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Validity and reliability of haemoglobin colour scale 
and its comparison with clinical signs in diagnosing 
anaemia in pregnancy in Ahmedabad, India
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ABSTRACT This study compared the validity of the haemoglobin colour scale (HCS) and clinical signs in diagnosing 
anaemia against Sahli’s haemoglobinometer method as the gold standard, and assessed the reliability of HCS. The 
sample comprised 129 pregnant women recruited from 6 urban health centres in Ahmedabad. The prevalence of 
anaemia was 69.8% by Sahli’s method, 78.3% by HCS and 89.9% by clinical signs; there was no statistically significant 
difference between Sahli’s method and HCS whereas there was between Sahli’s method and clinical signs. The mean 
haemoglobin level by Sahli’s method and HCS differed significantly. The sensitivity, specificity, positive predictive value 
and negative predictive value of HCS was 83.3%, 33.3%, 74.3% and 46.4% respectively and that of clinical signs was 
91.1%, 12.8%, 70.7% and 38.5% respectively. Interobserver agreement for HCS was moderate (κ = 0.43). Clinical signs 
are better than HCS for diagnosing anaemia. HCS can be used in the field provided assessors are adequately trained.
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لية وصحة سلم القياس اللوني للهيموغلوبين ومقارنته بالعلامات السريرية في تشخيص فقر الدم لدى الحوامل في أحمد آباد، الهند مُعَوَّ
د. ف بالا، شيتال فياض، أباراجيتا شوكلا، هيمانت تيواري، غنيا بات، كناري غوبتا

الدم، مقابل طريقة ساهلي لقياس  اللوني للهيموغلوبين، والعلامات السريرية لتشخيص فقر  القياس  الدراسة مدى صحة سلم  الخلاصـة: تقارن هذه 
الهيموغلوبين باعتباره المعيار الذهبي، مع تقييم معولية سلم القياس اللوني للهيموغلوبين. وقد شملت العينة 129 حاملًا من ستة مراكز صحية حضرية في 
أحمد آباد. واتضح أن معدل انتشار فقر الدم لديهن وفق طريقة ساهلي 69.8% ووفق سلم القياس اللوني للهيموغلوبين 78.3%، ووفق العلامات السريرية 
89.9% ولم يكن هناك اختلاف يُعْتَدُّ به إحصائياً بين طريقة ساهلي وبين سلم القياس اللوني للهيموغلوبين، وفي حين كان هناك اختلاف يُعْتَد به إحصائياً 

بين طريقة ساهلي وبين العلامات السريرية. وقد كان هناك اختلاف يُعْتَد به بين وسطي مستوى الهيموغلوبين في طريقة ساهلي وطريقة سلم القياس اللوني 
للهيموغلوبين. وكانت الحساسية لسلم القياس اللوني للهيموغلوبين 83%، والنوعية 33.3%، والقيمة التنبؤية الإيجابية 74.3%، والقيمة التنبؤية السلبية 
46.4%، أما بالنسبة للعلامات السريرية فكانت الحساسية 91.1%، والنوعية 12.8%، والقيمة التنبؤية الإيجابية 70.7%، والقيمة التنبؤية السلبية 38.5%. وكان 

الاتفاق بين الملاحظين في سلم القياس اللوني للهيموغلوبين متوسطاً )K = 0.43(. وكانت العلامات السريرية أفضل من سلم القياس اللوني للهيموغلوبين 
في تشخيص فقر الدم. ويمكن استخدام سلم القياس اللوني للهيموغلوبين ميدانياً إذا ما تم تدريب القائمين على التقييم تدريباً كافياً.

