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Newcastle upon Tyne NE24HH, UK
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Abstract
There has been considerable speculation about the adaptive significance of the human female orgasm, with one hypothesis being that it
promotes differential affiliation or conception with high-quality males. We investigated the relationship between women's self-reported
orgasm frequency and the characteristics of their partners in a large representative sample from the Chinese Health and Family Life Survey.
We found that women report more frequent orgasms the higher their partner's income is. This result cannot be explained by possible
confounds such as women's age, health, happiness, educational attainment, relationship duration, wealth difference between the partners,
difference between the partners in educational attainment, and regional location. It appears consistent with the view that female orgasm has an
evolved adaptive function.
© 2009 Published by Elsevier Inc.
Keywords: Orgasm; Mate choice; Humans; Male quality; Evolutionary psychology

1. Introduction
Female orgasm in humans is a topic of continued debate
and speculation but has relatively little solid empirical
evidence (Dunn, Cherkas, & Spector, 2005; Meston, Levin,
Sipski, Hull, & Heiman, 2004). Although there have been a
multitude of definitions and physiologists, sexologists,
doctors, and sociologists continue to debate the exact nature
of the experience (Levin, 2004), there is general agreement
that female orgasm is “a variable, transient peak sensation of
intense pleasure, creating an altered state of consciousness,
usually with an initiation accompanied by involuntary,
rhythmic contractions of the pelvic striated circumvaginal
musculature, often with concomitant uterine and anal
contractions and myotonia that resolves the sexually induced
vasocongestion (sometimes only partially), generally with an
induction of well-being and contentment.” (Meston et al.,
2004, p. 174).

⁎ Corresponding author. Department of Social and Organizational
Psychology, University of Groningen, Groningen, The Netherlands.
E-mail address: t.v.pollet@ncl.ac.uk (T.V. Pollet).
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The frequency of orgasm has been found to be an
important component of sexual satisfaction, which in turn is
a predictor of relationship satisfaction, for Chinese women
(Parish et al., 2007). In American women, age and religiosity
are negative predictors of orgasm frequency (Laumann,
Gagnon, Michael, & Michaels, 1994; Meston et al., 2004),
and the frequency of masturbatory orgasms but not orgasms
with a partner increases with increasing education (Laumann
et al., 1994). Twin evidence also suggests a moderate
heritable component (Dunn et al., 2005). Beyond these,
however, there is a relative paucity of evidence on the
psychological and social factors influencing orgasmic
function (Meston et al., 2004) since research has mainly
focused on the physiological mechanisms involved (Levin &
Wagner, 1985; Masters & Johnson, 1966).
Evolutionists have taken opposing positions on the
function of female orgasm. On one hand, it has been seen
as a functionless by-product of the ejaculatory response in
males (Gould, 1987; Symons, 1979). An alternative view is
that women's capacity for orgasm is an adaptation that serves
to discriminate between males on the basis of their quality
(Alcock, 1987; Smith, 1984; Thornhill, Gangestad, &
Comer, 1995), leading to either enhanced conception
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Female orgasm in humans is a topic of continued debate
and speculation but has relatively little solid empirical
evidence (Dunn, Cherkas, & Spector, 2005; Meston, Levin,
Sipski, Hull, & Heiman, 2004). Although there have been a
multitude of definitions and physiologists, sexologists,
doctors, and sociologists continue to debate the exact nature
of the experience (Levin, 2004), there is general agreement
that female orgasm is “a variable, transient peak sensation of
intense pleasure, creating an altered state of consciousness,
usually with an initiation accompanied by involuntary,
rhythmic contractions of the pelvic striated circumvaginal
musculature, often with concomitant uterine and anal
contractions and myotonia that resolves the sexually induced
vasocongestion (sometimes only partially), generally with an
induction of well-being and contentment.” (Meston et al.,
2004, p. 174).
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The frequency of orgasm has been found to be an
important component of sexual satisfaction, which in turn is
a predictor of relationship satisfaction, for Chinese women
(Parish et al., 2007). In American women, age and religiosity
are negative predictors of orgasm frequency (Laumann,
Gagnon, Michael, & Michaels, 1994; Meston et al., 2004),
and the frequency of masturbatory orgasms but not orgasms
with a partner increases with increasing education (Laumann
et al., 1994). Twin evidence also suggests a moderate
heritable component (Dunn et al., 2005). Beyond these,
however, there is a relative paucity of evidence on the
psychological and social factors influencing orgasmic
function (Meston et al., 2004) since research has mainly
focused on the physiological mechanisms involved (Levin &
Wagner, 1985; Masters & Johnson, 1966).
Evolutionists have taken opposing positions on the
function of female orgasm. On one hand, it has been seen
as a functionless by-product of the ejaculatory response in
males (Gould, 1987; Symons, 1979). An alternative view is
that women's capacity for orgasm is an adaptation that serves
to discriminate between males on the basis of their quality
(Alcock, 1987; Smith, 1984; Thornhill, Gangestad, &
Comer, 1995), leading to either enhanced conception

Pollet and Nettle (Pollet & Nettle, 2009; henceforth,
P&N) used ordinal regression models to investigate the
effect of indicators of male quality, height and income, on
self-reported female orgasm frequency. The strategy was as
follows: in the first step the two key variables, male height
and male income, were included. Subsequently, height was
removed as it proved not to be a significant predictor at 5%
level. Then, using an information theoretic approach, the
authors examined whether model fit could be improved by
adding control variables and stopped when the model could
not be further improved as assessed by the Akaike
Information Criterion (AIC) and the Bayesian Information
Criterion (BIC). P&N concluded that the best-fitting model
contained partner income as a predictor.
To obtain the parameter estimates in an ordinal regression
model, the data are often pooled into groups according to the
values of the covariates, and the likelihood of the grouped data
is maximized, instead of the likelihood of the individual data.
The pooled data likelihood function includes a multinomial
constant (see Supporting Information, Sections 1 and 2),
which is not present in the likelihood function for the
individual data. This multinomial constant does not alter the
parameter estimates, and so the estimates presented in P&N's
Table 2 were correct. However, inclusion or exclusion of the
multinomial constant affects the calculation of AIC and BIC
based on −2 log likelihood, since these criterions are model

