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Abstract
Objectives—Routine data collection is
now considered mandatory. Therefore,
staV rated clinical scales that consist of
multiple items should have the minimum
number of items necessary for rigorous
measurement. This study explores the
possibility of developing a short form
Barthel index, suitable for use in clinical
trials, epidemiological studies, and audit,
that satisfies criteria for rigorous
measurement and is psychometrically
equivalent to the 10 item instrument.
Methods—Data were analysed from 844
consecutive admissions to a neurological
rehabilitation unit in London. Random half
samples were generated. Short forms were
developed in one sample (n=419), by select-
ing items with the best measurement prop-
erties, and tested in the other (n=418). For
each of the 10 items of the BI, item total
correlations and eVect sizes were com-
puted and rank ordered. The best items
were defined as those with the lowest cross
product of these rank orderings. The
acceptability, reliability, validity, and re-
sponsiveness of three short form BIs (five,
four, and three item) were determined and
compared with the 10 item BI. Agreement
between scores generated by short forms
and 10 item BI was determined using
intraclass correlation coeYcients and the
method of Bland and Altman.
Results—The five best items in this sam-
ple were transfers, bathing, toilet use,
stairs, and mobility. Of the three short
forms examined, the five item BI had the
best measurement properties and was
psychometrically equivalent to the 10 item
BI. Agreement between scores generated
by the two measures for individual pa-
tients was excellent (ICC=0.90) but not
identical (limits of agreement=1.84±3.84).
Conclusions—The five item short form BI
may be a suitable outcome measure for
group comparison studies in comparable
samples. Further evaluations are needed.
Results demonstrate a fundamental dif-
ference between assessment and measure-
ment and the importance of incorporating
psychometric methods in the develop-
ment and evaluation of health measures.
(J Neurol Neurosurg Psychiatry 2001;71:225–230)
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Routine data collection for audit purposes is
now considered mandatory. In addition, eVec-
tiveness studies and large multicentre trials are
dependent on outcomes data collection being

integrated into daily clinical practice. This for-
midable task is compounded by a requirement
to supplement traditional health indicators that
can be collected easily (for example, mortality
rates and duration of stay), with measures of
patient oriented outcomes that are commonly
multi-item scales rated by clinicians (for exam-
ple, disability levels). These measures, which
generate total scores by combining the scores
of many items, must be simple, easy to use, and
rigorous (reliable, valid, responsive) if they are
to be administered routinely, and used to influ-
ence patient welfare and guide the expenditure
of public funds. Therefore, they should have
the minimum number of items necessary for
rigorous measurement.

In the development of multi-item measures,
the balance between item number and scien-
tific rigor can be achieved using psychometric
methods. Briefly, a large pool of items is gener-
ated to ensure that all important variables are
considered for inclusion in the final instru-
ment,1 and then reduced to its quintessential
number on the basis of item performance in
empirical field tests.2 Although psychometric
methods have been used extensively in the
social sciences,3 they have been slow to transfer
to medicine. Consequently, many widely used
health measures—for example, the Barthel
index (BI),4 which is a 10 item measure of
physical dependence in personal activities of
daily living (PADL)—were developed by
choosing items on the basis of their clinical rel-
evance. Whereas this clinical approach to scale
development is intuitively sound, it assumes
that the items chosen have adequate measure-
ment properties and that all these items are
required to measure a construct rigorously.

The fact that the BI was developed clinically
raises the question of whether its number of
items can be reduced using psychometric
methods. Although it has relatively few items,
takes only a few minutes to score, and is already
recommended for use in elderly populations,5

rehabilitation,6 and patients with stroke,7 there
is evidence that a short form BI might be a
valuable measure. The 1998 and 1999 Royal
College of Physicians National Sentinel Audits
of Stroke (n=6894 and 5823) are only able to
report BI scores for 59% and 61% of survivors
respectively.8 9 Therefore, the objective of this
study was to explore the possibility of develop-
ing a short form BI that is psychometrically
equivalent to the 10 item measure.

Methods
PARTICIPANTS AND DATA COLLECTION

All admissions to the neurorehabilitation unit
of the National Hospital for Neurology and
Neurosurgery in London were studied between
May 1993 and March 1999. Data routinely
collected were diagnostic and demographic
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information; admission and discharge disability
level measured by the BI (the version of Collin et
al10; recommended by McDowell and Newell11)
and functional independence measure (FIM12)
rated by staV from observation. Also, as part of
an ethically approved multicentre study con-
ducted between 1994 and 1996, the London
handicap scale (LHS13) and medical outcomes
study 36 item short form health survey (SF-
3614) were administered to predetermined par-
ticipants (first two admissions each week).

