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Abstract 
Background: Anemia continues to be a major public health problem globally and Iron-deficiency anemia is 
among the top three major causes of disability in the world. About 61% of children of age 6 months to 59 
months are anaemic in our part of  Tamilnadu. It leads to impaired physical and cognitive development, 
increased risk of morbidity in children, poor pregnancy outcome and reduced work productivity. Any 
intervention to treat anemia is largely based on the level of  haemoglobin(Hb) and  the  estimation of Hb is the 
most effective way to diagnose and classify severity of anemia. Point of care testing (POCT) has been 
recommended as one of the key interventions of Anemia Mukht Bharat program since 2018(1). POCT plays a 
pivotal screening role in areas where sophisticated instruments are not available. However, their reliability needs 
to be established. 
Aim: To establish the role of digital hemoglobinometer in detecting anemia against automated analyzer (gold 
standard for screening and diagnostic purpose) and estimate the prevalence of anemia in children aged between 
6 to 59 months in a rural coastal district of Tamilnadu. 
Methods: A cross-sectional study of 367 In-Patients of age 6-59 months was conducted over a period of 1 year 
in a rural tertiary care hospital, Nagapattinam. Prevalence of anemia was estimated, and severity was classified 
as mild, moderate and severe based on WHO classification. This included 200 male children and 167 female 
children. Statistical analysis was done using Bland Altman analysis. 
Results: The overall prevalence of anemia was 70.8% (n=260), estimated using digital hemoglobinometer [mild 
anemia = 35% (n=91); moderate anemia = 54.6%, (n=142); and severe anemia = 10.4% (n = 27)]. 66.2% 
(n=243) was estimated to have anaemia using automated cell count analyser [mild anemia = 39.12% (n=95); 
moderate anemia = 53.5%, (n=130); and severe anemia = 7.4% (n = 18)]. There was a statistically significant 
difference in the diagnostic utility of both equipments in terms of specificity; however, the pattern prevalence of 
anemia estimated by the digital hemoglobinometer was comparable with the automated cell count analyser 
(McNemar’s test: p < 0.001).Digital hemoglobinometer had 80.7% sensitivity, 48.4% specificity, 75.4% 
positive predictive value, 56.1% negative predictive value and 69.8% accuracy for detection of anemia as 
compared with the automated cell count analyser. 
Conclusion: As a non-invasive screening tool, diagnostic role of digital hemoglobinometer is satisfactory and 
comparable with the automated cell count analyzer. 
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Introduction 

Anemia is a serious health problem in India. About 
67.1% of children aged 6 months to 59 months are 
anemic in India[2]. Though the prevalence of 

anemia in Tamil Nadu is 57.4% which is less 
compared to India, still it is on the rising trend, 
compared to the last decade. Anemia by itself can 
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lead to many complications like cognitive 
impairment, developmental problems, and 
increased risk of infection, cardiac failure and 
malnutrition. From public health point of view, it is 
a serious health problem, as anemic children 
become anemic adults if undiagnosed and untreated 
and anemic women when they become pregnant 
give birth to preterm or low birth weight babies 
who are also more prone to develop anemia in their 
early life and this vicious cycle continues. This can 
directly affect the maternal mortality rate and infant 
mortality rate of a nation. Though there are national 
programs like weekly iron and folic acid 
supplementation, deworming program, food 
fortification and behavioral change communication, 
prevention of anemia is crucial. Govt of India has 
introduced Anemia Mukt bharat in 2018 to 
decrease the burden of anemia in our society[3]. 

Iron deficiency is the most common cause of 
anemia. There are other causes like worm 
infestation, Vitamin B9, B12 deficiency, hemolytic 
anemias etc. Detection of anemia in early stage and 
in the community, level will be very helpful in 
diagnosing the cause for anemia and preventing 
complications. At community level, field staff are 
trained to assess for palmar pallor, nail bed pallor 
and tongue pallor as a traditional method for 
screening anemia, but there is a high subjective 
variation and chance for missing out of cases. 
Hemoglobin estimation is the most commonly used 
lab parameter to detect anemia[4]. Automated 
hematology analyzer is used as standard method for 
the same. Few drawbacks associated with 
automated hematology analyzer are the need for 
venipuncture for drawing at least 1ml blood, 
clinical lab setup, trained technicians and expenses 
associated with the analyzer. All these are not 
feasible currently in the resource limited settings. 

