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Gaten vervuilen

grondwater in

B angladesh

Door onze redactie wetenschap

Rotterdam, 17 nov. Graafgaten
in de grond die ontstaan bij het
bouwen van versterkingen tegen
overstromingen, veroorzaken in
Bangladesh vergiftiging van
grondwater met arsenicum. On-
derzoekers van het Amerikaanse
technologie-instituut MIT berich-
ten daarover in het wetenschappe-
lijk tijdschrift Nature Geoscience.
Volgens de Wereldgezondheidsor-
ganisatie is arsenicumvergiftiging
alleen al in Bangladesh voor 35
miljoen mensen een probleem. De
arsenicumvergiftiging is mede
veroorzaakt doordat mensen
sinds de jaren zeventig werden
aangemoedigd om ‘s ch o o n ’ drink-
water te halen uit diepe putten.
De MIT-wetenschappers ontdek-
ten dat organische koolstof via de
graafgaten diep onder de grond
terechtkomt. Daar wordt het in
biochemische reacties omgezet
door bacteriën die er ook voor zor-
gen dat arsenicum in het grond-
water terechtkomt.

Verband geur en

herstel van spieren

Door onze redactie wetenschap

Rotterdam, 17 nov. Een eiwit-
molecuul dat in de neus als geur-
receptor dient, is ook betrokken
bij herstel van beschadigde spier-
cellen. Dat schrijven Amerikaanse
onderzoekers deze week in
Developmental Cell. De onderzoe-
kers ontdekten de verrassende
link bij toeval. De geurreceptor
MOR23 bevindt zich op de ze-
nuwuiteinden in de neus en rea-
geert op de geur van lelie-
tjes-van-dalen. De Amerikanen
ontdekten dat MOR23 ook actief
is in beschadigde spiercellen.
MOR23 coördineert daar de mi-
gratie en onderlinge aanhechting
van spiercellen. Muizen waarbij
MOR23 was uitgeschakeld, ver-
toonden geen spierherstel. De on-
derzoekers hopen dat deze ont-
dekking ooit kan helpen bij het
behandelen van spierziekten. Ze
zoeken nu naar andere onvermoe-
de functies van geurreceptoren in
het lichaam.

Meer ongelukken

bij mooi weer

Door onze redactie wetenschap

Rotterdam, 17 nov. Bij mooi
weer belanden er meer mensen op
de spoedeisende hulp van het zie-
kenhuis dan bij slecht weer. En bij
volle maan zijn het er minder dan
bij nieuwe maan. Dat schrijven
onderzoekers van het UMC Gro-
ningen deze week in The Journal of

Tr a u m a . Zij koppelden gegevens
van ruim 350.000 mensen die in
de afgelopen 36 jaar de Groningse
eerste hulp bezochten, aan de da-
gelijkse gegevens van het KNMI
voor het vliegveld Eelde. De on-
derzoekers vermoeden dat men-
sen bij mooi weer vaker buiten ac-
tief zijn en daarmee meer risico lo-
pen op ongevallen. Bij volle maan
zouden er ’s nachts minder onge-
lukken gebeuren dankzij het ex-
tra licht.

Drie keer meer

energie uit water

Door onze redactie wetenschap

Rotterdam, 17 nov. Met een
nieuwe techniek kan met men-
ging van zoet en zout water drie
keer meer elektrische energie wor-
den opgewekt. Dat toont de na-
tuurkundige Piotr Dlugolecki
aan, die morgen aan de Universi-
teit Twente promoveert. De men-
ging van zoet en zout water kan
elektriciteit opleveren doordat
zout water meer geladen deeltjes
bevat dan zoet water: de zogehe-
ten ‘blauwe energie’. Als men tus-
sen zoet en zout water speciale
membranen plaatst, komt er een
ionenstroom op gang: van het
zoute naar het zoete water. Dlugo-
lecki verbeterde de netachtige
structuur die tussen de membra-
nen zorgt voor de nodige beweeg-
lijkheid van het water door die ge-
leidend te maken.

Veel ongelukken

met zitmaaiers

Door onze redactie wetenschap

Rotterdam, 17 nov. Grasmaai-
ers van het type ‘minitractor’ zor-
gen in de VS voor relatief veel on-
gelukken. Jaarlijks bezoeken zes
op de 100.000 mannen de eerste
hulp na een ongeluk met zo’n
grasmaaier, en 1,6 op de 100.000
vrouwen. Daarmee zijn de ‘mini-
tractors’ gevaarlijker dan ‘duw-
maaiers’. Dat staat binnenkort in
het Journal of Safety Research. De
voornaamste gevaren zijn dat de
grasmaaiers kantelen en dat men-
sen erdoor worden overreden.
Daarbij lopen ze met name kneu-
zingen, verstuikingen en botbreu-
ken op. De meeste slachtoffers zijn
ouderen. De onderzoekers pleiten
voor veiliger grasmaaiers die min-
der snel kantelen en voor betere
voorlichting over de gevaren.
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De onderzoekers
vonden ‘ruim 350 000’ 

ongevallen in 36 jaar.
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ORIGINAL ARTICLE

Relation of the Weather and the Lunar Cycle With the Incidence
of Trauma in the Groningen Region Over a 36-Year Period

Wouter Stomp, MD, Vaclav Fidler, PhD, Henk-Jan ten Duis, MD, PhD, and Maarten W. N. Nijsten, MD, PhD

Background: The time distribution of injuries is not random. To assess the
potential impact of weather and the phase of the moon on accidents,
adjustment for known periodic and nonperiodic factors may be important.
We compared the incidence of injuries with quantitative and qualitative
weather variables as well as the lunar cycle, after correction for calendar and
holiday-related factors.
Methods: We extracted the daily number of trauma patients treated at the
emergency department over 36 years (1970–2005) from the trauma database
of our regional hospital. For each patient, age, sex, cause of injury, and
severity of injury were recorded. This was combined with daily meteorolog-
ical data including temperature, precipitation, sunshine, humidity, air pres-
sure, and wind as well as the lunar phase. We also related the rate of change
of these parameters with the incidence of injuries. A qualitative weather
variable derived from temperature, sunshine duration, and precipitation was
defined as bad, normal, or good. Periodicities were adjusted for with Poisson
regression spline fitting analysis.
Results: Several weather variables were related with the number of injuries.
For most of these, better weather conditions were associated with an increase
in trauma incidence. Good weather, which was present on 16.5% of the days,
resulted in 10.1% (9.3–11.4 95% CI) more traumas compared with normal
weather. Full moon was associated with a 2.1% (1.1–3.0 95% CI) lower
trauma incidence than new moon.
Conclusions: Better weather conditions contribute to an increased incidence
of trauma. Full moon is associated with a slightly lower trauma incidence.
Key Words: Trauma incidence, Weather, Temperature, Moon, Children.

(J Trauma. 2009;67: 1103–1108)

Trauma patients constitute a substantial proportion of all
emergency department visits and hospital admissions.

The number of patients seen at a trauma emergency depart-
ment strongly varies from time to time. Although these
variations may appear random, several factors that can be
quantified may affect the occurrence of trauma. The weather
may influence the incidence of trauma in various ways. For
example, poor weather conditions may adversely affect traffic
safety and thus lead to more accidents. On the other hand,
during good weather more people may be on the road or
recreating outside. Other factors that might play a role are

school holidays and even the lunar cycle. Because of the
immense impact that both light and severe injury have on the
individual as well as on society, more insight into the envi-
ronmental factors that contribute to the incidence of trauma is
valuable. We investigated the relation of these factors with
the number of trauma patients seen at the emergency depart-
ment. For this purpose, all patients referred to our regional
trauma service over a period spanning several decades were
studied. We hypothesized that aside from obvious patterns
related to the calendar, the quality of weather might have a
significant impact on the number of trauma patients.

PATIENTS AND METHODS

Patients
The University Medical Center Groningen is situated in

the northern part of the Netherlands. It is a Level I trauma
center and is 1 of the 10 recognized trauma centers in the
Netherlands and 1 of the 4 trauma centers that have a
helicopter service available. Our catchment area covers the
Northern part of the Netherlands with a population of approx-
imately 2 million people. Approximately 10,000 patients visit
the emergency department each year as a consequence of
trauma. In this retrospective study, all trauma visits in a
36-year period (1970–2005) were included. Anonymized
data were extracted from the hospital’s trauma database.1 For
each patient, date of trauma, age, sex, and location of the
accident were recorded. The location of trauma was classified as:
(1) public road, (2) sport and recreation, or (3) in and around the
house and otherwise.

The primary outcome variable was the daily trauma
incidence. We also separately investigated daily trauma inci-
dence of adults and children (defined as younger than 18
years old).

Calendar-Related Factors
We explored several calendar-related factors for their

relation with trauma volume. Graphs were constructed for
daily, monthly, and yearly variance as well as for school
holidays. The number of patients for each variable was
compared with each other and with the mean number of
patients. Since 1993, on Wednesdays and every fifth week-
end, orthopedic surgery participated in trauma care and
treated the trauma patients with simple trauma. On these
days, only patients with injuries to head, neck, and torso were
treated by the trauma service. Patients treated by the ortho-
pedics were not registered in the trauma database. This
caused a reduced number of patients registered on Wednes-
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Background: The time distribution of injuries is not random. To assess the
potential impact of weather and the phase of the moon on accidents,
adjustment for known periodic and nonperiodic factors may be important.
We compared the incidence of injuries with quantitative and qualitative
weather variables as well as the lunar cycle, after correction for calendar and
holiday-related factors.
Methods: We extracted the daily number of trauma patients treated at the
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of our regional hospital. For each patient, age, sex, cause of injury, and
severity of injury were recorded. This was combined with daily meteorolog-
ical data including temperature, precipitation, sunshine, humidity, air pres-
sure, and wind as well as the lunar phase. We also related the rate of change
of these parameters with the incidence of injuries. A qualitative weather
variable derived from temperature, sunshine duration, and precipitation was
defined as bad, normal, or good. Periodicities were adjusted for with Poisson
regression spline fitting analysis.
Results: Several weather variables were related with the number of injuries.
For most of these, better weather conditions were associated with an increase
in trauma incidence. Good weather, which was present on 16.5% of the days,
resulted in 10.1% (9.3–11.4 95% CI) more traumas compared with normal
weather. Full moon was associated with a 2.1% (1.1–3.0 95% CI) lower
trauma incidence than new moon.
Conclusions: Better weather conditions contribute to an increased incidence
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(J Trauma. 2009;67: 1103–1108)

Trauma patients constitute a substantial proportion of all
emergency department visits and hospital admissions.

The number of patients seen at a trauma emergency depart-
ment strongly varies from time to time. Although these
variations may appear random, several factors that can be
quantified may affect the occurrence of trauma. The weather
may influence the incidence of trauma in various ways. For
example, poor weather conditions may adversely affect traffic
safety and thus lead to more accidents. On the other hand,
during good weather more people may be on the road or
recreating outside. Other factors that might play a role are

school holidays and even the lunar cycle. Because of the
immense impact that both light and severe injury have on the
individual as well as on society, more insight into the envi-
ronmental factors that contribute to the incidence of trauma is
valuable. We investigated the relation of these factors with
the number of trauma patients seen at the emergency depart-
ment. For this purpose, all patients referred to our regional
trauma service over a period spanning several decades were
studied. We hypothesized that aside from obvious patterns
related to the calendar, the quality of weather might have a
significant impact on the number of trauma patients.

PATIENTS AND METHODS

Patients
The University Medical Center Groningen is situated in

the northern part of the Netherlands. It is a Level I trauma
center and is 1 of the 10 recognized trauma centers in the
Netherlands and 1 of the 4 trauma centers that have a
helicopter service available. Our catchment area covers the
Northern part of the Netherlands with a population of approx-
imately 2 million people. Approximately 10,000 patients visit
the emergency department each year as a consequence of
trauma. In this retrospective study, all trauma visits in a
36-year period (1970–2005) were included. Anonymized
data were extracted from the hospital’s trauma database.1 For
each patient, date of trauma, age, sex, and location of the
accident were recorded. The location of trauma was classified as:
(1) public road, (2) sport and recreation, or (3) in and around the
house and otherwise.

The primary outcome variable was the daily trauma
incidence. We also separately investigated daily trauma inci-
dence of adults and children (defined as younger than 18
years old).

Calendar-Related Factors
We explored several calendar-related factors for their

relation with trauma volume. Graphs were constructed for
daily, monthly, and yearly variance as well as for school
holidays. The number of patients for each variable was
compared with each other and with the mean number of
patients. Since 1993, on Wednesdays and every fifth week-
end, orthopedic surgery participated in trauma care and
treated the trauma patients with simple trauma. On these
days, only patients with injuries to head, neck, and torso were
treated by the trauma service. Patients treated by the ortho-
pedics were not registered in the trauma database. This
caused a reduced number of patients registered on Wednes-
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of all patients was 30 years (range, 0–104 years) and 61% of
the patients were men. Twenty-six percent of all patients
were younger than 18 years.

Calendar-Related Factors
Initially we looked for overall trends, exploring annual

and weekly variation in the number of admissions. Figure 1
shows the trauma incidence in relation to basic calendar
variables (year, month, and day of the week), after exclusion
of the days on which orthopedic surgery took care of trauma
patients. There was a significant variation from month to
month with an increased number of trauma patients during
May, June, and August but with a decreased number of
patients in July. Further analysis showed that this decrease
was largely due to a decreased incidence of trauma during
sport and recreation during the summer holiday period.

There was substantial weekly and daily variation. Fri-
day and Saturday had a 3.8% and 16.4% higher number of
patients above average, respectively (p ! 0.001). No rela-
tionship was observed between the day of the month and
trauma volume. During school holidays, there were 7.4% less
trauma visits than on other days (p ! 0.001). This effect was
equal for adults and children. This was largely the result of a
considerably lower number of accidents related to sport and
recreation (30.6%, p ! 0.001) during school holidays.

Weather
The North-Eastern Netherlands region has a moderate

maritime climate with neither very warm summers nor cold
winters. The predominant wind direction is south-west. There
is rainfall throughout the year. Table 2 shows the basic
weather characteristics in our region. Several weather mark-
ers were significantly related with the number of daily trauma
admissions. Figure 2 depicts the relation between daily
trauma incidence and four of the weather variables. Plotted
smoothed curves were obtained by fitting generalized addi-
tive models adjusted for the calendar variables and holidays.
The vertical axis shows the incidence ratio (with respect to
the average incidence corrected for the calendar variables)
and the corresponding 95% confidence intervals (CIs). As
these intervals indicate, all the variables shown are signifi-
cantly (p ! 0.05) related to daily trauma incidence.