ANALYSES

The database was randomly divided into two
samples. In one sample, short forms were
developed by performing an item analysis and
selecting those items with the best measure-
ment properties. In the other sample, five
measurement properties of the short forms
were examined and compared with the 10 item
BI. We hypothesised that to improve clinical
usefulness significantly while maintaining sci-
entific soundness a short form BI should have
a minimum of three and a maximum of five
items. Therefore, three short forms (five, four,
and three items) were developed and tested.

Development of short forms
The goal was to develop a short form BI that
maximised concurrent validity (correlation
with the 10 item BI) and responsiveness (abil-
ity to detect change in disability). Therefore,
items were evaluated on the basis of corrected
item total correlations computed from admis-
sion scores, and eVect sizes computed from
change scores (discharge minus admission).
The best items were then selected.

Corrected item total correlations are correla-
tions between each item and the sum of the
remaining items in the scale. For example, the
corrected item total correlation for the transfer
item is the correlation between this item and the
total score generated by summing the item
scores of the other nine Barthel items. Correct-
ing the total score by removing the item of inter-
est prevents spuriously high values due to item
overlap. Product-moment correlations were
computed for items with polychotomous (three
or more) response options, and its equivalent,
point biserial correlations, were computed for
items with dichotomous (two) response op-
tions.15 Corrected item total correlations indi-
cate the extent to which each item relates to the
construct measured by the total score. Conse-
quently, higher values indicate better items.2

EVect sizes are standardised change scores.16

There are many types of eVect size calcula-
tion.17 Here they are calculated as the mean
change score divided by the SD of admission
scores.18 EVect sizes indicate the extent to
which each item changes due to rehabilitation.
Therefore, higher values indicate better items.

An index of overall item superiority was
determined by rank ordering item total corre-
lations and eVect sizes (1=best), and then
computing the cross product of these rank
orderings. Lower values indicate better items.
Short forms with five, four, and three items
were generated by selecting the best five, four,
and three items respectively.

Psychometric evaluation of short forms
Standard methods were used to examine five
psychometric properties: acceptability, reliabil-
ity, validity, responsiveness, and agreement
between scores generated by short form and 10
item BIs.2 19–23 To aid comparison of diVerent
versions of the BI which have diVerent
numbers of items and therefore diVerent score
ranges, the scores for all scales were trans-
formed to have a range of 0–20. This was
achieved using the following formula24:

Transformed score = 20 ×
(observed score − minimum score)

(maximum possible score − minimum possible score)

Acceptability is the extent to which the range
of health measured by a scale matches the dis-
tribution of health in the study sample. It is
determined by examining score distributions.20

Ideally, the observed scores from a sample
should span the entire range of the scale, the
mean score should be near the scale midpoint,
and floor and ceiling eVects (% of the sample
having the minimum and maximum score
respectively) should be small. McHorney and
Tarlov recommend that floor and ceiling eVects
should be<15%.25

Reliability is defined as the extent to which
random (measurement) error is associated with
a measurement instrument (high
reliability=low error).2 20 Reliability is a generic
term. Multiple types of reliability (and there-
fore many reliability coeYcients) exist for each
instrument, each addresses a diVerent source
(or sources) of random error.26 Although clini-
cians are most familiar with interrater and
intrarater reproducibility, internal consistency
is considered a superior indicator of reliability
for multi-item measures.24 Some of the reasons
for this are discussed later. Internal consistency
reliability is calculated from the intercorrela-
tions among the items using Cronbach’s á
coeYcients.27 Confidence intervals for á coeY-
cients can be calculated using the formula sug-
gested by Nunnally and Bernstein.28 It is
recommended that reliability estimates should
exceed 0.80 for group comparison studies, and
0.95 for individual patient clinical decision
making.2 Confidence intervals for individual
patient scores can be computed from reliability
estimates by calculating the standard error of
measurement (SEM).2 The SEM is an estimate
of the dispersion of scores that would be
obtained if a measure was administered to a
given individual multiple times.15 The follow-
ing formulae are used :

SEM=standard deviation of sample
scores×'(1−reliability)

