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Abstract:  
Background: Hemoglobin measurement is a critical diagnostic tool in clinical practice, traditionally performed 
using laboratory methods like the cyanmethemoglobin technique. However, these methods require significant 
time and resources, which may only be feasible in some healthcare settings. Digital haemoglobin meters offer a 
rapid, point-of-care alternative, but their accuracy compared to standard is always a point of discussion. 
Aim and Objective: To evaluate the diagnostic accuracy of HB SPOT (Proactive Health Inc.) a digital 
haemoglobin measurement meter, focusing on its sensitivity, specificity, and bias compared to the 
cyanmethemoglobin method. 
Materials and Methods: A cross-sectional study was conducted on 150 participants at Department of 
Pathology, GMERS Medical College, Porbandar, Gujarat, India a tertiary care Hospital of Western India 
between October 2023 to April 2024. Haemoglobin levels were measured using both a digital haemoglobin 
meter and the cyanmethemoglobin method. Sensitivity, specificity, and bias were calculated and assessed using 
the Bland-Altman method. The HB SPOT performance was evaluated for its sample volume requirement (<10 
µL), rapid measurement time (within 10 seconds), reagent-free technology (microcuvette), auto-calibration, and 
wide measuring range (0-25 gm/dL). 
Results: The HB SPOT demonstrated a sensitivity of 86.7% and a specificity of 88.4%. The mean bias was 0.03 
gm/dL, with limits of agreement from -1.00 gm/dL to 1.06 gm/dL. These results align closely with the reference 
method, indicating the HB SPOT reliability in clinical settings. 
Conclusion: The HB SPOT demonstrates high diagnostic accuracy, with sensitivity and specificity exceeding 
80% and minimal bias compared to the reference standard. Its features, including minimal sample volume, rapid 
reading time, reagent-free operation, auto-calibration, and broad measuring range, make it a valuable tool for 
point-of-care haemoglobin assessment, especially in resource-limited or urgent care settings. The findings of 
this study underscore the potential of digital haemoglobin meters to revolutionize clinical practice, particularly 
in settings where rapid diagnosis is crucial. 
Keywords: Digital haemoglobin meter, diagnostic accuracy, sensitivity, specificity, bias, point-of-care testing, 
cyanmethemoglobin method, HB SPOT. 
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Introduction 

Haemoglobin measurement is a fundamental aspect 
of clinical practice, playing a critical role in 
diagnosing and managing conditions such as 
anaemia, polycythemia, and various haematological 
disorders. [1] Traditionally, haemoglobin levels are 
assessed using laboratory-based methods like the 
cyanmethemoglobin technique, which, although 
accurate, are time-consuming and require 
specialized equipment and personnel. [2, 3] This 
limitation poses significant challenges in settings 
where rapid diagnosis is crucial, such as emergency 

rooms, rural clinics, and during surgical 
procedures. [1-3] 

The advent of digital haemoglobin measurement 
meters offers a promising alternative, enabling 
point-of-care testing (POCT) that provides 
immediate results.  [4-6] These devices, which 
often employ noninvasive or minimally invasive 
techniques, are designed to be user-friendly and 
portable, making them ideal for use in diverse 
clinical environments. Despite their potential, 
concerns still need to be addressed regarding the 
accuracy and reliability of these digital meters 
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compared to traditional laboratory methods. 
However, their potential to revolutionize point-of-
care testing is a cause for optimism in the 
healthcare community. 

Accuracy in diagnostic testing is typically assessed 
through parameters such as sensitivity, specificity, 
and bias. [7] Sensitivity refers to the device's ability 
to correctly identify individuals with low 
haemoglobin levels (true positives). At the same 
time, specificity indicates its ability to correctly 
identify individuals with normal haemoglobin 
levels (true negatives). Bias, often assessed using 
the Bland-Altman method, measures the agreement 
between the digital device and the reference 
standard, with a lower bias indicating higher 
accuracy. [8-10] 

Given the increasing reliance on digital health 
technologies, it is imperative to rigorously evaluate 
the performance of these devices to ensure they 
meet clinical standards. This study aims to assess 
HB SPOT a digital haemoglobin measurement 
meter by comparing its sensitivity, specificity, and 
bias against the established cyanmethemoglobin 
method. The findings of this study, which have 
been rigorously evaluated, could have significant 
implications for the broader adoption of digital 
haemoglobin meters in both routine and emergency 
clinical practice. 