The maximum temperature showed a V-shaped rela-
tionship with a minimum at about 6°C (43°F). The incidence
increased under both lower and higher maximum tempera-

tures. Above 6°C, for each 10°C (18°F) increase in maximum
temperature, there were about 15% more trauma patients.

The wind direction had a small but significant influence
with a lower trauma incidence with an east wind. Increases in
the amount and duration of precipitation, cloud coverage, and
relative humidity were associated with a slight decrease in the
number of patients.

To gain further insight into seasonal variations, we
have performed the analysis of Figure 2 also separately for
each month. The trends depicted by these analyses were
essentially the same as those for the aggregated data of Figure
2. The inverse relationship between humidity and the number
of trauma patients was, however, more prominent from
March to September than in the rest of the year.

Figure 1. The mean number of trauma patients by day for each year, month, and day of the week.

TABLE 2. Meteorological Variables

Variable Value

Temperature (°C)
Mean 9.2 (0.9–17.0)
Minimum 5.2 ("2.3 to 12.2)
Maximum 13.0 (3.5–22.6)

Temperature (°F)
Mean 49 (34–63)
Minimum 41 (28–54)
maximum 55 (38–73)

Sunshine
Duration (h) 3.1 (0–10.3)
Percentage maximum sunshine 26 (0–77)

Cloud cover (octants) 6 (2–8)
Minimal visibility (km) 29 (2–60)
Air pressure

Mean daily (mbar) 1015.7 (1001.6–1027.2)
Precipitation

Amount (mm) 0.1 (0.0–7.1)
Duration (h) 0.2 (0.0–5.6)

Humidity (%) 87 (74–96)
Wind

Mean speed (m/s) 4.1 (2.1–7.2)
Maximum hourly speed (m/s) 6.7 (4.0–10.8)
Maximum wind gust (m/s) 10.8 (6.2–17.0)

Median values with 10th and 90th percentile of meteorological variables from the
North-Eastern part of Netherlands, as used in the study.
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multicenter trial of a plate for dorsal fixation of distal radius fractures.
J Hand Surg Am. 1997;22:777–784.

26. Chung KC, Watt AJ, Kotsis SV, Margaliot Z, Haase SC, Kim HM.
Treatment of unstable distal radial fractures with the volar locking
plating system. J Bone Joint Surg Am. 2006;88:2687–2694.

ERRATA

Relation of the Weather and the Lunar Cycle With the Incidence of Trauma in the Groningen
Region Over a 36-Year Period: Erratum

In the article that appeared on pages 1103–1108, in volume 67, number 5, the authors stated that there was a lower trauma
incidence with east wind. This should have been a lower trauma incidence with west wind.

REFERENCE
Stomp W, Fidler V, ten Duis H-J, Nijsten MWN. Relation of the weather and the lunar cycle with the incidence of trauma in the Groningen Region over
a 36-year period. J Trauma. 2009;67:1105–1108.

Contrast-Induced Nephropathy in Elderly Trauma Patients: Erratum

In the article that appeared on pages 294–297 in volume 68, issue 2, the last sentence of the Methods section of the abstract
(p. 294) should read: AKI was defined as a 25% relative or 0.5 mg/dL absolute increase in serum creatinine within 72 hours

of presentation.

The second sentence of the second paragraph of the methods section (p. 295) should read: Data abstracted included age,
gender, pertinent comorbidities (hypertension, diabetes mellitus, peripheral vascular disease, coronary artery disease/
congestive heart failure, and preexisting chronic renal insufficiency) volume of crystalloid and blood product resuscitation,
serum creatinine and chloride levels at presentation, and serial creatinine and chloride levels for 72 hours after contrast
administration, Injury Severity Score, systolic blood pressure, CT scan prescription (i.e., head, neck, abdomen, and pelvis),
injuries identified on CT, and final patient disposition.

The second sentence of the third paragraph of the methods section (p. 295) should read: AKI was considered to have
developed if there was a 25% relative or 0.5 mg/dL absolute increase in serum creatinine within 72 hours of presentation.

REFERENCE
McGillicuddy EA, Schuster KM, Kaplan LJ, Maung AA, Lui Fy, Maerz LL, Johnson DC, Davis KA. Contrast-induced nephropathy in elderly trauma
patients. J Trauma. 2010;68:294–297.
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BRIEF REPORT

Accuracy of Data in Abstracts

of Published Research Articles

Roy M. Pitkin, MD
Mary Ann Branagan
Leon F. Burmeister, PhD

THE ABSTRACT ACCOMPANYING A
research article, because it is of-
ten the only part of the article that
will be read, should reflect fully

and accurately the work reported. We ob-
served in 1 medical specialty journal that
a quarter or more of manuscripts re-
turned after revision contained data in the
abstract that could not be verified in the
body of the paper.1 If this problem were
to persist in published articles, then a po-
tential for misinterpretation would exist.
In the present study, we surveyed re-
search articles and their accompanying ab-
stracts published recently in 6 medical
journals to verify data in the abstract by
relating them to corresponding data in the
body of the report.

METHODS
Articles studied included simple random
samplesof reportsoforiginal research (in-
cludingmeta-analysesbutnotother types
of reviews) appearing in 5 medical jour-
nals between July 1, 1996, and June 30,
1997 (Annals of Internal Medicine, BMJ,
JAMA, Lancet, and New England Journal of

Medicine); all articles appearing in a sixth
journal CMAJ (Canadian Medical Associa-

tion Journal), between July 1, 1996, and
August 15, 1997, were also studied. Ad-
ditional inclusion criteria were (1) the ar-
ticle was accompanied by an abstract and
(2) the article occupied at least 2 full jour-
nal pages.

To estimate the sample sizes, we used
some preliminary observations1 that 25%

to 50% of articles published in 2 of the
journals studied contained 1 or more de-
ficiencies in abstracts. We assumed this
rate would range from 10% to 40%
across the 6 journals studied and that a
was .05 and power was 0.8, yielding a
projected sample size of 44 from each
journal. From each of the 5 journals that
published more than 44 research ar-
ticles in the 2 volumes studied (July 1,
1996-June 30, 1997), we selected a com-
puter-generated simple random sample
of 44. From the CMAJ, we analyzed a
consecutive cohort of all 44 articles pub-
lished from July 1, 1996, through Au-
gust 15, 1997.

For each selected article, the abstract
was scrutinized by 1 of 3 examiners who
identified each datum or other piece of
information in the abstract and then
sought to relate it to its source in the body
of the article, including tables and fig-
ures. Two types of discrepancies were
sought: (1) data given differently in the
abstract and the body and (2) data given

in the abstract but not in the body. If ei-
ther was identified, the abstract was con-
sidered deficient. Discrepancies attrib-
utable to rounding were not considered
to be deficiencies as long as the round-
ing was done appropriately, and the
rounded value appeared in the abstract
and the more detailed value in the body.

The proportions of articles contain-
ing deficiencies were compared across
journals by x2 analysis. On the basis of
normal approximation, 95% confi-
dence intervals (CIs) were calculated for
each proportion. We also performed a
validation study by randomly selecting
(using another computer-generated ran-
dom number sequence) 7 of each set of
44 articles and having these examined by
a second (and different) examiner.

Context The section of a research article most likely to be read is the abstract, and
therefore it is particularly important that the abstract reflect the article faithfully.

Objective To assess abstracts accompanying research articles published in 6 medi-
cal journals with respect to whether data in the abstract could be verified in the article
itself.

Design Analysis of simple random samples of 44 articles and their accompanying ab-
stracts published during 1 year (July 1, 1996-June 30, 1997) in each of 5 major general
medical journals (Annals of Internal Medicine, BMJ, JAMA, Lancet, and New England
Journal of Medicine) and a consecutive sample of 44 articles published during 15 months
(July 1, 1996-August 15, 1997) in the CMAJ.

Main Outcome Measure Abstracts were considered deficient if they contained data
that were either inconsistent with corresponding data in the article’s body (including
tables and figures) or not found in the body at all.

Results The proportion of deficient abstracts varied widely (18%-68%) and to a sta-
tistically significant degree (P,.001) among the 6 journals studied.

Conclusions Data in the abstract that are inconsistent with or absent from the ar-
ticle’s body are common, even in large-circulation general medical journals.
JAMA. 1999;281:1110-1111 www.jama.com
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Amélie Yavchitz1,2,3, Isabelle Boutron1,2,3*, Aida Bafeta1,2,3, Ibrahim Marroun4, Pierre Charles4,

Jean Mantz5, Philippe Ravaud1,2,3
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Abstract

Background: Previous studies indicate that in published reports, trial results can be distorted by the use of ‘‘spin’’ (specific
reporting strategies, intentional or unintentional, emphasizing the beneficial effect of the experimental treatment). We
aimed to (1) evaluate the presence of ‘‘spin’’ in press releases and associated media coverage; and (2) evaluate whether
findings of randomized controlled trials (RCTs) based on press releases and media coverage are misinterpreted.

Methods and Findings: We systematically searched for all press releases indexed in the EurekAlert! database between
December 2009 and March 2010. Of the 498 press releases retrieved and screened, we included press releases for all two-
arm, parallel-group RCTs (n = 70). We obtained a copy of the scientific article to which the press release related and we
systematically searched for related news items using Lexis Nexis. ‘‘Spin,’’ defined as specific reporting strategies
(intentional or unintentional) emphasizing the beneficial effect of the experimental treatment, was identified in 28 (40%)
scientific article abstract conclusions and in 33 (47%) press releases. From bivariate and multivariable analysis assessing the
journal type, funding source, sample size, type of treatment (drug or other), results of the primary outcomes (all
nonstatistically significant versus other), author of the press release, and the presence of ‘‘spin’’ in the abstract conclusion,
the only factor associated, with ‘‘spin’’ in the press release was ‘‘spin’’ in the article abstract conclusions (relative risk [RR] 5.6,
[95% CI 2.8–11.1], p,0.001). Findings of RCTs based on press releases were overestimated for 19 (27%) reports. News items
were identified for 41 RCTs; 21 (51%) were reported with ‘‘spin,’’ mainly the same type of ‘‘spin’’ as those identified in the
press release and article abstract conclusion. Findings of RCTs based on the news item was overestimated for ten (24%)
reports.

Conclusion: ‘‘Spin’’ was identified in about half of press releases and media coverage. In multivariable analysis, the main
factor associated with ‘‘spin’’ in press releases was the presence of ‘‘spin’’ in the article abstract conclusion.
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Text

Tranen in een bakje remmen de
mannelijke lust. Want er zitten fe-
romonen in tranen. Dat bleek don-
derdag uit een artikel in Science.
Veel wetenschappers bogen zich al

over de raadselachtige mensentranen, maar sek-
sualiteit was in dat onderzoek nooit belangrijk.
En een chemische functie van tranen is totaal
over het hoofd gezien. “Ik heb twee dagen zit-
ten shaken toen ik het stuk las”, zo vreemd vond
de Tilburgse psychologiehoogleraar Ad Vinger-
hoets, die al twintig jaar onderzoek naar huilen
doet, de relatie met seks. “Reuze interessant”,
vindt ook primatoloog Frans de Waal die veel
onderzoek doet naar empathie. “Ik heb men-
sentranen altijd als visuele signalen gezien.”
De ontdekking komt van Israëlische reukonder-
zoekers onder leiding van Noam Sobel, van het
Weizmann Institute of Science. Ze verzamelden
tranen van verdriet, geplengd door vrouwen die
naar een zielige film keken. Vervolgens hielden
ze die tranen onder de neus van mannen. Voor
hen rook het traanvocht naar niets. Ze vonden
het niet aantrekkelijk, niet herkenbaar – net
zoutoplossing .
Maar intussen hadden die mannen wel minder
zin in seks gekregen, bleek in een reeks experi-
menten die in totaal drie jaar in beslag nam.
Ze vonden vrouwengezichten minder seksueel
aantrekkelijk. En van een verdrietige film,
waarvan mannen normaal gesproken gewoon
niet opgewonden raken, kregen ze nu zelfs min-
der zin dan voordat de video aanging. In hun
speeksel daalde het testosteronniveau en de
hersengebieden voor seksuele opwinding gin-
gen in de ruststand.
“Het was volkomen toeval dat we dit seksuele
effect vonden”, vertelt Noam Sobel. “Toen we
begonnen, gebruikten we een algemene vragen-
lijst om emoties te meten. Daar zitten allerlei
vragen in, onder andere: ‘in hoeverre voelt u
zich seksueel opgewonden’? En juist dáár von-
den we een verandering!”

VA R K E N S B O E R Zelden zijn er bij mensen zulke
duidelijke effecten van een feromoon gezien:
een hormoon dat het gedrag verandert van de-
gene die het (onbewust) ruikt. Elke varkensboer
weet dat berengeur stimulerend is voor zeugen,
en ook knaagdieren raken via geuren bereid tot
paren.
Maar wat er bekend is van feromonen bij men-
sen, is niet veel. Ja, er zijn vrouwen die tegelijk
menstrueren als ze bij elkaar in huis wonen. En
vrouwen die mannen mede kiezen op basis van
’s mans okselzweet. Dit Israëlische onderzoek is
dus alleen al opmerkelijk omdat het de werking
van feromonen bij mensen zo duidelijk aan-
toont. Dat de feromonen in vrouwentranen zit-
ten, is nog verrassender. (Mannentranen wer-
den niet onderzocht, bij gebrek aan mannen die
bereid waren om in een lab te gaan zitten huilen
bij een dvd’tje.)
Het onderzoek is degelijk uitgevoerd, met meer
dan honderd proefpersonen en een goede con-

trolesituatie. Daarbij kregen de mannen een ge-
wone zoutoplossing onder hun neus die, voor
de vergelijkbaarheid, óók over de wangen van
vrouwen had gedruppeld. Onderzoekers noch
proefmannen wisten wat ze onder hun neus
hadden.
Dus: wat betekent dit? Dit zet het psychologisch
onderzoek naar de functie van huilen op zijn
kop. Huilonderzoekers – het zijn er niet veel en
de meesten zijn psycholoog – richtten zich de
afgelopen jaren vooral op de sociaal-psychologi-
sche functie van dat gedrag.
Het plengen van tranen uit emotie is uniek
menselijk en moeilijk te duiden. Baby’s en jon-
ge kinderen huilen bij stress en pijn – en ze krij-
sen erbij. Maar de tranen van volwassenen zijn
anders. Die biggelen vaak stilletjes. Ze vloeien
bij verdriet, maar ook bij grote blijdschap. Men-
sen huilen bij goede vrienden, maar ook alleen.
Ze onderzochten gevoelens als empathie,
troost, stress en opluchting bij huilers en hun
omstanders. Het algemene beeld werd dat hui-
len een sociaal signaal is, dat door de reactie van

omstanders meestal medeleven opwekt en
agressie vermindert.
Dat tranen een chemische functie zouden heb-
ben, is een idee dat juist naar de achtergrond
was geraakt. In de jaren zeventig en tachtig van
de vorige eeuw zochten wetenschappers tever-
geefs naar afvalstoffen of hormonen in tranen.
Het Israëlische onderzoek biedt nu een geheel
nieuwe invalshoek. Wél een sociale functie van
huilen dus, maar dan via een – vooralsnog onbe-
kende – chemische verbinding. En bovendien:
een seksueel effect.

