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Abstract

Original Article

IntRODuCtIOn

Anemia is a severe public health problem in India, with more 
than 40% of the population being anemic. To combat the high 
burden of anemia in the country, Anemia Mukt Bharat (AMB) 
strategy was launched in April 2018 by the Ministry of 
Health and Family Welfare, Government of India.[1] AMB 
has set a target of 3% reduction in the burden of anemia 
per year from 2018 to 2022. Point-of-care testing (POCT) 
for hemoglobin (Hb) using digital hemoglobinometers and 
treatment for anemia is one of the flagship interventions under 
this strategy. POCT provides Hb results instantly and indeed 
aids in appropriate and timely management of anemia. POCT 
also has other advantages such as requirement of less blood 
sample (one drop of capillary blood sample); usage at primary 
health-care and community settings; and nonrequirement of 
sophisticated laboratory or trained laboratory technicians.

A wide range of techniques and devices are available for 
Hb estimation. Of them, cyanmethemoglobin method is 
considered the gold standard and reference method for 
Hb estimation. However, the high complexity involved 
in the procedure restricts cyanmethemoglobin method 
for routine use in laboratories or as POCT.[2] The World 
Health Organization (WHO) and Indian Council of Medical 
Research (ICMR) recommends the use of hematology 
analyzer at secondary and tertiary care centers and digital 
hemoglobinometers at primary health centers (where 
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hematology analyzers are not available) and community 
settings. Although hematology analyzers require skilled 
laboratory technician, space, optimum temperature, 
electricity, high cost, and maintenance, they are equipped 
with robust internal and external quality control mechanism 
for estimation of Hb with minimal errors.[3] Regardless, 
in rural areas with insufficient infrastructure or trained 
workforce, POCTs are the feasible alternatives and also 
inevitable. However, the total quality assurance and 
standardization for the accurate and reliable measurement of 
Hb cannot be compromised for the ease of use with POCT.

POCTs with poor diagnostic accuracy or complicated 
procedure will lead to erroneous estimation of Hb level and 
eventually leads to incorrect management of anemia, affecting 
both the individual and the health system. The National Iron 
Plus Initiative (2013) recommended the use of Sahli’s method 
as POCT. Inter-observer variability due to subjectivity in 
hemoglobin estimation, need for accurate manual pipetting 
of blood sample, chances of colour fading in the comparator 
might lead to poor sensitivity of hemoglobin levels estimated 
in Sahli’s hemoglobinometer.[4,5] Digital hemoglobinometers 
have the following advantages compared to other POCTs: (i) 
no or minimal subjectivity in the estimation of Hb; (ii) 
rapid turnover time (within few seconds); (iii) portable and 
operates in a wide range of temperatures; (iv) Hb values 
with one decimal place will be displayed in the device 
monitor; (v) availability of control solution at low, normal, 
and high ranges; (vi) recommended by the WHO and 
ICMR (India) for Hb estimation at primary health-care and 
community settings; and (vii) features to enable tech health 
intervention and real-time data capture.

A wide variety of digital hemoglobinometers are available 
for the estimation of Hb. Identification of a device with high 
validity and operational feasibility for usage at the primary 
care or community settings is vital for testing for anemia and 
for further adoption in the national program. In this context, 
this study was conducted to assess the diagnostic validity of 
two digital hemoglobinometers for Hb estimation compared 
to hematology autoanalyzer.

methODOlOgy

Subjects
A hospital-based, cross-sectional study was conducted in 
January 2019 at a primary health center (PHC) and a subdistrict 
hospital (SDH) in Haryana, India. The mean temperature and 
relative humidity in the study area during data collection period 
were 21°C and 56%, respectively. Pregnant women attending 
antenatal clinics of these centers were recruited for the study. 
Pregnant women in all trimesters of pregnancy were included 
for the study. Similarly, there was no restriction for gravid index 
of the pregnant women for inclusion in the study. The average 
footfall of pregnant women at the antenatal clinic was 50–60 in 
PHC and 100–200 in SDH. Informed written consent was obtained 
from all the study participants. Pregnant women with known 
hemoglobinopathies and chronic illnesses such as renal failure, 
liver failure, and cardiac diseases were excluded from the study.

