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During the last few decades, clinical point-of-care (POC) 
testing technology has been a fast-growing field with a variety 
of medical applications. The benefits of POC devices include 
streamlining the treatment process, reducing lab costs, and 
operating in low resource environments.13 In the domains of 
diagnostic testing and disorders requiring continuous monitor-
ing, POC devices fill a gap in healthcare that provides better 
patient experiences and quality of care.

Currently a limited number of POC devices have been de-
signed for veterinary use,9,16,23 and only a few of the available 
human clinical POC devices have been tested for accuracy 
when used in preclinical animal models.10,16,22,23 The ability to 
conduct a POC analysis for type 2 diabetes mellitus (T2DM) and 
aging mice would provide several benefits to animal research, 
including diagnostic test convenience and immediate results. 
POC testing requires only a small blood volume of 5 to 40 µL, 

thus simplifying the blood collection process and allowing 
repeated and frequent sampling from each subject. Finally, use 
of POC devices provides a less costly alternative to the cost of 
a laboratory clinical analyzer (LCA) or a contract with a com-
mercial veterinary laboratory. Within the past few years, several 
POC devices for human use have been modified and further 
developed to become self-testing devices for blood oxygen, 
continuous glucose monitoring, lipid profile or analytes such 
as lactate, creatinine, cholesterol, uric acid, hemoglobin, and 
illicit drugs.4,21 However, none of these extended POC devices 
have been assessed for use in mice.

Our laboratory studies mouse metabolic models of T2DM, 
aging, and Alzheimer disease (AD). To track diabetes sever-
ity and determine on the onset of a metabolic syndrome, the 
mice undergo frequent longitudinal glucose and lipid profile 
screening, which requires methodologies that require a very 
small blood sample for each draw.7 The present pilot study 
evaluates a recently developed human POC device that can 
measure glucose and a full lipid profile for its utility in mice. 
Groups of mice with normal and abnormal glucose and lipid 
profiles were used to test the full range of potential results. Our 
analysis compares values obtained with the POC device and 
with a veterinary LCA (as a ‘gold standard’).
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Materials and Methods
Research compliance. All experiments were approved by 

the Committee on the Use and Care of Animals at Washington 
University (St Louis, MO). All procedures were performed in 
AAALAC-accredited facilities and in accordance with the Guide 
for the Care and Use of Laboratory Animals.7

Mice. Four groups of male mice were used for this study: 
1) 15 diet-induced obesity (DIO) C57BL/6J mice (a model of 
T2DM), tested at 10 to 21 wk old; 2) 16 C57 controls age-matched 
to the DIO mice, tested at 12 to 21 wk old; 3) 5 5XFAD mice 
(complete nomenclature is B6SJL‐Tg [APPSwFlLon,PSEN1*M
146L*L286V]6799Vas/Mmjax) on a C57 background (model of 
AD) tested at 16 wk old; and 4) 4 aged C57 mice tested at 28 
to 60 wk old. Mice for groups 1 through 3 were obtained from 
The Jackson Laboratory (Bar Harbor, ME); group 4 mice were 
obtained from our inhouse colony. The latter 4 mice were the 
total number available for this study, based on the criteria of 
normal/abnormal glucose and lipid profiles due to age and 
comorbid conditions.

The C57 control mice and the AD mice were fed a normal 
mouse diet (LabDiet 5053, Richmond, IN). The DIO mice 
were placed on a high-fat chow (diet no. D12492, 60 kcal% fat; 
Research Diets, New Brunswick, NJ) at 6 wk of age to induce 
T2DM. Both the DIO mice and their age-matched C57 controls 
were housed on aspen bedding (Aspen Chip, Northeastern 
Products, Warrensburg, NY), due to the propensity of the 
DIO mice to eat corncob bedding.9 The AD mice and their 
controls (the aged C57 mice) were housed on corncob bedding  
(Bed-o’Cobs, The Andersons, Quakertown, PA).

All 4 groups of mice were housed in solid-bottom, poly-
carbonate, shoebox-style caging (4/cage) in a HEPA-filtered 
room with controlled temperature (72 ± 2 °F [22.2 ± 0.5 °C]) and 
humidity (30% to 70%) on a 12:12-h light:dark cycle. The mice 
had ad libitum access to irradiated food and autoclaved water. 
Daily health checks were conducted on all mice.