☆
EH and TH spotted the mistake, re-analysed the data and wrote the
supplementary material. TP and DN provided information on the preparation
and interpretation of the data and the strategy of analysis and wrote the
commentary.
⁎ Corresponding author. Grote Kruisstraat II,1 (Room 449), 9712TS,
Groningen, The Netherlands.
E-mail address: T.V.Pollet@rug.nl (T.V. Pollet).

1090-5138/$ – see front matter © 2010 Elsevier Inc. All rights reserved.
doi:10.1016/j.evolhumbehav.2009.12.003

specific. As a consequence, models with different multinomial
constants cannot be compared based on log-likelihood
statistics. It turned out that P&N used a software implementation (SPSS 15.0) which by default calculates the log
likelihood including the constant. Thus, the AIC and BIC
values given were not correct, and the model selection strategy
was affected. We reran the analyses in R (R Development
Core Team, 2008) the model estimating the likelihood for the
individual data and excluding the multinomial constant term.
The results are presented in Table 1.
The results confirm that partner income is associated with
orgasm frequency (Step 1), and this association is robust to
control for female age and education (Steps 2 and 4).
However, unlike P&N, the reanalysis shows that the model
fit can be improved by adding more variables, until the point
where the effect of partner income is not significant
anymore. This conclusion is reinforced by using alternative
model selection strategies (see Supporting Information,
Sections 3 and 4).
Acknowledgments
The authors would like to thank the Population Center at
NORC and the University of Chicago for providing public
access to these data. Information about the CHFLS, and due
acknowledgement of its original funding, can be found at:
http://popcenter.uchicago.edu/data/chfls.shtml.

Appendix A. Online appendix
The online appendix contains additional information about
the model selection procedure, the likelihood calculation and
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Spatially resolved global reconstructions of annual surface temperature patterns over the past six centuries are based
on the multivariate calibration of widely distributed high-resolution proxy climate indicators. Time-dependent
correlations of the reconstructions with time-series records representing changes in greenhouse-gas concentrations,
solar irradiance, and volcanic aerosols suggest that each of these factors has contributed to the climate variability of
the past 400 years, with greenhouse gases emerging as the dominant forcing during the twentieth century. Northern
Hemisphere mean annual temperatures for three of the past eight years are warmer than any other year since (at least)
AD 1400.

Knowing both the spatial and temporal patterns of climate change
over the past several centuries remains a key to assessing a possible
anthropogenic impact on post-industrial climate1. In addition to
the possibility of warming due to increased concentrations of
greenhouse gases during the past century, there is evidence that
both solar irradiance and explosive volcanism have played an
important part in forcing climate variations over the past several
centuries2,3. The unforced ‘natural variability’ of the climate system
may also be quite important on multidecadal and century
timescales4,5. If a faithful empirical description of climate variability
could be obtained for the past several centuries, a more confident
estimation could be made of the roles of different external forcings
and internal sources of variability on past and recent climate.
Because widespread instrumental climate data are available for
only about one century, we must use proxy climate indicators
combined with any very long instrumental records that are available
to obtain such an empirical description of large-scale climate
variability during past centuries. A variety of studies have sought
to use a ‘multiproxy’ approach to understand long-term climate
variations, by analysing a widely distributed set of proxy and
instrumental climate indicators1,5–8 to yield insights into longterm global climate variations. Building on such past studies, we
take a new statistical approach to reconstructing global patterns of
annual temperature back to the beginning of the fifteenth century,
based on the calibration of multiproxy data networks by the
dominant patterns of temperature variability in the instrumental
record.
Using these statistically verifiable yearly global temperature
reconstructions, we analyse the spatiotemporal patterns of climate
change over the past 500 years, and then take an empirical approach
to estimating the relationship between global temperature changes,
variations in volcanic aerosols, solar irradiance and greenhouse-gas
concentrations during the same period.
Data

We use a multiproxy network consisting of widely distributed highquality annual-resolution proxy climate indicators, individually
collected and formerly analysed by many palaeoclimate researchers
(details and references are available: see Supplementary Information). The network includes (Fig. 1a) the collection of annualresolution dendroclimatic, ice core, ice melt, and long historical
records used by Bradley and Jones6 combined with other coral, ice
core, dendroclimatic, and long instrumental records. The long
NATURE | VOL 392 | 23 APRIL 1998
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instrumental records have been formed into annual mean anomalies relative to the 1902–80 reference period, and gridded onto a
58 3 58 grid (yielding 11 temperature grid-point series and 12
precipitation grid-point series dating back to 1820 or earlier) similar
to that shown in Fig. 1b. Certain densely sampled regional dendroclimatic data sets have been represented in the network by a
smaller number of leading principal components (typically 3–11
depending on the spatial extent and size of the data set). This form
of representation ensures a reasonably homogeneous spatial sampling in the multiproxy network (112 indicators back to 1820).
Potential limitations specific to each type of proxy data series
must be carefully taken into account in building an appropriate
network. Dating errors in a given record (for example, incorrectly
assigned annual layers or rings) are particularly detrimental if
mutual information is sought to describe climate patterns on a
year-by-year basis. Standardization of certain biological proxy
records relative to estimated growth trends, and the limits of
constituent chronology segment lengths (for example, in dendroclimatic reconstructions), can restrict the maximum timescale of
climate variability that is recorded9, and only a limited subset of the
indicators in the multiproxy network may thus ‘anchor in’ the
longest-term trends (for example, variations on timescales greater
than 500 years). However, the dendroclimatic data used were
carefully screened for conservative standardization and sizeable
segment lengths. Moreover, the mutual information contained in
a diverse and widely distributed set of independent climate indicators can more faithfully capture the consistent climate signal that is
present, reducing the compromising effects of biases and weaknesses in the individual indicators.
Monthly instrumental land air and sea surface temperature10
grid-point data (Fig. 1b) from the period 1902–95 are used to
calibrate the proxy data set. Although there are notable spatial
gaps, this network covers significant enough portions of the globe to
form reliable estimates of Northern Hemisphere mean temperature,
and certain regional indices of particular importance such as the
‘NINO3’ eastern tropical Pacific surface temperature index often
used to describe the El Niño phenomenon. The NINO3 index is
constructed from the eight grid-points available within the conventional NINO3 box (58 S to 58 N, 90–1508 W).
Multiproxy calibration