Venous puncture and drawing blood sample for 
analysis is a challenge especially in children aged 
less than 5 years not only for the nurse/ technician 
but also a stress for parents and care givers.  

All these propose the need for less invasive / non-
invasive techniques for hemoglobin estimation for 
detection of anemia. Point of Care testing devices 
like digital hemoglobinometer are available and 
these require capillary prick and lesser volume of 
blood for hemoglobin estimation. They can be a 
potential alternative in community level as a 
screening tool for anemia[5]. Hence, this study was 
conducted to assess the diagnostic role of a digital 
hemoglobinometer (Mission Hb) among in-patient 
children of age 6 to 59 months by comparing with 
the hemoglobin values obtained from automated 
cell count analyzer. 

Materials and Methods: 

This cross-sectional study was conducted over 1 
year in the in-patient ward of paediatric department 
in a tertiary care hospital in rural Tamil Nadu from 
August 2022 to July 2023. It included haemoglobin 
estimation of in-patient children with both digital 
hemoglobinometer and automated cell count 
analyser. Prevalence of anaemia and its severity 
was assessed. 

Eligibility criteria:All children of age 6months to 
59 months who get admitted in pediatric 
department and undergo blood investigation as per 
treating pediatrician’s orders were included after 
obtaining proper consent from parents/ care takers. 

Sample size estimation:  

A total of 367 children were included in the study. 
Children with bleeding manifestations, sick 
children requiring PICU admission were excluded. 
Ethical committee clearance was obtained before 
the study and written informed consent was 
obtained for every child from parent / caregiver. 

• Population size: 10,00,000 
• Frequency(p): 61 
• Confidence level: 95 
• Using open epi.com, sample size was 

calculated as 367 

Device description: Mission Hb is a portable pre-
calibrated point of care testing device which detects 
meth hemoglobin based on reflectance photometry. 
The device is battery operated and does not need 
any reagent. It requires a blood sample volume of 
10 microliter (10 µL), gives result within 15 
seconds and has an inbuilt memory to display 
previous results. Hb and Hct are shown in the LCD 
display after every test and the device 
automatically shuts off after 8 minutes of idle time. 

Automated cell count analyzer from the central 
laboratory of the hospital is taken as the reference 
test. This measures Hb using cyan meth method 
and coulter principle. It requires a blood sample of 
2ml in an EDTA tube and results are processed 
within a minute and displayed in the screen. 

Methodology: 

Data collection: After the child gets included in 
the study after obtaining consent, blood sample is 
taken under strict aseptic precautions by both 
venepuncture and capillary prick by the assigned 
staff nurse. For automated cell count analyser, 2ml 
of venous blood sample is collected in an EDTA 
tube and sent to central laboratory with proper 
requisition containing patient’s name, age, ward, 
and IP number. 

The samples were analysed within 4 hours of 
sample collection as per the standard operational 
guidelines for the machine using the standard 
recommended reagents/kits provided along with the 
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instrument. It was ensured that the tubing of the 
apparatus was washed and cleaned rigorously 
between tests. Reagents required for sample 
processing were stored under optimal conditions 
and used within the recommended time frame. The 
calibration and quality control programs were also 
run periodically as recommended. Usually, results 
were obtained within 4 hours of sample collection. 
Samples collected by capillary prick were analysed 
by Mission Hb digital hemoglobinometer. One 
drop (approx. 10µL) of capillary blood was placed 
in the strip connected with the digital 
hemoglobinometer. The procedure was similar to  
checking CBG using conventional glucometer and 
the staff needed no extra training for the procedure. 
Results were displayed within 15 seconds of the 
sample being fed through testing strip. Device was 
checked for optimum condition before the start of 
procedure and any error message if shown was duly 
corrected before taking the sample. It was ensured 
that both tests were done within short interval and 
there was no treatment given to the patient between 
both tests. 