95% confidence intervals for individual
patient scores=±1.96×SEM

Validity is the extent to which a rating scale
measures what it purports to measure.23 In this
study, the aim was to determine the extent to
which the validity of short forms and original
BIs were similar. Three methods were used.
Firstly, the extent to which each short form BI
predicted the original 10 item BI (concurrent
validity) was determined by examining their
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intercorrelations. Secondly, the extent to which
diVerent forms of the BI related to measures of
similar and dissimilar constructs (convergent
and discriminant validity28) was determined by
comparing the magnitude and pattern of their
correlations with four other health measures
(FIM, LHS, SF-36 PCS, and SF-36 MCS) and
two demographic variables (age and sex).
Furthermore, we examined the extent to which
these correlations conformed with a priori
predictions. We expected BIs to correlate highly

(r>0.80) with other measures of dependency
(FIM), low to moderately (r=0.10 to 0.50) with
measures of handicap (LHS) and health status
(SF-36), and be uncorrelated (r<0.10) with age
and sex. Thirdly, the extent to which short forms
and the 10 item BI are interchangeable was
determined by examining the agreement be-
tween the admission scores they generated using
a random eVects model intraclass correlation
coeYcient (ICC19 29) and the method proposed
by Bland and Altman.22 Responsiveness is the
ability of an instrument to detect change in the
construct being measured.30 This was deter-
mined by calculating eVect sizes from admission
and discharge total scores.18 20 23 Larger values
indicate greater responsiveness. EVect sizes for
the diVerent forms of the BI were compared.

Results
A total of 844 patients were admitted to the
rehabilitation unit between 1993 and 1999.
Barthel index scores could not be computed
for seven patients (0.8%) due to missing data.
The characteristics of those people from whom
the short forms were developed and those in
whom short forms were evaluated were similar
(table 1).

ITEM ANALYSIS AND DEVELOPMENT OF SHORT

FORMS

Corrected item-total correlations ranged from
0.83 (toilet use and transfers) to 0.34 (bowels),
and eVect sizes ranged from 0.68 (bathing) to
0.17 (bowels). The five best items were
transfers, bathing, toilet use, stairs, and mobil-
ity (table 2).

PSYCHOMETRIC EVALUATION OF SHORT FORMS

All short forms showed good variability as
scores spanned the full scale range. Mean
scores were situated near the scale midpoint
and floor and ceiling eVects were small (table
3). Only the three item short form failed to sat-
isfy all acceptability criteria as its ceiling eVect
exceeded the suggested maximum of 15%.

All á coeYcients exceeded the suggested
minimum criterion of 0.80, but lower limit
confidence intervals for the four and three item
short forms fell below this standard (table 3).
Confidence intervals around individual patient
scores were wide and inversely related to the
number of items.

Short forms correlated highly (range 0.93 to
0.96; table 4) with the 10 item BI indicating
they were equivalent measures of the same
construct. The direction, magnitude, and
pattern of correlations with other measures and
variables was consistent with predictions and
near identical across the four instruments indi-
cating that they had equivalent convergent and
discriminant validity. Intraclass correlation
coeYcients between the 10 item BI and all
short forms were high (range 0.89 to 0.92) and
exceeded the standard of 0.75 for “excellent”
agreement.21 However, the limits of agreement
indicated that scores for individual patients
were not identical and inversely related to the
number of items (table 3).

EVect sizes for the 10, five, and four item
versions of the BI were similar indicating

Table 1 Characteristics of participants in random half samples

Variable Sample 1* Sample 2†

Age (y) (mean (SD)) 46.8 (15.1) 47.0 (14.5)
Sex (% female) 55.3 58.4
Length of stay (days) (mean (SD)) 31.2 (25.4) 32.5 (23.9)
Diagnosis (%):

Multiple sclerosis (MS) 45.6 50.8
Stroke 14.2 15.4
Spinal cord disorder 16.5 12.6
Cerebral tumour 5.2 4.8
Peripheral nerve/muscle disorder 5.2 3.1
Other 13.3 13.3

Admission disability level (mean (SD)):
Barthel index 12.0 (5.4) 11.8 (5.4)
FIM‡ 89.0 (23.7) 88.3 (23.0)

*Sample in which short form Barthel index developed (n=419).
†Sample in which short form Barthel index tested (n=418).
‡Functional independence measure total score. Sample 1, n=406; Sample 2, n=396.

