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Abstract. Portable medical sensors play an important role in healthcare services,
especially in rural communities. Many telehealth systems use these devices for
providing patients’ vital information from a distance to remote doctors. Erroneous
data will not only mislead the remote doctor for correct diagnosis but it will cause
health threats to these unreached community people. Therefore, it is very important
to identify good sensors with an acceptable level of accuracy but within the
affordable price of the available sensors in the market. This study aims to identify
quality portable cholesterol sensors with high accuracy with the reference of the
Japanese clinical pathology laboratory as a gold standard. We have considered
cholesterol sensors that measure total cholesterol for this study that are commonly
used in the developing countries of Asia. We found that out of four, three of them
were very much erroneous and cannot be recommended even for primary healthcare.
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1. Introduction

These days portable medical sensors play an important role in the healthcare sectors [1].
In the developing world, many rural diagnostic centers and some telemedicine systems
use these sensors for providing primary healthcare services to remote communities.
Besides, the aging communities are growing very fast and they are one of the major
consumers of these self-testing portable sensors for home usage. There are a good
number of medical sensors available globally. The use of mobile technologies and apps
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together with these sensors is increasing more in this COVID-19 era [2]. Therefore, the
quality of all available sensors becomes a big concern [3]. This leads to a number of
studies and investigations on various sensors that are used for basic investigations [4].
There are also some studies on the regulations and policies for the usage of these sensors
[5].

This study considers the Portable Health Clinic (PHC) system as a reference
telehealth service that uses this kind of portable sensor (Figure 1) [6-7]. It considers the
portability, price, and usability of the sensors as the major criteria for selecting sensors.
This study found that the majority of the rural diagnostic centers in Bangladesh also use
these types of low-price simple strip-based medical sensors. The same and similar other
sensors are also commonly used in neighboring Asian countries including India,
Indonesia, Malaysia, and Thailand where PHC-based joint research activities are being
done by the collaborative partners. For the sustainability of the service, it needs to use
similar but different sensors in different countries based on their availability and
accessibility in the local market. For this purpose, it is needed to ensure and select the
right sensors with the highest accuracy. Otherwise, not only the service patients will
suffer from misdiagnosis but the comparative health data analysis will also be erroneous.

Figure 1. Portable health clinic device box.

In this study, we only focused on portable cholesterol sensors that measure total
cholesterol. We collected such sensors that are commonly available in the local markets
of the above-stated Asian countries. We also searched for similar sensors in Japan and
the USA market as developed countries but there were no such handy items available in
Japan market. We collected a few items from the USA market and used them in this
evaluation study for comparison purposes.

2. Methods

First, we collected the available sensors from the respective countries and brought them
to Japan for this experiment. None of those sensors are locally made in those countries
but all are imported from other countries.

2.1. Experiment Method

This experiment was conducted in a local clinic of internal medicine with due ethical
approval from the Institutional Review Board of Kyushu University, Japan (approval
number: 2021-366). For the patients of this clinic who needed cholesterol checkups, their
blood samples were collected using syringe and then sent the sample tubes maintaining
the necessary preservation procedure to a clinical pathology laboratory for testing as their
usual practice. In parallel, a small part of the same blood sample was instantly used from
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the syringe to check the total cholesterol using a portable strip-based cholesterol sensor

by the clinic nurses. Finally, the results of the portable sensors were compared with the

results of the clinical pathology laboratory as the “Gold” standard. If the Normalized
Root Mean Square Error (NRMSE) is less than 0.20, the result of the portable sensor was

considered acceptable and the sensor will be recommended for primary usage (Figure 2).

This experiment was conducted from December 14, 2021, to October 31, 2022, and
the sample tests were done every Tuesday. The patients were both adult males and
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Figure 2. Sensor evaluation process flowchart.

females of age 20 years and above.

2.1.1. Gold Standard for this Testing

The test result of the clinical pathology laboratory has been considered the “Gold”
standard and the result of the portable sensor is compared with it. The clinical pathology
laboratory uses the following test methods:

Hexokinase UV method for blood glucose
Enzymatic Determination method for cholesterol
Automatic Analyzer (EDTA-2K) of Hemoglobin

Uricase POD method for uric acid

. Table 1. Portable cholesterol sensors.

ID Blood Also Measun[‘;ss' Neutral Device Price Strip Price
Glu"c‘(’)se Hemoglobin A:i'g ‘;‘a:” (USD) (USD)
COL-1 o 30.00 1.00
COL22 o o 30.00 1.00
COL3 o . s 35.00 1.20
COL-4 . o 30.00 1.00
COL-5 * 135.00 3.50
COL-6 o 125.00 275
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2.1.2. Medical Sensors under Investigation

We investigated the Asian local markets of our service areas and we found almost the
same sensors were being used in these developing Asian countries. In the case of the
cholesterol sensors, there are a few sensors in the market and the price ranges are USD
30 to 40 only. The price of each set of a strip and a disposable lancet (needle) is about
USD 1.00 to 1.20 only. We collected four commonly used items (COL-1, COL-2, COL-
3, and COL-4) and 100 strips for each [Table 1]. We found a few portable sensors in the
USA market and we considered two (COL-5 and COL-6) sensors in this study. However,
the prices of these devices and strips are about three to four times higher.

3. Results

We considered six cholesterol measurement portable sensors including four (COL-1,
COL-2, COL-3, and COL-4) that are commonly used in Asian developing countries of
our research areas and two (COL-5 and COL-6) from the USA market for this experiment.
As the experiments with different sensors were done on different days, we had 61, 57,
51, 58,57, and 57 samples for each respectively. We have then drawn the graph plotting
the clinical pathology laboratory test results (mg/dl) on the x-axis and portable sensor
test results (mg/dl) on the y-axis as in Figure 3.

x-Axis: Lab Test Result (Gold);
y-Axis: Portable Medical Sensor Test Result
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Sensor ID | Sample Size RMSE NRMSE Error Count Error Rate

COL-1 61 35.86 0.18 6 10%
COL-2 57 72.40 0.29 10 18%
COL-3 51 123.58 0.42 14 27%
COL-4 58 71.20 0.30 15 26%
COL-5 57 33.60 0.19 1 2%
COL-6 57 31.87 0.20 3 5%

Figure 3. Test results of cholesterol sensors.
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The results of three of the four portable sensors available in the Asian market
(COL-2, COL-3, and COL-4) were very much inconsistent with the laboratory test results
(Figure 3). These sensors cannot be recommended for healthcare services. The results of
another Asian sensor (COL-1) and the two from the USA market (COL-5 and COL-6)
were somehow consistent with the laboratory clinical test.

4. Discussions

The available portable cholesterol sensors identified in developing Asian countries are
of low price and of low accuracy. In this study, we found only one cholesterol sensor out
of four available in the Asian markets that can be recommended for a primary health
checkup. In contrast, the available cholesterol sensors identified in the USA market are
more accurate but they are expensive. Thus, it is not easy to simply replace low-
performance sensors with those high-performance sensors from developed countries if
the sustainability of the services is concerned. The availability of good-performance
portable sensors at a low price could contribute to ensuring universal health coverage.

5. Conclusions

With the progress of digital health, it is expected that the healthcare services in the
depopulated areas of developed countries and developing countries can be efficiently
improved. Healthcare service using portable medical sensors such as the PHC is a good
example. Despite efforts to improve health care, it is clear that the use of inaccurate
sensors will result in poor service outcomes and eventual bankruptcy of the service
operations. The only way to avoid this is to verify each portable sensor used in the service.
We have experimentally built such a validation platform and we found it worked.
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