Validité et fiabilité de l'échelle colorimétrique de détermination du taux d’hémoglobine et comparaison 
avec les signes cliniques pour le diagnostic d'anémie pendant la grossesse à Ahmedabad (Inde)

RESUME La présente étude a comparé la validité de l'échelle colorimétrique de détermination du taux d'hémoglobine 
et les signes cliniques pour le diagnostic de l'anémie par rapport à la méthode d'hémoglobinométrie de Sahli en 
tant que méthode de référence, puis a évalué la fiabilité de l'échelle. L'échantillon comptait 129 femmes enceintes 
recrutées dans six centres de soins de santé de ville, à Ahmedabad. La prévalence de l'anémie était de 69,8 % 
avec la méthode de Sahli, de 78,3 % avec l'échelle colorimétrique de détermination du taux d'hémoglobine et de 
89,9 % avec les signes cliniques ; aucune différence statistiquement significative n'a été observée entre la méthode 
de Sahli et l'échelle colorimétrique alors qu'il en existait entre la méthode de Sahli et les signes cliniques. Le taux 
moyen d'hémoglobine mesuré avec la méthode de Sahli et avec l'échelle colorimétrique était très différent. La 
sensibilité, la spécificité et les valeurs prédictives positive et négative de l'échelle colorimétrique de détermination 
du taux d'hémoglobine étaient de 83,3 %, 33,3 %, 74,3 % et 46,4 % respectivement et de 91,1 %, 12,8 %, 70,7 % et  
38,5 % respectivement pour les signes cliniques. L'accord interobservateur pour l'échelle colorimétrique de 
détermination du taux d'hémoglobine était modéré (κ = 0,43). Les signes cliniques sont plus efficaces que 
l'échelle colorimétrique pour le diagnostic de l'anémie. L'échelle peut être utilisée sur le terrain à condition que 
les évaluateurs soient correctement formés.
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Introduction

Anaemia is a major public health prob-
lem globally. It affects about 1.62 billion 
people, which corresponds to 24.8% 
of the global population [1]. Women 
of reproductive age, particularly dur-
ing pregnancy and children, especially 
young ones, are more vulnerable to 
anaemia due to their unique physi-
ological characteristics [2,3]. Anaemia 
is a public health problem for pregnant 
women in all of the World Health Or-
ganization’s (WHO) Member States 
[1]. In India, the prevalence of anaemia 
in pregnant women is 57.9% according 
to the National Family Health Survey 3 
(NFHS 3) [4].

Given the consequences of anaemia 
during pregnancy, easy and accurate 
diagnosis is important. Haemoglobin 
(Hb) estimation is one simple and eco-
nomic laboratory parameter to assess 
anaemia and is thus used quite frequent-
ly in population studies [2]. Another 
method used where no laboratories 
or few health resources are available 
is physical examination, which aims 
to identify skin or mucous membrane 
pallor on, for example, the conjunc-
tiva, palms, nail beds, lips and tongue as 
clinical signs of anaemia [2,3]. Several 
methods are available for estimation of 
Hb in the field setting, such as the cop-
per sulphate specific gravity method, 
the Lovibond comparator and port-
able Hb meters [5]. Currently Sahli’s 
haemoglobinometer method for Hb 
estimation is the one recommended by 
the Government of India for use by the 
health workers in the field and in labora-
tory facilities [6]. 

WHO developed the haemoglobin 
colour scale (HCS) to screen for anae-
mia in the absence of laboratory-based 
haemoglobinometry [7]. It is a simple 
and inexpensive device for providing a 
reliable indicator of the presence and 
severity of anaemia [8]. Various stud-
ies have been conducted globally to 
validate the HCS and its sensitivity for 
detecting anaemia ranged from 75% 

to 97% while specificity ranged from 
41% to 98%. However, the studies had 
heterogeneous populations, health care 
settings, anaemia prevalence and find-
ings so controversy about the usefulness 
of HCS still persists [9]. In this regard, 
it is necessary to assess diagnostic ac-
curacy in local health care settings with 
local workers.

In Ahmedabad, as of June 2009, a 
commercial kit of HCS was provided to 
all the urban health centres (UHCs) to 
be used in the field. No validity assess-
ment has been done so far since  its in-
troduction. Therefore, the present study 
was carried out to: compare the validity 
of HCS and that of clinical assessment 
against Sahli’s haemoglobinometer 
method in diagnosing anaemia; assess 
the reliability of HCS; and make area-
specific recommendations in this re-
gard.

Methods

Study setting and sample
The present study was conducted in 
Ahmedabad, a major city of Gujarat 
state in western India. The city is di-
vided into 6 municipal zones and 57 
election wards. We conducted a cross-
sectional study in randomly selected 
UHCs (1 per each zone of the city) 
during November 2009–January 2010. 
A list of zone-wise UHCs was obtained 
from the corporation office and lottery 
method was used to select one UHC 
from each zone. The study population 
was pregnant women attending UHCs 
for the first time; those already on iron 
therapy were excluded.