OMHELZING “In de westerse cultuur worden we
meestal van zeer dichtbij aan tranen blootge-
steld”, schrijft Sobel in Science. “We omhelzen
een huilende geliefde, houden onze neus vlak-
bij betraande wangen en meestal ademen we
diep in bij de omhelzing.” Hij denkt niet dat het
effect van huilen alleen maar chemisch is, ver-
duidelijkt Sobel aan de telefoon. “Gedrag blijft
heel belangrijk. Geen enkel feromoon werkt als-
of je op een knopje drukt.”

Het effect lijkt op iets wat onderzoekers van de
Universiteit van Tokio de afgelopen jaren heb-
ben beschreven. De Japanners ontdekten een
seksferomoon in het oogvocht van mannetjes-
muizen – niet in de muizenurine dus, waar zul-
ke feromonen verwacht werden. Alleen man-
netjes scheiden het eiwitje ESP1 uit via hun
traanklier. Vrouwtjesmuizen die eraan worden
blootgesteld, gaan vaker in de paarhouding
staan. Hoogleraar Kazu Touhara vermoedt een
connectie tussen traanferomonen in mensen en
muizen, reageert hij desgevraagd: “Ik denk dat
die chemische signalen in de evolutie behouden
zijn gebleven.”
Sobel is het daarmee eens, zegt hij. “Ik denk niet
dat alle zoogdieren dezelfde feromonen in hun
traanvocht hebben. Maar ik denk wel dat er ver-
gelijkbare effecten zijn.” Hij wijst ook nog op de
naakte molrat, die in ondergrondse kolonies
leeft. Mannetjes smeren zich in met een vocht

Medelijden, troost en seks
Door vrouwensmart vergaat mannen de zin in seks. Hester van Santen

‘In de westerse cultuur worden

we meestal van zeer dichtbij aan

tranen blootgesteld’

uit de klier van Harder, die in de oogkas ligt (het
vocht komt echter uit de neusgaten). Ze worden
daardoor minder vaak aangevallen door soort-
genoten. Dat stond al in 1997 in Animal Behavi-

our. Sobel: “En ik hoorde er pas laatst van. Ik wil
maar zeggen: als we de literatuur beter hadden
gelezen, zouden we wel aan een seksueel effect
gedacht hebben.”
Maar dan nog zal het vakgebied zich in bochten
moeten wringen om het menselijke huilen sek-
sueel te verklaren. Verminderde lust was, ver-
rassend genoeg, voor zover bekend de enige
emotionele verandering bij de mannen in So-
bels studie. Ze werden niet verdrietiger van een
dosis tranen. Evenmin werden ze er extra mee-
levend van – terwijl een huilende medemens
meestal wel gevoelens van medelijden en troost
opwekt.
Ook de Israëliërs zelf zien de vragen die hun on-
derzoek oproept. Wat zijn die feromonen? Wat
zit er in mannen- of kindertranen en in ‘ui-
entranen’? En hebben die feromonen in vrou-
wentranen toch een aanvullende functie en niet
alleen een seksuele? Over dat laatste speculeert
Ad Vingerhoets alvast. “Ik zou zeggen dat het
effect op seksualiteit een neveneffect is. Ik denk
dat die tranen sociale binding en gehechtheid
bevorderen. En als bijeffect wordt dan de lust
even geremd.”
Sobel denkt ook aan een neveneffect. “Maar niet
van empathie. Kijk, bij de mannen ging het tes-
tosteronniveau omlaag. Dat vermindert ook
agressie. Mijn intuïtie is dat dát het belangrijk-
ste effect is. Maar dat hebben we nog niet geme-
ten.”.
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Tranen in een bakje remmen de
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romonen in tranen. Dat bleek don-
derdag uit een artikel in Science.
Veel wetenschappers bogen zich al

over de raadselachtige mensentranen, maar sek-
sualiteit was in dat onderzoek nooit belangrijk.
En een chemische functie van tranen is totaal
over het hoofd gezien. “Ik heb twee dagen zit-
ten shaken toen ik het stuk las”, zo vreemd vond
de Tilburgse psychologiehoogleraar Ad Vinger-
hoets, die al twintig jaar onderzoek naar huilen
doet, de relatie met seks. “Reuze interessant”,
vindt ook primatoloog Frans de Waal die veel
onderzoek doet naar empathie. “Ik heb men-
sentranen altijd als visuele signalen gezien.”
De ontdekking komt van Israëlische reukonder-
zoekers onder leiding van Noam Sobel, van het
Weizmann Institute of Science. Ze verzamelden
tranen van verdriet, geplengd door vrouwen die
naar een zielige film keken. Vervolgens hielden
ze die tranen onder de neus van mannen. Voor
hen rook het traanvocht naar niets. Ze vonden
het niet aantrekkelijk, niet herkenbaar – net
zoutoplossing .
Maar intussen hadden die mannen wel minder
zin in seks gekregen, bleek in een reeks experi-
menten die in totaal drie jaar in beslag nam.
Ze vonden vrouwengezichten minder seksueel
aantrekkelijk. En van een verdrietige film,
waarvan mannen normaal gesproken gewoon
niet opgewonden raken, kregen ze nu zelfs min-
der zin dan voordat de video aanging. In hun
speeksel daalde het testosteronniveau en de
hersengebieden voor seksuele opwinding gin-
gen in de ruststand.
“Het was volkomen toeval dat we dit seksuele
effect vonden”, vertelt Noam Sobel. “Toen we
begonnen, gebruikten we een algemene vragen-
lijst om emoties te meten. Daar zitten allerlei
vragen in, onder andere: ‘in hoeverre voelt u
zich seksueel opgewonden’? En juist dáár von-
den we een verandering!”

VA R K E N S B O E R Zelden zijn er bij mensen zulke
duidelijke effecten van een feromoon gezien:
een hormoon dat het gedrag verandert van de-
gene die het (onbewust) ruikt. Elke varkensboer
weet dat berengeur stimulerend is voor zeugen,
en ook knaagdieren raken via geuren bereid tot
paren.
Maar wat er bekend is van feromonen bij men-
sen, is niet veel. Ja, er zijn vrouwen die tegelijk
menstrueren als ze bij elkaar in huis wonen. En
vrouwen die mannen mede kiezen op basis van
’s mans okselzweet. Dit Israëlische onderzoek is
dus alleen al opmerkelijk omdat het de werking
van feromonen bij mensen zo duidelijk aan-
toont. Dat de feromonen in vrouwentranen zit-
ten, is nog verrassender. (Mannentranen wer-
den niet onderzocht, bij gebrek aan mannen die
bereid waren om in een lab te gaan zitten huilen
bij een dvd’tje.)
Het onderzoek is degelijk uitgevoerd, met meer
dan honderd proefpersonen en een goede con-

trolesituatie. Daarbij kregen de mannen een ge-
wone zoutoplossing onder hun neus die, voor
de vergelijkbaarheid, óók over de wangen van
vrouwen had gedruppeld. Onderzoekers noch
proefmannen wisten wat ze onder hun neus
hadden.
Dus: wat betekent dit? Dit zet het psychologisch
onderzoek naar de functie van huilen op zijn
kop. Huilonderzoekers – het zijn er niet veel en
de meesten zijn psycholoog – richtten zich de
afgelopen jaren vooral op de sociaal-psychologi-
sche functie van dat gedrag.
Het plengen van tranen uit emotie is uniek
menselijk en moeilijk te duiden. Baby’s en jon-
ge kinderen huilen bij stress en pijn – en ze krij-
sen erbij. Maar de tranen van volwassenen zijn
anders. Die biggelen vaak stilletjes. Ze vloeien
bij verdriet, maar ook bij grote blijdschap. Men-
sen huilen bij goede vrienden, maar ook alleen.
Ze onderzochten gevoelens als empathie,
troost, stress en opluchting bij huilers en hun
omstanders. Het algemene beeld werd dat hui-
len een sociaal signaal is, dat door de reactie van

omstanders meestal medeleven opwekt en
agressie vermindert.
Dat tranen een chemische functie zouden heb-
ben, is een idee dat juist naar de achtergrond
was geraakt. In de jaren zeventig en tachtig van
de vorige eeuw zochten wetenschappers tever-
geefs naar afvalstoffen of hormonen in tranen.
Het Israëlische onderzoek biedt nu een geheel
nieuwe invalshoek. Wél een sociale functie van
huilen dus, maar dan via een – vooralsnog onbe-
kende – chemische verbinding. En bovendien:
een seksueel effect.

OMHELZING “In de westerse cultuur worden we
meestal van zeer dichtbij aan tranen blootge-
steld”, schrijft Sobel in Science. “We omhelzen
een huilende geliefde, houden onze neus vlak-
bij betraande wangen en meestal ademen we
diep in bij de omhelzing.” Hij denkt niet dat het
effect van huilen alleen maar chemisch is, ver-
duidelijkt Sobel aan de telefoon. “Gedrag blijft
heel belangrijk. Geen enkel feromoon werkt als-
of je op een knopje drukt.”

Het effect lijkt op iets wat onderzoekers van de
Universiteit van Tokio de afgelopen jaren heb-
ben beschreven. De Japanners ontdekten een
seksferomoon in het oogvocht van mannetjes-
muizen – niet in de muizenurine dus, waar zul-
ke feromonen verwacht werden. Alleen man-
netjes scheiden het eiwitje ESP1 uit via hun
traanklier. Vrouwtjesmuizen die eraan worden
blootgesteld, gaan vaker in de paarhouding
staan. Hoogleraar Kazu Touhara vermoedt een
connectie tussen traanferomonen in mensen en
muizen, reageert hij desgevraagd: “Ik denk dat
die chemische signalen in de evolutie behouden
zijn gebleven.”
Sobel is het daarmee eens, zegt hij. “Ik denk niet
dat alle zoogdieren dezelfde feromonen in hun
traanvocht hebben. Maar ik denk wel dat er ver-
gelijkbare effecten zijn.” Hij wijst ook nog op de
naakte molrat, die in ondergrondse kolonies
leeft. Mannetjes smeren zich in met een vocht

Medelijden, troost en seks
Door vrouwensmart vergaat mannen de zin in seks. Hester van Santen

‘In de westerse cultuur worden

we meestal van zeer dichtbij aan

tranen blootgesteld’

uit de klier van Harder, die in de oogkas ligt (het
vocht komt echter uit de neusgaten). Ze worden
daardoor minder vaak aangevallen door soort-
genoten. Dat stond al in 1997 in Animal Behavi-

our. Sobel: “En ik hoorde er pas laatst van. Ik wil
maar zeggen: als we de literatuur beter hadden
gelezen, zouden we wel aan een seksueel effect
gedacht hebben.”
Maar dan nog zal het vakgebied zich in bochten
moeten wringen om het menselijke huilen sek-
sueel te verklaren. Verminderde lust was, ver-
rassend genoeg, voor zover bekend de enige
emotionele verandering bij de mannen in So-
bels studie. Ze werden niet verdrietiger van een
dosis tranen. Evenmin werden ze er extra mee-
levend van – terwijl een huilende medemens
meestal wel gevoelens van medelijden en troost
opwekt.
Ook de Israëliërs zelf zien de vragen die hun on-
derzoek oproept. Wat zijn die feromonen? Wat
zit er in mannen- of kindertranen en in ‘ui-
entranen’? En hebben die feromonen in vrou-
wentranen toch een aanvullende functie en niet
alleen een seksuele? Over dat laatste speculeert
Ad Vingerhoets alvast. “Ik zou zeggen dat het
effect op seksualiteit een neveneffect is. Ik denk
dat die tranen sociale binding en gehechtheid
bevorderen. En als bijeffect wordt dan de lust
even geremd.”
Sobel denkt ook aan een neveneffect. “Maar niet
van empathie. Kijk, bij de mannen ging het tes-
tosteronniveau omlaag. Dat vermindert ook
agressie. Mijn intuïtie is dat dát het belangrijk-
ste effect is. Maar dat hebben we nog niet geme-
ten.”.

F
O

T
O

 S
T

O
C

K
.X

C
H

N
G



Science,
8 januari 2011 

points, but was not seen at earlier time points or
in the two unexposed control birds. This may be
indicative of antigen or viral exposure or an
abortive infection.

These data show that the TG-D5 chickens did
not efficiently transmit infection to birds housed
with them, but the specific mechanism under-
lying this effect is not known. Polymerase decoys
may disrupt replication by direct binding to poly-
merase or indirectly by influencing the level of
expression of the recently discovered, putative
regulatory small viral RNA molecules (14, 15)
(which may also have a role in innate immunity).
Although decoy 5 suppressed polymerase activ-
ity in cell culture, this did not translate into a
quantitative reduction in virus shedding from in-
fected birds (Fig. 2) (nor have we found any effect
in ovo or in fibroblast cell culture). Polymerase-
RNA interactions may be involved in the virus
packaging process, but after passage through TG-
D5 chick embryo fibroblasts in cell culture, we
have not found any effect on the genome:plaque-
forming unit ratio of the virus to support the hy-
pothesis that the decoy induced the formation of
defective virus particles. The standard intra-
venous pathogenicity index of the virus shed
from one of the TG-D5 chickens (#4457, dpi = 2)
was determined after a single passage in embryo-
nated hens’ eggs and found to be unaltered, indicat-
ing that passage through TG-D5 chickens does
not rapidly select for a stable genetic change that
reduces the virulence of the shed virus.