Although studies have shown that well chosen regional paleoclimate
reconstructions can act as surprisingly representative surrogates for

Nature © Macmillan Publishers Ltd 1998

779

The Hockey Stick Controversy
Reproducible
Research
D. Haine

articles
69

Introduction
Reproducible
Research

Global-scale temperature patterns
and climate forcing over the past
8
six centuries
Michael E. Mann*, Raymond S. Bradley* & Malcolm K. Hughes†
* Department of Geosciences, University of Massachusetts, Amherst, Massachusetts 01003-5820, USA
† Laboratory of Tree Ring Research, University of Arizona, Tucson, Arizona 85721, USA
. ............ ............ ............ ........... ............ ............ ............ ........... ............ ............ ............ ........... ............ ............ ............ ........... ............ ............ ............ ............ ...........

Literate
Programming
Sweave
LATEX
How-to
Basic
Example
Miscelleanous
Makefile

Spatially resolved global reconstructions of annual surface temperature patterns over the past six centuries are based
on the multivariate calibration of widely distributed high-resolution proxy climate indicators. Time-dependent
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over the past several centuries remains a key to assessing a possible
anthropogenic impact on post-industrial climate1. In addition to
the possibility of warming due to increased concentrations of
greenhouse gases during the past century, there is evidence that
both solar irradiance and explosive volcanism have played an
important part in forcing climate variations over the past several
centuries2,3. The unforced ‘natural variability’ of the climate system
may also be quite important on multidecadal and century
timescales4,5. If a faithful empirical description of climate variability
could be obtained for the past several centuries, a more confident
estimation could be made of the roles of different external forcings
and internal sources of variability on past and recent climate.
Because widespread instrumental climate data are available for
only about one century, we must use proxy climate indicators
combined with any very long instrumental records that are available
to obtain such an empirical description of large-scale climate
variability during past centuries. A variety of studies have sought
to use a ‘multiproxy’ approach to understand long-term climate
variations, by analysing a widely distributed set of proxy and
instrumental climate indicators1,5–8 to yield insights into longterm global climate variations. Building on such past studies, we
take a new statistical approach to reconstructing global patterns of
annual temperature back to the beginning of the fifteenth century,
based on the calibration of multiproxy data networks by the
dominant patterns of temperature variability in the instrumental
record.
Using these statistically verifiable yearly global temperature
reconstructions, we analyse the spatiotemporal patterns of climate
change over the past 500 years, and then take an empirical approach
to estimating the relationship between global temperature changes,
variations in volcanic aerosols, solar irradiance and greenhouse-gas
concentrations during the same period.
Data

We use a multiproxy network consisting of widely distributed highquality annual-resolution proxy climate indicators, individually
collected and formerly analysed by many palaeoclimate researchers
(details and references are available: see Supplementary Information). The network includes (Fig. 1a) the collection of annualresolution dendroclimatic, ice core, ice melt, and long historical
records used by Bradley and Jones6 combined with other coral, ice
core, dendroclimatic, and long instrumental records. The long
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instrumental records have been formed into annual mean anomalies relative to the 1902–80 reference period, and gridded onto a
58 3 58 grid (yielding 11 temperature grid-point series and 12
precipitation grid-point series dating back to 1820 or earlier) similar
to that shown in Fig. 1b. Certain densely sampled regional dendroclimatic data sets have been represented in the network by a
smaller number of leading principal components (typically 3–11
depending on the spatial extent and size of the data set). This form
of representation ensures a reasonably homogeneous spatial sampling in the multiproxy network (112 indicators back to 1820).
Potential limitations specific to each type of proxy data series
must be carefully taken into account in building an appropriate
network. Dating errors in a given record (for example, incorrectly
assigned annual layers or rings) are particularly detrimental if
mutual information is sought to describe climate patterns on a
year-by-year basis. Standardization of certain biological proxy
records relative to estimated growth trends, and the limits of
constituent chronology segment lengths (for example, in dendroclimatic reconstructions), can restrict the maximum timescale of
climate variability that is recorded9, and only a limited subset of the
indicators in the multiproxy network may thus ‘anchor in’ the
longest-term trends (for example, variations on timescales greater
than 500 years). However, the dendroclimatic data used were
carefully screened for conservative standardization and sizeable
segment lengths. Moreover, the mutual information contained in
a diverse and widely distributed set of independent climate indicators can more faithfully capture the consistent climate signal that is
present, reducing the compromising effects of biases and weaknesses in the individual indicators.
Monthly instrumental land air and sea surface temperature10
grid-point data (Fig. 1b) from the period 1902–95 are used to
calibrate the proxy data set. Although there are notable spatial
gaps, this network covers significant enough portions of the globe to
form reliable estimates of Northern Hemisphere mean temperature,
and certain regional indices of particular importance such as the
‘NINO3’ eastern tropical Pacific surface temperature index often
used to describe the El Niño phenomenon. The NINO3 index is
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Ross McKitrick
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ABSTRACT
The differences between the results of McIntyre and McKitrick [2003] and Mann
et al. [1998] can be reconciled by only two series: the Gaspé cedar ring width
series and the first principal component (PC1) from the North American tree ring
network. We show that in each case MBH98 methodology differed from what was
stated in print and the differences resulted in lower early 15th century index values.
In the case of the North American PC1, MBH98 modified the PC algorithm so
that the calculation was no longer centered, but claimed that the calculation was
“conventional”. The modification caused the PC1 to be dominated by a subset of
bristlecone pine ring width series which are widely doubted to be reliable
temperature proxies. In the case of the Gaspé cedars, MBH98 did not use archived
data, but made an extrapolation, unique within the corpus of over 350 series, and
misrepresented the start date of the series. The recent Corrigendum by Mann et al.
denied that these differences between the stated methods and actual methods have
any effect, a claim we show is false. We also refute the various arguments by Mann
et al. purporting to salvage their reconstruction, including their claims of
robustness and statistical skill. Finally, we comment on several policy issues
arising from this controversy: the lack of consistent requirements for disclosure of
data and methods in paleoclimate journals, and the need to recognize the
limitations of journal peer review as a quality control standard when scientific
studies are used for public policy.