All mice were free of pneumonia virus of mice, reovirus 3, 
Sendai virus, Mycoplasma pulmonis, minute virus of mice, Theiler 
murine encephalomyelitis virus, lymphocytic choriomeningi-
tis virus, polyoma virus, mouse rotavirus, ectromelia virus, 
mouse adenovirus, K virus, mouse parvovirus, Cytomegalo-
virus, mouse hepatitis virus, Clostridium piliforme, Streptococcus 
pneumonia, Bordetella bronchiseptica, Streptobacillus moniliformis, 
Corynebacterium kutcheri, Salmonella spp., Citrobacter rodentium, 
and murine pinworms and fur mites.

Blood collection and processing. Samples of nonfasted blood 
were drawn at 12 to 24 wk of age from the DIO mice and their 
controls, at 20 wk of age from the AD mice, and at 28 to 60 wk of 
age from the AD control group. Mice were transported to the lab 
in late morning. Each mouse was anesthetized (tribromoethanol, 
250 mg/kg IP), and sufficient blood for analysis (200 to 300 µL) 
was obtained from the left ventricle via terminal cardiac punc-
ture (22-gauge needle, 1-mL syringe). Blood chemistry analysis 
was performed on both the onsite POC device (CardioChekPlus, 
PTS Diagnostics, Indianapolis, IN) and the LCA (model AU480, 
Beckman Coulter, Brea, CA), performed by Advanced Veterinary 
Laboratory (St Louis, MO). The POC device was calibrated im-
mediately before use, based on the manufacturer’s calibration 
solutions and protocol.

Blood (5 µL) from the cardiac puncture was immediately ap-
plied by capillary action to the POC device’s glucose test strip 
and reported in glucose plasma equivalents. For the lipid profile, 
blood (50 µL) was injected into the blood application window 
of each lipid test strip. Plasma was extracted by the test strip’s 
filtration, and analytes were reported in terms of plasma levels.

For the LCA, the remaining blood from the cardiac puncture 
was placed in a 1.5-mL centrifuge tube without anticoagulants 
and was centrifuged (704 × g for 10 min at 4 °C). The serum 
was recovered, aliquoted (50 µL) into cryovials, and stored at  
–70 °C until assay. Storage of serum for up to 90 d at –80 °C was 
previously shown not to affect the analytes measured in this 
study.6,20 Serum samples (50 µL) were diluted to a volume of  
150 µL for Beckman analysis with the following reagents: 
Glucose SL Assay (235-60), Cholesterol-SL Assay (234-99),  
N-geneous LDL Cholesterol Assay (R1: 80-4598-00, R2:  
80-4601-00), and Triglyceride-SL Assay (236-60) (all from Sekisui 
Diagnostics, Burlington, MA).

Statistical analysis. Analyte measurements from LCA were 
considered to be the reliable values. The statistical analysis for 
POC samples included only those values that fell within the 
quantitation limits of device. After exclusion of those samples, 
descriptive statistics were calculated and scatter plots were cre-
ated (JMP, version 14, SAS Institute, Cary, NC). Simple linear 
regression (POC [y axis] compared with LCA [x axis]) showed 
that the relationship of the analyte measurements from the 2 
devices could be approximated by a line. The linear relationship 
allowed further comparisons of discrepancies between the 2 
forms of measurement.3 The similarity of POC and LCA analyte 
results was determined by calculating the coefficient of deter-
mination (r2). To assess direct exchangeability of measurement 
values between devices, we further applied the nonparametric 
Passing–Bablok regression algorithm18 (MedCalc Statistical 
Software version 17.8.6, Med-Calc Software, Ostend, Belgium) 
and the Bland–Altman plotting algorithm2,3,14 (JMP, version 
14, SAS Institute). The level of significance was set to a P value 
of 0.05 or less.

Results
Initial assessment of the POC compared with the LCA in mice. 

