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Introduction

Figure 1: Showing routes A and B in the monitoring of blood cholesterol in a lipid clinic.
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Point of Care Testing (POCT) in the monitoring of hypertensive and diabetic patients for blood pressure and glucose has been
shown to be beneficial [1-8]. In the management of patients with
hyperlipidaemia, it is the normal practice that after initiating pharmacological interventions such as statins, fibrates, bile acid sequestrants and more recently, PCSK9 inhibitors, the patients are expected to have a follow up laboratory test done at some appropriate
time point. Patients will usually have these blood tests done at
the local hospital laboratory or General Practice (GP) who would
have the blood sample sent to the local hospital laboratory prior
to their visit in order to have the cholesterol estimations ready for
their out-patient visit. This way of conducting blood cholesterol
measurements is not optimum as most clinicians are usually making a judgement call on one blood lipid profile estimation when the
more optimum procedure will be to make the call after a review
of more than one lipid profile. This would require the patients to
attend the local hospital laboratory or General Practice (GP) at least
more than once see-route A in (Figure 1), this could be quite a bother to patients and therefore the question is can portable hand-held
self-monitoring of blood cholesterol (SMBC) see-route B in (Figure
1) be of benefit in the management of these patients.
The POCT devices for measuring cholesterol vary from
hand-held self-monitoring blood cholesterol devices such as the
Accutrend Plus, Bene Check Plus, CardioChek PA, Cholestech LDX®,
Veri-Q, 3 in 1, the elemark™, to the compact desktop analyser such
as the Cholestech LDX®. They measure a number of lipid fractions
(total cholesterol, triglycerides, high density lipoprotein, low
density lipoprotein) and ratios on whole blood, plasma or serum
collected from the finger or venous blood using reflectance or
biosensor technology with single-use, disposable, dry reagent test
strips, rotors or cassettes. The Cholestech LDX is one of the wellstudied lipid testing POCT devices but it is a desk top analyser, this
review focuses on the portable handheld self-testing devices such
as the Accutrend Plus, BeneCheck Plus, CardioChek PA, Veri-Q, 3in1
and the elemark. There are several factors that should be considered
that will influence the lipid estimations such as the accuracy, the
precision and practical usage of the devices and the person day to
day lipids variation. These factors will be discussed in relation to
several of the portable hand-held self-monitoring blood cholesterol
devices on the market and in the literature [9,10].

Accuracy

The CardioChek PA was one of the two point-of-care (POC)
cholesterol testing devices that was directly compared to a
laboratory method using a venous sample to determine device
accuracy, the conclusion was that the device produced clinically
equivalent values when compared to the same patients’ samples
analyzed in a reference laboratory and operated within industry
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accuracy standards [11,12]. The Accutrend® Plus total cholesterol
(TC) and triglyceride (TG) concentrations correlated very well (r
>0.80) with laboratory reference method used [13]. Recently, TC,
and TG results from the elemark™ device were shown to correlate
very highly with those of laboratory method using the AU5800
Analyzer (Beckman Coulter Inc., IN, USA) [14].

Precision

The laboratory analytical precision is measured as coefficient
of variation percent (CV%). The Cholesterol Reference Method
Laboratory (CRMLN) cholesterol certification criteria for total
cholesterol (TC) is < or = 3%, for and high density lipoproteincholesterol (HDL-C) is < or = 4% and for low density lipoproteincholesterol (LDL-C) < or = 4% and HDL-C < or = 4% and the National
Cholesterol Education Programme (NCEP) recommended precision
performance criteria for laboratory TC is < or = 3% and HDL-C <
or = 6% [15,16]. The precision for the Cardiochek PA, was 3.7%
for total cholesterol and 6.2% for HDL-C for level 1 concentration
and 3.6% for TC and 3.5% for HDL-C for level 2 concentration [17].
In an evaluation by the UK NHS Purchasing and Supply Agency of
the CardioChek PA, showed for TC an imprecision of 12%, for HDLcholesterol 22% and for TG 14%10. In a recent study, it was shown
that there was comparable precision between the FDA cleared, CE
marked, CLIA waived and CRMLN certified CardioChek PA and the
elemark™. The lipid precision profile of both devices (CardioChek
PA - 5.4 – 8.3% for TC, 3.4% – 5.5% for HDL-C, 9.4% – 14.0% for
LDL-C and elemark™ - 3.0% – 5.3% for TC, 4.3% – 6.2% for HDL-C
and 5.5% – 14.4% for LDL-cholesterol)[18]. In addition, the interassay precision of the MultiCare Cholesterol system was 4.51%
(range, 2.38% - 8.54%) for TC and 3.29% (range, 1.06% - 7.45%)
for TG [19].