Sample size and sampling method
Considering bias (standard deviation [SD] of difference) as 
0.87 (0.27), alpha error of 5%, power of 80%, and maximum 
allowed difference of 1.54, the minimum required sample size 
was 102.[6,7] A total of 110 pregnant women were recruited from 
the two selected sites considering 10% nonresponse rate. The 
pregnant women were recruited using convenient sampling 
till the sample size is reached and all eligible pregnant women 
were enrolled.

Ethical approval
The study protocol was approved by the Institutional Ethics 
Committee of All India Institute of Medical Sciences, 
New Delhi, India.

Methods
Description of devices
i. TrueHb Hemometer (Wrig Nanosystems, New Delhi, 

India)[8] – Device A: It is a battery-operated system 
which works based on the principle of optical reflectance 
photometry. A drop of whole blood sample will be 
diffused over the hydrophilic mesh of the thin plastic strip 
which is loaded with reagents. A reaction complex will be 
formed between the blood sample and the reagents, and 

Table 1: Prevalence of anemia and mean (standard deviation) of hemoglobin determined by the Device A, Device B, and 
hematology analyzer among the pregnant women in North India (n=110)

Hemoglobin 
concentration, g/dL

Hematology 
analyzer (n=110)

Device A Device B

Overall (n=110) P (device A vs. 
hematology analyzer)

Overall (n=110) P (device B vs. 
hematology analyzer)

Mean±SD 10.9±1.6 10.9±1.8 0.612 10.8±1.8 0.334
Range 5.8-15.1 5.7-16.0 6.3-15.9
Prevalence of anemia, n (%) 53 (48.2) 55 (50.0) 0.787 52 (47.3) 0.893
No anemia, n (%) 57 (51.8) 55 (50.0) 0.863 58 (52.7) 0.687
Mild anemia, n (%) 29 (26.4) 28 (25.4) 26 (23.6)
Moderate anemia, n (%) 22 (20.o) 23 (20.9) 21 (19.1)
Severe anemia, n (%) 2 (1.8) 4 (3.6) 5 (4.5)
SD: Standard deviation
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Hb will be estimated by optical reflectance photometry 
technique

ii. HemoCue® Hb 301 System (HemoCue AB, Angelholm, 
Sweden) – Device B:[9] The HemoCue 301 is a 
battery-operated system which estimates Hb by 
measuring the absorbance of whole blood at the Hb/HbO2 
isosbestic points at the wavelength of 506 nm and 880 nm 
for compensation of turbidity

iii. Gold standard (hematology analyzer)
iv. Hematology analyzer (Sysmex XS 1000i, Kobe, Japan): 

This system is an automated blood cell counter that utilizes 
noncyanide method (sodium lauryl sulfate method) for the 
measurement of Hb.

Data collection
Data on sociodemographic and obstetric details were collected 
using a pretested semi-structured interview schedule. A trained 
laboratory technician collected the capillary and venous blood 
samples from all the pregnant women at both the sites.

Second and third drops of capillary blood were taken for the 
estimation of Hb in Device A and Device B, alternatively. 
The sequence of digital hemoglobinometers (Device A and B) 
was alternated to overcome any bias that may arise due to the 
difference in the second and third drops of blood.

Similarly, 2 mL of venous blood sample was drawn from the 
antecubital fossa for the estimation of Hb in an autoanalyzer. 
The labeled venous samples from PHC were kept in a cold 
box at 2°–8°C and transported to the laboratory at SDH, and 
Hb values were estimated within 4 h of collection.

Quality control
All the three levels of internal quality control (IQC) samples (normal, 
low, and high) were checked on a daily basis and plotted in Levy 
Jennings plot for both digital hemoglobinometers and Sysmex 
autoanalyzer. All values were found to be within the 2 SD range 
without any pattern suggestive of IQC error.