A total of 40 aliquots from normal healthy (n = 20) and meta-
bolically diseased (n = 20) mice was used to compare the POC 
and LCA devices for glucose and lipid profile analytes (Table 1).  
Results outside of the POC device range were excluded. The 
useable number of samples and percentage of usable values for 
each analyte (n; %) were glucose (34; 85%), cholesterol (20; 50%), 
HDL (30; 75%) and triglycerides (19; 48%). In general, except 
for the triglyceride results, the LCA glucose, total cholesterol, 
and HDL results were higher than results from the POC device 
(that is, the LCA – POC difference was a positive result, Table 1),  
as previously reported12,24 for other POC devices The LCA – 
POC analyte result differences (in mg/dL; mean ± 1 SD) were: 
glucose, 37 ± 143; cholesterol, 3 ± 33; HDL, 14 ± 16; and triglyc-
erides, –4 ± 26 (Table 1). The descriptive statistics for the full 
analyte dataset (included and excluded) are shown in Table 2.

Table 3 lists the normal ranges we measured compared with 
reported reference ranges.2,5,7 Our LCA results found that 
the control C57 mice that we measured were within normal 
reference ranges1,8,17 for nonfasting glucose and lipid profile 
analytes7,17 consistent with their age (young or aged), weight 
and health status. In contrast, data from many of the DIO and 
C57-AD mice showed the expected metabolic derangements 
indicative of metabolic syndrome (C57-DIO) and hypercholes-
terolemia (C57-AD).2,5,7,17

Comparison of device results. Table 4 shows the statistical 
analysis of the coefficient of determination (r2) of POC compared 
with LCA predictability and our POC feasibility assessment. The 
r2 indicates the proportion of variation in the dependent variable 
that is predicted from the independent variable. The r2 values 
calculated for each analyte are as follows: glucose:(0.34, total 
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cholesterol (0.45), HDL (0.51) and triglycerides (0.51). The POC 
glucose and HDL analytes show the best predictability (lowest 
r2 value) as compared with LCA measurements. A lower r2 for 
a given analyte indicates less reliance of the dependent upon 
the independent variable.19 An important caveat of the POC 
device is the low precision of glucose and HDL specifically for 
extended range values. The cholesterol and triglycerides POC 

values showed less correlation and predictability and may be 
only useful for measuring elevated levels (see Table 3 for po-
tential analyte cutoff ranges). All calculated statistical estimates 
may be biased by the exclusion of out-of-range values.

The Passing–Bablok regression test18 demonstrated good 
exchangeability between the POC and LCA methods for the 
glucose and HDL analytes because 0 was within the confidence 

Table 1. Data of 40 mouse blood and serum analytes measured via POC and LCA and their differences (in mg/dL)

Group
Age  
(wk)

Weight  
(g)

