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Abstract:

Background: Hemoglobin estimation is critical in diagnosing anemia, especially in resource-limited settings.
Conventional laboratory methods, while accurate, are often inaccessible in such areas. Point-of-care (POC)
devices like HB SPOT offer a potential solution but require validation against gold-standard techniques.

Aim and Objectives: To assess the diagnostic accuracy of the HB SPOT digital hemoglobin meter compared to
the cyanmethemoglobin method in a clinical setting.

Materials and Methods: A cross-sectional diagnostic study was conducted from February 2024 to August 2024
at Department of General Medicine, Gandhi Medical College and associated Hamidia Hospital, Bhopal. The
Hemoglobin levels of 250 participants were measured using the HB SPOT device and the standard
cyanmethemoglobin method. Pearson correlation, Bland-Altman analysis, sensitivity, specificity, and ROC curve
analysis were performed.

Results: The mean hemoglobin value by HB SPOT was 11.82 + 2.45 g/dL, compared to 11.94 + 2.39 g/dL. g/dL.
via the reference method. A strong correlation was observed (r=0.961). Bland-Altman analysis showed a mean
bias of -0.12 g/dL (limits of agreement: -1.42 to +1.18 g/dL). The sensitivity and specificity were 93.7% and
92.1%, respectively. The area under the ROC curve was 0.963 (95% CI: 0.945-0.982), indicating excellent
diagnostic performance.

Conclusion: HB SPOT demonstrated high diagnostic accuracy and agreement with the gold-standard method. Its
rapid output and portability make it a reliable tool for anemia screening in primary and field settings.
Keywords: Hemoglobin, Point-of-care testing, HB SPOT, Cyanmethemoglobin method, Diagnostic accuracy,
Sensitivity, Specificity, Spectrophotometry, Anemia screening
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Introduction

Hemoglobin (Hb) estimation is a cornerstone in
diagnosing and managing anemia, a global health
problem affecting populations across all age groups,
especially in low-resource settings [1]. Although
highly accurate, traditional laboratory-based
hemoglobin measurement using the
cyanmethemoglobin  method is limited by
infrastructure, technical expertise, and processing
time [1, 2]. These challenges hinder timely diagnosis
and intervention, particularly in rural and peripheral
healthcare centers where laboratory facilities are
either minimal or absent. However, the utility of such devices hinges on their

diagnostic accuracy compared to established

laboratory methods [4, 5]. This study evaluated the

Recent advancements in diagnostic technologies
have led to the development of portable digital
hemoglobin meters that promise rapid, point-of-care
assessment with minimal user dependency [3]. One
such device is the HB SPOT by Proactive Health
Inc., a digital, battery-operated, spectrophotometry-
based meter designed to provide hemoglobin
readings within seconds using minimal blood
volume. These features make it a valuable tool in
decentralized clinical settings.
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sensitivity, specificity, and overall diagnostic
performance of the HB SPOT meter compared to the
cyanmethemoglobin method, which serves as the
gold standard for hemoglobin measurement. By
validating the efficacy of HB SPOT in a clinical
setting, this study aims to contribute to the growing
body of evidence supporting portable diagnostics as
a viable alternative for early detection and
monitoring of anemia.

Materials and Methods

This cross-sectional diagnostic accuracy study was
conducted at Department of General Medicine,
Gandhi Medical College and associated Hamidia
Hospital, Bhopal from February 2024 to August
2024. The study was designed to evaluate the
accuracy of the HB SPOT digital hemoglobin meter
compared to the gold-standard cyanmethemoglobin
method.

Study Population

A total of 250 participants were enrolled
consecutively from outpatient and inpatient
departments. Participants aged 18 years and older,
regardless of sex or clinical background, were
included. Patients who had received recent blood
transfusions (within the past 3 months), had
hemoglobinopathies or demonstrated active
bleeding were excluded from the study.

Device Under Evaluation: HB SPOT

The HB SPOT device (Proactive Health Inc.) is a
portable, battery-operated digital hemoglobin meter
based on spectrophotometric principles. It analyzes
absorbance from a small volume of whole blood and
delivers results within 10 seconds. The device was
calibrated before each wuse according to
manufacturer instructions. A cuvette was filled with
a drop of whole blood and inserted into the device
for measurement.

Reference Standard: Cyanmethemoglobin Method

The cyanmethemoglobin method was used as the
reference standard for hemoglobin estimation.
Venous blood samples (2 mL) were collected from
each participant using standard phlebotomy
techniques and placed into EDTA tubes. Samples
were transported to the laboratory and processed
within one hour using a certified hematology
analyzer, following Clinical and Laboratory
Standards Institute (CLSI) guidelines.
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Procedure

Each participant underwent hemoglobin estimation
via the HB SPOT device, followed by venous blood
collection for the reference method. The capillary
measurement was taken from the fingertip or earlobe
and recorded once the device stabilized. The digital
and reference readings were obtained during the
same clinical visit to minimize physiological
variation.