1. INTRODUCTION
The Northern Hemisphere temperature index of Mann et al. [1998, “MBH98”],
together with its extension in Mann et al. [1999], was adopted by the Intergovernmental
Panel on Climate Change [IPCC, 2001] as the canonical temperature history of the
Northern Hemisphere. It is the authority for claims that the 1990s were the warmest
decade of the millennium and its influence on the public’s attitude towards climate
change and climate change policy has been enormous, and was recently reinforced by
its usage in the Arctic Climate Impact Assessment [ACIA, 2004].
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Given the complexity of microarray-based gene expression
studies, guidelines encourage transparent design and public
data availability. Several journals require public data deposition
and several public databases exist. However, not all data are
publicly available, and even when available, it is unknown
whether the published results are reproducible by independent
scientists. Here we evaluated the replication of data analyses
in 18 articles on microarray-based gene expression profiling
published in Nature Genetics in 2005–2006. One table or
figure from each article was independently evaluated by two
teams of analysts. We reproduced two analyses in principle
and six partially or with some discrepancies; ten could not
be reproduced. The main reason for failure to reproduce was
data unavailability, and discrepancies were mostly due to
incomplete data annotation or specification of data processing
and analysis. Repeatability of published microarray studies
is apparently limited. More strict publication rules enforcing
public data availability and explicit description of data
processing and analysis should be considered.
Microarray-based research is a prolific scientific field1 where extensive
data are generated and published. The field has been sensitized to the
need for transparent design and public data deposition2–5 and public
databases have been designed for this purpose6–8. Issues surrounding the
ability to reproduce published results with publicly available data have
drawn attention in microarray-related research9–11 and beyond. The
reproducibility of scientific results has been a concern of the scientific
community for decades and in every scientific discipline. In biomedical

research, the Uniform Guidelines of the International Committee of
Medical Journal Editors state that authors should “identify the methods,
apparatus and procedures in sufficient detail to allow other workers to
reproduce the results”12. Making primary data publicly available has
many challenges but also many benefits13. Public data availability allows
other investigators to confirm the results of the original authors, exactly
replicate these results in other studies and try alternative analyses to
see whether results are robust and to learn new things. Journals such
as Nature Genetics require public data deposition as a prerequisite for
publication for microarray-based research. Yet, the extent to which data
are indeed made fully and accurately publicly available and permit confirmation of originally reported findings in many areas, including gene
expression microarray research, is unknown.
In this project, we aimed to evaluate the repeatability of published
microarrays studies. We focused specifically on the ability to repeat
the published analyses and get the same results. This is one important component in the wider family of replication and reproducibility
issues. We evaluated 18 articles published in Nature Genetics in 2005
or 2006 that presented data from comparative analyses of microarrays
experiments that had not been previously published elsewhere. Detailed
eligibility criteria and search strategies are presented in the Methods
section. Of 20 initially selected articles14–33, 2 were excluded21,26 when
they were found to use previously published data. The 18 evaluated
articles14–20,22–25,27–33 and the selected tables or figures we attempted
to reproduce are shown in Table 1. They cover a wide variety of methods and applications, as expected from a multidisciplinary genetics
journal. Of the 18 articles, 16 declare in either the primary article or
its supplements that the gene expression profiling experimental data