Table 2 Item analysis of Barthel index admission scores (n=419)

Item

Item analyses

Item-total correlation* (RO†) EVect size‡ (RO†) Overall index§ (RO†)

Transfer 0.83 (1=) 0.53 (5) 5 (1)
Bathing 0.57 (6) 0.68 (1) 6 (2)
Toilet use 0.83 (1=) 0.42 (7) 7 (3)
Stairs 0.68 (5) 0.64 (2) 10 (4)
Mobility 0.77 (4) 0.61 (3) 12 (5)
Dressing 0.81 (3) 0.51 (6) 18 (6)
Feeding 0.53 (8) 0.55 (4) 32 (7)
Grooming 0.56 (7) 0.41 (8) 56 (8)
Bladder 0.42 (9) 0.30 (9) 81 (9)
Bowels 0.34 (10) 0.17 (10) 100 (10)

*Calculated as the correlation between the item score and the total score generated by summing
the other 9 items.
†Rank order: 1=highest value, 10=lowest value.
‡Mean change score (discharge minus admission) divided by SD of admission scores.
§Cross product of rank order for item total correlation and eVect size—for example, for transfer
item=1×5=5.

Table 3 Comparison of acceptability, reliability, and agreement (n=418)

Psychometric property*

Barthel index (BI)

10 item 5 item† 4 item‡ 3 item§

Acceptability:
Mean score (SD) 11.8 (5.4) 10.0 (6.4) 10.0 (6.3) 11.6 (6.6)
% Floor/ceiling eVect¶ 1.0/5.0 4.5/8.9 6.5/10.0 6.5/20.1

Reliability:
á (LL 95% CI**) 0.89 (0.83) 0.88 (0.80) 0.84 (0.73) 0.80 (0.55)
SEM†† 1.8 2.2 2.5 2.9
95% confidence interval‡‡ ±3.5 ±4.3 ±4.9 ±5.7

Agreement with 10-item BI:
ICC¶¶ N/A 0.90 0.89 0.92
Mean diVerence (SD)*** N/A 1.8 (2.0) 1.8 (2.1) 0.2 (2.5)
Limits of agreement††† N/A −2.1 to +5.7 −2.3 to +5.9 −4.7 to +5.1

*These psychometric properties were undertaken on admission scores.
†Transfer, bathing, toilet use, stairs, mobility.
‡Transfer, bathing, toilet use, stairs.
§Transfer, bathing, toilet use.
¶Per cent of sample scoring 0 (floor eVect ) and 20 (ceiling eVect).
**Lower limit 95% confidence interval calculated as (á−1.96 SE), where SE = '(SD rii)/ '(k/2
(k−1)−1). SD rii = standard deviation of item intercorrelations; k=number of items in scale.
††Standard error of measurement calculated as SD'(1−á).
‡‡Calculated as 1.96×SEM.
§§Intraclass correlation coeYcient (random eVects model).
***Admission 10 item BI score minus admission short form BI transformed score.
†††Mean diVerence ± 1.96 SD.
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equivalent responsiveness (table 4). The eVect
size for the three item BI was a little smaller.

Discussion
The goal of this study was to develop a short
form BI that satisfies criteria for rigorous
measurement and is psychometrically equival-
ent to the 10 item instrument. Of the three short
forms developed, the five item BI (table 5) best
meets this goal. Reducing the number of items
from 10 to five could decrease the time taken to
administer the measure and enter data, and
lessen the potential for incomplete data collec-
tion. Further studies are required to consider
these empirical questions. More importantly,
selecting items on their performance has re-
sulted in no significant loss of acceptability, reli-
ability, validity, or responsiveness.

Results from this study suggest that the five
item BI could replace the original measure in
clinical trials, epidemiological studies, and audit.
However, can the two instruments be used
interchangeably? As diVerent measurement
methods are not expected to generate identical
results, the essential question is whether the dif-
ference between scores is large enough to aVect
clinical interpretation.22 The ICC is very high
indicating “excellent” agreement between
scores.21 Nevertheless, the sample mean scores

diVer, signifying a small relative bias.22 This is a
predictable finding (we have selected items with
high item total correlations and, therefore, more
symmetric item response distributions31) and if
consistent across samples can be adjusted for by
adding 1.84 to mean scores generated by the five
item measure. The limits of agreement between
scores for individual patients may at first sight
seem large (±3.84). However, they are smaller
than others have reported for the test-retest
reproducibility of the 10 item BI, which is widely
accepted to be adequate (±4.232). More impor-
tantly, health measures such as the BI are
recommended for group comparison studies
and not individual patient clinical decision mak-
ing. This is because confidence intervals around
individual scores, as demonstrated here, are too
wide to be able to make reliable and valid judge-
ments at the level of the individual patient.25