Haemoglobin values obtained by both methods 
were recorded in paper format and reviewed by the 
investigator on the following day and recorded in 
excel format. The process was repeated till the 
sample size of 367 was reached. 

Data management and analysis: Data collected in 
excel sheet was analysed statistically using SPSS 
software version 24. Prevalence of anemia among 

the study sample was analysed. The anemic 
children were further classified as having mild / 
moderate/ severe anemia as per WHO guidelines. 
The mean difference (SD of difference) and limits 
of agreement (LOA) were calculated based on the 
Bland Atman plot. Diagnostic accuracy of digital 
hemoglobinometer was examined based on 
sensitivity, specificity, positive and negative 
predictive values, and ROC curve to detect anemia. 
A p-value of<0.05 was considered as a significant 
statistical performance. 

Results: 

Study population statistics: 

A total of 367 children aged 6-59 months were 
included in this study. Of the total, 200 (54.5%) 
were males and 167 (45.5%) were female children. 
As depicted in figure 1, the overall prevalence of 
anemia was 70.8% (n=260) estimated using digital 
hemoglobinometer [mild anemia = 35% (n=91); 
moderate anemia = 54.6% (n=142); and severe 
anemia = 10.4% (n = 27)].  

Prevalence of anemia was 66.2% (n=243) 
estimated using automated cell count analyser 
[mild anemia = 39.12% (n=95); moderate anemia = 
53.5% (n=130); and severe anemia = 7.4% (n = 
18)]. There was a statistically significant difference 
in the prevalence of anemia between automated cell 
count analyser compared with digital 
hemoglobinometer (Mc Nemar’s test:p < 0.001). 

 

 
Figure 1: Prevalence of anaemia by severity (%) determined from Digital hemoglobinometer and 

automated cell count analyser 
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The median [Inter-quartile range] of the haemoglobin values obtained using digital hemoglobinometer and 
automated cell count analyzer respectively were 10.2 [8.9 – 11.2] g/dL and 10.3 [9.3 – 11.2] g/dL and were 
found to have statistically significant difference (Wilcoxon signed rank test: p value = 0.012) (Table 1).  

Table 1: Median [IQR] of hemoglobin determined by Digital hemoglobinometer and Automated cell 
count analyzer (n=367) 

Hemoglobin (gm%) 
estimated by 

Digital 
hemoglobinometer 

Automated cell 
count analyzer 

 

Median [IQR] 10.2 [8.9 – 11.2] 10.3 [9.3 – 11.2] Wilcoxon signed rank test: p 
value = 0.012 

Range 2.2 – 15.5 3.2 – 14.1  
Prevalence of anaemia, n (%) 260 (70.8) 243 (66.2) Mc Nemar’s test: p value < 0.001 
 
Bland Altman analysis (Figure 2, Table 2). A 
Bland-Altman plot was constructed comparing the 
haemoglobin values obtained using digital 
hemoglobinometer against automated cell count 

analyzer (Figure 2). When compared with the 
automated cell count analyzer, mean bias and LOA 
for digital hemoglobinometer was 0.18g/dl (3.36 to 
3.71) (Figure 2, Table 2). 

 

 
Figure 2: Bland Altman plot: Hemoglobin (gm/dL) estimated by Digital hemoglobinometer vs automated 

cell count analyzer 
 
Spearman’s correlation, Lin’s concordance and 
level of agreement between digital 
hemoglobinometer and automated cell count 
analyzer (Table 2, Figure 3) Spearman’s correlation 
(Figure 3) and Lin’s concordance coefficient [95% 
CI] for digital hemoglobinometer compared with 

automated cell count analyzer for estimation of 
hemoglobin were 0.53 (p value <0.001) and 0.55 
[0.48 - 0.62] respectively. The Cohen’s Kappa 
coefficient for detection of anemia using digital 
hemoglobinometer and automated cell count 
analyzer was 0.30 (Table 2). 
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Figure 3: Correlation plot for digital hemoglobinometer compared to automated cell count analyzer 