Data Collection and Statistical Analysis

Hemoglobin values from both methods were
recorded in a pre-designed data collection sheet.
Statistical analysis was performed using SPSS
version 26. Descriptive statistics were used for
demographic data. Agreement between the two
methods was assessed using Bland-Altman analysis.
Pearson correlation coefficient was calculated to
determine linear association. Sensitivity, specificity,
positive predictive value (PPV), and negative
predictive value (NPV) were computed using a
hemoglobin threshold of <12 g/dL for females and
<13 g/dL for males to define anemia. ROC curve
analysis was performed, and the area under the curve
(AUC) was calculated with 95% confidence
intervals.

Results
Participant Demographics

Two hundred fifty participants were enrolled in the
study between November 2023 and May 2024. The
mean age was 34.8 + 11.2 years, with 142 females
(56.8%) and 108 males (43.2%). The hemoglobin
range measured by the reference method was 6.4 to
16.8 g/dL.

Hemoglobin Levels: HB SPOT Vs.
Cyanmethemoglobin

The mean hemoglobin level measured by HB SPOT
was 11.82 + 245 g/dL, while that by the
cyanmethemoglobin method was 11.94 +2.39 g/dL.
Pearson’s correlation coefficient between the two
methods was r = 0.961, indicating a strong positive
correlation.

Diagnostic Accuracy

Using a cut-off of Hb <12 g/dL to define anemia
(WHO criteria), the following diagnostic
performance metrics were observed

Table 1: Diagnostic Performance of HB SPOT

Parameter Value (95% CI)
Sensitivity 93.7% (89.5-96.5%)
Specificity 92.1% (86.8-95.8%)
Positive Predictive Value (PPV) 91.4%

Negative Predictive Value (NPV) 94.2%

Accuracy 92.8%
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Bland-Altman Analysis
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The Bland-Altman plot revealed a mean bias of -0.12 g/dL with 95% limits of agreement from -1.42 to +1.18
g/dL, suggesting good agreement between HB SPOT and the reference method.
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Figure 1: Bland-Altman plot. Shows a mean difference of approximately -0.12 g/dL between HB SPOT
and the reference method, with narrow 95% limits of agreement.

ROC Curve Analysis

The area under the ROC curve (AUC) for detecting anemia using HB SPOT was 0.963 (95% CI: 0.945-0.982),

indicating excellent diagnostic ability.
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Figure 2: Area under the ROC curve

Discussion

The present study evaluated the diagnostic accuracy
of the HB SPOT digital hemoglobin meter by
comparing its results with the laboratory-based
cyanmethemoglobin method, widely considered the
gold standard for hemoglobin estimation. Our
findings indicate that the HB SPOT is a reliable and
valid tool for point-of-care (POC) hemoglobin
assessment.

The mean hemoglobin concentration measured
using HB SPOT was 11.24+2.21 g/dL, while the
cyanmethemoglobin method yielded a mean of
11.36+2.17 g/dL. The difference between the two
was not statistically significant (p = 0.215),
indicating close agreement. The Pearson correlation
coefficient (r = 0.961, p < 0.001) suggests a strong
linear association, reinforcing the precision of HB
SPOT compared to the reference standard.

Chouhan et al.

Bland-Altman analysis revealed a mean bias of -0.12
g/dL, with 95% limits of agreement ranging from -
1.42 to +1.18 g/dL, showing good agreement
between the two methods without significant
systematic error. These results are comparable to
prior studies on digital hemoglobin meters. For
instance, Shah et al. reported a bias of -0.1 g/dL
using HemoCue 201+ compared to the laboratory
standard, with similar limits of agreement [6].

The HB SPOT also demonstrated robust diagnostic
utility, with a sensitivity of 93.7% and specificity of
92.1% for detecting anemia based on WHO criteria.
The ROC curve analysis further supported this,
showing an AUC of 0.963 (95% CI: 0.945-0.982),
indicating excellent discriminative ability. This
AUC is consistent with that reported for other POC
devices such as TrueHb (AUC 0.942) [7] and
Mission Plus (AUC 0.887) [8] in recent validation
studies.
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In comparison, Gayat et al. observed a slightly lower
AUC for non-invasive POC hemoglobin devices
when tested in intensive care settings, emphasizing
the superior performance of HB SPOT in standard
outpatient or community settings [9]. Moreover, in a
multicenter study by Lubyayi et al., the HemoCue
301 system achieved 71.1% sensitivity and 81.7%
specificity in detecting anemia among pregnant
women in sub-Saharan Africa [10]. HB SPOT
slightly outperforms these results, indicating its
potential advantage in varied populations.

The device's ability to deliver results in under 10
seconds, with its portability, battery operation, and
minimal need for operator expertise, make it
particularly suitable for low-resource and field
settings where laboratory infrastructure is lacking.
This aligns with findings from Sanchis-Gomar et al.,
who emphasized that rapid POC hemoglobin meters
can significantly reduce turnaround times and
improve anemia screening rates in primary care [11].

While the HB SPOT shows great promise, some
considerations remain. Device performance can vary
with environmental conditions, sample type
(capillary vs. venous), and user handling. To
mitigate these issues, proper training and adherence
to standardized protocols are crucial [6].

Conclusion

HB SPOT demonstrates high accuracy, precision,
and usability for hemoglobin estimation. It stands on
par with or surpasses existing POC technologies and
presents a valuable alternative to traditional
methods, especially in community and outreach
healthcare models. We recommend further field
validation across diverse demographic and
environmental settings to support broader adoption
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