Glucose Total cholesterol HDL Triglycerides

POC LCA Avg Diff POC LCA Avg Diff POC LCA Avg Diff POC LCA Avg Diff

DIO 16 34.9 572 376 474 196 113 96 105 17 71 46.6 59 24 165 144 155 21
DIO 18 36.8 538 567 553 −29 155 186 171 −31 cens 97.9 56 57 57 −1
DIO 20 38.5 500 598 549 −98 125 147 136 −22 98 76.6 87 21 60 82 71 −22
DIO 20 41.4 343 505 424 −162 164 213 189 −49 cens 83.6 cens 44
DIO 20 40.1 cens 705 160 191 176 −31 cens 89.9 74 64 69 10
DIO 20 38.6 cens 659 122 189 156 −67 88 80 84 8 cens 79
DIO 20 50.1 cens 458 152 128 140 24 cens 52.4 67 32 50 35
DIO 20 42.8 552 330 441 222 154 144 149 10 cens 57.4 cens 24
DIO 21 41.4 343 469 406 −126 164 180 172 −16 cens 66.9 cens 51
DIO 21 40.1 cens 554 160 193 177 −33 cens 88.4 74 44 59 30
DIO 21 38.6 cens 412 122 147 135 −25 80 60.8 70 19 cens 37
DIO 21 50.1 cens 202 152 188 170 −36 cens 65.4 67 90 79 −23
DIO 21 43.4 578 451 515 127 151 154 153 −3 cens 58.8 cens 51
DIO 21 42.8 552 374 463 178 154 198 176 −44 cens 72.9 cens 44
DIO 21 38.5 500 270 385 230 125 90 108 35 98 39.6 69 58 60 46 53 14
DIO 10 28.8 273 240 257 33 cens 110 50 46.6 48 3 cens 72
C57 12 23.7 123 153 138 −30 cens 69 46 33.6 40 12 cens 54
C57 12 24.8 234 144 189 90 cens 87 46 43.2 45 3 55 93 74 −38
C57 18 27.6 152 146 149 6 cens 58 42 33.8 38 8 66 50 58 16
C57 18 22.8 223 146 185 77 cens 58 42 32.8 37 9 58 48 53 10
C57 18 24.7 167 164 166 3 cens 50 36 26.2 31 10 cens 42
C57 20 27.2 143 204 174 −61 cens 84 37 45.6 41 −9 cens 74
C57 20 26.7 194 160 177 34 cens 64 39 36 38 3 cens 46
C57 20 25 237 156 197 81 cens 52 40 28.2 34 12 cens 60
C57 20 21.7 204 343 274 −139 cens 135 56 76.7 66 −21 63 75 69 −12
C57 21 24.5 202 162 182 40 cens 64 48 44.1 46 4 cens 34
C57 21 25 237 104 171 133 cens 65 40 40.7 40 −1 cens 27
C57 21 24.8 71 184 128 −113 cens 82 41 50.3 46 −9 cens 79
C57 21 26.7 194 640 417 −446 cens 79 39 33.2 36 6 cens 123
C57 21 27.2 146 191 169 −45 cens 86 55 53.2 54 2 cens 37
C57 21 27.2 143 172 158 −29 cens 58 37 36.8 37 0 cens 18
CC57-AD 16 18.2 305 289 297 16 cens 125 71 65.6 68 5 183 230 207 −47
CC57-AD 16 18.7 293 310 302 −17 106 130 118 −24 70 68.2 69 2 130 155 143 −25
CC57-AD 16 23.7 440 378 409 62 107 145 126 −38 84 74.6 79 9 144 163 154 −19
CC57-AD 16 23.7 548 475 512 73 113 97 105 16 86 52.5 69 34 139 128 134 11
C57-aged 28 25 238 120 179 118 116 118 117 −2 76 70.6 73 5 cens 76
C57-aged 28 26.3 288 122 205 166 102 116 109 −14 76 60.6 68 15 53 92 73 −39
C57-aged 52 22.4 222 252 237 −30 cens 78 54 37.5 46 17 cens 99
C57-aged 56 36 446 322 384 124 cens 82 48 42.2 45 6 110 82 96 28
C57-aged 60 21 267 105 186 162 cens 33 39 17.5 28 22 59 20 40 39

n 34 20 30 19
Mean 25 –17 9 –1
1 SD 134 27 14 27

ADC, control group for AD mice; cens, POC excluded (censored) data because values were outside ranges.
Bolded text indicates mice housed on corncob bedding; all other mice were on aspen bedding.
Statistical analysis was restricted to uncensored results with usable observation pairs.
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interval of the intercept, and the value 1 was in the confidence 
interval of the slope (Table 5). This implies that the POC glucose 
and HDL were directly comparable with LCA results within 
certain analyte ranges (Table 3). In contrast, for POC cholesterol 
and triglyceride, analytes were not directly comparable because 
the confidence interval for A did not include 0 and for B did not 
include 1, indicating systematic and proportional differences.18

The Bland–Altman plotting method displays the level of 
device agreement, providing a clear graphical representation 
of the deviation of the POC and LCA values (Figure 1).1 The 
difference between analyte measures from the 2 devices is 
plotted as a function of the mean analyte difference (values 

Table 2. Descriptive statistics for analytes measured by POC and LCA and their differences

Analyte Device Mean SE Median 1 SD Kurtosis Skew Minimum Maximum
Usable 
valuesa

Glucose
POC 352 28 291 177 −1.55 0.25 71 601 34
LCA 315 28 280 174 −0.69 0.66 104 705 40

LCA – POC −37 0 −11 −3 0.86 0.41 33 104 6
Total cholesterol

POC 117 4 101 24 −0.84 0.94 99 164 20
LCA 114 8 104 50 −1.03 0.4 33 213 40

LCA – POC −3 4 3 26 −0.19 −0.54 −66 49 20
POC 69 4 71 26 −1.71 0.12 36 101 30

HDL
LCA 55 3 52 20 −0.71 0.31 17.5 97.9 40

LCA – POC −14 −1 −19 −6 1 0.19 −18.5 −3.1 10
Triglycerides

POC 68 6 49 35 3.7 2.16 49 183 19
LCA 72 7 59 44 3.28 1.63 18 230 40

LCA – POC 4 1 10 9 −0.42 −0.53 −31 47 21
aTotal number of values is 40 per analyte