The sample size was calculated as-
suming a prevalence of anaemia of 58% 
as per NFHS 3 [4] and allowable error 
of 15%. Women were recruited into the 
study as they came to the centres for an 
antenatal care check-up, after assessing 
if they met the inclusion and exclusion 
criteria, until the desired sample size 
was met from each centre (21 from 3 
centres and 22 from the other 3 centres 

as decided by lottery method from 6 
UHCs). There was no refusals to par-
ticipate as Hb estimation is routinely 
done during antenatal care visits and 
they were informed about the study and 
the method. Thus a total 129 pregnant 
women were recruited after taking writ-
ten informed consent in the vernacular 
language for personal interview and Hb 
estimation.

Data collection 
General information was collected by 
the investigators by interview of each 
woman using a predesigned pretested 
questionnaire. Information was also 
obtained on the number of concep-
tions, parity, number of live children at 
the time of the interview and length of 
time between the present and previous 
conception.

Anaemia assessment
Assessment of anaemia by clinical signs 
was carried out by the medical officer 
of the respective UHC by identifying 
skin or mucous membrane pallor on 
conjunctiva, tongue and palms. Sahli’s 
haemoglobinometer was also used to 
determine Hb level and was carried out 
by a trained laboratory technician in the 
respective UHC. For HCS, the com-
mercial kit (Kruise Path, Ahmedabad) 
provided to all UHCs by Ahmedabad 
Municipal Corporation was used. The 
reading for HCS is taken by comparing 
blood drops on filter paper with colour 
standards. It was taken separately by 2 
persons, a trained multi-purpose health 
worker (MPHW) or health visitor 
(HV) who routinely uses the HCS in 
the field and one of the investigators 
(KG).

The data so generated were used for 
the assessment of inter-observer vari-
ation. However, reading of the test as 
interpreted by MPHW/HV was used 
for the purpose of calculation of valid-
ity because they routinely interpret the 
results of HCS in the field. Blinding 
was carried out so that none of these 
individuals knew the findings of the 
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others; 4 different sheets were made 
for recording of results by the medical 
officer, laboratory technician, MPHW/
HV and the investigator (KG). At the 
end of each session, these sheets were 
collected by another investigator for 
data entry. The investigator who in-
terpreted the finding of HCS was not 
involved in data entry. As per WHO, 
Hb threshold for diagnosing anaemia in 
pregnant women is 11 g/dL [2]. Taking 
this cut-off, the following classification 
was used:

•	 Hb ≥ 11.0 g/dL: no anaemia

•	 Hb 9.0 to 11.0 g/dL: mild anaemia

•	 Hb 7.0 to 9.0 g/dL: moderate anaemia

•	 Hb < 7 g/dL: severe anaemia.

Ethical considerations
Ethical clearance for the study was 
obtained from the Institutional Ethics 
Committee for Research in Human 
Subjects of the Smt. NHL Municipal 
Medical College, Ahmedabad. The 
women who were diagnosed as having 
anaemia were given iron folic acid treat-
ment as per state guidelines.

Data analysis
Data were entered in a master chart to 
determine the following validity indica-
tors:

•	 Sensitivity of the individual tests: 
defined as the ability of the test to 
identify correctly those who have 
the disease [10].

•	 Specificity of the individual tests: de-
fined as the ability of the test to iden-
tify correctly those who do not have 
the disease [10].

•	 Predictive values of the individual 
tests [10]:

•	 Positive predictive value (PPV): 
probability of having disease in a pa-
tient with a positive test.

•	 Negative predictive value (NPV): 
probability of not having disease in a 
patient with a negative test.
Reliability of HCS was assessed by 

calculating the inter-observer variations 
in readings of HCS using Kappa statis-
tics [10]. To study correlation between 
the Sahli and HCS methods, a Bland 
Altman plot was used [11].

Data analysis was done using Mi-
crosoft Excel, MedCalc, version 11.1.1.0 
and SPSS, version 17.0.