Results from this study underline a funda-
mental diVerence between assessment and
measurement. When assessing a health
construct—for example, a person’s depend-
ence in personal activities of daily living—
clinicians needs to gather as much relevant
information as possible. By contrast, measure-
ment requires that this construct be quantified
rigorously. There is no doubt that the 10 item
BI provides a more comprehensive assessment
of physical dependence in personal activities of
daily living than the five item short form.
Therefore, the 10 item BI is a superior assess-
ment tool. However, this study demonstrates
that the two instruments generate equivalent
quantitative estimates (measurements) of this
construct in this sample. Consequently, the two
instruments are equivalent measures. This
finding shows that the entire range of clinically
relevant items is not required to measure a
construct rigorously. In fact, surprisingly few
items are needed provided they are chosen on
the basis of their empirical performance as
measures. Interestingly, previous investigators
have generally added clinically chosen items to
the BI thinking that its content was too limited
and that longer instruments would be superior
measures (see McDowell and Newell11 for
review of 12, 14, 15, 16, and 17 item BIs).

This diVerence between assessment and
measurement emphasises the importance of a
psychometric approach to scale development.
That is, a large pool of items should be gener-
ated and reduced to form rating scales on the
basis of their performance in empirical field

Table 4 Comparison of validity and responsiveness

Psychometric property

Barthel index (BI)

10 item 5 item* 4 item† 3 item‡

Validity:§
Concurrent

10 item Barthel index (%v¶) 1.0 (100) 0.96 (92) 0.95 (90) 0.93 (86)
Convergent and discriminant

FIM total score** 0.93 0.87 0.87 0.87
LHS†† 0.37 0.32 0.34 0.37
SF-36 PCS‡‡ 0.22 0.22 0.24 0.23
SF-36 MCS§§ 0.14 0.09 0.09 0.11

Age¶¶ −0.04 −0.04 −0.05 −0.07
Sex −0.09 −0.09 −0.08 −0.05
Responsiveness:***

Change score (mean (SD))††† 3.8 (3.8) 4.5 (4.9) 4.4 (4.9) 4.2 (4.9)
EVect size‡‡‡ 0.71 0.71 0.70 0.64

*Transfer, bathing, toilet use, stairs, mobility.
†Transfer, bathing, toilet use, stairs.
‡Transfer, bathing, toilet use.
§Product-moment correlations between admission scores.
¶Per cent variance of 10 item BI scores explained.
**Functional independence measure (n=396).
††London handicap scale (n=98).
‡‡SF-36 Physical component summary score (n=99).
§§Sf-36 Mental component summary score (n=99).
¶¶n=418 for age and sex.
***n=404 to 406.
†††Discharge minus admission score. All change scores were statistically significant (p<0.001).
‡‡‡Calculated as mean change score divided by SD of admission scores.

Table 5 The five item Barthel index

Item

Response options

0 1 2 3

Transfer Unable, no sitting
balance*

Major help (1 or 2 people,
physical), can sit

Minor help (verbal or
physical)

Independent

Bathing Dependent Independent (or in shower) —† —
Toilet use Dependent Needs some help, but can do

something alone
Independent (on and
oV, dressing, wiping)

—

Stairs Unable Needs help (verbal, physical,
carrying aid)

Independent —

Mobility Immobile Wheelchair independent,
including corners

Walks with help of one
person (verbal or
physical)

Independent (but may
use an aid—for example,
stick)

*From Wade6

†No response option.
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tests,3 and not of the sole basis of clinical crite-
ria. However, several methods exist for reduc-
ing an item pool to its quintessential number.
Our criteria were chosen specifically to develop
a measure that predicted the 10 item BI and
maximised responsiveness. Other studies have
selected items on the basis of linear
regression,33 factor analysis,34 interitem correla-
tions,35 equidiscriminatory item-total correla-
tions,36 Rasch item analysis,37 item response
theory modelling,38 and patient ratings of item
importance and frequency.35 Although some of
these methods have been compared,35 36 the
impact of diVerent item reduction techniques
on the development of multi-item measures
has yet to be adequately determined.

One previous study developed a short form
version of the BI by selecting the items that best
predicted function 6 months after stroke.39 The
measurement properties of this four item BI
(feeding, grooming, bladder, bowels) have
never been reported. In our sample they are
limited. The ceiling eVect (27.5%) and reliabil-
ity (á=0.60) fail to satisfy recommended crite-
ria. The correlation (r=0.82) and agreement
(ICC=0.69; limits of agreement ±6.24) with
the 10 item BI, and responsiveness (eVect
size=0.52) are notably less than for all of our
short forms. Therefore, these four items reflect
the 10 item BI to a limited extent and do not
constitute a reliable and valid measure of
physical independence in personal activities of
daily living.