Table 3. Analyte range for the mice groups and corresponding reference ranges

Strain

Analyte (mg/dL)

Glucose Total cholesterol HDL Triglycerides

POC LCA POC LCA POC LCA POC LCA

C57 normal mice (n = 15) 71–237 104–640 N/A 50–87 36–55 26.2–53.2 55–63 18–123
C57 DIO mice (n = 16) 273–578 270–705 113–164 90–213 50–98 39.6–97.9 56–165 24–144
C57 aged mice (n = 5) 204–446 105–343 102 – 116 33–135 39–76 17.5–76.7 53–110 20–99
C57 AD mice (n = 4) 305–548 289–475 106–113 97–145 70–86 52.5–72.6 130–183 128–230
JAX normal rangea 177–227 138–184 108–134 76–136
JAX diabetic rangea 205–293 193–229 140–160 105–205
POC censoring limits right-censored >600 left-censored <100 left-censored <15 

right–censored >100
left-censored <50

This table shows uncensored data only.
aData adapted from reference.5

Table 4. Summary of statistical analysis and assessment of the coefficient of determination

Analyte POC (y axis) limits LCA (x axis) limits r2 n Assessment

Glucose Censored (601 = “>600”) none 0.34 34 Feasible, but very low precision

Total cholesterol Censored (99 = “<100”) none 0.45 20 Feasible for elevated cholesterol

HDL Censored (14 = “<15”, 101 = “>100”) none 0.51 30 Feasible for low HDL but not for very low  
HDL or for elevated HDL > 100

Triglycerides Censored (49 = “<50”) none 0.51 19 Feasible for high values, but not for  
normal range

Table 5. Passing–Bablok test of exchangeability

Parameter Glucose
Total 

cholesterol HDL Triglycerides

Intercept (A) −24.7 59.5 1.11 29.7

95% CI  
for intercept

−146 to 64.5 11.8 to 105 −14.7 to 14.2 13.1 to 55.1

Slope (B) 1.22 0.503 1.11 0.667

95% CI  
for slope

0.838 to  
1.75

0.243 to  
0.773

0.849 to  
1.49

0.219 to  
0.936

Bolded text indicates confidence intervals that meet the conditions for 
good exchangeability.
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listed in Table 1). The ability of the POC to provide reliable and 
exchangeable data with the LCA is represented by the solid 
line, with the shaded region depicting the CI. The dashed hori-
zontal line indicates exchangeability between the 2 devices. 
The glucose results (Figure 1 A) are widely dispersed with a 
solid horizontal but displaced line that is below the dashed 
line indicating perfect exchangeability. The wide glucose data 
dispersion outside the CI indicates poor POC precision. The 
displacement line has no slope, indicating good agreement 
between the devices, but a fixed yet nonsignificant value-
dependent bias (P = 0.500). In contrast, the HDL measures 
(Figure 1 B) show good precision with a proportional bias that 
did not reach the level of statistical significance (P = 0.096). 
Both cholesterol (Figure 1 C) and triglycerides (Figure 1 D) 
show no agreement (that is, nonzero slope) and significant 
bias (P = 0.002 and 0.031, respectively).

Discussion
The availability of mouse POC methods would simplify and 

provide rapid and repeated metabolic analyte measurements 
that are frequently required to study mouse models of T2DM 
and aging. The goal of this study was to directly compare the 

mouse glucose and lipid profile obtained using a human POC 
device with those obtained using LCA. The aim was to deter-
mine whether a human POC device would be valid for quick 
and repeated metabolic screening and monitoring in mice with 
metabolic disorders, thus replacing lengthy, expensive and 
non-repeatable measurement that commonly require using a 
standard diagnostic veterinary laboratory.

The mouse models selected for this study exhibited a variety 
of metabolic disorders that were appropriate for our objectives. 
The T2DM DIO mice showed increases in glucose and all com-
ponents of the lipid profile. In contrast, the AD mice had normal 
glucose but aberrant lipid profiles. Finally, the 2 control groups, 
C57 mice age-matched to the T2DM DIO mice and aged C57 
mice, show changes only in their glucose values. The variation in 
the mouse models with respect to their glucose and lipid profile 
allowed a nuanced comparison of the POC and LCA assays.