Results

The mean age of the pregnant women 
was 24.2 [standard deviation (SD) 3.7] 
years and mean months of amenor-
rhoea was 4.71 (SD 2.1) at the time of 
registration.

Of the 129 women included in the 
study, 69.8% were diagnosed with anae-
mia by Sahli’s method, 78.3% by HCS 
and 89.9% by clinical signs. There was 
no significant difference between the 
proportions diagnosed with anaemia 
by Sahli’s method and HCS (P = 0.16) 
whereas there was a significant differ-
ence between the proportions diag-
nosed by Sahli’s method and by clinical 
signs (P = 0.0001). With regard to the 
categories of anaemia, no significant 
difference was found between Sahli’s 
method and HCS (all P > 0.05). How-
ever, there was significant difference 

found in the proportion with moderate 
anaemia by Sahli’s method and by clini-
cal signs (P = 0.02) (Table 1).

The mean Hb levels of the pregnant 
women by Sahli’s method was 9.97 
(SD 1.35) g/dL and by HCS was 9.51 
(SD 1.61) g/dL, a significant difference 
(P = 0.0031, Mann–Whitney test). The 
Bland Altman plot (Figure 1) showed 
a mean difference of 0.5 g/dL between 
the 2 methods with limits of agreement 
of –2.7 g/dL to 3.6 g/dL; this can be 
considered significant clinically because 
the treatment changes with change of 
category of anaemia, which has interval 
of 2 g/dL. As the mean Hb increased 
the difference between the 2 methods 
became smaller. For lower average Hb 
values, the HCS reading showed lower 
values compared to the Sahli reading, 
while for higher mean Hb values, the 
HCS showed higher reading. The cor-
relation coefficient was 0.4077 (95% 
confidence interval: 0.2526–0.5423) 
(P < 0.0001)

The validity indicators showed that 
the sensitivity to differentiate anaemia 
from nonanaemia was higher for clinical 
signs (91.1%) than for HCS (83.3%), 
while specificity, PPV and NPV were 
higher for HCS (Table 2). In addition, 
the sensitivity of clinical signs to diag-
nose mild and moderate anaemia was 
higher than HCS while for severe anae-
mia both methods had 100% sensitivity 
(Table 3). Weighted kappa value for 
HCS was 0.43, indicating moderate 
inter-observer agreement.

In 14.7% of cases, there was no dif-
ference in Hb readings between HCS 
and Sahli’s method, while 55.8% of 

Table 1 Prevalence and severity of anaemia by all 3 methods among the study population (n = 129)

Severity Sahli’s method HCS Clinical signs P-value

% % % Sahli vs HCS Sahli vs clinical signs

Mild anaemia 55.0 53.4 61.2 0.89 0.38

Moderate anaemia 13.2 21.7 24.8 0.10 0.02

Severe anaemia 1.6 3.2 3.9 0.66 0.45

Anaemia of any grade 69.8 78.3 89.9 0.16 0.0001

HCS = haemoglobin colour scale.
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cases, the difference was ±1 g/dL, and in 
82.9%, the difference was within ±2 g/
dL; in 17.1%, the difference was >2 g/dL.

Discussion

In the present study, the prevalence 
of anaemia in pregnant women was 
69.8% which is higher than the na-
tional average according to NFHS 3 
(58% ) [4]. Various factors, such as 
physiological changes during pregnan-
cy, lower socioeconomic and educa-
tional status of the women, may account 
for this difference. For each category 
of anaemia the proportion was highest 
by clinical assessment, which may be 
on account of the clinician’s subjective 
preference or tendency chance missing 
any anaemic woman.

Quantitative analysis of paired ob-
servation showed that the reading of 
HCS was 0.46 ± 1.63 g/dL lower than 
Sahli’s method which was statistically 
significant. A similar result was found 
in the Islamic Republic of Iran in a 
study of blood donors, with difference 
of 0.32 ± 0.65 g/dL compared with an 
automated cell counter [12].

The sensitivity of clinical signs in 
diagnosing mild and moderate anae-
mia was higher than that of HCS. 
For severe anaemia the sensitivity of 
both the methods was 100%; this may 
be because only a few of the women 
were diagnosed with severe anaemia 
by the standard method. Other stud-
ies have reported different findings; 
they found that HCS was better than 
clinical signs for diagnosing anae-
mia[8,13,14].

