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Graphs have been used in attempts to show a relationship between the measles,Abstract
mumps and rubella virus (MMR) vaccine and autism. We examine the topic of
graphical representation of data in general, and one of these graphs in particular:
the one that appeared in a 1999 letter to The Lancet. That graph combined data
from England and from California, USA. The author alleged that this graph
illustrated a rise in autism rates linked to the use of the MMR vaccine. By
examining the presentation closely, we are able to show how this graph misrepre-
sented the data used. We give advice for both authors and publishers in the use of
such graphical treatments of data.

Graphs are often used in scientific and technical tal effect on vaccination rates.[3] However, in 2004,
papers. They can make things easier to understand, the 1998 paper was retracted by ten of the authors,[4]

clarify relationships, allow straightforward extrapo- and the editor of The Lancet stated that publication
lation and present a large amount of data concisely. of the paper would have been handled differently if
However, they can also confuse and deceive; there- the full context in which the research had been done
fore, they should always be constructed carefully by had been known.[5] Public confidence in the MMR
the author and viewed carefully by the reader. The vaccine has subsequently risen, with increased up-
controversy over a link between the measles, take of the MMR vaccine in 2005–6.[6]

mumps and rubella virus (MMR) vaccine and au- The 1998 paper was not the only contribution to
tism provides an example of why. the MMR vaccine debate to appear in The Lancet. In

September 1999, one of the original 1998 paper1. The 1999 Lancet Graph
authors, Andrew Wakefield, published a letter in
The Lancet,[7] containing a graph combining dataThe publication in 1998 of a paper by Wakefield
from the Department of Development Services inet al.,[1] and a subsequent controversial press confer-
California, USA,[8] with data from England obtainedence at which Wakefield called for suspension of the
from a paper by Taylor et al.[9] (figure 1). The graphtriple MMR vaccine,[2] led to a crisis in confidence

about the MMR vaccine, which has had a detrimen- was used to allege that both sets of data illustrated a
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Fig. 1. The original graph published by The Lancet (reproduced from Wakefield.[7] Reprinted with permission from Elsevier [The Lancet
1999; 354: 949-50]).

rise in autism rates coinciding with the introduction supposed association can be demonstrated only
of the MMR vaccine in each country. weakly. In any case, correlation does not imply

causation.The original caption accompanying the graph
In the case of the autism data of figure 1, the twowas as follows:

data sets do not have a cause-and-effect relationship.“Temporal trends for autism in the USA (Cali-
They are presented by Wakefield[7] as if both curvesfornia*) and the UK (north-west London)
represent an effect (autism) with a common cause

In 1998 the expected numbers of newly diag- (the MMR vaccine). Were that truly the case, the
nosed autistic children in California should have graphical approach would be both valid and useful.
been 105–263 cases, according to DSM-IV; the However, as we shall see, it is misleading to show
actual figure was 1685 new cases. The temporal the two curves in this way.
trend in north-west London is almost identical, al- The California data were obtained from a 1999
though the rise is delayed by about 10 years. The graph produced by the Department of Developmen-
two countries use the same diagnostic criteria. The tal Services (DDS).[8] The authors of this diagram
sequential trends are consistent with the timing of were at pains to point out in their report that their
introduction of MMR to both regions. graph did not show how many people entered their

*Data from Department of Developmental Ser- system in a given year, but instead the number in the
vices, Sacramento, 1987–98 (www.dds.ca.gov).” system born in any given year. The graph was a

It is not uncommon to use a time-series graph distribution of birth dates. They argued that the
such as this to show correlation between two vari- quality and type of information examined in their
ables. Probably the example that springs most readi- report were not suitable for measuring the incidence
ly to mind is the similarity between planetary tem- in the population of persons with autism. ‘Inci-
perature variations and carbon dioxide levels shown dence’ in this context is a term of art meaning the
by studies of ancient ice. However, it is often not number of people per unit of population diagnosed
good practice to use a time-series. Sometimes, the with a condition in a specified time, such as a month
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or a year. Nor does the California report present time. Given that the data show the count by years,
prevalence data (‘prevalence’ is the number of peo- the usual presentation is the population pyramid, a
ple diagnosed with the condition per unit of popula- histogram with the bars horizontal.
tion regardless of the date of diagnosis). That is why