An important aspect of this study was to evaluate feasibility 
(when and in what capacity) a POC device, specifically the POC 
device we tested, is an effective research and clinical tool. Our 
measures of device performance were based on precision and 
accuracy. The data analysis steps and statistical methods chosen 
for this study have been substantially reviewed elsewhere.3 
The methods of data analysis show agreement numerically 

Figure 1. Bland–Altman plots of the differences between mean analyte concentrations (mg/dL) measured by POC and LCA devices. Solid circles 
indicate included values; open squares indicate excluded values.
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and visually between the POC and LCA data. As shown in the 
Bland–Altman plot (Figure 1), the POC device glucose measure-
ments agree best with the LCA measurements (see solid line, 
Figure 1 A). With the exception of HDL (Figure 1 B), the other 
analytes measured by the POC device were not accurate as 
compared with the LCA.

For all analytes, data points are widely dispersed indicating less 
precision in the POC device as compared with the LCA (see CI,  
Table 4 and Figure 1). Future studies that incorporate a larger 
sample size would improve the estimate of the relationship be-
tween the POC and LCA assays. The results of the current study 
demonstrate that this POC device can identify patterns of glucose 
and lipid levels over time or between different mice.

A critical barrier to the use of a human POC device for mice is 
the narrow range of values it measures for each analyte, requir-
ing the exclusion of data that is beyond the device’s limits. The 
excluded values also complicate data analysis because different 
statistical analytic techniques must be used with both quantita-
tive and qualitative data. Some values that are in the normal 
range for mice are beyond the human POC device measurement 
limit. In our data, the excluded (out-of-range) values affected the 
analysis of exchangeability between the POC and LCA devices. 
However, even when including the out-of-range data, the coeffi-
cient of determination, Passing–Bablok and Bland–Altman results 
indicate that the POC device can be used to identify patterns of 
glucose and lipid levels over time or between different mice. An 
important feature for future POC devices will be to expand the 
measurement limits. This change would allow a wider range of 
samples to be measured and provide more precise and unbiased 
exchangeability between the POC and LCA devices.

An additional challenge in adapting human POC devices 
for use in mice is the critical differences between mouse and 
human blood. The concentration of HDL is higher in mice and 
the levels of lipids and glucose between healthy and diabetic 
mice are more disparate than in humans.12,15 The differences in 
blood composition is another complicating factor in translating 
from human to mouse applications. Mouse blood typically has 
a higher hematocrit (40% to 50% compared with 36% to 50% for 
humans) due to smaller RBC and a shorter half-life of RBC in the 
mice.12 The shorter half-life of RBC is relevant for longitudinal 
measurements because the mice have accelerated replacement 
of lost blood volume.12 These differences in blood composition 
and serum density impair the development of a universal POC 
device that can easily be used for humans and mice.

Recent developments in POC devices have produced in-
struments specifically for various animal species, including 
mice.9,11,12,16 These devices are programmed to include appro-
priate ranges of values based on the species being assessed. 
Limitations of these devices include their lack of lipid analysis 
and inaccuracies that they have shown when compared with 
LCA analysis. A customized device could include a selection 
screen to identify the animal species being tested and provide 
specific test strips with ranges based on each species’ unique 
blood chemistry.9,16 A further enhancement would be the ability 
to accurately measure a complete lipid panel including glucose, 
cholesterol, triglycerides, and HDL immediately and repeat-
edly from a mouse, which would be invaluable to metabolic 
disease and cancer research. In fact, the impetus of the current 
study was that the lack of a POC device compatible with mouse 
models impeded our ability to establish a relationship between 
metabolic disease or T2DM, hearing loss, and neuropathy.

The results described in this paper demonstrate that the 
CardioChek POC device investigated herein can be used to 
identify patterns of glucose and lipid levels between healthy 

and diabetic, aged, or AD mice. With further development to 
widen the range and thus improve the estimate of the POC to 
LCA relationship, it could become widely accepted as a new 
standard. The current value of this device is that its agreement 
with LCA measurements is adequate for identification of pat-
terns and correlations for glucose and HDL in mice, but not for 
cholesterol and triglycerides.
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