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Clinical use of WHO haemoglobin colour scale:

validation and critique

C F Ingram, S M Lewis

Abstract

Aim—The World Health Organisation
(WHO) haemoglobin colour scale has
been developed as a simple, inexpensive
clinical device for diagnosing anaemia
when laboratory based haemoglobinom-
etry is not available. In an initial valida-
tion study at several health centres, scale
readings were compared with measure-
ments of haemoglobin by the laboratory.
This showed the scale to have 90% sensi-
tivity and 70% specificity in identifying
whether anaemia was present or not. In
addition, when present, the degree of
anaemia was correctly classified in clini-
cal terms as moderate, pronounced, or
severe, with an overall sensitivity of 60%
and specificity of 88%. Errors were mainly
marginal—that is, between two adjacent
categories—but there were also some
major discrepancies, such as a blood with
a haemoglobin of 6-7 g/dl being read as
normal or vice versa. Because this would
compromise the scale’s reliability in prac-
tice, this study was undertaken to identify
the causes of the discrepancies and to
reassess the performance of the scale.
Methods—Venous blood samples were col-
lected into potassium EDTA from patients
attending selected clinics at three South
African hospitals with good laboratory
facilities. A prototype of the device was
used unsupervised by nursing staff, doc-
tors, and phlebotomists, who were told to
follow the printed instructions. The blood
specimens were then immediately sent to
the laboratory where haemoglobin was
measured by standardised automated
blood cell counters. Any discrepancies
> 1 g/dl were recorded and the tests were
repeated by the same operators under
supervision of the investigators.
Results—Almost all the errors that oc-
curred resulted from the incorrect use of
the device, namely: inadequate or exces-
sive blood, reading the results too soon or
too late (beyond the limit of two minutes),
poor lighting, or holding the scale at the
wrong angle. The accuracy improved dra-
matically when the tests were repeated
under supervision and these faults were
avoided: 95% of readings were within
1 g/dl of the reference measurements, and
97% within 1.5 g/dl. Anaemia screening
showed 96% sensitivity and 86% specifi-
city. Clinical judgement of pallor was fre-
quently wrong, whereas the scale gave the
correct diagnosis in more than 97% of
cases.
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Conclusion—The study confirmed the
usefulness and reliability of the scale and
its advantage over clinical signs for the
diagnosis of anaemia, thus providing a
clinically reliable near patient method in
the absence of a laboratory. The instruc-
tions are easy to follow but must be strictly
adhered to.

(¥ Clin Pathol 2000;53:933-937)

Keywords: diagnosis of anaemia; haemoglobinometry;
haemoglobin colour scale; clinical assessment of
anaemia

A simple and inexpensive device for providing
a reliable indication of the presence and sever-
ity of anaemia would be of considerable value
in situations where laboratory based haemo-
globinometry is not readily available. The most
simple method is to match the colour of a drop
of blood on absorbent paper against a colour
scale; however, previous devices of this type
have been too unreliable to serve their intended
purpose.

Stott and Lewis investigated the various fac-
tors responsible for the wide margin of error
occurring with the available colour scales.'
This led them, with collaboration by Wynn,” to
identify Whatman 31ET chromatography
paper as suitable for the preparation of test
strips of 45 X 15 mm on which to absorb drops
of blood. They established a set of standards
consisting of blood samples, the haemoglobin
concentration of which was measured by spec-
trometry with the ICSH® (International Com-
mmittee for Standardisation in Haematology;
Expert Panel on Hoemoglobinometry) refer-
ence method, and adjusted to obtain a range of
4-14 g/dl, in 2 g/dl steps. (It was thought that
the intended users of the scale would be more
familiar with this traditional unit for haemo-
globin than g/l). The spectral characteristics of
the colour produced by a drop of blood on a
test strip from each of the haemoglobin stand-
ards were identified by a computerised analyti-
cal spectrophotometer. These specifications
were reproduced in light resistant printing inks
that were prepared from pigments of the three
primary colours and a neutral diluent. The
colour shades were then printed at a defined
ink density on sheets of paper which, to avoid
affecting the ink colour, was chemically neu-
tral, unbleached, chlorine free, and resistant to
UV light. After the ink was spread the paper
was dried and varnished. The colour strips
were mounted on a neutral grey surround with
a PVC backing, which would allow any traces
of blood to be wiped easily off the back of the
scale. The viewing area was restricted to a cir-
cular aperture of 89 mm diameter in the cen-
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Figure 1 The World Health Organisation haemoglobin colour scale.