In the present study the sensitivity of 
HCS was 83.3% and specificity 33.3%. 
Other studies also reported HCS with 
sensitivities above 80% [14–16]. How-
ever, Anand et al. found a sensitivity of 
30% and specificity of 100% for HCS 
when compared with an autoanalyser 
[6]. This is the only study that we found 
showing such a low sensitivity. The exact 
reason is not clear but there were differ-
ences in the methodology which might 
have contributed to such differences in 
results, e.g. the gold standard method 
used in their study was an autoanalyser, 
the HCS kit used was from a different 
manufacturer and the study population 
taken was not vulnerable to anaemia.

Given the high prevalence of anae-
mia in pregnancy, the ideal instrument 
for diagnosis would be one with a high 
sensitivity and low false negative results 

Table 2 Validity indicators of haemoglobin colour scale and clinical signs against Sahli’s method to diagnose anaemia

Validity indicator Haemoglobin colour scale Clinical signs Simultaneous testing of both

Sensitivity (95% CI) [%] 83.33 (74.0–90.36) 91.11 (83.23–96.08) 96.67 (90.58–99.31)

Specificity (95% CI) [%] 33.33 (19.09–50.22) 12.82 (4.30–27.43) 10.26 (2.86–24.23)

PPV (95% CI) [%] 74.26 (64.60–82.44) 70.69 (61.52–78.77) 71.31 (62.39–79.17)

NPV (95% CI) [%] 46.43 (27.51–66.13) 38.46 (13.86–68.42) 57.14 (18.14–90.11)

Accuracy [%] 68.2 67.4 70.54

CI = confidence interval; PPV = positive predictive value; NPV = negative predictive value.
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as an increase in false negatives would 
exclude some anaemic women from 
anaemia combat programmes in place 
in India, which would be harmful in 
places with high anaemia prevalence 
rates.

One of the advantages in using the 
HCS is that training of examiners is 
easy, fast and economic, and requires 
minimal material to distinguish be-
tween the different colour variations of 
the scale [7]. However, it is important 
to follow the instructions on how to 
hold the instrument and use the cor-
rect thickness of blood drop, adequate 
environmental luminosity and the 
established reading time [7,8,17] and 
this should be emphasized in training. 
Similarly, training can also be given for 
clinical signs to the health workers as its 
sensitivity for identifying each category 
of anaemia is higher.

Comparison with other studies is dif-
ficult as the gold standard method used 
and the study population differ in differ-
ent studies. Taking into consideration 
financial and other resources, Sahli’s 
method is widely used at health centres 

in our study area. So Sahli was taken as 
the gold standard in the present study 
although it is not considered the gold 
standard for Hb estimation. Although 
laboratory technicians were previ-
ously trained for Sahli’s method and 
MPHW/HV were trained for HCS, 
there might be minor differences due to 
subjective preferences.

As per the present study, assessment 
by clinical signs is a better method for di-
agnosing anaemia as compared to HCS. 
The scope of HCS seems to be limited 
because of its need for precise applica-
tion and proper, more stringent training 
for the health workers is needed with 
further comparison with the standard 
method. Accuracy in both methods may 
be improved as examiners acquire more 
experience, enabling them to reduce 
classification errors. It is recommended 
that the MPHW/HV diagnose anaemia 
by looking for clinical signs and should 
start treatment on that basis; the patient 
can then be referred to the laboratory for 
confirmation and follow up. HCS can be 
used in cases where there is no possibil-
ity of the patient getting to a laboratory 

for follow up and in uncertain cases to 
support clinical examination.

Because detection of anaemia is 
important in order to prevent its ad-
verse consequences, further studies are 
required to determine the effect of the 
various screening methods on longer 
term clinical outcomes, i.e. less anae-
mia at time of delivery among pregnant 
women, increased birth weight of ba-
bies, reduced maternal mortality, along 
with consideration of cost, rather than 
focussing only on diagnostic accuracy. 
Such studies will help health planners 
in choosing the cost-effective screening 
method for anaemia.
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