Materials and Methods 

This cross-sectional study was conducted at 
Department of Pathology, GMERS Medical 
College, Porbandar, Gujarat, India, a tertiary care 
Hospital of Western India between October 2023 to 
April 2024. The study was designed to evaluate the 
diagnostic accuracy of HB SPOT in comparison to 
the standard cyanmethemoglobin method used in 
laboratory settings. A written informed consent was 
obtained from all participants prior to their 
inclusion in the study. 

Study Population: The study included 150 
participants aged 18-75, selected from healthy 
individuals and patients presenting with various 
clinical conditions that could affect haemoglobin 
levels. Participants were recruited from outpatient 
clinics, inpatient wards, and health camps. 
Exclusion criteria included individuals with known 
conditions that could interfere with haemoglobin 
measurement (e.g., severe dehydration, recent 
blood transfusion, or hemoglobinopathies). 

Device Description: The HB SPOT by Proactive 
Health Inc., a digital hemoglobin measurement 
meter used in this study is an invasive device that 
operates on spectrophotometry principles. It is 
portable, battery-operated, and designed for point-
of-care testing. It analyzes the absorbance 
photometry of whole blood to provide immediate 
haemoglobin results less than 10 seconds. The 

device was calibrated according to the 
manufacturer’s instructions before each use. 

Reference Standard 

This study's reference standard for haemoglobin 
measurement was the cyanmethemoglobin method, 
which is widely recognized for its accuracy. 
Venous blood samples were collected from each 
participant using standard phlebotomy techniques. 
The blood samples were then processed in the 
laboratory within one hour of collection. 
Haemoglobin levels were measured using a 
standard laboratory analyzer, following the 
standard protocol recommended by the Clinical and 
Laboratory Standards Institute (CLSI). 

Procedure: Each participant underwent 
haemoglobin measurement using the digital meter 
and the reference standard. The procedures were 
carried out as follows: 

HB SPOT: The digital meter was used according 
to the manufacturer’s protocol. 

The HB SPOT cuvettes needed to fill whole blood 
and to be placed in the with in time line to obtain 
result form device in less than 10 second. Sensor 
was placed on the fingertip or earlobe, and the 
reading was recorded after the device stabilized. 

Reference Hemoglobin Measurement: A venous 
blood sample was drawn from the participant’s 
forearm using a sterile syringe. 

The blood sample was placed in an EDTA tube and 
transported to the laboratory. Hemoglobin levels 
were measured using the cyanmethemoglobin 
method, with the result recorded as the reference 
value. Both measurements were conducted in a 
single visit, with the digital reading taken 
immediately after the blood draw for the reference 
method. 

Data Collection: Data collected for each 
participant included demographic information (age, 
sex), clinical history, haemoglobin measurements 
from the digital meter and the reference method, 
and any observations or difficulties encountered 
during measurement. 

Statistical Analysis: The diagnostic accuracy of 
the HB SPOT was evaluated by calculating 
sensitivity, specificity, and bias. 

Sensitivity and Specificity: Sensitivity was 
calculated as the proportion of true positives 
(participants correctly identified as having low 
haemoglobin levels) out of the total number of 
participants with low haemoglobin as determined 
by the reference standard. 

Specificity was calculated as the proportion of true 
negatives (participants correctly identified as 
having normal haemoglobin levels) out of the total 
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number of participants with normal haemoglobin as 
determined by the reference standard. 

The threshold for anaemia was set according to 
WHO guidelines, with [haemoglobin level] gm/dL 
used as the cutoff value for males and 
[haemoglobin level] gm/dL for females. 

Bias Analysis: The bias between the digital meter 
and the reference standard was assessed using the 
Bland-Altman method. This method involved 
plotting the difference between the two methods 
against the mean of the two measurements. 

The mean bias was calculated, and the limits of 
agreement were defined as the mean bias ± 1.96 
times the standard deviation of the differences. 