tre of each colour standard (fig 1). Optimal
conditions were established for colour match-
ing: the best results were obtained with the
scale held at an angle of about 45° with the
light (daylight or artificial tungsten or fluores-
cent light) coming over the shoulder of the
observer. Although the scale is a clinical device,
not intended to be compared with laboratory
based measurement, the latter was necessary to
provide reference measurements for validating
the reliability of the scale. By this means, a
laboratory based study on 1213 blood samples
showed that with training it was possible to
detect anaemia reliably with the scale, and to
classify the degree of anaemia correctly in
clinical terms as moderate (8 to < 12 g/dl),
pronounced (6 to < 8 g/dl), or severe (< 6 g/
dn.?

To test the feasibility of using the scale in
field conditions a study was undertaken in a
rural hospital with a group of nurses, medical
students, and untrained assistants. After a 30
minute training session, they were able to iden-
tify the degree of anaemia correctly in a batch
of blood samples, albeit with some individual
discrepancies in readings.* The device was also
used with satisfactory results in a WHO train-
ing course on malaria control,’ peripheral
health clinics in the Gambia,® a rural antenatal
clinic in Malawi,” and a survey of anaemia in
preschool children.®

An international study with the prototype
device was organised by the WHO Programme
on Health Technology to assess its validity
when used by health clinic staff who were pro-
vided with detailed written instructions but no
individually supervised training. Scale readings
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were judged against the measurement of
haemoglobin on the blood samples by labora-
tories using haemoglobinometers calibrated
with the international haemiglobincyanide
standard. A total of 3600 tests were performed
at the clinics and also 2800 tests at blood donor
sessions. The results were similar to those in
the original evaluation,” with 90% sensitivity
and 70% specificity in identifying whether
anaemia was present or not. In blood donor
screening, 97% were correctly identified at a
12 g/dl discrimination value. When anaemia
was present, its severity was assessed as moder-
ate, pronounced, or severe with an overall sen-
sitivity of 60% and specificity of 88% (unpub-
lished report to the WHO). There were also
some unexpected mistakes: in some centres
there were differences as great as 3—4 g/dl in an
otherwise accurate batch of readings in a run,
and although these discrepancies occurred in
only a small proportion of the total number of
tests, they put into question the reliability of
the scale. Accordingly, a study was devised to
assess the usefulness of the scale in practice at
busy health clinics.

Methods

The project was carried out with the prototype
scale in general medical and antenatal clinics at
three hospitals in the neighbourhood of Johan-
nesburg. The participants included nursing
staff (senior nurses, midwives, student nurses),
doctors, and phlebotomists. The tests were
performed on a total of 548 patients who pre-
sented routinely at various outpatient clinics.
Using samples from venous blood collected by
a phlebotomist, the participants measured their
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Table 1  Comparisons of scale and reference measurements

Initial reading

Colour scale Repeat reading
Reference (g/dl) (g/dD) Correct* Incorrect* Incorrect*
12 or more 12-14 274 19 (6.5%) 4 (1.4%)
=11 =11 331 33 (9.1%) 12 (3.3%)
10or11 10or11 86 29 (25.2%) 10 (8.7%)
8or9 8or9 72 14 (12.8%) 9 (4.7%)
6-8 6-8 66 18 (21.4%) 14 (6.7%)
<6 4-6 35 7 (16.7%) 1 (2.4%)

*Compared with reference measurements.

haemoglobin with the scale independently and
without supervision; their readings of haemo-
globin values were recorded on a report form
(“initial readings™). The specimens and forms
were then sent without delay to the hospital
laboratory (a branch of the South African
Institute for Medical Research), where the
haemoglobin was measured on an automated
blood cell analyser, which was calibrated by
reference to the ICSH international haemo-
globin (HiCN) standard.” These results were
entered on the report forms, which were then
reviewed by the investigators (CFI and SML).
Discrepancies of > 1 g/dl between the scale
reading and the haemoglobin measurement
were noted and the test was repeated on the
original specimens by the same participants
(who were not told the laboratory results), but
now supervised by the investigators who were
vigilant for any possible discrepancies in
technique and for any difficulty in distinguish-
ing between the colour shades.