Our goal was a proof-of-principle demonstra-
tion that genetic modification can be used to
prevent avian influenza infection in chickens.
The TG-D5 birds exhibited a marked absence of
onward transmission of infection, even to un-
protected (nontransgenic) chickens housed in di-
rect contact with them. This property could have
a major impact on susceptibility and propagation
of infection at the flock level and supports the
concept of genetic modification for controlling
AIV infection in poultry. Our strategy offers sub-
stantial potential benefits over vaccination. Al-
though conventional AIV vaccines can achieve
strain-specific clinical resistance to primary chal-
lenge, sterile immunity is not achieved (3). Such
vaccination can allow the cryptic circulation of
virus in flocks, facilitating antigenic drift and
posing a risk to unvaccinated birds and humans
that come into contact with them. In contrast,
onward transmission and circulation at the flock
level are absent in the TG-D5 chickens. The
decoy 5 RNA corresponds to an absolutely con-
served sequence that is essential for the regu-
lation of viral transcription, replication, and
packaging of all subtypes of influenza A virus,
offering pan-subtype A protection, whereas
vaccination offers no protection against un-
matched viral strains. Unlike proposed micro-
RNA-based strategies (4, 5), the development of
resistant virus is intrinsically unlikely, requiring
mutations in the polymerase and the promoter of
all eight genome segments simultaneously, a sta-
tistically highly improbable event.

The control of avian influenza by genetic
modification brings obvious health benefits to
consumers and producers, as well as welfare and
productivity benefits to the birds. Nevertheless, it
is important to assess any genetic modification
for potential hazards. Here, the transgene encodes
an innocuous decoy RNA, expressed at steady-
state levels that are barely detectable by con-
ventional methods and unlikely to present a risk
to consumers, birds, or the wider environment.
There are no apparent ill-effects on uninfected
transgenic birds, which are phenotypically nor-
mal and show no significant deviation from the
expected Mendelian frequency or differences in
hatch weights (fig. S4 and table S2). The trans-
gene is not expected to alter susceptibility to
other pathogens, although this has yet to be con-
firmed. Transgenes can be introduced intomultiple
founder lines as discrete traits without affecting
other genetic properties of the lines. This will
facilitate the permanent introduction of novel disease-
resistance traits into the mass population of pro-
duction birds via conventional breeding techniques,
with little impact on genetic diversity or valuable
production traits. Our approach is technically ap-
plicable to other domestic species that are hosts of
influenzaA, such as pigs, ducks, quail, and turkeys.
Further development of transgenic disease re-
sistance in poultry and other farm animals will
undoubtedly stimulate debate about the applica-
tion of this technology in food production.
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Human Tears Contain a Chemosignal
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Emotional tearing is a poorly understood behavior that is considered uniquely human. In mice,
tears serve as a chemosignal. We therefore hypothesized that human tears may similarly serve a
chemosignaling function. We found that merely sniffing negative-emotion–related odorless tears
obtained from women donors induced reductions in sexual appeal attributed by men to pictures of
women’s faces. Moreover, after sniffing such tears, men experienced reduced self-rated sexual
arousal, reduced physiological measures of arousal, and reduced levels of testosterone. Finally,
functional magnetic resonance imaging revealed that sniffing women’s tears selectively reduced
activity in brain substrates of sexual arousal in men.

Charles Darwin suggested that expressive
behaviors initially served emotion-relevant
functions, before evolving to serve as

emotion-signals alone (1, 2). Thus, the behavior
of emotional tearing, considered uniquely human

(3), is a paradox: Whereas tears clearly serve as
an emotional signal (4), tears were not related to
any emotionally relevant function. Despite psy-
chological theories on the meaning of tears (5, 6)
and biological theories describing tears as an
adaptation related to their eye-protective nature
(3) or a mechanism for expelling toxic substances
(7), the functional significance of emotional tears
remains unknown (8).

Tears are drops of liquid produced by the
lacrimal, accessory lacrimal, andMeibomianglands,
which contain proteins, enzymes, lipids, metabo-
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points, but was not seen at earlier time points or
in the two unexposed control birds. This may be
indicative of antigen or viral exposure or an
abortive infection.

These data show that the TG-D5 chickens did
not efficiently transmit infection to birds housed
with them, but the specific mechanism under-
lying this effect is not known. Polymerase decoys
may disrupt replication by direct binding to poly-
merase or indirectly by influencing the level of
expression of the recently discovered, putative
regulatory small viral RNA molecules (14, 15)
(which may also have a role in innate immunity).
Although decoy 5 suppressed polymerase activ-
ity in cell culture, this did not translate into a
quantitative reduction in virus shedding from in-
fected birds (Fig. 2) (nor have we found any effect
in ovo or in fibroblast cell culture). Polymerase-
RNA interactions may be involved in the virus
packaging process, but after passage through TG-
D5 chick embryo fibroblasts in cell culture, we
have not found any effect on the genome:plaque-
forming unit ratio of the virus to support the hy-
pothesis that the decoy induced the formation of
defective virus particles. The standard intra-
venous pathogenicity index of the virus shed
from one of the TG-D5 chickens (#4457, dpi = 2)
was determined after a single passage in embryo-
nated hens’ eggs and found to be unaltered, indicat-
ing that passage through TG-D5 chickens does
not rapidly select for a stable genetic change that
reduces the virulence of the shed virus.

Our goal was a proof-of-principle demonstra-
tion that genetic modification can be used to
prevent avian influenza infection in chickens.
The TG-D5 birds exhibited a marked absence of
onward transmission of infection, even to un-
protected (nontransgenic) chickens housed in di-
rect contact with them. This property could have
a major impact on susceptibility and propagation
of infection at the flock level and supports the
concept of genetic modification for controlling
AIV infection in poultry. Our strategy offers sub-
stantial potential benefits over vaccination. Al-
though conventional AIV vaccines can achieve
strain-specific clinical resistance to primary chal-
lenge, sterile immunity is not achieved (3). Such
vaccination can allow the cryptic circulation of
virus in flocks, facilitating antigenic drift and
posing a risk to unvaccinated birds and humans
that come into contact with them. In contrast,
onward transmission and circulation at the flock
level are absent in the TG-D5 chickens. The
decoy 5 RNA corresponds to an absolutely con-
served sequence that is essential for the regu-
lation of viral transcription, replication, and
packaging of all subtypes of influenza A virus,
offering pan-subtype A protection, whereas
vaccination offers no protection against un-
matched viral strains. Unlike proposed micro-
RNA-based strategies (4, 5), the development of
resistant virus is intrinsically unlikely, requiring
mutations in the polymerase and the promoter of
all eight genome segments simultaneously, a sta-
tistically highly improbable event.

The control of avian influenza by genetic
modification brings obvious health benefits to
consumers and producers, as well as welfare and
productivity benefits to the birds. Nevertheless, it
is important to assess any genetic modification
for potential hazards. Here, the transgene encodes
an innocuous decoy RNA, expressed at steady-
state levels that are barely detectable by con-
ventional methods and unlikely to present a risk
to consumers, birds, or the wider environment.
There are no apparent ill-effects on uninfected
transgenic birds, which are phenotypically nor-
mal and show no significant deviation from the
expected Mendelian frequency or differences in
hatch weights (fig. S4 and table S2). The trans-
gene is not expected to alter susceptibility to
other pathogens, although this has yet to be con-
firmed. Transgenes can be introduced intomultiple
founder lines as discrete traits without affecting
other genetic properties of the lines. This will
facilitate the permanent introduction of novel disease-
resistance traits into the mass population of pro-
duction birds via conventional breeding techniques,
with little impact on genetic diversity or valuable
production traits. Our approach is technically ap-
plicable to other domestic species that are hosts of
influenzaA, such as pigs, ducks, quail, and turkeys.
Further development of transgenic disease re-
sistance in poultry and other farm animals will
undoubtedly stimulate debate about the applica-
tion of this technology in food production.
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Human Tears Contain a Chemosignal
Shani Gelstein,1* Yaara Yeshurun,1* Liron Rozenkrantz,1 Sagit Shushan,1,2 Idan Frumin,1

Yehudah Roth,2 Noam Sobel1†

Emotional tearing is a poorly understood behavior that is considered uniquely human. In mice,
tears serve as a chemosignal. We therefore hypothesized that human tears may similarly serve a
chemosignaling function. We found that merely sniffing negative-emotion–related odorless tears
obtained from women donors induced reductions in sexual appeal attributed by men to pictures of
women’s faces. Moreover, after sniffing such tears, men experienced reduced self-rated sexual
arousal, reduced physiological measures of arousal, and reduced levels of testosterone. Finally,
functional magnetic resonance imaging revealed that sniffing women’s tears selectively reduced
activity in brain substrates of sexual arousal in men.

Charles Darwin suggested that expressive
behaviors initially served emotion-relevant
functions, before evolving to serve as

emotion-signals alone (1, 2). Thus, the behavior
of emotional tearing, considered uniquely human

(3), is a paradox: Whereas tears clearly serve as
an emotional signal (4), tears were not related to
any emotionally relevant function. Despite psy-
chological theories on the meaning of tears (5, 6)
and biological theories describing tears as an
adaptation related to their eye-protective nature
(3) or a mechanism for expelling toxic substances
(7), the functional significance of emotional tears
remains unknown (8).

Tears are drops of liquid produced by the
lacrimal, accessory lacrimal, andMeibomianglands,
which contain proteins, enzymes, lipids, metabo-
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effect not evident for saline [baseline testosterone =
154.8 T 74.4 pg/ml, last testosterone = 154.34 T
101.8 pg/ml, t(49) = 0.81, P = 0.96] (Fig. 3H).
Reductions in testosterone are a significant indi-
cator of reductions in sexual arousal in men (21).

Brain imaging has uncovered brain activity
associated with human chemosignals (22–24).
Because sniffing women’s odorless tears con-
sistently reduced sexual arousal in men in a non-
sexual setting (viewing pictures of faces and sad
or neutral films), we next used functional mag-
netic resonance imaging to ask whether this was
reflected in brain activity. We first presented sex-
ually arousing pictures and movies in order to
delineate sexual arousal–related brain structures,
and then separatelymeasured the response within
these regions to sad, happy, and neutral movies
after sniffing either tears or saline. Each of 16
male participants (mean age 28 T 2.67 years)
participated twice, on consecutive days, once
with tears and once with saline (from five donor
women, mean age 33.6 T 7.5 years), counter-
balanced for order across participants, and double-
blind as to compound identity. In order to ensure
that participants sniffed the compound, they were
asked to provide estimates of intensity, pleasant-
ness, and familiarity, which revealed no percep-
tible odor for tears [F1,15 = 0.02, P = 0.88)]
(Fig. 1, D to F).

Sexually arousing stimuli outlined a brain
network consistent with that previously impli-
cated in brain imaging studies of sexual arousal
(25) (table S1; see fig. S2 for activity induced by
tears alone), most notably the hypothalamus (Fig.
4A) and left fusiform gyrus (Fig. 4B). Within
these regions, activity induced by the sad filmwas
significantly lower after sniffing tears than after
sniffing saline [hypothalamus, area under the curve
(AUC) % change tears = 0.04 T 2.26, AUC %
change saline = 2.33 T 2.86, t(15) = 3.05,P< 0.008
(Fig. 4, B and C); left fusiform gyrus, AUC %
change tears = 13.42 T 21.33, AUC % change
saline = 17.27 T 22.7, t(15) = 2.38, P < 0.031
(Fig. 4, E and F)].

Subjective ratings of attributed sexual appeal,
together with objective measures of psychophys-
iological arousal, testosterone expression, and brain
activity, jointly suggest that women’s emotional
tears contain a chemosignal that reduces sexual
arousal in men. We have thus identified an emo-
tionally relevant function for tears.

These effects materialized despite the fact that
participants did not see a woman cry, nor were
they aware of the compound source. Moreover,
in Western culture, exposure to tears is usually in
close proximity. We hug a crying loved one, of-

ten placing our nose near teary cheeks, typically
generating a pronounced nasal inhalation as we
embrace. Such typical behavior entails exposure
equal to or greater than that experienced here,
hence the effects we observed in the laboratory
are relevant to human behavior.

All mammals, including humans, use chemo-
signals. The most commonly studied carrier of
human chemosignals is sweat (25–27), yet most
mammals don’t sweat like humans do. Although
cursory observation of nonhuman mammalian be-
havior suggests that most chemosignals are carried
by urine or anal/vaginal secretions, careful obser-
vation reveals that mammals investigate facial che-
mosignals aswell (28). Indeed, specific chemosignals
have been identified in the lachrymal secretions
of mice (10, 12), that is, in the mouse equivalent
of tears. Thus, although it is commonly stated
that only humans shed emotional tears, our find-
ings may serve to tie human emotional crying to
tear-shedding in other species (7, 29).

The action of mammalian chemosignals can
range from “releasers” that generate a response
de novo (such as lordosis), to “primers” that mod-
ify a long-term process (such as sexual matura-
tion), to “signalers” that provide information (for
example, about kinship), and “modulators” that
modify an ongoing response (30). In our view,
“modulator,” a term coined primarily to describe
the action of human pheromones (31), best fits
the effects of tears as measured here. Here, wom-
en’s tears modulated (reduced) sexual arousal,
physiological arousal, testosterone levels, and brain
activity in men.

These findings pose many questions: What is
the identity of the active compound/s in tears? Do
chemosignals in women’s tears signal anything
else but sexual disinterest, and is this signaling
restricted to emotional tears alone? Moreover,
could the emotional or hormonal state (menstrual
phase/oral contraceptives) of the crier/experimenter
influence the outcome? In turn, what if any are
the signals in men’s tears (see SOM) or children’s
tears, and what are the effects of all these within,
rather than across, gender? Despite these open
questions, the current results conclusively dem-
onstrate a chemosignal in human tears. In this, we
illustrate a previously unknown functional role for
crying.

References and Notes
1. C. Darwin, The Expression of the Emotions in Man and

Animals, with an introduction, afterword, and
commentaries by Paul Ekman (Oxford Univ. Press,
New York, 1872).