Biological Variation

Lipid concentrations vary within the course of the day and the
ranges of within person biological variability (expressed as the
coefficient of variation percent) that have been described in the
literature for healthy volunteers shows the CV% ranges for total
cholesterol is 2.5% - 10.9%, for HDL-cholesterol is 3.6% - 12.4%,
for LDL-cholesterol 7.8% - 13.6% and for triglyceride 12.9% 40.8% [20-23]. The within person day to day variation in a healthy
volunteer was assessed using three of the cholesterol testing POCT
devices, the 3in1, CardioChek PA and elemark™ and their respective
CV% fell within the CV% described in the literature: for the 3in1,
total cholesterol 6.9% and triglyceride 34%; for the CardioChek
PA, total cholesterol 9.4%, triglyceride 23% HDL-cholesterol 7.0%,
LDL-cholesterol 14% and triglyceride 23.11%; for the elemark™
total cholesterol 5.0%, triglyceride 30% HDL-cholesterol 13% and
LDL-cholesterol 13% see Figure 2 [24].
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Figure 2: Showing daily finger lipid measurements in healthy volunteer using 3in1, CardioChek PA and elemark™.

Practical Usage
The MultiCare system was easy to be used by patients, when
their self-measured estimations of either total cholesterol or triglyceride were compared with the results of a professional operator performed on the same device on a second sample, there was
very good correlation (r= 0.978) with a mean difference of 0.28%
between the two sets of results [19]. In a randomized study, investigating the value of home monitoring of lipids, one group of patients
received the hand-held device (CardioChek PA) and measured and
reported their lipid levels for 6 months using a phone call, whilst
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the other group had their lipid measured in the usual care group
in the traditional laboratory setting. The results showed that mean
LDL-C decreased from 186 mg/dL (4.8 mmol/L) to 117 mg/dL
(3.0 mmol/L) in the usual care group, whilst, a similar reduction of
LDL-C decrease from 162 mg/dL(4.2 mmol/L) to 105 mg/dL (2.7
mmol/L) was observed in the patients using the home monitoring,
there was no significant difference between the mean changes. In
addition, there was also no significant difference between the two
groups with regards to mean changes in HDL-C and triglycerides
[25].
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Conclusion
In conclusion, it appears that the portable hand-held selfmonitoring blood cholesterol devices correlate very well with
the traditional laboratory cholesterol methods. Even though it
appears that both the precision criteria (CRMLN and NCEP) are
quite stringent for the portable hand-held self-monitoring blood
cholesterol devices, as all of the devices exceeded the expected
analytical precision for TC of < or = 3%, for HDL-C of < or = 4%/6%
and for LDL-C of LDL-C < or = 4%, they have a reasonable precision
profile and they can be used very well by patients. This review
highlights the potential of self-monitoring hand-held devices to
be used in the management of patients undergoing therapeutic
intervention, where there is a requirement to monitor the lipid
levels in response to the interventions. There is a need for more realworld experience in the use of these devices in the management of
these patients in the primary and outpatient settings.
This would help to fully understand the true benefit and impact
these devices have in the management of patients undergoing therapeutic intervention. As self-monitoring of blood glucose is routine
in the management of patients with diabetes mellitus, self-monitoring of blood lipids will become routine in the management of patients undergoing treatment and monitoring of their lipid profiles.
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