 
Table 2: Bias (SD) of difference, limits of agreement, and concordance for digital hemoglobinometer vs 

automated cell count analyser 
Digital hemoglobinometer vs Automated cell count analyser 
Bias (SD) of difference 0.18 (1.8) 
95% Limits of agreement 3.36 to -3.71 
Spearman’s rank correlation coefficient (ρ) 0.53 (p value <0.001) 
Lin’s concordance correlation coefficient (ρc) [CI] 0.55 [0.48 - 0.62] 
Cohen’s Kappa Coefficient 0.301 
 
ROC, Sensitivity and specificity for detecting 
anemia: The area under the curve was 0.74 [0.68 – 
0.79] (p<0.001) depicted in Figure 4. Digital 
hemoglobinometer had 80.7% sensitivity, 48.4% 

specificity, 75.4% positive predictive value, 56.1% 
negative predictive value and 69.8% accuracy for 
detection of anemia as compared with the 
automated cell count analyser (Table 3).

 

 
Figure 4: ROC of Hemoglobin values estimated by Digital hemoglobinometer compared with automated 

cell count analyzer 
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Area under the curve = 0.74 [0.68 – 0.79]; p < 0.001 
 
Table 3: Comparison of Digital hemoglobinometer test parameters against automated cell count analyser 
Test parameters Value (%) 
Sensitivity 80.7 
Specificity 48.4 
PPV 75.4 
NPV 56.1 
Accuracy 69.8 
 
The digital hemoglobinometer (Mission Hb) when 
compared with automated cell count analyser had 
an 80.7% sensitivity,48.4% Specificity, 75.4% 
positive predictive value and 56.4% negative 
predictive value. Overall accuracy was calculated 
as 69.8%. 

Discussion: 

The study assessed the diagnostic role of a digital 
hemoglobinometer as a point of care testing device 
for screening anemia in children of age 6 to 59 
months. The mean bias and LOA of the digital 
hemoglobinometer tested against automated cell 
count analyser was 0.18 g/dl. (3.36 to -3.71). The 
study also reported a good sensitivity of 80.7%, but 
specificity of 48.4% only. The positive and 
negative predictive values of the digital 
hemoglobinometer were 75.4% and 56.4% 
respectively. 

Results obtained were similar to the results 
obtained in the study by Toppo et al[6]. It showed 
that the mean hemoglobin by autoanalyzer was 
10.19, and that by Digital Hemoglobinometer 
device was 9.89. Overall, sensitivity of Digital 
Hemoglobinometer for hemoglobin estimation was 
calculated to be 89.4% and specificity was 
calculated to be 63.6%.  

Positive predictive value was found to be 82.6% 
and negative predictive value was 75.8% compared 
against autoanalyzer (gold standard). The 
specificity was less compared to the sensitivity.  

Ramaswamy et al[5] compared the hemoglobin 
values obtained by Sahli’s estimation, invasive 
digital hemoglobinometer, non-invasive digital 
hemoglobinometer against the venous blood 
hemoglobin estimated by hematology analyser. 
Invasive digital hemoglobinometer showed 92.2% 
sensitivity, 83.3% sensitivity, 73.3% PPV and 
26.7% NPV. Yadav et al[7] studied the efficacy of 
a digital hemoglobinometer Hemocue among ante-
natal mothers and the device showed sensitivity & 
specificity of 86% & 83% respectively. 

Several factors like geographical variations, 
procedural differences in capillary blood sample, 
collection and Hb estimation, participant-related 
factors might have contributed to the observed 
variations between the studies(8,9). Also, the 
variation between capillary and venous hemoglobin 

can cause differences in observed hemoglobin 
between digital hemoglobinometer and automated 
cell count analyser. Comparison between different 
digital hemoglobinometers is needed to find the 
ideal screening device in the community. 

Conclusion 

The digital hemoglobinometer could be used as a 
screening tool for anemia in the community level 
due to its high sensitivity (80.7%) as it can 
correctly identify most of the cases of anemia. 
However, its’ low specificity (48.4%) indicates that 
it might overestimate anemia even in healthy 
children. Since it has moderate agreement with the 
gold standard (automated cell count analyzer), it 
may be useful for preliminary screening but not for 
definitive diagnosis. Children screened positive for 
anemia using the digital hemoglobinometer have to 
be confirmed with automated cell count analyzer 
for diagnosis of anemia. 
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