Statistical analysis
The mean of difference (SD of difference) between the digital 
hemoglobinometers and hematology analyzer and limits of 
agreement (LOA) were calculated based on Bland–Atman plot. 
Lin’s concordance correlation coefficient (CCC) and intraclass 
correlation coefficient were calculated with 95% confidence 
interval (CI). Receiver operating characteristic curve was 
plotted for both digital hemoglobinometers, to compare the 
area under the curve (AUC) for diagnosis of anemia. Weighted 
kappa was calculated to assess the agreement of digital 
hemoglobinometer for different grades of anemia compared 
to hematology analyzer.[10] Passing-Bablok regression was 
done to check the linear modal validity (MedCalc Software, 
Trail version 19.5.1, Ostend, Belgium). Sensitivity, specificity, 
and positive and negative predictive values were calculated 
to assess the validity of the digital hemoglobinometers. Data 
were entered in Microsoft Excel (version 2013) and analyzed 
using Stata 12 software (Stata Corp LP. 2011, College Station, 
TX, USA).

Results

In total, 110 pregnant women were included in this study. 
The mean age of the pregnant women was 23.3 ± 3.4 years. 
The overall prevalence of anemia was 48.2%; 95% 
CI: 38.9%–57.6% (mild anemia –26.4%, moderate 
anemia –20.0%, and severe anemia –1.8%) using the 
hematology analyzer [Table 1]. Prevalence of anemia using 
Device A was 50% (95% CI: 40.6%–59.4%) and Device B 
was 47.3% (95% CI: 38.0%–56.7%). There was no significant 
difference in the prevalence of anemia between Device 
A (P = 0.787) and Device B (P = 0.893) compared to hematology 
analyzer. Similar finding was observed in the subgroup analysis 
on the prevalence of anemia compared between devices based 
on the sequence of drop with hematology analyzer.

Bland–Altman and Passing‑Bablok regression analysis
The mean (SD) of Hb (g/dL) values using Device A was 
10.9 (0.2), Device B was 10.8 (0.2), and hematology analyzer was 
10.9 (0.1) (P = 0.903). Compared to hematology analyzer, bias and 
LOA for Device A were − 0.04 g/dL (−1.69 to 1.60) and Device B 
was − 0.09 g/dL (−1.97 to 1.80) [Figure 1 and Table 2]. Figure 2 
depicts the linear model regression equation for Hb estimation 
using Passing-Bablok regression analysis. The intercept for 
device A was − 1.34 with a slope of 1.11 (95% CI: 1.00 to 1.22), 
which reports no significant deviation from linearity compared 
to autoanalyzer (P = 0.740). Similarly, the intercept for Device B 
was − 1.38 with slope 1.12 (95% CI: 1.00 to 1.25), which also shows 
linearity with autoanalyzer (P = 0.970).

Lin’s concordance and agreement between digital 
hemoglobinometers and autoanalyzer
Lin’s concordance coefficient for Device A (Lin’s CCC = 0.88; 
P < 0.001) and Device B (Lin’s CCC = 0.84; P < 0.001) 
was almost similar. The AUC for Device A was 0.90 
and Device B was and 0.89 (P = 0.707) [Figure 3]. 
The weighted Cohen’s Kappa coefficient for different 
grades (no anemia/mild/moderate/severe anemia) for Device 
A was 0.67 and Device B was 0.70, indicating good degree of 
agreement compared to the hematology analyzer.

Table 2: Bias (standard deviation) of difference, limits of 
agreement, and concordance determined by Device A, 
Device B, and hematology analyzer among the pregnant 
women in North India (n=110)

Device A 
(n=110)

Device B 
(n=110)

Bias (SD) of difference −0.04±0.8 −0.09±0.9
95% limits of agreement −1.69, 1.60 −1.97, 1.80
Sensitivity (%) 81 83
Specificity (%) 79 86
Positive predictive value (%) 78 85
Negative predictive value (%) 82 84
Lin’s CCC (ρc) 0.88 0.84
Cohen’s Kappa coefficient 0.67 0.70
SD: Standard deviation, CCC: Concordance correlation coefficient
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Sensitivity and specificity
Device A had 81% sensitivity, 79% specificity, 78% positive 
predictive value, and 82% negative predictive value. The sensitivity, 
specificity, positive predictive value, and negative predictive value 
were 83%, 86%, 85%, and 84%, respectively, for Device B for the 
detection of anemia as compared to the hematology analyzer.

In terms of feasibility and convenience, Devices A and B were 
easy and convenient to use at the hospital settings. The test results 
were provided within 60 s for Device A and within 3 s for Device 
B from a single drop of the whole capillary blood sample.