1Clinical and Molecular Epidemiology Unit, Department of Hygiene and Epidemiology, University of Ioannina School of Medicine, Ioannina 45110,
Greece. 2Biomedical Research Institute, Foundation for Research and Technology–Hellas, Ioannina 45110, Greece. 3Center for Genetic Epidemiology and
Modeling, Tufts Medical Center and Department of Medicine, Tufts University School of Medicine, Boston, Massachusetts 02111, USA. 4Department of
Biostatistics, Section on Statistical Genetics, University of Alabama at Birmingham, Birmingham, Alabama 35294, USA. 5Department of Biochemistry,
Stanford University School of Medicine, Stanford, California 94305, USA. 6Department of Biostatistics and Computational Biology, Dana-Farber
Cancer Institute, Boston, Massachusetts 02115, USA. 7Department of Biostatistics, Harvard School of Public Health, Boston, Massachusetts 02115, USA.
8Genomic Medicine, Faculty of Medicine, Imperial College London, Hammersmith Hospital, Du Cane Road, London W12 0NN, UK. 9Department
of Twin Research & Genetic Epidemiology, St. Thomas’ Campus, King’s College London, Lambeth Palace Road, London SE1 7EH, UK. 10Fondazione
Bruno Kessler, via Sommarive 18, 38100 Povo-Trento, Italy. 11Medical Research Council Clinical Sciences Centre Microarray Centre, Hammersmith
Hospital, Du Cane Road, London W12 0NN, UK. 12Statistics and Epidemiology Unit, RTI International, Atlanta, Georgia 30341, USA. 13Department of
Epidemiology, Public Health and Primary Care, Faculty of Medicine, Imperial College, Praed Street, London W2 1PG, UK. 14European Molecular Biology
Laboratory Heidelberg, Meyerhofstraße 1, 69117 Heidelberg, Germany. Correspondence should be addressed to J.P.A.I. (jioannid@cc.uoi.gr).
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BACKGROUND: The optimal priming solution for cardiopulmonary bypass (CPB) is
unclear. In this study, we evaluated the influence of high-volume priming with a
modern balanced hydroxyethyl starch (HES) preparation on coagulation, inflammation, and organ function compared with an albumin-based CPB priming regimen.
METHODS: In 50 patients undergoing coronary artery bypass grafting, the CPB circuit
was prospectively and randomly primed with either 1500 mL of 6% HES 130/0.42 in
a balanced electrolyte solution (Na⫹ 140 mmol/L, Cl⫺ 118 mmol/L, K⫹ 4 mmol/L,
Ca2⫹ 2.5 mmol/L, Mg⫹⫹ 1 mmol/L, acetate⫺ 24 mmol/L, malate⫺ 5 mmol/L) (n ⫽
25) or with 500 mL of 5% human albumin plus 1000 mL 0.9% saline solution (n ⫽ 25).
Inflammation (interleukins [IL]-6, -10), endothelial damage (soluble intercellular adhesion molecule-1), kidney function (kidney-specific proteins ␣-glutathione S-transferase,
neutrophil gelatinase-associated lipocalin), coagulation (measured by thrombelastometry [ROTEM威, Pentapharm, Munich, Germany]), and platelet function (measured by
whole blood aggregometry [Multiplate威 analyzer, Dynabyte Medical, Munich, Germany]) were assessed after induction of anesthesia, immediately after surgery, 5 h after
surgery, and on the morning of first and second postoperative days.
RESULTS: Total volume given during and after CPB was 3090 ⫾ 540 mL of balanced
HES and 3110 ⫾ 450 mL of albumin. Base excess after surgery was lower in the
albumin-based priming group than in the balanced HES priming group (⫺5.9 ⫾ 1.2
mmol/L vs ⫹0.2 ⫾ 0.2 mmol/L, P ⫽ 0.0003). Plasma levels of IL-6, IL-10, and
intercellular adhesion molecule-1 were higher after CPB in the albumin-based priming
group compared with the HES priming group at all time periods (P ⫽ 0.0002). Urinary
concentrations of ␣-glutathione S-transferase and neutrophil gelatinase-associated
lipocalin were higher after CPB through the end of the study in the albumin group
compared with the balanced HES group (P ⫽ 0.00004). After surgery through the first
postoperative day, thrombelastometry data (clotting time and clot formation time)
revealed more impaired coagulation in the albumin-based priming group compared
with the HES priming group (P ⫽ 0.004). Compared with baseline, platelet function
was unchanged in the high-dose balanced HES priming group after CPB and 5 h after
surgery, but it was significantly reduced in the albumin-based priming group.
CONCLUSION: High-volume priming of the CPB circuit with a modern balanced HES
solution resulted in reduced inflammation, less endothelial damage, and fewer
alterations in renal tubular integrity compared with an albumin-based priming.
Coagulation including platelet function was better preserved with high-dose
balanced HES CPB priming compared with albumin-based CPB priming.
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T

he ideal strategy for priming of the cardiopulmonary bypass (CPB) circuit in adult cardiac surgery is
still a matter of debate.1– 6 In many institutions, either
albumin or nonprotein synthetic colloids (gelatins,
dextrans, hydroxyethyl starch [HES]) are added to the
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crystalloid-based prime. HES preparations are classified based on their mean molecular weight (MW; low
MW HES: 70 kD; medium MW HES: from 130 to 260
kD; high MW [HMW] HES: ⬎450 kD), their molar
substitution (MS; high MS: ⬎0.7; medium MS: ⬎0.5;
low MS: ⬎0.5), and their ratio of the C2:C6 hydroxyethylation. The importance of the diluent solution of
HES has been recently emphasized.7,8 Most colloids
(including albumin) are diluted in 0.9% normal saline
that contains nonphysiologically high concentrations
of sodium (154 mmol/L) and chloride (154 mmol/L)
that might contribute to hyperchloremic acidosis.9
Modern HES preparations are dissolved in an electrolyte solution closer in composition to plasma (“balanced” or “plasma adapted” solutions). The purpose
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compared with the balanced HES group (P ⫽ 0.00004). After surgery through the first
postoperative day, thrombelastometry data (clotting time and clot formation time)
revealed more impaired coagulation in the albumin-based priming group compared
with the HES priming group (P ⫽ 0.004). Compared with baseline, platelet function
was unchanged in the high-dose balanced HES priming group after CPB and 5 h after
surgery, but it was significantly reduced in the albumin-based priming group.
CONCLUSION: High-volume priming of the CPB circuit with a modern balanced HES
solution resulted in reduced inflammation, less endothelial damage, and fewer
alterations in renal tubular integrity compared with an albumin-based priming.
Coagulation including platelet function was better preserved with high-dose
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To Our Readers