2. H. A. Chapman, D. A. Kim, J. M. Susskind, A. K. Anderson,
Science 323, 1222 (2009).

3. A. Montague, Science 130, 1572 (1959).
4. R. R. Provine, K. A. Krosnowski, N. W. Brocato,

Evol. Psychol. 7, 78 (2009).
5. A. Vingerhoets, R. R. Cornelius, G. L. Van Heck,

M. C. Becht, Rev. Gen. Psychol. 4, 354 (2000).
6. M. C. Hendriks, M. A. Croon, A. J. Vingerhoets,

J. Soc. Psychol. 148, 22 (2008).
7. W. H. Frey, M. Langseth, Crying: The Mystery of Tears

(Winston Press, Minneapolis, MN, 1985).
8. N. H. Frijda, The Emotions (Cambridge Univ. Press,

1986).
9. N. J. Van Haeringen, Surv. Ophthalmol. 26, 84

(1981).
10. R. N. Thompson, A. Napier, K. S. Wekesa, Physiol. Behav.

90, 797 (2007).
11. H. Kimoto et al., Curr. Biol. 17, 1879 (2007).
12. H. Kimoto, S. Haga, K. Sato, K. Touhara, Nature 437,

898 (2005).
13. W. H. Frey 2nd, D. DeSota-Johnson, C. Hoffman,

J. T. McCall, Am. J. Ophthalmol. 92, 559 (1981).
14. J. J. Gross, B. L. Frederickson, R. W. Levenson,

Psychophysiology 31, 460 (1994).
15. This cross-gender method was used because it has been

shown to increase the influence of sniffing putative
human pheromones (32).

16. A. Mehrabian, N. Epstein, J. Pers. 40, 525 (1972).
17. M. Bensafi et al., Behav. Neurosci. 117, 1125 (2003).
18. R. W. Levenson, P. Ekman, W. V. Friesen,

Psychophysiology 27, 363 (1990).
19. We refer to this effect on self-rated sexual arousal with

caution and describe it as modest because this was the
only measure in this manuscript where, by chance,
baseline values for saline were lower than for tears,
thus generating a potential floor-effect for saline that
favored the effect.

20. C. Wyart et al., J. Neurosci. 27, 1261 (2007).
21. S. G. Stoléru, A. Ennaji, A. Cournot, A. Spira,

Psychoneuroendocrinology 18, 205 (1993).
22. N. Sobel et al., Brain 122, 209 (1999).
23. J. N. Lundström, J. A. Boyle, R. J. Zatorre,

M. Jones-Gotman, Cereb. Cortex 18, 1466 (2008).
24. I. Savic, H. Berglund, B. Gulyas, P. Roland, Neuron 31,

661 (2001).
25. W. Zhou, D. Chen, J. Neurosci. 28, 14416 (2008).
26. K. Stern, M. K. McClintock, Nature 392, 177 (1998).
27. G. Preti, C. J. Wysocki, K. T. Barnhart, S. J. Sondheimer,

J. J. Leyden, Biol. Reprod. 68, 2107 (2003).
28. M. Luo, M. S. Fee, L. C. Katz, Science 299, 1196

(2003).
29. J. M. Masson, S. McCarthy, When Elephants Weep: The

Emotional Lives of Animals (Bantam Doubleday Dell, New
York, 1995).

30. C. J. Wysocki, G. Preti, Anat. Rec. A Discov. Mol. Cell.
Evol. Biol. 281A, 1201 (2004).

31. S. Jacob, M. K. McClintock, Horm. Behav. 37, 57 (2000).
32. S. Jacob, D. J. Hayreh, M. K. McClintock, Physiol. Behav.

74, 15 (2001).
33. This work was supported by a grant from the Minerva

Stiftung Foundation.

Supporting Online Material
www.sciencemag.org/cgi/content/full/science.1198331/DC1
Materials and Methods
Figs. S1 and S2
Table S1
References

27 September 2010; accepted 17 December 2010
Published online 6 January 2011;
10.1126/science.1198331

14 JANUARY 2011 VOL 331 SCIENCE www.sciencemag.org230

REPORTS

 o
n 

Ja
nu

ar
y 

22
, 2

01
1

w
w

w
.s

ci
en

ce
m

ag
.o

rg
D

ow
nl

oa
de

d 
fro

m
 

the experiment, 100 ml of the compound was
deposited onto a pad pasted onto the participant’s
upper lip, directly under his nostrils (Fig. 1B).
The jar was presented by an additional, non-crier
female experimenter who was blind to the jar’s
contents (15). Participants next viewed on-screen
emotionally ambiguous pictures of women’s faces
and used a visual-analog scale (VAS) to rate the
sadness (24 faces, Fig. 2A) and sexual attraction
(18 faces, Fig. 2B) attributed to each face. In-
terleaved with these ratings were 40 VAS ques-
tions from a standardized questionnaire that assesses
empathy (16). Each man participated twice, on
consecutive days, once with tears and once with
saline, counterbalanced for order across partic-
ipants, and double-blind as to compound identity.

Tears did not differ from saline in perceived
intensity, pleasantness, or familiarity [F1,23 =
1.26, P = 0.27] (Fig. 1, D to F). However, VAS
ratings of faces differed after sniffing tears or
saline [F1,23 = 7.46,P < 0.02]. This difference did
not reflect a shift in sadness attributed to the faces
[mean VAS tears = 572 T 118, mean VAS saline =
592 T 94, t(23) = 1.2, P = 0.23] but rather a shift
in sexual attraction attributed to the faces,
whereby the faces appeared less sexually attract-
ive after sniffing tears than after sniffing saline
for 17 of the 24 participants [mean VAS tears =
439 T 118, meanVAS saline = 463 T 125, t (23) =
2.5, P < 0.02] (Fig. 2C). Sniffing tears did not

influence empathy [mean VAS tears = 593 T 56,
meanVAS saline = 587 T 56, t(23) = 1.2,P= 0.24].

Tears may have failed to influence sadness or
empathy because the experimental context was
not explicitly sad. We therefore studied 50 men
(mean age 28.2 T 3.8 years) using a paradigm that
generates negative emotions (15, 17). We mea-
sured psychophysiological arousal [galvanic skin
response (GSR), heart rate, respiration rate, and
skin temperature], VAS self-ratings ofmood (18),
and salivary levels of testosterone, before (base-
line), during, and after participants sniffed either
tears (from five donor women, mean age 29.2 T
2.3 years) or saline. After sniffing, participants
watched a sad film. Each man participated twice,
on consecutive days, once with tears and once
with saline, counterbalanced for order across par-
ticipants, and double-blind (see SOM) as to com-
pound identity.

Tears did not differ from saline in perceived
intensity, pleasantness, or familiarity [F1,49 =
0.36, P = 0.55] (Fig. 1, D to F). The paradigm
successfully reduced positive mood [tears and
saline combined, positivemoodVAS change from
baseline = –69.81 T 99, t(49) = 4.95, P < 0.0001]
and increased negativemood [negativemoodVAS
change from baseline = 50.57 T 58.5, t(49) =
4.95, P < 0.0001]. Despite this negative emo-
tional setting, VAS self-ratings of mood did not
differ after sniffing tears as compared to saline

[F1,49 = 0.1, P = 0.74]. However, observation of
the response within each session revealed a
modest effect whereby tears reduced self-ratings
of sexual arousal [baseline mean VAS rating =
293.48 T 173.3; after sad film, meanVAS rating =
263.44 T 140, t(49) = 2.46, P < 0.01] (Fig. 3A),
yet saline did not [baseline mean VAS rating =
260.96 T 124; after sad film, mean VAS rating =
251.8 T 120.4, t(49) = 0.81, P = 0.29] (Fig. 3B).

Whereas the effect on subjective self-rated
sexual arousal was modest (19), the effects on ob-
jective psychophysiology and hormonal expres-
sionwere pronounced [all measures:F1,49 = 4.27,
P < 0.05]. During sniffing, there was an increase
in GSR, greater for tears than for saline [mean
tears = 0.08 T 0.03, mean saline = –0.05 T 0.04,
t(42) = 2.68, P < 0.02] (Fig. 3, C and D), yet after
sniffing there was a progressive reduction in
arousal, greater for tears than for saline. This was
evident in several independent measures (fig. S1),
as well as in a conservative composite index
(CPI) (17, 20) that equally weighted all recorded
measures [end of experiment: CPI mean tears =
–0.08 T 0.02, mean saline = –0.01 T 0.02, t(49) =
2.29, P < 0.03] (Fig. 3, E and F). Finally, and
critically, levels of salivary testosterone were pro-
gressively lower after sniffing tears as compared
to the baseline period [baseline testosterone =
151.96 T 76 pg/ml, last testosterone = 132.66 T
63.1 pg/ml, t(49) = 3.3, P < 0.001] (Fig. 3G), an

Fig. 4. Sniffing tears reduces brain activity in substrates of sexual arousal. (A)
Activity induced by an erotic film generated a region of interest (ROI) in the
hypothalamus. (B) Average activity time-course from 16 men within the pre-
viously identified hypothalamic ROI. This activity was induced by a sad film clip
after sniffing either tears (blue) or saline (red). (C) Area under the curve of
activation from (B), providing a measure of variance across participants. (D)
Activity induced by an erotic film generated an ROI in the left fusiform gyrus.

(E) Average activity time-course from 16 men within the previously identified
fusiform gyrus ROI. This activity was induced by a sad film clip after sniffing
either tears (blue) or saline (red). (F) Area under the curve of activation from
(E), providing a measure of variance across participants. (Insets) Bars reflect
the number of participants on each side of the unit slope line (left ordinate),
and the horizontal dashed line reflects the mean values and standard error
(right ordinate).
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Abstract
Background: Given an observed test statistic and its degrees of freedom, one may compute the
observed P value with most statistical packages. It is unknown to what extent test statistics and P
values are congruent in published medical papers.

Methods: We checked the congruence of statistical results reported in all the papers of volumes
409–412 of Nature (2001) and a random sample of 63 results from volumes 322–323 of BMJ (2001).
We also tested whether the frequencies of the last digit of a sample of 610 test statistics deviated
from a uniform distribution (i.e., equally probable digits).

Results: 11.6% (21 of 181) and 11.1% (7 of 63) of the statistical results published in Nature and BMJ
respectively during 2001 were incongruent, probably mostly due to rounding, transcription, or
type-setting errors. At least one such error appeared in 38% and 25% of the papers of Nature and
BMJ, respectively. In 12% of the cases, the significance level might change one or more orders of
magnitude. The frequencies of the last digit of statistics deviated from the uniform distribution and
suggested digit preference in rounding and reporting.

Conclusions: This incongruence of test statistics and P values is another example that statistical
practice is generally poor, even in the most renowned scientific journals, and that quality of papers
should be more controlled and valued.

Background
Statistics is a difficult topic to teach and learn and there is
ample evidence that its application is often faulty in med-
icine [1-6] as well as in many other scientific disciplines.
Errors include aspects of design, analysis, and reporting
and interpretation. Although there has recently been con-
siderable effort to improve and standardise the reporting
of medical research (e.g., the CONSORT statement for
randomised controlled trials [7]), there is almost no liter-
ature demonstrating the incorrect computation or report-
ing of results beyond general deficiencies of computer
packages [8,9] or some well-scrutinized data such as Ben-
ford's original data [10]. Beyond deficiencies of software,

such numerical errors may later originate in the transcrip-
tion of results from computer outputs to reports and man-
uscripts, wrong rounding of results, or uncorrected
typesetting errors. We investigated this question by check-
ing the statistical results reported in all the papers of vol-
umes 409–412 of Nature (2001) and some papers in vol.
322–323 of BMJ (2001). We show that the occurrence of
errors is very high and we review ways to improve current
practice.

Methods
Given an observed test statistic and its degrees of freedom
(df), one may compute the observed P value or
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In theory, a comparison of two experimental effects requires a 
statistical test on their difference. In practice, this comparison 
is often based on an incorrect procedure involving two 
separate tests in which researchers conclude that effects 
differ when one effect is significant (P < 0.05) but the other 
is not (P > 0.05). We reviewed 513 behavioral, systems and 
cognitive neuroscience articles in five top-ranking journals 
(Science, Nature, Nature Neuroscience, Neuron and The 
Journal of Neuroscience) and found that 78 used the correct 
procedure and 79 used the incorrect procedure. An additional 
analysis suggests that incorrect analyses of interactions are 
even more common in cellular and molecular neuroscience. 
We discuss scenarios in which the erroneous procedure is 
particularly beguiling.

“The percentage of neurons showing cue-related activity increased 
with training in the mutant mice (P < 0.05), but not in the control 
mice (P > 0.05).” “Animals receiving vehicle (control) infusions 
into the amygdala showed increased freezing to the conditioned 
stimulus compared with a control stimulus (P < 0.01); in animals 
receiving muscimol infusions into the amygdala, this difference 
was abolished (F < 1).”

These two fictive, but representative, statements illustrate a statisti-
cal error that is common in the neuroscience literature. The researchers 
who made these statements wanted to claim that one effect (for exam-
ple, the training effect on neuronal activity in mutant mice) was larger 
or smaller than the other effect (the training effect in control mice). 
To support this claim, they needed to report a statistically significant 
interaction (between amount of training and type of mice), but instead 
they reported that one effect was statistically significant, whereas 
the other effect was not. Although superficially compelling, the lat-
ter type of statistical reasoning is erroneous because the difference 
between significant and not significant need not itself be statistically 
significant1. Consider an extreme scenario in which training- 
induced activity barely reaches significance in mutant mice (for  
example, P = 0.049) and barely fails to reach significance for control 
mice (for example, P = 0.051). Despite the fact that these two P values 
lie on opposite sides of 0.05, one cannot conclude that the training 
effect for mutant mice differs statistically from that for control mice. 

That is, as famously noted by Rosnow and Rosenthal2, “surely, God 
loves the 0.06 nearly as much as the 0.05”. Thus, when making a com-
parison between two effects, researchers should report the statistical 
significance of their difference rather than the difference between 
their significance levels.