Re-drawn as a population pyramid, the data from
the vertical axis of the original California graph was

the original DDS graphic presents the Californian
labelled “Number of Enrolled Persons with Autism”

data in a different light. It is shown in figure 3 alongas shown in figure 2. The authors of the California
with the English data, treated similarly. We discussreport were making the case to the legislature for
the English data later.increased departmental funding; theirs was not an

academic study. In figure 3, the meaning of the bars is unambigu-
ous. The first horizontal bar for California can only
be interpreted as the number of people ‘in the sys-2. Root Cause
tem’ who were 38 years old when the data were
taken, and so on. The caption for the pyramid could

Instead of using a time-series graph, the authors have indicated that the data were analysed in 1998
of the California report should have used a bar chart. for patient records up to 1992. It should also be
In fact, they should have used a specific kind of bar pointed out that, in the period shown, the population
chart: a histogram. The use of a histogram, instead of California grew by nearly a factor of 2. This fact
of a line graph, is required by the interaction be- alone must lead, other things being equal, to there
tween the bin width and the count. Were the bins to being a higher number of young patients.
be made narrower (<1 year), the count in each bin

This population pyramid presentation is valid,would decrease. This is a characteristic of the histo-
and a line graph is not. However, this was not thegram. The distribution of birth dates of people en-
graph published in California. Nor was it used byrolled in a growing programme is not a time-series
Taylor et al.[9] In both cases, a line graph was usedtrend. Indeed, the data are neither continuous nor

differentiable: the data do not represent a function of instead.
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Fig. 2. The Californian chart (reproduced from Department of Developmental Services).[8]
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The California report[8] included all diagnosed
cases of autism, without exclusion criteria. In con-
trast, Taylor et al.[9] obtained their data by selection
from medical records. They selected patients who
were in the records of eight North Thames health
districts who were born since 1979 and before 1992,
and who were aged ≤5 years at the time of diagnosis.
The use of these criteria makes the data not directly
comparable with the California data.

We note the following problems with the changes
made to the graphs in order to merge the data sets:

• The new title for the graph, in boldface, is “Tem-
poral trends for autism in the USA (California)
and the UK (north-west London)”. However, this
is in defiance of the injunction given by authors
of the original California graph not to use the
information in this way.

• The new scale on the right starts at zero, whereas
the suppressed zero of the original left scale has
been retained. It is not valid in terms of the
graphics to present one curve with a zero and the
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Fig. 3. The combined data presented as a population pyramid.
Arrows indicate the year of the first birth cohort eligible for the
measles, mumps and rubella virus vaccine. DDS = Department of
Developmental Services.

other with a zero suppressed. When the two
things graphed are the same, there is at least an3. Examination of the 1999
expectation by the reader that the offset is zeroLancet Graph
and the scale factor (at least when the data are
normalised) is the same. It is not appropriate toTaking the California graph[8] (figure 2) as the
increase the scale factor and change the offset ofstarting point, we can see that when the English
one of the graphs. In fact, the California numbersdata[9] were added to create the 1999 graph in The
have a smaller dynamic range than the EnglishLancet[7] (figure 1), a number of changes were intro-
results.duced.

• The deletion of the word “enrolled” in the ordi-1. A new scale was added on the right, to be used
nate label is significant: it considerably broadenswith the added English data, labelled “Number of
the meaning from the scope of the original, giv-new cases per year”.
ing the impression that it was fair to compare the2. The word “enrolled” was deleted from the label
California data of enrolled children with the dataon the left, so it reads “Number of persons with
from England, with its stricter inclusion criteria,autism”.
supposedly representing “Number of new cases3. The old figure caption, with its words about
per year”.“Distribution of Birth Dates”, is gone.