A bias within 0.5 gm/dL (±1 gm/dL) was 
considered acceptable for clinical purposes.Data 
were analyzed using SPSS ver. 25, with statistical 
significance set at p < 0.05. 

Ethical Considerations: All procedures were 
conducted according to the ethical standards of the 
institutional research committee and the 1964 
Helsinki Declaration and its later amendments. 
Participants' information was maintained 
confidentially throughout the study, and only 
aggregated data were reported. 

Results 

Participant Characteristics: The study included 
150 participants, 49% of whom were male and 51% 
female. The participants ranged in age from 18 to 
75, with a mean age of 46.3 ± 16.4 years. The mean 
haemoglobin level measured by the reference 
method was 13.5 ± 2.0 gm/dL, while the mean 
haemoglobin level measured by the HB SPOT was 
13.4 ± 2.1 gm/dL. The P value for comparing mean 
haemoglobin levels was 0.882.  

Diagnostic Performance of the Digital 
Hemoglobin Meter 

Sensitivity and Specificity: The HB SPOT 
demonstrated a sensitivity of 86.7% and a 
specificity of 88.4% compared to the reference 
standard. These results indicate that the device 
meets the predefined criteria of having sensitivity 
and specificity greater than 80%, thus confirming 
its reliability in diagnosing anaemia. 

Bias and Limit of Agreement 

The mean bias between the HB SPOT and the 
reference method was 0.03 gm/dL, with limits of 
agreement ranging from -1.00 gm/dL to 1.06 
gm/dL. These findings suggest that the HB SPOT 
measurements are closely aligned with those 
obtained from standard laboratory methods, with a 
bias within the acceptable range of 0.5 gm/dL (±1 
gm/dL).

Table 1: Summary of Diagnostic Performance of the HB SPOT 
Parameter Value 
Sensitivity (%) 86.7% 
Specificity (%) 88.4% 
Mean Bias (gm/dL) 0.03 
Lower Limit of Agreement (gm/dL) -1.00 
Upper Limit of Agreement (gm/dL) 1.06 

 
Table 2: Hemoglobin Measurement Comparison in a Sample of Participants* 

Participant 
ID 

Age Sex Reference 
Hb (gm/dL) 

HB SPOT 
(gm/dL) 

Anemia by 
Reference 

Anemia by 
Digital 

Difference 
(gm/dL) 

1 56 Male 12.5 11.6 1 1 -0.9 
2 69 Male 15.3 15.9 0 0 0.6 
3 46 Female 16.9 16.6 0 0 -0.3 
4 32 Male 15.2 16.3 0 0 1.1 
5 60 Male 13.5 13.8 0 0 0.3 
6 25 Male 12.8 12.8 1 1 0.0 
7 38 Female 14.8 15.0 0 0 0.2 
8 56 Male 11.1 11.0 1 1 -0.1 
9 36 Male 14.6 14.4 0 0 -0.2 
10 40 Female 11.7 11.8 1 1 0.1 

* The data in Table 2 represent a sample of the study participants. Full data analysis was conducted on the 
entire cohort of 150 participants. 

Discussion 

The present study aimed to evaluate the diagnostic 
accuracy of a HB SPOT by assessing its sensitivity, 
specificity, and bias compared to the standard 
cyanmethemoglobin method. The results indicate 
that the HB SPOT exhibits a sensitivity of 86.7% 