Our impression was that this error of comparing significance levels 
is widespread in the neuroscience literature, but until now there were 
no aggregate data to support this impression. We therefore exam-
ined all of the behavioral, systems and cognitive neuroscience stud-
ies published in four prestigious journals (Nature, Science, Nature 
Neuroscience and Neuron) in 2009 and 2010 and in every fourth issue 
of the 2009 and 2010 volumes of The Journal of Neuroscience. In 157 
of these 513 articles (31%), the authors describe at least one situation 
in which they might be tempted to make the error. In 50% of these 
cases (78 articles; Table 1), the authors used the correct approach: 
they reported a significant interaction. This may be followed by 
the report of the simple main effects (that is, separate analyses for  
the main effect of training in the mutant mice and control mice). In the  
other 50% of the cases (79 articles), the authors made at least one error 
of the type discussed here: they reported no interaction effect, but 
only the simple main effects, pointing out the qualitative difference 
between their significance values (for example, vehicle infusions were 
associated with a statistically significant increase in freezing behavior; 
muscimol infusions were not associated with a reliable increase in 
freezing behavior).

Are all these articles wrong about their main conclusions? We do 
not think so. First, we counted any paper containing at least one erro-
neous analysis of an interaction. For a given paper, the main conclu-
sions may not depend on the erroneous analysis. Second, in roughly 
one third of the error cases, we were convinced that the critical, but 
missing, interaction effect would have been statistically significant 
(consistent with the researchers’ claim), either because there was 
an enormous difference between the two effect sizes or because the 
reported methodological information allowed us to determine the 
approximate significance level. Nonetheless, in roughly two thirds of 
the error cases, the error may have had serious consequences. In all 
of these cases, the nonsignificant difference, although smaller in size, 
was in the same direction as the significant difference. In addition, 
the methodological information did not allow us to determine the 
significance level of the missing interaction test. We have no way of 
assessing the severity of these cases. Most of the errors may not have 
severe implications. In some cases, however, the error may contribute 
substantially to the article’s main conclusions.

Because of our background expertise, our main analysis focused 
on behavioral, systems and cognitive neuroscience. However, it is 
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In theory, a comparison of two experimental effects requires a 
statistical test on their difference. In practice, this comparison 
is often based on an incorrect procedure involving two 
separate tests in which researchers conclude that effects 
differ when one effect is significant (P < 0.05) but the other 
is not (P > 0.05). We reviewed 513 behavioral, systems and 
cognitive neuroscience articles in five top-ranking journals 
(Science, Nature, Nature Neuroscience, Neuron and The 
Journal of Neuroscience) and found that 78 used the correct 
procedure and 79 used the incorrect procedure. An additional 
analysis suggests that incorrect analyses of interactions are 
even more common in cellular and molecular neuroscience. 
We discuss scenarios in which the erroneous procedure is 
particularly beguiling.

“The percentage of neurons showing cue-related activity increased 
with training in the mutant mice (P < 0.05), but not in the control 
mice (P > 0.05).” “Animals receiving vehicle (control) infusions 
into the amygdala showed increased freezing to the conditioned 
stimulus compared with a control stimulus (P < 0.01); in animals 
receiving muscimol infusions into the amygdala, this difference 
was abolished (F < 1).”

These two fictive, but representative, statements illustrate a statisti-
cal error that is common in the neuroscience literature. The researchers 
who made these statements wanted to claim that one effect (for exam-
ple, the training effect on neuronal activity in mutant mice) was larger 
or smaller than the other effect (the training effect in control mice). 
To support this claim, they needed to report a statistically significant 
interaction (between amount of training and type of mice), but instead 
they reported that one effect was statistically significant, whereas 
the other effect was not. Although superficially compelling, the lat-
ter type of statistical reasoning is erroneous because the difference 
between significant and not significant need not itself be statistically 
significant1. Consider an extreme scenario in which training- 
induced activity barely reaches significance in mutant mice (for  
example, P = 0.049) and barely fails to reach significance for control 
mice (for example, P = 0.051). Despite the fact that these two P values 
lie on opposite sides of 0.05, one cannot conclude that the training 
effect for mutant mice differs statistically from that for control mice. 

That is, as famously noted by Rosnow and Rosenthal2, “surely, God 
loves the 0.06 nearly as much as the 0.05”. Thus, when making a com-
parison between two effects, researchers should report the statistical 
significance of their difference rather than the difference between 
their significance levels.

Our impression was that this error of comparing significance levels 
is widespread in the neuroscience literature, but until now there were 
no aggregate data to support this impression. We therefore exam-
ined all of the behavioral, systems and cognitive neuroscience stud-
ies published in four prestigious journals (Nature, Science, Nature 
Neuroscience and Neuron) in 2009 and 2010 and in every fourth issue 
of the 2009 and 2010 volumes of The Journal of Neuroscience. In 157 
of these 513 articles (31%), the authors describe at least one situation 
in which they might be tempted to make the error. In 50% of these 
cases (78 articles; Table 1), the authors used the correct approach: 
they reported a significant interaction. This may be followed by 
the report of the simple main effects (that is, separate analyses for  
the main effect of training in the mutant mice and control mice). In the  
other 50% of the cases (79 articles), the authors made at least one error 
of the type discussed here: they reported no interaction effect, but 
only the simple main effects, pointing out the qualitative difference 
between their significance values (for example, vehicle infusions were 
associated with a statistically significant increase in freezing behavior; 
muscimol infusions were not associated with a reliable increase in 
freezing behavior).

Are all these articles wrong about their main conclusions? We do 
not think so. First, we counted any paper containing at least one erro-
neous analysis of an interaction. For a given paper, the main conclu-
sions may not depend on the erroneous analysis. Second, in roughly 
one third of the error cases, we were convinced that the critical, but 
missing, interaction effect would have been statistically significant 
(consistent with the researchers’ claim), either because there was 
an enormous difference between the two effect sizes or because the 
reported methodological information allowed us to determine the 
approximate significance level. Nonetheless, in roughly two thirds of 
the error cases, the error may have had serious consequences. In all 
of these cases, the nonsignificant difference, although smaller in size, 
was in the same direction as the significant difference. In addition, 
the methodological information did not allow us to determine the 
significance level of the missing interaction test. We have no way of 
assessing the severity of these cases. Most of the errors may not have 
severe implications. In some cases, however, the error may contribute 
substantially to the article’s main conclusions.

Because of our background expertise, our main analysis focused 
on behavioral, systems and cognitive neuroscience. However, it is 
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separate tests in which researchers conclude that effects 
differ when one effect is significant (P < 0.05) but the other 
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We discuss scenarios in which the erroneous procedure is 
particularly beguiling.
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significance of their difference rather than the difference between 
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likely that the incorrect analysis of interactions is not just limited 
to these disciplines. To confirm this intuition, we reviewed an  
additional 120 cellular and molecular neuroscience articles published 
in Nature Neuroscience in 2009 and 2010 (the first five Articles in each 
issue). We did not find a single study that used the correct statistical 
procedure to compare effect sizes. In contrast, we found at least 25 
studies that used the erroneous procedure and explicitly or implic-
itly compared significance levels. In general, data collected in these 
cellular and molecular neuroscience studies were analyzed mostly 
with t tests (possibly corrected for multiple comparisons or unequal 
variances) and occasionally with one-way ANOVAs, even when the 
experimental design was multifactorial and required a more sophis-
ticated statistical analysis.

Our literature analyses showed that the error occurs in many dif-
ferent situations: when researchers compared the effects of a phar-
macological agent versus placebo; patients versus controls; one versus 
another task condition, brain area or time point; genetically modified 
versus wild-type animals; younger versus older participants; etc. We 
describe three general types of situations in which the error occurs 
and illustrate each with a prototypical (fictive) example.

First, most of the errors that we encountered in our analysis 
occurred when comparing effect sizes in an experimental group/
condition and a control group/condition (for example, sham-TMS, 
vehicle infusion, placebo pill, wild-type mice). The two examples at 
the start of this article belong to this type. Another example would 
be “Optogenetic photoinhibition of the locus coeruleus decreased 
the amplitude of the target-evoked P3 potential in virally transduced 
animals (P = 0.012), but not in control animals (P = 0.3)” (Fig. 1a). 
The researchers contrast the significance levels of the two effect 
sizes instead of reporting the significance level of a direct statistical  
comparison between the effect sizes. The claim that the effect of 
the optogenetic manipulation on P3 amplitude is larger in the 
virally transduced animals than in the control animals requires a 
significant interaction between the manipulation (photoinhibition  
versus baseline) and group (virally transduced versus control mice). 
Because the plotted results reflect the group averages of individual 
averages that we generated ourselves (for ten mice in each group), 
we know that the interaction in this example is not significant  
(P > 0.05). Thus, the claim that the researchers intend to make is not 
statistically valid.

Second, comparing effect sizes during a 
pre-test and a post-test can be seen as a spe-
cial case of the situation described above, in 
which the pre-test (before the experimental 
manipulation) is the control condition and 
the post-test (after the manipulation) is 
the experimental condition. An example is 
“Acute fluoxetine treatment increased social 

approach behavior (as indexed by sniff time) in our mouse model of 
depression (P < 0.01)” (Fig. 1b). Errors of this type are less common 
and often less explicit. In this example, the researchers contrast only 
the post-test scores of the two groups, on the tacit assumption that 
they need not take into account the corresponding pre-test scores, 
perhaps because the pre-test scores do not reliably differ between 
groups. Thus, the researchers implicitly base their claim on the dif-
ference between the significant post-test difference and the nonsig-
nificant pre-test difference, when instead they should have directly 
compared the effect sizes, for example, by examining the time × 
group interaction in a repeated-measures analysis of variance.

The third type of error occurs when comparing several brain areas 
and claiming that a particular effect (property) is specific for one of 
these brain areas. In this type of situation, researchers do not com-
pare a designated region of interest with a control area, but instead 
compare a number of brain areas with more or less equal ‘a priori 
status’. An example would be “Escape latency in the Morris water 
maze was affected by lesions of the entorhinal cortex (P < 0.05), but 
was spared by lesions of the perirhinal and postrhinal cortices (both 
P values > 0.1), pointing to a specific role for the enthorinal cortex 
in spatial memory” (Fig. 1c). Although this type of conclusion is less 
salient than the explicit claim of a difference between brain areas, the 
specificity claim nevertheless requires a direct statistical comparison. 
That is, at the very least, spatial memory should be more impaired in 
animals with enthorinal lesions than in animals with lesions in other 
areas. Thus, the specificity claim requires that the researchers report 
a significant time × lesion type interaction, followed by significant 
pair-wise comparisons between the specific brain area and the other 
brain areas.

These three examples involve errors that we would classify as being 
potentially serious, as the nonsignificant effect is in the same direc-
tion as the significant effect (except for the perirhinal cortex), and 
because the information in Figure 1a–c is not sufficient to estimate 
the significance of the missing interaction test. The reason is that each 
of these three graphs contains repeated measurements (for example, 
before and after treatment). In the case of repeated measurements 
on the same group(s) of subjects, the standard-error bars do not give 
the information needed to assess the significance of the differences 
between the repeated measurements, as they are not sensitive to the 
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Table 1 Outcome of the main literature analysis

Nature Science
Nature  

Neuroscience Neuron
Journal of  

Neuroscience Summed

Total reviewed 34 45 117 106 211 513
Correct count 3 9 17 13 36 78
Error count 7 11 16 15 30 79

For this analysis, we included every article of which the abstract referred to behavior, cognitive function or  
brain imaging.
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Text

Tranen in een bakje remmen de
mannelijke lust. Want er zitten fe-
romonen in tranen. Dat bleek don-
derdag uit een artikel in Science.
Veel wetenschappers bogen zich al

over de raadselachtige mensentranen, maar sek-
sualiteit was in dat onderzoek nooit belangrijk.
En een chemische functie van tranen is totaal
over het hoofd gezien. “Ik heb twee dagen zit-
ten shaken toen ik het stuk las”, zo vreemd vond
de Tilburgse psychologiehoogleraar Ad Vinger-
hoets, die al twintig jaar onderzoek naar huilen
doet, de relatie met seks. “Reuze interessant”,
vindt ook primatoloog Frans de Waal die veel
onderzoek doet naar empathie. “Ik heb men-
sentranen altijd als visuele signalen gezien.”
De ontdekking komt van Israëlische reukonder-
zoekers onder leiding van Noam Sobel, van het
Weizmann Institute of Science. Ze verzamelden
tranen van verdriet, geplengd door vrouwen die
naar een zielige film keken. Vervolgens hielden
ze die tranen onder de neus van mannen. Voor
hen rook het traanvocht naar niets. Ze vonden
het niet aantrekkelijk, niet herkenbaar – net
zoutoplossing .
Maar intussen hadden die mannen wel minder
zin in seks gekregen, bleek in een reeks experi-
menten die in totaal drie jaar in beslag nam.
Ze vonden vrouwengezichten minder seksueel
aantrekkelijk. En van een verdrietige film,
waarvan mannen normaal gesproken gewoon
niet opgewonden raken, kregen ze nu zelfs min-
der zin dan voordat de video aanging. In hun
speeksel daalde het testosteronniveau en de
hersengebieden voor seksuele opwinding gin-
gen in de ruststand.
“Het was volkomen toeval dat we dit seksuele
effect vonden”, vertelt Noam Sobel. “Toen we
begonnen, gebruikten we een algemene vragen-
lijst om emoties te meten. Daar zitten allerlei
vragen in, onder andere: ‘in hoeverre voelt u
zich seksueel opgewonden’? En juist dáár von-
den we een verandering!”