4. New words appear at the top of the graph, ex- • The 1977 arrow purporting to show the start of
plaining that the arrows added to each curve indicate the MMR vaccination programme in California is
the “First birth cohorts [that were] eligible for misleading in its precision. The combined MMR
MMR”. vaccine was licensed for use in the US in
5. The data in each graph are a snapshot of the birth 1971;[10] therefore, the first eligible birth cohorts
years of people in the system. We have no informa- would have been those born a year or two before
tion about when they were diagnosed. that. Throughout the 1970s, the combined MMR
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vaccine replaced use of the individual measles, authors of the California report[8] and by Taylor
mumps and rubella vaccines. et al.[9]

• Locating the appropriate age for the arrows in the • Quote sources accurately. That applies both to
population pyramid makes a very different case. verbal and graphical statements. In quoting ver-
For several years after the introduction of the bal material, it is customary to show words left
MMR vaccine in California, the number of peo- out (ellipsis) by printing dots or a long dash, and
ple who (at some time) entered the DDS system to show additions in square brackets. Changes to
remained more or less constant. This contrasts graphical material are not exempt from having
with the English data, where the numbers appear such changes indicated.
to be increasing even before MMR was intro- • When referring to a graph, authors are under an
duced. ethical obligation to have read and understood
The number of changes associated with adding the paper it was extracted from, and any sur-

the English data is unusually large, and many of rounding explanatory text. In this case, the au-
them are important in creating an impression in the thors of the original California report clearly and
mind of the reader. Of course, unless the reader has repeatedly stated that the graph they had created
taken the trouble to examine the original graphs, did not show the incidence of autism in a given
none of the differences listed above will be obvious. year or indicate any temporal trend. This word
As readers, we take it for granted that a citation is ‘incidence’ is chosen correctly; to show inci-
valid, that the author of the citation actually said dence, the numbers would have to show how
what he is alleged to have said. It is a matter of trust many ‘new cases’ occurred in a given time per
between reader and author. unit of population. The authors of the California

It is worth noting that a later publication by the report were not concerned with incidence, they
California Department of Health Services shows no were concerned with total numbers; theirs was a
correlation between early childhood MMR im- report to the legislature (for funding), not a
munisation rates in California and the numbers of science paper. One might note in passing that the
children with autism enrolled in California’s region- study of Taylor et al.[9] does not show incidence,
al service centre system.[10]

either.

There is also a lesson for medical journals. The
4. Discussion alleged link between autism and the MMR vaccine

has been refuted by both epidemiological stud-
ies[11,12] and virological studies;[13,14] the WHOWe believe there are lessons to be learned by
Global Advisory Committee on Vaccines has alsoboth authors and journal editorial staff from this
dismissed any link.[15]case study.

There are some general points for those wishing However, the debate about the MMR vaccine
to use graphics: continues outside the scientific community, partic-

• Choose carefully the kind of graph you use to ularly in tabloid newspapers in the UK. Although a
show your data. Even if you select an apparently lack of trust in the scientific consensus runs through
conventional kind of graph, be sure your selec- these concerns, paradoxically the high reputation of
tion is appropriate. Had the authors from the journals is invoked in ‘appeals to authority’ by anti-
California DDS[8] and Taylor et al.[9] selected the vaccination campaigners. So, the respectability of
histogram or the population pyramid, it would The Lancet is invoked as a defence of the initial
have been much harder to misinterpret their birth 1998 paper,[1] and the 1999 graph[7] can be invoked
year distribution as a time series. The type of as further published evidence, in a peer-reviewed
graph chosen by Wakefield[7] is understandable journal, for a link between the MMR vaccine and
in view of the graphical choices made by the autism. It is therefore important that the publication
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