Our study has two limitations. Firstly,
test-retest and interrater reproducibility were
not examined. Although these data are impor-
tant, high levels of agreement between the five
and 10 item BI indicate good reliability for
both measures.2 In addition, previous studies
have consistently demonstrated high test-retest
and interrater reproducibility for BI items sug-
gesting that the five item short form total score
will be reliable.11 Moreover, internal consist-
ency is recognised to be the most important
type of reliability for multi-item measures
because á coeYcients are conservative esti-
mates and the test-retest method generates
spuriously high values due to memory eVect.2

The second limitation of this study is its
generalisability. We have only studied a sample
of people with neurological disability undergo-
ing inpatient rehabilitation. Although sub-
group analyses show that results are generalis-
able to stroke (n=125) and multiple sclerosis
(n=407), work is needed to determine the
applicability to other samples and to define
whether these five items are consistently the
most superior. It is also important to note that
we have merely shortened an existing instru-
ment and not examined the extent to which
these scales are eVective outcome measures.
Any inherent limitations of the BI remain—for
example, its restricted applicability to people
with moderate and severe disability, and its
failure to measure directly the cognitive and
communication impact of disease.

Conclusions
A psychometrically equivalent five item short
form BI has been developed. Future studies are

now required to determine the generalisability
of these results and to establish the limitations
and understand fully the trade oV of this
instrument. Results highlight a fundamental
diVerence between assessment and measure-
ment and the value of a psychometric approach
to health measurement.
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NEUROLOGICAL STAMP

Christjaan Eijkman (1858–1930)

Eijkman was awarded the Nobel Prize for his discovery of
the role polished rice played in causing polyneuritis in
chickens. This work led to the first real understanding of a
possible cure for beriberi and was the starting point of the
field of vitamin research.

While a student in Amsterdam he served for 2 years as
assistant to the professor of physiology, Thomas Place,
under whose guidance he wrote his thesis on polarisation of
nerves. Immediately after graduation in 1883 he went to the
Dutch East Indies and worked in Java and Sumatra as
medical oYcer of health. There he developed malaria, and
was so weakened by it, that in 1885 he returned to Holland
on sick leave. His young wife died shortly afterwards. In
1886 he returned again to the East Indies with two Dutch
physicians CA Pekelharing and C Winkler. They had been
appointed by the Dutch Government to study beriberi, an
increasingly serious problem, particularly it seemed when
people lived closely together such as in army barracks,
labour camps and in prisons.

The Pekelharing and Winkler mission demonstrated that
beriberi caused a polyneuritis. After a year Pekelharing and
Winkler returned to the Netherlands and Eijkman became
director of a new laboratory in Batavia (now Jakarta). In
July 1889 or 1890 he noted a disease very similar to human
beriberi in the chickens in his laboratory. They became
restless and unsteady and when a bird descended from its
perch it seemed to have to make an eVort not to fall and an
ascending paralysis occurred over the next few days.

Eijkman noticed that the disease had developed over 5
months when the diet was changed from raw unpolished
rice to polished rice. From 10 June, for about a month
before the outbreak of the disease the laboratory attendant
had been feeding the chickens on polished rice from the
kitchen. Five and half months later a new cook refused to
supply rice for the chickens, and soon after their return to
ordinary chicken food containing raw unpolished rice their
disease disappeared.

At Eijkman’s request, the medical inspector for Java stud-
ied the rice diets in prisons where outbreaks of beriberi had
occurred. He found that in prisons where there was beriberi
the stable diet was polished rice, whereas in those prisons
free of the disorder the normal diet was unpolished rice.

Eijkman, however, failed to recognise that beriberi was a
deficiency disease. He argued that the endosperm
produced a toxin that was neutralised by the outer hull. He

concluded by eating polished rice the toxin would be
released in its unneutralised form.

Although Eijkman had clearly demonstrated how to cure
and prevent beriberi it was left to Hopkins to identify its
cause as a vitamin deficiency. It was not until the early
1930s that Robert Williams identified the vitamin as vita-
min B1 (thiamine). Eijkman was honoured philatelically by
Grenada in 1978 (Scott 827, Stanley Gibbons 900).
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