VA R K E N S B O E R Zelden zijn er bij mensen zulke
duidelijke effecten van een feromoon gezien:
een hormoon dat het gedrag verandert van de-
gene die het (onbewust) ruikt. Elke varkensboer
weet dat berengeur stimulerend is voor zeugen,
en ook knaagdieren raken via geuren bereid tot
paren.
Maar wat er bekend is van feromonen bij men-
sen, is niet veel. Ja, er zijn vrouwen die tegelijk
menstrueren als ze bij elkaar in huis wonen. En
vrouwen die mannen mede kiezen op basis van
’s mans okselzweet. Dit Israëlische onderzoek is
dus alleen al opmerkelijk omdat het de werking
van feromonen bij mensen zo duidelijk aan-
toont. Dat de feromonen in vrouwentranen zit-
ten, is nog verrassender. (Mannentranen wer-
den niet onderzocht, bij gebrek aan mannen die
bereid waren om in een lab te gaan zitten huilen
bij een dvd’tje.)
Het onderzoek is degelijk uitgevoerd, met meer
dan honderd proefpersonen en een goede con-

trolesituatie. Daarbij kregen de mannen een ge-
wone zoutoplossing onder hun neus die, voor
de vergelijkbaarheid, óók over de wangen van
vrouwen had gedruppeld. Onderzoekers noch
proefmannen wisten wat ze onder hun neus
hadden.
Dus: wat betekent dit? Dit zet het psychologisch
onderzoek naar de functie van huilen op zijn
kop. Huilonderzoekers – het zijn er niet veel en
de meesten zijn psycholoog – richtten zich de
afgelopen jaren vooral op de sociaal-psychologi-
sche functie van dat gedrag.
Het plengen van tranen uit emotie is uniek
menselijk en moeilijk te duiden. Baby’s en jon-
ge kinderen huilen bij stress en pijn – en ze krij-
sen erbij. Maar de tranen van volwassenen zijn
anders. Die biggelen vaak stilletjes. Ze vloeien
bij verdriet, maar ook bij grote blijdschap. Men-
sen huilen bij goede vrienden, maar ook alleen.
Ze onderzochten gevoelens als empathie,
troost, stress en opluchting bij huilers en hun
omstanders. Het algemene beeld werd dat hui-
len een sociaal signaal is, dat door de reactie van

omstanders meestal medeleven opwekt en
agressie vermindert.
Dat tranen een chemische functie zouden heb-
ben, is een idee dat juist naar de achtergrond
was geraakt. In de jaren zeventig en tachtig van
de vorige eeuw zochten wetenschappers tever-
geefs naar afvalstoffen of hormonen in tranen.
Het Israëlische onderzoek biedt nu een geheel
nieuwe invalshoek. Wél een sociale functie van
huilen dus, maar dan via een – vooralsnog onbe-
kende – chemische verbinding. En bovendien:
een seksueel effect.

OMHELZING “In de westerse cultuur worden we
meestal van zeer dichtbij aan tranen blootge-
steld”, schrijft Sobel in Science. “We omhelzen
een huilende geliefde, houden onze neus vlak-
bij betraande wangen en meestal ademen we
diep in bij de omhelzing.” Hij denkt niet dat het
effect van huilen alleen maar chemisch is, ver-
duidelijkt Sobel aan de telefoon. “Gedrag blijft
heel belangrijk. Geen enkel feromoon werkt als-
of je op een knopje drukt.”

Het effect lijkt op iets wat onderzoekers van de
Universiteit van Tokio de afgelopen jaren heb-
ben beschreven. De Japanners ontdekten een
seksferomoon in het oogvocht van mannetjes-
muizen – niet in de muizenurine dus, waar zul-
ke feromonen verwacht werden. Alleen man-
netjes scheiden het eiwitje ESP1 uit via hun
traanklier. Vrouwtjesmuizen die eraan worden
blootgesteld, gaan vaker in de paarhouding
staan. Hoogleraar Kazu Touhara vermoedt een
connectie tussen traanferomonen in mensen en
muizen, reageert hij desgevraagd: “Ik denk dat
die chemische signalen in de evolutie behouden
zijn gebleven.”
Sobel is het daarmee eens, zegt hij. “Ik denk niet
dat alle zoogdieren dezelfde feromonen in hun
traanvocht hebben. Maar ik denk wel dat er ver-
gelijkbare effecten zijn.” Hij wijst ook nog op de
naakte molrat, die in ondergrondse kolonies
leeft. Mannetjes smeren zich in met een vocht

Medelijden, troost en seks
Door vrouwensmart vergaat mannen de zin in seks. Hester van Santen

‘In de westerse cultuur worden

we meestal van zeer dichtbij aan

tranen blootgesteld’

uit de klier van Harder, die in de oogkas ligt (het
vocht komt echter uit de neusgaten). Ze worden
daardoor minder vaak aangevallen door soort-
genoten. Dat stond al in 1997 in Animal Behavi-

our. Sobel: “En ik hoorde er pas laatst van. Ik wil
maar zeggen: als we de literatuur beter hadden
gelezen, zouden we wel aan een seksueel effect
gedacht hebben.”
Maar dan nog zal het vakgebied zich in bochten
moeten wringen om het menselijke huilen sek-
sueel te verklaren. Verminderde lust was, ver-
rassend genoeg, voor zover bekend de enige
emotionele verandering bij de mannen in So-
bels studie. Ze werden niet verdrietiger van een
dosis tranen. Evenmin werden ze er extra mee-
levend van – terwijl een huilende medemens
meestal wel gevoelens van medelijden en troost
opwekt.
Ook de Israëliërs zelf zien de vragen die hun on-
derzoek oproept. Wat zijn die feromonen? Wat
zit er in mannen- of kindertranen en in ‘ui-
entranen’? En hebben die feromonen in vrou-
wentranen toch een aanvullende functie en niet
alleen een seksuele? Over dat laatste speculeert
Ad Vingerhoets alvast. “Ik zou zeggen dat het
effect op seksualiteit een neveneffect is. Ik denk
dat die tranen sociale binding en gehechtheid
bevorderen. En als bijeffect wordt dan de lust
even geremd.”
Sobel denkt ook aan een neveneffect. “Maar niet
van empathie. Kijk, bij de mannen ging het tes-
tosteronniveau omlaag. Dat vermindert ook
agressie. Mijn intuïtie is dat dát het belangrijk-
ste effect is. Maar dat hebben we nog niet geme-
ten.”.
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Background: Red meat consumption has been associ-
ated with an increased risk of chronic diseases. How-
ever, its relationship with mortality remains uncertain.

Methods: We prospectively observed 37 698 men from
the Health Professionals Follow-up Study (1986-2008)
and 83 644 women from the Nurses’ Health Study (1980-
2008) who were free of cardiovascular disease (CVD) and
cancer at baseline. Diet was assessed by validated food
frequency questionnaires and updated every 4 years.

Results: We documented 23 926 deaths (including 5910
CVD and 9464 cancer deaths) during 2.96 million person-
years of follow-up. After multivariate adjustment for ma-
jor lifestyle and dietary risk factors, the pooled hazard
ratio (HR) (95% CI) of total mortality for a 1-serving-
per-day increase was 1.13 (1.07-1.20) for unprocessed
red meat and 1.20 (1.15-1.24) for processed red meat.
The corresponding HRs (95% CIs) were 1.18 (1.13-

1.23) and 1.21 (1.13-1.31) for CVD mortality and 1.10
(1.06-1.14) and 1.16 (1.09-1.23) for cancer mortality. We
estimated that substitutions of 1 serving per day of other
foods (including fish, poultry, nuts, legumes, low-fat dairy,
and whole grains) for 1 serving per day of red meat were
associated with a 7% to 19% lower mortality risk. We also
estimated that 9.3% of deaths in men and 7.6% in women
in these cohorts could be prevented at the end of fol-
low-up if all the individuals consumed fewer than 0.5 serv-
ings per day (approximately 42 g/d) of red meat.

Conclusions: Red meat consumption is associated with
an increased risk of total, CVD, and cancer mortality. Sub-
stitution of other healthy protein sources for red meat is
associated with a lower mortality risk.
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M EAT IS A MAJOR SOURCE
of protein and fat in
most diets. Substantial
evidence from epide-
miological studies

showsthatconsumptionofmeat,particularly
red meat, is associated with increased risks
ofdiabetes,1 cardiovasculardisease(CVD),2

andcertaincancers.3 Severalstudiesalsosug-
gest an elevated risk of mortality associated
withredmeatintake.However,mostofthese
studieshavebeenperformedinpopulations
with a particularly high proportion of veg-
etarians(suchasSeventh-DayAdventists in

the United States4 and several studies in
Europe5). A recent large cohort study6 with
10yearsof follow-upfoundthatahigher in-
takeoftotalredmeatandtotalprocessedmeat
wasassociatedwithanincreasedriskofmor-
tality. However, this study did not differen-
tiateunprocessed fromprocessed redmeat,
and diet and other covariates were assessed
atbaselineonly.Furthermore, toourknowl-

edge, no study has examined whether sub-
stitutionofotherdietarycomponents forred
meat is associated with a reduced mortality
risk.

Therefore, we investigated the associa-
tion between red meat intake and cause-
specific and total mortality in 2 large co-
horts with repeated measures of diet and
up to 28 years of follow-up: the Health Pro-
fessionals Follow-up Study (HPFS) and the
Nurses’ Health Study (NHS). We also es-
timated the associations of substituting
other healthy protein sources for red meat
with total and cause-specific mortality.

METHODS

STUDY POPULATION

We analyzed data from 2 prospective cohort stud-
ies: the HPFS (initiated in 1986, n=51 529 men
aged 40-75 years) and the NHS (started in 1976,
n=121 700 women aged 30-55 years). Detailed
descriptions of the cohorts are provided else-
where.7,8 Questionnaires were administered bi-
ennially to collect and update medical, lifestyle,
and other health-related information, and the fol-
low-up rates exceeded 90% in each 2-year cycle
for both cohorts.
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Conclusions: Red meat consumption is associated with
an increased risk of total, CVD, and cancer mortality. Sub-
stitution of other healthy protein sources for red meat is
associated with a lower mortality risk.
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M EAT IS A MAJOR SOURCE
of protein and fat in
most diets. Substantial
evidence from epide-
miological studies

showsthatconsumptionofmeat,particularly
red meat, is associated with increased risks
ofdiabetes,1 cardiovasculardisease(CVD),2

andcertaincancers.3 Severalstudiesalsosug-
gest an elevated risk of mortality associated
withredmeatintake.However,mostofthese
studieshavebeenperformedinpopulations
with a particularly high proportion of veg-
etarians(suchasSeventh-DayAdventists in

the United States4 and several studies in
Europe5). A recent large cohort study6 with
10yearsof follow-upfoundthatahigher in-
takeoftotalredmeatandtotalprocessedmeat
wasassociatedwithanincreasedriskofmor-
tality. However, this study did not differen-
tiateunprocessed fromprocessed redmeat,
and diet and other covariates were assessed
atbaselineonly.Furthermore, toourknowl-

edge, no study has examined whether sub-
stitutionofotherdietarycomponents forred
meat is associated with a reduced mortality
risk.

Therefore, we investigated the associa-
tion between red meat intake and cause-
specific and total mortality in 2 large co-
horts with repeated measures of diet and
up to 28 years of follow-up: the Health Pro-
fessionals Follow-up Study (HPFS) and the
Nurses’ Health Study (NHS). We also es-
timated the associations of substituting
other healthy protein sources for red meat
with total and cause-specific mortality.

METHODS

STUDY POPULATION

We analyzed data from 2 prospective cohort stud-
ies: the HPFS (initiated in 1986, n=51 529 men
aged 40-75 years) and the NHS (started in 1976,
n=121 700 women aged 30-55 years). Detailed
descriptions of the cohorts are provided else-
where.7,8 Questionnaires were administered bi-
ennially to collect and update medical, lifestyle,
and other health-related information, and the fol-
low-up rates exceeded 90% in each 2-year cycle
for both cohorts.
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Ratio measures in leading medical journals: structured review of
accessibility of underlying absolute risks
Lisa M Schwartz, Steven Woloshin, Evan L Dvorin, H Gilbert Welch

Abstract
Objective To examine the accessibility of absolute risk in
articles reporting ratio measures in leading medical journals.
Design Structured review of abstracts presenting ratio
measures.
Setting Articles published between 1 June 2003 and 1 May
2004 in Annals of Internal Medicine, BMJ, Journal of the American
Medical Association, Journal of the National Cancer Institute, Lancet,
and New England Journal of Medicine.
Participants 222 articles based on study designs in which
absolute risks were directly calculable (61 randomised trials, 161
cohort studies).
Main outcome measure Accessibility of the absolute risks
underlying the first ratio measure in the abstract.
Results 68% of articles (150/222) failed to report the
underlying absolute risks for the first ratio measure in the
abstract (range 55 − 81% across the journals). Among these
articles, about half did report the underlying absolute risks
elsewhere in the article (text, table, or figure) but half did not
report them anywhere. Absolute risks were more likely to be
reported in the abstract for randomised trials compared with
cohort studies (62% v 21%; relative risk 3.0, 95% confidence
interval 2.1 to 4.2) and for studies reporting crude compared
with adjusted ratio measures (62% v 21%; relative risk 3.0, 2.1 to
4.3).
Conclusion Absolute risks are often not easily accessible in
articles reporting ratio measures and sometimes are missing
altogether—this lack of accessibility can easily exaggerate
readers’ perceptions of benefit or harm.

Introduction
For good reasons, ratio measures, such as relative risks and odds
ratios, have become a common way to compare outcomes in two
groups. For observational studies they serve as the central metric
of the strength of association between exposure and outcome, a
key criterion for establishing causality in classic epidemiology.
For both observational and experimental studies they serve as a
convenient mechanism to express the magnitude of an effect on
baseline risk—a relative change. Furthermore, the ratio is often
believed to be transportable—that is, the relative change may be
applied to different populations with different baseline risks.
Finally, they have the appealing feature of summarising two
numbers (the risk in one group and the risk in the other) into
one, which in turn facilitates comparisons of the effect of various
exposures. But this feature of ratio measures also represents their
major weakness, that the underlying absolute risks are concealed.

Unless ratio measures are reported with the underlying
absolute risks, readers cannot judge the clinical significance of
the effect. Consider the following example. Readers may be told
that the relative risk of death with drug A compared with placebo
is 0.5; in other words, people who take drug A are half as likely to
die as people who take placebo. But without the underlying
absolute risks—the chance of death in each group—the informa-
tion is incomplete.1 A relative risk of 0.5, for example, is compat-
ible with a wide range of changes in the risk of death: from 20%
to 10%, from 1% to 0.5%, and from 0.0004% to 0.0002%. Effects
presented in relative terms alone have been repeatedly shown to
seem more impressive than the same effects presented in
absolute terms in studies of physicians,2 3 policy makers,4 and
patients.5 6 Moreover, providing absolute risks has been shown to
improve patients’ comprehension of statements of both absolute
risk reduction and relative risk reduction.7

The importance of providing absolute risks has been recog-
nised in the requirements of groups trying to improve reporting
in the medical literature. The consolidated standards of
reporting trials (CONSORT), an international effort initiated in
the mid-1990s to improve the reporting of randomised trials,
explicitly calls on researchers to state the results using absolute
numbers when feasible.8 A more recent initiative organised in
2003, strengthening the reporting of observational studies in
epidemiology (STROBE), does as well.9 We systematically deter-
mined how frequently the absolute risks comprising ratio meas-
ures are reported in the medical literature.