DIsCussIOn

This study assessed the diagnostic accuracy of two digital 
hemoglobinometers compared to autoanalyzer for estimation of Hb 
among pregnant women. The mean difference (LOA) in the estimation 
of Hb compared to autoanalyzer by Device A was –0.04 (−1.69–1.60) 
g/dL and Device B was −0.09 (−1.97–1.80) g/dL. Both the devices 
showed good degree of agreement, linearity in Passing-Bablok 
regression with hematology analyzer, and similar concordance and 
AUCs. However, the Device B showed slightly higher sensitivity, 
specificity, and predictive values compared to that of Device A.

The mean difference in the Hb values measured using both the 
digital hemoglobinometers was <0.1 g/dL as compared to the 
gold standard. Two hospital-based studies from India reported 
similar bias using Device A as compared to hematology 
analyzer.[11,12] In contrast to our study, studies conducted in 
other parts of the world have documented a slightly higher and 

variable range of bias from 0.43 g/dL[13] (adult blood donors), 
0.56 g/dL[14] (adult blood donors), and 0.61 g/dL[6] (children 
6–23 months age) using Device B.

The present study reported high sensitivity for both digital 
hemoglobinometers (Device A – 81% and Device B 301 – 83%) as 
compared with the gold standard hematology analyzer. In contrast, 
studies have reported high sensitivity of 82.1%[15] and 89.4%[11] for 
Device A, but varied sensitivity for device B (23.1%,[13] 68.7%,[7] 
72%,[14] and 90%[16]). However, similar to sensitivity, Device B (86%) 
had relatively higher sensitivity compared to Device A (79%) in 
the current study. Comparable findings were also reported by other 
studies.[13-15] The reported specificity for Device A was 63.6%[11] and 
77.9%[15] and Device B was 72.1%–100%.[6,13,14,16,17]

Several factors contribute to the observed variations between 
the studies. Geographical variations (altitude and temperature), 
procedural differences in capillary blood sample, collection and Hb 
estimation, study participant-related factors (age groups, smoking, 
and biological determinants including Fahraeus effect-lower 
hematocrit in capillary blood vessels compared to venous vessels) 
might have contributed to variation across studies.[13-15,18]

The present study reiterates that both digital hemoglobinometers 
can be used for the screening of anemia at individual and 
population level. However, confirmation of anemia should be 
done using the gold standard devices or hematology analyzers 
with strict adherence to the quality control protocols.

There is a need to assess the cost-effectiveness of these 
devices, durability, ease of use, chances of procedural errors, 

Figure 2: Passing‑Bablok regression depicting the linear equation of hemoglobin level assessed by Devices A and B compared to hematology analyzer

Figure 1: Bland–Altman plot showing agreement in hemoglobin concentration assessed by Devices A and B and hematology analyzer



Figure 3: Receiver operating characteristic of hemoglobin values 
measured using digital hemoglobinometers compared to hematology 
analyzers
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and ease of cleaning of the photometry/absorbance lens, which 
assess the Hb level, to understand the long-term functionality, 
maintenance charges, and use by frontline workers.

One strength of the study is adherence to quality control process 
for both the autoanalyzer and digital hemoglobinometers 
throughout the study. Single trained laboratory technician 
collected the capillary and venous samples, and the procedure 
was closely monitored. Our study has few limitations also. The 
accuracy of digital hemoglobinometers using the venous blood 
was not assessed to rule out the difference in capillary and 
venous blood Hb level. In addition, the study results cannot be 
extrapolated to all health-care workers as a trained laboratory 
technician collected both the capillary and venous blood samples 
at the health facility. We have also not accessed the validity of the 
devices in the subgroups, such as based on trimester and obstetric 
index due to the small sample size in the subgroups.

COnClusIOns

Both Devices A and B have good diagnostic validity for Hb 
estimation. Device B fared relatively better than Device A 
in terms of sensitivity, specificity, and positive and negative 
predictive values. Increased acceptability and usage of digital 
hemoglobinometers in government public health systems will 
help in effective screening and management of anemia. Further 
research is required for the use of the digital hemoglobinometers 
at community settings by frontline health-care workers.
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