I

n December 2009 Anesthesia & Analgesia published the
manuscript “Cardiopulmonary Bypass Priming Using a
High Dose of a Balanced Hydroxyethyl Starch Versus
an Albumin-Based Priming Strategy” by Joachim Boldt,
Stephan Suttner, Christian Brosch, Andreas Lehmann, Kerstin Röhm, and Andinet Mengistu.1 Shortly following publication, the Journal received several letters from concerned
readers that the variability in the cytokine assay was too
low to be believed. Upon reviewing the results, we concurred with that assessment. We also believed that the
variability in blood gas results reported in the paper was
too low to be believable.
After several months of inquiries we determined that
Professor Boldt’s institution, Klinikum Ludwigshafen, had
no Institutional Review Board. Instead, IRB review and
ethical oversight of research conducted at Klinikum Ludwigshafen is the responsibility of Landesärztekammer
Rheinland-Pfalz (“LÄK”), the Rheinland State Medical
Board. In May I sent a request for review to LÄK, explaining my concerns about the veracity of the report published
in Anesthesia & Analgesia.
On October 25th I received notification from LÄK about
their findings. Professor Boldt’s manuscript describes IRB
review, written informed consent, prospective randomization, and a follow-up questionnaire. LÄK determined that
there was no IRB approval, no written informed consent, no
randomization process, and no follow-up questionnaire as
described in the study. These are very serious misrepresentations in Professor Boldt’s manuscript. As a result, the
entire manuscript is compromised, and is hereby retracted.
The primary concern investigated by LÄK was whether
the data in the manuscript were fabricated. Fabrication is
easy to disprove by providing original research data (e.g.,
patient medical records, laboratory records, disk files from
research equipment) to demonstrate the validity of the
report. Despite having several months to collect such data,
Professor Boldt has not provided LÄK with any original
research data to refute the allegation of data fabrication.
LÄK has not reached a conclusion that the data were
fabricated. This is still an open question, and LÄK is
continuing its investigation.

Based on the findings of LÄK, the report published in
Anesthesia & Analgesia is fraudulent. Numerous representations in the manuscript are untrue. It is possible that the
study was never performed at all. If the study were
performed as reported, then that would represent a profound violation of research ethics, as there was no IRB
approval or written informed consent.
Professor Boldt has published more than 200 manuscripts in the peer reviewed medical literature. A shadow
has been cast over that body of work based on a determination that the report published in Anesthesia & Analgesia is
fraudulent. In the coming months and years we will work
with LÄK to determine the veracity of all reports by
Professor Boldt published in Anesthesia & Analgesia.
Editorial comments to accompany this retraction will
appear in the March 2011 issue of Anesthesia & Analgesia.
However, our responsibility to our readership, and to the
patients we care for, requires our immediately sharing
the findings of the inquiry by LÄK with our readership
and the academic community, and our immediate retraction of the manuscript.
Anesthesia & Analgesia is uncompromising in its commitment to scientific integrity. When credible evidence of
misconduct is brought to our attention, our commitment to
the scientific record, to our readers, and to the patients our
readers care for requires that we pursue all such allegations
until a determination has been made.
I appreciate the dedication to academic integrity demonstrated by Landesärztekammer Rheinland-Pfalz in pursuing their investigation into the veracity of a report
published in Anesthesia & Analgesia. They have been exceedingly helpful and forthcoming at every step. I have
absolute confidence that LÄK will work with the Journal to
review the veracity of the manuscripts published by Professor Boldt in Anesthesia & Analgesia and restore the
integrity of the published scientific record.
Steven L. Shafer, MD
Editor-in-Chief
Anesthesia & Analgesia
REFERENCE
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Shadow of Doubt
Steven L. Shafer, MD