It was impractical to retest the entire set of
specimens, but about 10% of the correctly read
specimens were included randomly in the
batches for the repeated tests. None of these
gave different repeat readings; this was consist-
ent with the intra-observer reproducibility
(SD, < 1 g/dl) recorded in the original study.’

At some of the clinics the clinicians (doctors
or nurses) assessed clinical signs of anaemia,
examining conjunctiva, palms, nail bed, and
gums for pallor, in accordance with their
standard routine practice. These observations
were judged against the laboratory haemo-
globin measurements on the patients’ venous
blood samples as reference; a comparison was
made with the ability of the scale to identify
anaemia correctly.

Table 3 Diagnostic usefulness and predictive values at different haemoglobin (Hb) values
using best scale readings where discrepancies occurred (n = 548)

Scale readings

Reference Hb (g/dl) <6 610 <8 810 <10 1010 <12 12 or more
<6 34 2 0 0 0

6 to <8 2 27 5 0 0

8 to <10 0 3 87 8 3

10 to <12 0 0 4 74 36
12 or more 0 0 0 9 254
TP 34 27 87 74 254
FP 2 5 9 17 39
FN 2 7 14 40 9
TN 509 508 438 396 245
Sensitivity (%) 94.4 79.4 86.0 64.9 96.6
Specificity (%) 99.6 99.0 98.0 95.9 86.3
PPV (%) 94.4 84.3 90.6 81.3 86.7
NPV (%) 99.6 98.6 96.9 90.8 96.5
LR 0.94 0.78 0.84 0.61 0.83

FN, false negative; FP, false positive; LR, likelihood ratio; NPV, negative predictive value; PPV,
positive predictive value; TN, true negative; TP, true positive.
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Table 2  Discrepancies between scale and reference
haemoglobins in individual cases

Variance from reference (g/dl)  Initial reading Repeat reading

1 or less 340 (65.8%) 489 (94.6%)
1.1-1.4 75 (14.5%) 11 (2.1%)
1.5-1.9 56 (11.2%) 9 (1.7%)

2 (one colour shade) 44 (8.5%) 8 (1.6%)

3 (two colour shades) 15 (2.9%) 0 (0%)
Results

There were two sets of results for the scale: ini-
tial readings and repeat readings. The ICSH
reference method was used for haemoglobi-
nometry’. These measurements were recorded
in g/dl to one decimal point, but when they
were above 14 g/dl they were analysed as 14.0.
Tables 1 and 2 compare the scale readings and
the reference measurements.

PAIRED ¢ TEST OF SCALE 9 REFERENCE
MEASUREMENTS

Initial scale readings: 0.3743.
Repeat scale readings: 0.0805.

These results indicate a 70% probability that
there is no significant difference between the
reference measurements and the initial scale
readings, and a 95% probability of no signifi-
cant differences with the repeat readings. This
indicates the occurrence of some random
errors in the initial readings, with no specific
bias.

DIAGNOSTIC USEFULNESS OF THE SCALE

This was assessed by comparing readings with
the reference haemoglobin measurements in
four clinically demarcated groups, namely: no
anaemia (= 12 g/dl), moderate anaemia (8 to
< 12 g/dl), pronounced anaemia (6 to < 8 g/
dl), and severe anaemia (< 6 g/dl), the repeat
readings being used if there had previously
been discrepancies (table 3).

Diagnostic sensitivity and positive predictive
value are indices of the frequency with which a
positive result is correct, whereas diagnostic
specificity and negative predictive value indi-
cate the frequency with which a negative result
is correct.” The results in table 3 indicate that
there was a high degree of accuracy in identify-
ing when anaemia was present and in estimat-
ing the degree of anaemia in the clinical cut off
points. The likelihood ratio was calculated by
Youden’s method,'® where values from +0.1 to
+1.0 indicate an increasing probability that the
test gives correct diagnostic information; the
results show that the ratio was satisfactorily
high at all values, especially in anaemia with
haemoglobin < 6 g/dl.