and a specificity of 88.4%, with a mean bias of 
0.03 gm/dL and limits of agreement ranging from -
1.00 gm/dL to 1.06 gm/dL. These findings suggest 
that a HB SPOT is a reliable tool for haemoglobin 
measurement, particularly in settings where rapid 
and accurate results are essential. 
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The findings of this study are consistent with 
previous research on different digital haemoglobin 
meters. For instance, a study by Yadav et al. 
performed a hospital-based, cross-sectional study 
among 110 pregnant women to determine the 
diagnostic validity of digital hemoglobinometers 
(TrueHb and HemoCue 301) for anaemia screening 
compared to haematology analyzer. Bias (LOA) in 
Hb values estimated using digital 
hemoglobinometers was −0.09 g/dL (−1.97 to 1.80) 
for HemoCue301 and −0.04 g/dL (−1.69 to 1.60) 
for TrueHb compared to the haematology analyzer. 
HemoCue® 301 (sensitivity: 86% and specificity: 
83%) had relatively higher sensitivity and 
specificity than TrueHb (sensitivity: 78.9% and 
specificity: 81%). 4 Another similar study from 
Madhya Pradesh reported that the mean 
haemoglobin by autoanalyzer was 10.19 and that 
by Digital Hemoglobinometer device was 9.89. 
Overall, the sensitivity of the Digital 
Hemoglobinometer for haemoglobin estimation 
was calculated to be 89.4%, and the specificity was 
calculated to be 63.6%. [11] Sari et al., among 
Indonesian mothers; [12] and Radtke et al., among 
blood donors, [13] also showed the utility of the 
Digital Hemoglobinometer comparable to the gold 
standard. 

These studies and our findings support the utility of 
digital haemoglobin meters in clinical practice. Our 
study's high sensitivity and specificity suggest that 
the HB SPOT is particularly effective in identifying 
individuals with anaemia, which is crucial for 
timely diagnosis and management. 

Several key features of the HB SPOT used in this 
study contribute to its clinical utility: 

Minimal Sample Volume: The device requires 
less than 10 microliters of blood, making it suitable 
for use in populations where blood sample 
collection might be challenging, such as neonates 
or patients with difficult venous access. This is a 
significant advantage over traditional methods, 
which often require larger sample volumes. 

Rapid Measurement Time: The device provides 
haemoglobin readings within 10 seconds, allowing 
for immediate decision-making in clinical settings. 
This quick turnaround time is particularly 
beneficial in emergency departments, surgical 
settings, or field conditions where timely 
information is critical. 

Reagent-Free Technology: The digital meter 
utilizes microcuvette technology and operates 
without reagents, reducing the risk of reagent 
preparation and handling errors. Additionally, the 
absence of reagents lowers operational costs and 
simplifies the testing process. 

Auto-Calibration: The device features auto-
calibration, ensuring consistent accuracy over time 

without the user's manual calibration. This reduces 
the likelihood of user-related errors and maintains 
the device's reliability across different testing 
environments. 

Wide Measuring Range: The digital meter has a 
measuring range of 0-25 gm/dL, allowing it to 
accurately detect both low and high haemoglobin 
levels. This range makes the device versatile and 
applicable in various clinical scenarios, from 
diagnosing severe anaemia to monitoring 
polycythemia. 

Limitations and Future Directions 

While the HB SPOT demonstrated excellent 
diagnostic accuracy, the study has certain 
limitations. First, the study was conducted in a 
single centre, which may limit the generalizability 
of the results. The study population also included 
healthy individuals and patients with varying 
haemoglobin levels, but the device's performance 
in specific subgroups (e.g., patients with 
hemoglobinopathies) was not separately analyzed. 
Future studies should explore the HB SPOT 
performance in larger, more diverse populations 
and specific clinical scenarios where accurate 
haemoglobin measurement is critical. 

Moreover, while the bias and limits of agreement 
observed in this study were within acceptable 
ranges, continuous monitoring of device 
performance in real-world settings is necessary to 
ensure its ongoing reliability. Longitudinal studies 
could provide further insights into the device’s 
performance over time and in different healthcare 
environments. 

Conclusion 

The results of this study indicate that the HB SPOT 
is a reliable and effective tool for haemoglobin 
assessment, with sensitivity and specificity 
exceeding 80% and a minimal bias compared to the 
reference standard. Its features, including minimal 
sample volume, rapid reading time, reagent-free 
operation, auto-calibration, and wide measuring 
range, make it a valuable addition to clinical 
practice, particularly in settings where rapid and 
accurate haemoglobin measurements are required. 

Integrating such devices into routine clinical 
workflows could enhance the efficiency of anaemia 
diagnosis and management, ultimately improving 
patient outcomes. However, ongoing evaluation 
and validation in diverse clinical settings are 
essential to fully establishing the device's role in 
modern healthcare. 
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