I

n December 2009, Anesthesia & Analgesia published a
manuscript by Professor Joachim Boldt describing the
effect of 2 different bypass pump priming solutions,
albumin or a modern hydroxyethyl starch colloidal solution, on markers of postoperative inflammation and organ
function.1 Shortly after this paper was published, 3 readers
contacted the Journal to question the small standard deviations of the interleukin IL-6 concentrations reported by
Professor Boldt. I verified their concerns with several
experts in IL-6 biology, who also thought that the standard
deviations were inconsistent with typical IL-6 data. For
reference, Figure 1A shows the IL-6 concentrations in
Professor Boldt’s paper. Figure 1B shows the IL-6 concentrations in a similar study that looked at the effect on IL-6
of different coatings in the bypass circuit.2 As seen in
Figure 1B, the standard deviation of the IL-6 assay is
expected to be approximately of the same magnitude as the
observation itself (i.e., the coefficient of variation is nearly
100%). Professor Boldt’s standard deviations are very small
in comparison. I was also dismayed when I scrutinized the
base excess values reported for patients in the 2 groups in
the retracted paper, which appear as Figure 2. It seems
farfetched that after cardiopulmonary bypass there would
be a base excess of 0, with almost no variability, simply
because of a difference in the colloidal solution used to
prime the bypass pump.
Research oversight in Germany is quite different than in
the United States, as explained in editorials by Professor
Förstermann3 and Hoffart et al.4 in this issue of Anesthesia &
Analgesia. It took several months to determine who was
responsible for ethical conduct of research at Klinikum
Ludwigshafen, the hospital where the research was conducted. In May, I brought my concerns to Landesärztekammer Rheinland-Pfalz (“LÄK-RLP”), the State Medical
Association of Rheinland-Pfalz. LÄK-RLP investigated the
matter, and communicated their findings to me on October
25, 2010. LÄK-RLP identified multiple misrepresentations
in the article, outlined in Table 1. Based on these findings,
the article was retracted.5
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As explained in the editorial by Hoffart et al.,4 LÄK-RLP
does not have the authority to investigate the study site itself.
After retraction of the article, Klinikum Ludwigshafen, where
the study was allegedly performed, convened an investigating committee to determine the integrity of the research. I
received their report on November 25, 2010. Notable findings
by the investigating committee include the following:
1. There are no original patient data or laboratory data
to support the findings in the study.
2. According to the head of the perfusionist team, no
albumin has been used as a priming solution since
1999.
3. According to the pharmacy, no albumin has been
delivered to the cardiac operating rooms for many
years.
4. All laboratory measurements, including IL-6, IL-10,
intercellular adhesion molecule, neutrophil gelatinaseassociated lipocalin, and ␣-glutathione-S-transferase,
would have been performed in the clinical laboratory
at the Klinikum Ludwigshafen. These assays have
only been performed on patients receiving hydroxyethyl starch priming solutions. The laboratory could
identify no assays from patients receiving albumin
priming solutions.
5. Professor Boldt has admitted forging the signatures
of the coauthors on the copyright transfer form
submitted to Anesthesia & Analgesia.
6. The coauthors denied participation in the fabrication.
7. There is no convincing evidence that this study was
performed at all.
In other words, the study is fabricated.
In my editorial on the fabrications of Scott Reuben, I
likened the growth of human knowledge to the weaving of
a tapestry, and the sudden loss of 21 articles to the ripping
of a thread.6 The retraction of a single article by Professor
Boldt is very different. We don’t have the sudden loss of 21
articles, and a clear statement from an institution about the
scale of the misconduct. We just have a single fabricated
study. However, even one fabricated study casts a large
shadow over Professor Boldt’s entire body of work.
As Editor-in-Chief of Anesthesia & Analgesia, I am committed to publishing a journal of unimpeachable integrity.
That does not mean that everything in the Journal is
unimpeachable. Only sacred scripture has that characteristic. Every scientific paper may be inaccurate because of
experimental error, incorrect analysis, biased reporting, or
March 2011 • Volume 112 • Number 3

Figure 1. A, Plot of interleukin IL-6 concentrations showing mean and standard deviation (explicitly spelled out as “standard deviation”) in
Figure 3 of the retracted article by Professor Boldt. B, Mean and standard deviations of IL-6 concentrations in a study looking at the influence
of different coatings of the bypass circuit.2 The data graphed are taken from Table 3, page 234.4 Five different coatings, including a “control”
coating, were tested. The details are not relevant here, because the important observation is simply that the variability in IL-6 concentrations
are of the same magnitude as the mean (i.e., the coefficient of variation is approximately 1).

Table 1. Findings from LÄK-RLP, October 25, 2010
Statement in article

Finding by LÄK-RLP

Fifty consecutive patients undergoing For the respective study, there
elective coronary artery bypass
does not exist an approval
grafting were studied after
by the respective IRB.
approval of the IRB.

Figure 2. Figure 1 from the retracted article, showing the base
excess at various time points. The finding of almost 0 base excess,
and almost no variability, immediately after cardiac surgery seems
highly implausible, unless it resulted from meticulous titration during
cardiopulmonary bypass. If that were the case, then it would have
been seen in both groups in this randomized blinded trial.

outright fraud. My commitment to “unimpeachable integrity” means that credible allegations of misconduct are not
ignored or swept under the rug, but are pursued, relentlessly, and sometimes at considerable personal cost.
This commitment to the readership of Anesthesia &
Analgesia requires that every article by Professor Boldt in
the Journal be scrutinized. He has published 41 papers in
the Journal, including 7 articles in 2008 and 2009.1,7–12
Fortunately, LÄK-RLP and Klinikum Ludwigshafen have
agreed to shoulder the unwelcome task of scrutinizing his
past work, just as Baystate took responsibility for assessing
Scott Reuben’s published papers. Since publishing the
retraction, I have received credible reports alleging fraud in
papers published by Professor Boldt dating back more than
a decade. These concerns have been forwarded to LÄK-RLP
and Klinikum Ludwigshafen. For my part, I have reached
out to the editors of anesthesiology and critical care journals
where Professor Boldt has published papers, and will
coordinate efforts between the journal editors and the investigating committees at Klinikum Ludwigshafen to work through the

March 2011 • Volume 112 • Number 3

And after receiving individual written
informed consent.

For the respective study, there
does not exist written
informed consent.

The patients were prospectively
randomized into one of the two
groups by a computer-generated
list and sealed envelopes.

For the respective study, there
does not exist a prospective
randomization process into
two groups by a computergenerated list and sealed
envelopes.

A questionnaire was sent to the
patients’ primary physicians to
receive information on patients’
serum creatinine, renal failure
requiring renal replacement
therapy, and mortality
approximately 60 days after
hospital discharge.

For the respective study, there
does not exist a written
questionnaire sent to the
patients’ primary physicians
approximately 60 days after
hospital discharge.