COMPARISON OF THE SCALE WITH CLINICAL
DIAGNOSIS OF ANAEMIA

Tables 4 and 5 compare the scale with the
clinical ability to diagnose anaemia from physi-
cal signs. In severe anaemia (haemoglobin,
< 6 g/dl) no judgmental errors were made on
physical examination, but with higher haemo-
globins the physical features were increasingly
difficult to detect and to interpret. Even when
haemoglobin was normal, pallor was diagnosed
in 16.6% of cases, whereas only 3.4% of the
normals were recorded by the scale as having
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Table 4  Assessment of clinical signs of anaemia (n = 335)

Conjunctiva Mucosa Nail bed Palms

Ref Hb Total
scores (gldl) 2 1 0 2 1 0 2 1 0 2 1 0 score
12 or more 2 24 130 3 23 130 4 9 143 3 9 144 26
10to<12 5 18 51 1 18 55 2 9 63 1 6 67 23

8 to <10 7 31 25 6 36 21 6 17 40 5 12 46 42
6to <8 9 5 4 4 10 4 2 12 4 3 7 14
<8 10 7 4 5 12 4 3 14 4 4 10 7 17
<6 1 2 0 1 2 0 1 2 0 1 2 0 3

Scores: 2, definitely anaemic; 1, probably anaemic; 0, not anaemic.

Ref Hb, reference haemoglobin.

Table 5 Comparison of clinical signs and colour scale

Reference Hb  Clinical signs Anaemia indicated by scale
(gldD) present (n/set)* reading (n/set)

12 or more 26/56 (16.6%) 9/261 (3.4%)**

10 to <12 23/74 (31.1%) 78/114 (68.4%)***

810 <10 42/63 (66.6%) 98/101 (97.0%)

6 to <8 14/18 (77.7%) 34/34 (100%)

<10 59/84 (70.2%) 169/171 (98.8%)

<8 17/21 (80.9%) 70/70 (100%)

<6 3/3 (100%) 36/36 (100%)

*The patients were assessed clinically for anaemia only in
some of the clinics (314 cases), whereas the scale assessments
of anaemia included all the patients in our study.

**The scale reading indicated only a mild anaemia (10 or 11
g/dl) in the nine cases.

***The scale reading indicated a mild anaemia (10 or 11 g/dl)
in 74 cases, moderate anaemia (8 or 9 g/dl) in four cases, and no
anaemia (12 g/dl) in the remaining 36 cases.

Hb, haemoglobin.

mild, clinically unimportant anaemia, with
haemoglobin readings of 10 or 11 g/dl. On the
other hand, when the reference measurements
indicated moderate anaemia (haemoglobin,
8-9 g/dl), this was not detected in one third of
the patients by physical examination, whereas
the scale identified moderate anaemia correctly
in 97% of cases.

Discussion

The haemoglobin colour scale was developed
as a clinical device to provide a means for iden-
tifying whether an individual is anaemic and, in
a broad classification, the severity of anaemia.
It does not aim to compete with a haemoglobi-
nometer in the laboratory, but it is intended for
use when the latter is not available or practical.

Previous studies, including a multicentre
evaluation organised by the WHO Programme
on Health Technology, indicated its clinical
reliability in general medical and antenatal
clinics for detecting anaemia and discriminat-
ing between moderate, pronounced, and severe
anaemia. A study of anaemia in pregnancy in
Malawi provided broadly similar results, with a
likelihood ratio of correct diagnosis from 1.4 to
3. However, in all these studies there were
some unexpected discrepancies and even some
gross mistakes. Thus, for the scale to be
depended upon at all times it became necessary
to investigate possible causes of such faulty
readings.

Our present study was undertaken in medi-
cal and antenatal clinics in the neighbourhood
of Johannesburg with medical and nursing staff
and phlebotomists. Initially, they performed
the tests on their own in accordance with the
written instructions used in the earlier WHO
study, and some of them also received a
preliminary brief demonstration. Liaison with
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the laboratory ensured that the reference
haemoglobin measurements were obtained
soon after the scale was read. Where there were
discrepancies, the scale test was repeated on
the original blood by the original users under
expert supervision. In some cases, the partici-
pants found it helpful to undertake an exercise
with blood samples of known haemoglobin
values before repeating the test. This checking
resulted in a significant reduction in reading
errors (tables 1 and 2), confirming that the
scale is fundamentally reliable as long as it is
used correctly. Accordingly, it was considered
justifiable to use the repeat measurements in
assessing the usefulness of the scale. From
these results (table 3), it can be seen that the
scale is sensitive and specific, with a high
degree of discrimination. However, to ensure
its reliability in practice it was important to
identify the causes the of errors and for this
information to be incorporated in the instruc-
tions to users.