Methods
Search strategy
We searched Medline using the search terms rate ratio*, relative
ratio*, relative risk*, risk ratio*, or odds ratio* (the * ensures that
any suffix such as “s” is included), and identified 320 articles with
ratio measures in the abstract published between 1 June 2003
and 1 May 2004 in six leading medical journals: Annals of Internal
Medicine, BMJ, Journal of the American Medical Association, Journal
of the National Cancer Institute, Lancet, and New England Journal of
Medicine. We excluded 98 articles with study designs in which
absolute risks might not be directly calculable (52 case-control
studies, 46 meta-analyses). Thus the final sample consisted of 222
articles with study designs where absolute risks were directly cal-
culable: 61 randomised trials, 161 cohort studies.

Article review process
We reviewed each article using a standardised data extraction
form (see fig A on bmj.com). The coder began by recording the

The data extraction form and calculations carried out by coders are on
bmj.com

Cite this article as: BMJ, doi:10.1136/bmj.38985.564317.7C (published 23 October 2006)
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In addition, a higher red meat intake was associated with
a higher intake of total energy but lower intakes of whole
grains, fruits, and vegetables. Unprocessed and processed
red meat consumption was moderately correlated (r=0.40
in the HPFS and 0.37 in the NHS). However, red meat con-
sumption was less correlated with intakes of poultry and
fish (Spearman correlation coefficients, r=−0.04 and −0.18
in the HPFS and r=0.05 and −0.12 in the NHS, respec-
tively). During follow-up, red meat intake declined in men
and women (eFigure; http://www.archinternmed.com). For
example, the mean daily intake of unprocessed red meat
dropped from 0.75 to 0.63 servings from 1986 to 2006 in
men and from 1.10 to 0.55 servings from 1980 to 2006 in
women.

Unprocessed and processed red meat intakes were as-
sociated with an increased risk of total, CVD, and cancer
mortality in men and women in the age-adjusted and fully
adjusted models (Tables2, 3, and 4). When treating red

meat intake as a continuous variable, the elevated risk of
total mortality in the pooled analysis for a 1-serving-per-
day increase was 12% (HR, 1.12; 95% CI, 1.09-1.15) for
total red meat, 13% (HR, 1.13; 95% CI, 1.07-1.20) for un-
processed red meat, and 20% (HR, 1.20; 95% CI, 1.15-
1.24) for processed red meat. The HRs (95% CIs) for CVD
mortality were 1.16 (1.12-1.20) for total red meat, 1.18
(1.13-1.23) for unprocessed red meat, and 1.21 (1.13-
1.31) for processed red meat. The HRs (95% CIs) for can-
cer mortality were 1.10 (1.07-1.13) for total red meat, 1.10
(1.06-1.14) for unprocessed red meat, and 1.16 (1.09-
1.23) for processed red meat. We found no statistically sig-
nificant differences among specific unprocessed red meat
items or among specific processed red meat items for the
associations with total mortality (eTable 1). However, ba-
con and hot dogs tended to be associated with a higher risk
than other items. Spline regression analysis showed that
the association between red meat intake and risk of total

Table 2. All-Cause Mortality According to Red Meat Intake in the Health Professionals Follow-up Study and the Nurses’ Health Study

Variable

Frequency of Consumption Quintilesa
P Value
for Trend

HR (95% CI) for a
1-Serving-per-Day

IncreaseQ1 Q2 Q3 Q4 Q5

Health Professionals Follow-up Study
Total red meat, servings

per dayb
0.25 (0.13-0.37) 0.61 (0.53-0.70) 0.95 (0.87-1.04) 1.36 (1.24-1.49) 2.07 (1.83-2.47) NA NA

Cases/person-years, No. 1713/151 212 1610/152 120 1679/151 558 1794/152 318 2130/151 315 NA NA
Age-adjusted model 1 [Reference] 1.06 (0.99-1.14) 1.14 (1.06-1.21) 1.21 (1.14-1.30) 1.45 (1.36-1.54) !.001 1.19 (1.16-1.23)
Multivariate modelc 1 [Reference] 1.12 (1.05-1.20) 1.21 (1.13-1.30) 1.25 (1.16-1.34) 1.37 (1.27-1.47) !.001 1.14 (1.10-1.17)

Unprocessed red meat,
servings per dayb

0.17 (0.07-0.24) 0.43 (0.37-0.47) 0.66 (0.58-0.73) 0.95 (0.87-1.04) 1.46 (1.29-1.67) NA NA

Cases/person-years, No. 1855/150 676 1722/149 097 1535/154 352 1819/150 925 1995/153 474 NA NA
Age-adjusted model 1 [Reference] 1.06 (0.99-1.13) 1.00 (0.94-1.07) 1.15 (1.08-1.23) 1.34 (1.25-1.42) !.001 1.22 (1.18-1.27)
Multivariate modelc 1 [Reference] 1.11 (1.04-1.18) 1.14 (1.06-1.22) 1.20 (1.12-1.28) 1.29 (1.20-1.38) !.001 1.17 (1.12-1.21)

Processed red meat,
servings per dayb

0.02 (0-0.07) 0.13 (0.10-0.14) 0.21 (0.20-0.26) 0.39 (0.34-0.46) 0.74 (0.64-1.00) NA NA

Cases/person-years, No. 1917/171 619 1395/131 069 1661/152 481 1717/152 128 2236/151 227 NA NA
Age-adjusted model 1 [Reference] 0.99 (0.93-1.06) 1.13 (1.05-1.20) 1.14 (1.07-1.22) 1.38 (1.30-1.47) !.001 1.34 (1.28-1.40)
Multivariate modelc 1 [Reference] 1.06 (0.99-1.14) 1.15 (1.07-1.23) 1.18 (1.10-1.27) 1.27 (1.19-1.36) !.001 1.18 (1.12-1.24)

Nurses’ Health Study
Total red meat, servings

per dayb
0.51 (0.37-0.61) 0.85 (0.76-0.96) 1.14 (1.03-1.32) 1.49 (1.33-1.71) 2.17 (1.85-2.66) NA NA

Cases/person-years, No. 2946/438 326 2759/442 134 2658/439 712 2872/440 329 3765/439 391 NA NA
Age-adjusted model 1 [Reference] 1.07 (1.01-1.12) 1.09 (1.04-1.15) 1.24 (1.18-1.30) 1.61 (1.53-1.69) !.001 1.30 (1.28-1.33)
Multivariate modelc 1 [Reference] 1.08 (1.02-1.14) 1.11 (1.05-1.17) 1.18 (1.12-1.24) 1.24 (1.17-1.30) !.001 1.11 (1.08-1.13)

Unprocessed red meat,
servings per dayb

0.37 (0.28-0.46) 0.61 (0.56-0.68) 0.86 (0.77-1.00) 1.13 (1.01-1.28) 1.64 (1.43-2.05) NA NA

Cases/person-years, No. 3079/441 041 2885/441 207 2545/439 306 2709/431 097 3782/447 240 NA NA
Age-adjusted model 1 [Reference] 1.05 (1.00-1.11) 0.98 (0.93-1.03) 1.09 (1.03-1.14) 1.48 (1.41-1.55) !.001 1.31 (1.28-1.35)
Multivariate modelc 1 [Reference] 1.07 (1.01-1.12) 1.07 (1.01-1.12) 1.10 (1.05-1.16) 1.19 (1.13-1.25) !.001 1.10 (1.06-1.13)

Processed red meat,
servings, per dayb

0.05 (0-0.11) 0.14 (0.13-0.16) 0.23 (0.21-0.28) 0.36 (0.33-0.42) 0.64 (0.56-0.87) NA NA

Cases/person-years, No. 3076/442 594 2799/420 403 2778/455 365 2814/441 369 3533/440 161 NA NA
Age-adjusted model 1 [Reference] 1.06 (1.01-1.12) 1.10 (1.04-1.16) 1.18 (1.12-1.24) 1.49 (1.42-1.56) !.001 1.61 (1.54-1.69)
Multivariate modelc 1 [Reference] 1.04 (0.99-1.10) 1.08 (1.03-1.14) 1.14 (1.08-1.20) 1.20 (1.14-1.27) !.001 1.21 (1.15-1.27)

Pooled Resultsd

Total red meat 1 [Reference] 1.10 (1.05-1.14) 1.15 (1.06-1.26) 1.21 (1.14-1.28) 1.30 (1.18-1.43) !.001 1.12 (1.09-1.15)
Unprocessed red meat 1 [Reference] 1.08 (1.05-1.12) 1.10 (1.03-1.17) 1.15 (1.05-1.25) 1.23 (1.14-1.34) !.001 1.13 (1.07-1.20)
Processed red meat 1 [Reference] 1.05 (1.00-1.09) 1.11 (1.04-1.18) 1.15 (1.11-1.20) 1.23 (1.16-1.30) !.001 1.20 (1.15-1.24)

Abbreviations: HR, hazard ratio; NA, not applicable.
aData are given as HR (95% CI) except where indicated otherwise.
bData are given as median (interquartile range).
cThe multivariate model was adjusted for age (continuous); body mass index (calculated as weight in kilograms divided by height in meters squared) category

(!23.0, 23.0-24.9, 25.0-29.9, 30.0-34.9, or "35.0); alcohol consumption (0, 0.1-4.9, 5.0-29.9, or "30.0 g/d in men; 0, 0.1-4.9, 5.0-14.9, or "15.0 g/d in
women); physical activity level (!3.0, 3.0-8.9, 9.0-17.9, 18.0-26.9, or "27.0 hours of metabolic equivalent tasks per week); smoking status (never, past, or
current [1-14, 15-24, or "25 cigarettes per day]); race (white or nonwhite); menopausal status and hormone use in women (premenopausal, postmenopausal
never users, postmenopausal past users, or postmenopausal current users); family history of diabetes mellitus, myocardial infarction, or cancer; history of
diabetes mellitus, hypertension, or hypercholesterolemia; and intakes of total energy, whole grains, fruits, and vegetables, all in quintiles.

dResults from the multivariate model were combined using the random-effects model.
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(21 cases) on the day after the match, but not below the
lower bound of the 95% confidence interval.

In women, no clear difference in numbers of deaths
from myocardial infarction and stroke was observed
(38 v 34.1 cases; relative risk 1.11, 0.8 to 1.56). Analyses
of the same periods in 1995 and 1997 showed no
significant increases in cardiovascular mortality on
22 June compared with the respective previous and
following five days.

Discussion
Mortality from acute myocardial infarction and stroke
was increased in Dutch men on the day of an
important football match compared with the preced-
ing and following days. Compared with the average
mortality in the preceding and following days, about 14
additional fatal events occurred; this is an increase of
around 50%. Our findings indicate that watching an
important football match may be stressful. It further
supports the view that the mental and other stressors
of such an event may trigger acute myocardial
infarction or stroke.

No corresponding increase in mortality occurred in
women. This could mean that fewer women were
exposed to the triggers (for example, because of less
interest in football or lower alcohol consumption) or
that they are less vulnerable to their effect. Less exposure
seems the more likely explanation, although Tofler et al
found that men were more likely to report triggers
before myocardial infarction than women.1 The exact
mechanism behind this difference is still unclear.

Triggers
The role of triggering factors has received increased
attention since the recognition of a marked circadian,
weekly, and seasonal variation in the occurrence of
cardiovascular disease and most notably myocardial
infarction,15–19 with clear peaks during morning hours,
on Mondays, and in winter. A conceptual framework
for the underlying pathophysiological mechanism for
triggering both myocardial infarction and stroke has
been proposed.2 3 The first step would be the transition
of a non-vulnerable atherosclerotic plaque into a
vulnerable state by unknown mechanisms. This would
make the plaque susceptible to disruption by acute risk
factors such as increased sympathetic nervous activity
(leading to a surge in arterial pressure and vasocon-
striction) and increased coagulability. A disrupted
plaque could then provide a thrombogenic stimulus, at
which point triggers causing further vasoconstriction
or increased coagulability could aggravate the situa-
tion, eventually leading to embolisation, occlusion, and
infarction.

For acute myocardial infarction and stroke, the
lowest mortality was found on the day after the match,
although this difference was not significant. Stress
induced by the football match possibly resulted in an
acceleration of mortality—that is, vulnerable men had
their fatal myocardial infarction or stroke a day earlier
than they would have otherwise.

The proposed acute risk factors could result from
activities or situations that occur frequently in daily life:
emotional upset or mental stress,1 2 5 17 physical
activity,1 2 17 lack of sleep,1 overeating,1 heavy alcohol
ingestion or smoking,1 4 7 19 and sexual activity.1 20 21 The

role of emotional or mental stress, physical activity, and
heavy alcohol ingestion has been established mainly by
retrospective questioning of people who have had
non-fatal cardiovascular events. The finding of
increased risks of cardiovascular events during
earthquakes and wars8–13 has provided strong support
for a triggering role of emotional and mental stress.
Our findings show that an important football match
can similarly provide sufficient triggers to cause a rise
in mortality from myocardial infarction and stroke.

Validity
The role of national vital statistics in studies on causes of
mortality has been disputed because of the limited valid-
ity and accuracy of these routinely collected data. It is,
however, unlikely that changes in coding behaviour over
days can explain our finding. Furthermore, all cause

What is already known on this topic
Factors such as heavy physical exercise, unusual mental or emotional
stress, and high alcohol consumption have been proposed as trigger
factors for myocardial infarction and stroke

Events that induce stress on a large number of people in a defined
area, such as earthquakes and war, have been reported to increase the
incidence of fatal and non-fatal myocardial infarction

What this study adds
Male mortality from myocardial infarction and stroke was increased on
the day of an important football match of the Dutch national team,
probably because of increased stress

Mortality in women was unaffected

The effect of a single match is detectable in national mortality data
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De journalistieke toets
Kan het kloppen?

Waarom deze cĳfers, en 
alleen deze cĳfers?

Hoe hebben ze dat 
gemeten — en zo precies 
gemeten?



De journalistieke toets
Hoe moet ik me dit 
voorstellen?

Zĳn er geen andere 
verklaringen te bedenken?

Wat zegt het gezond 
verstand?