LÄK-RLP ⫽ Landesärztekammer Rheinland-Pfalz.

backlog of papers. By the time you read this editorial, the
initial findings of LÄK and Klinikum Ludwigshafen will have
been publicly disclosed. Unglaublich!
Anesthesia & Analgesia has experienced its share of fraud.
Not a single case, including this one, has involved a study
directly sponsored by a drug or device company. Sponsored studies are very closely audited, with each case
report form checked against patient and laboratory data.
The IRB process is audited as well, and compliance is
verified. To help us work though the backlog of papers by
Professor Boldt, I invite companies who directly sponsored
studies by Professor Boldt to audit their records and case
report forms, provide a rigorous analysis of the whether
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computations reproducible”. In: Computing in Science and Engg. 2.6 (2000), pp. 61–67.
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epidemiologic research”. In: American Journal of Epidemiology 163 (2006), pp. 783–789.
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pp. 97–111.
5 Anthony J. Rossini and Friedrich Leisch. Literate statistical practice. UW
Biostatistics Working Paper Series 194. Seattle, WA, USA: University of Washington,
2003. URL: http://biostats.bepress.com/uwbiostat/paper194/.

Compendium
Reproducible
Research
D. Haine

Introduction
Reproducible
Research
Literate
Programming
Sweave
LATEX
How-to
Basic
Example

“An article linked together with the data and code necessary for
producing all the results in the article” 6 .
Interactive document
Bundles:
primary data
statistical processing methods
figures
derived data

together with the textual documentation and conclusions

Miscelleanous
Makefile

12 / 28

6 Robert Gentleman and Duncan Temple Lang. “ Statistical Analyses and
Reproducible Research”. In: Journal of Computational and Graphical Statistics 16.1
(2007), pp. 1–23, Markus Ruschhaupt et al. “ A Compendium to Ensure Computational
Reproducibility in High-Dimensional Classification Tasks”. In: Statistical Applications in
Genetics and Molecular Biology 3.1 (2004), p. 37.

Compendium
Reproducible
Research

From Gentleman & Temple Lang7 .

D. Haine

Introduction
Reproducible
Research
Literate
Programming
Sweave
LATEX
How-to
Basic
Example
Miscelleanous
Makefile

13 / 28
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Research”. In: Journal of Computational and Graphical Statistics 16.1 (2007), pp. 1–23.
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8 Friedrich Leisch. “ Dynamic generation of statistical reports using literate data
analysis”. In: Compstat 2002 — Proceedings in Computational Statistics. Ed. by
Wolfgang Härdle and Bernd Rönz. Physica Verlag, Heidelberg, 2002, pp. 575–580.
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9 Günter M. Ziegler. “ How (L
A)TEX changed the face of Mathematics: an E-interview
with Leslie Lamport, the author of LATEX”. In: TUGboat 22.1/2 (2001), pp. 20–22.
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Beautiful typography, and can also draw graphs etc.
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Saponification
and Methylation

Extraction

.Rnw

Source File
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R code and LATEX code: chunks
R code chunks start with «»=
Text file with

can have additional controls
LATEX
How-to
Basic
Example
Miscelleanous
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Need to have all structure required for a LATEX document

Weaving
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Execute the Sweave function

Literate
Programming
Sweave
LATEX

Sweave("name_of_file.Rnw")
R CMD Sweave name_of_file.Rnw

How-to
Basic
Example
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The working directory of R must be the directory in which the
NoWEB file is located.

Compiling the

.tex

File
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pdflatex name_of_file.tex
NEVER edit the .tex file, always the .Rnw file

R
Reproducible
Research

Code Chunks Options
“Flags” separated by commas

D. Haine

Introduction
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Programming
Sweave
LATEX
How-to

label = to name the code chunk
echo = true/false to include or not the R code
results = verbatim/hide to include or not the results of the R
code

results = tex generates the LATEX syntax to create a table
Hmisc and xtable packages: latex(),
xtable()
fig = true to insert generated graph

Basic
Example

EPS and PDF
saved to same directory
insert

Miscelleanous

\includegraphics{}

Makefile

in the TEX file
wrap chunk with

\begin{figure}, \end{figure} \caption{}
to get caption and the graph be listed in the
“List of Figures”.
lattice graphs: use plot()
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Global Options
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To set options for every code chunk (or the remaining of them
if called further into the document)
Ex.:

\SweaveOpts{echo=false}

Sweave

To avoid deleting comments in code chunk:

LATEX

\SweaveOpts{keep.source=TRUE}

How-to

Managing graphs:

Basic
Example
Miscelleanous
Makefile
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\SweaveOpts{prefix.string=graphics/plot, eps
= FALSE, pdf = TRUE}
\SweaveOpts{width=5, height=3.5}

Insert

R

Code in LATEX

Reproducible
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\Sexpr{expr}

Sweave

Cannot break over many lines

LATEX

Can call an

How-to
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R object

Formating S input/output
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fancyvrb package in LATEX
Modify definition of Sinput and Soutput in Sweave.sty (or
create your own .sty file!)
Use

Basic Example
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R CMD Sweave workshop.Rnw
R CMD pdflatex workshop.tex
setwd()
Sweave(workshop.Rnw)
command line: cd
pdflatex workshop.tex

Where’s the

Sweave.sty

file? (Windows)
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Sweave.sty not found
Sweave.sty is not where MikTex expect to find it

On Windows:
The

It is under R:

C:\Program
Files\R\R-2.15.0\share\texmf
Solutions:

R:
library(tools)
In

and
Basic
Example
Miscelleanous
Makefile
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texi2dvi("workshop.tex", pdf = TRUE)
Register a user-managed TEXMF directory:
Open Miktex (Maintenance — Settings)
Click the Roots tab
Click Add and browse to the texmf directory under

R
http://docs.miktex.org/manual/localadditions.html

Versioning!!
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toLatex(sessionInfo(), locale=FALSE)

Miscelleanous
Reproducible
Research
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odfWeave
Literate
Programming

R2HTML

Sweave

pgfSweave

LATEX

reporttools (2 ˆ 2 and summary tables, etc.)

How-to

cacheSweave
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knitr

Makefile
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