Several factors appear to contribute to
incorrect readings. (1) The instructions state
that colour matching must be made only after
waiting for at least 30 seconds, and that the test
must be completed within two minutes be-
cause the blood stain changes colour (becom-
ing paler) after this time. In most cases where
an error occurred, this was the result of not
waiting for the requisite time; subsequently, a
wait of one minute has been proposed.
Conversely, in some cases, readings were
delayed beyond the stipulated two minutes,
and it was necessary to prevent users from
adding the drops of blood simultaneously to
test strips for several consecutive tests. (2) The
size of the drop is important. In a small number
of cases the initial reading was made on a test
strip with too little blood, leading to inadequate
spread, with a white periphery at the adjacent
matching area. Conversely, too much blood led
to a thick spread and insufficient drying in the
prescribed time. The solution to this problem
was to take up blood to a distance of about
3 c¢m in a capillary tube for delivery on to the
test strip. (3) It is essential to have good light.
This can be either daylight (but not direct sun-
light) or artificial light, or a mixture of both.
The study was carried out in midsummer, but
outside light varied from bright sunshine to
heavy rain clouds. The tests were performed in
clinics with daylight coming through windows
of different sizes, supplemented by fluorescent
light. Scale readings were not affected by any of
these variable conditions except on one occa-
sion when the tests were performed in a poorly
lit basement examination room—30% of the
results were discrepant—but were corrected
when the tests were repeated by the same
operators after adjourning to a better lit room.
Problems also occurred when the users stood
in their own shadows or did not hold the scale
at the recommended angle of vision. Similarly,
there were occasional errors from failure to
ensure close apposition of the test strip to the
apertures on the scale, because this cast a
shadow on the colour strip. (4) Some training is
required, albeit minimal: careful understanding
of the instructions and a few minutes of
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practice with some blood samples of known
haemoglobin content is all that is necessary.

Clerical errors with incorrect entering of
results and specimen mix up are recognised as
major causes of error in any laboratory, and this
occurred on two occasions in our study during
the stress of busy clinics; this problem is not
unique to scale readings, and should not be
attributed to scale failure.

The relative frequency of the different faults
does not imply that some are more important
than others, but only indicates how individuals
performed. It demonstrates the importance of
adhering to the instructions, which take
account of all the causes of error listed above.

Because the scale is intended to be a clinical
facility, the study included a comparison with
the clinical ability to diagnose anaemia from
physical signs, based on the presence of pallor.
With severe anaemia the clinical features were
clearly positive, but with moderate anaemia
pallor was difficult to detect: when the
reference haemoglobin was 8-9 g/dl, anaemia
was not detected in one third of the patients by
physical examination, whereas the scale identi-
fied moderate anaemia correctly in 97% of
cases. Conversely, pallor was recorded (mis-
leadingly) in 16.6% of cases when haemo-
globin was normal, whereas 96.6% were
normal by the scale reading, and only 3.4%
were read as mild anaemia with haemoglobin
readings of 10-11 g/dl.

Without exception the scale was well re-
ceived, and the clinic staff indicated their wish
to use it as soon as possible in their routine
practice. Most participants found the scale and
the test strips easy to handle, and the test easy
to perform and user friendly. Some found it
difficult to distinguish between 10 and 12 g/dl.
Consequently, these adjacent shades have been
adjusted in the production version of the scale
to ensure that discrimination will be easier.
Confidence in selecting the correct shade
increased with experience and most users had
no difficulty in judging intermediate values.

Conclusion

Our study confirmed the wusefulness and
reliability of the scale and its great advantage
over clinical signs for diagnosing anaemia, and
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providing a reliable near patient method for
screening anaemia in the absence of a labora-
tory. Most health workers should be able to
obtain reliable readings of haemoglobin, accu-
rate within 1 g/dl, as long as the the correct
procedure is strictly adhered to. It is useful, but
not essential, to have a brief introductory train-
ing with a batch of blood samples of known
haemoglobin values, and even trained users
might find it helpful to have a brief refresher
training course with such bloods from time to
time. It is essential to accompany the scale and
test strips with a leaflet containing clearly writ-
ten instructions for use, emphasising the
potential causes of error. This study has been
valuable in identifying these errors, and thus
provides guidance for both the specifications of
the scale and the correct technique for its use.
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