significant
esults is not a new concept, and was demonstrated in the
SIS-2 trial, where multiple testing of subgroups resulted in
ignificant results of dubious scientific merit.15 In an inter-
sting publication by Gelman and Stern,16 the authors
rgue that our obsession with significance and nonsignifi-
ance overshadows the practical implications of the re-
earch findings. Large changes in significance levels may
orrespond with small, nonsignificant changes in the under-
ying quantities or outcomes.

To counteract the publication bias problem in the field of
linical trials, two initiatives have been undertaken. In 2000,
he US National Institutes of Health (NIH) established
linicaltrials.gov, a publicly accessible database of trials and
hen in 2005, the International Committee of Medical
ournal Editors began requiring that trials be registered in
public database prior to enrolling the first patient, in order

o be considered for publication. These measures would
ppear to be redressing the balance.14

In the present study, we have demonstrated that provid-
ng adequate care is taken (ie, manipulation of the data), a
ignificant relationship between patient Zodiac sign and
urvival after SCT for CML can be observed. We can
ostulate that any pseudoscientific parameter can be ma-
ipulated to give a seemingly ’important’ result, however

mplausible. Critical awareness therefore, must be main-
ained, both with the presentation of significant and non-
ignificant results.
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