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ABSTRACT

Objective: To correlate venous and capillary blood glucose measurements using glucometer with fully
automated chemistry analyser in stress hyperglycemia among critically ill patients.

Material and Methods: This cross-sectional study was conducted at Combined Military Hospital,
Rawalpindi from August 2018 to January 2019 and blood specimens were analysed in Department of
Chemical Pathology and Endocrinology Armed Forces Institute of Pathology Rawalpindi. Blood samples
were collected from thirty-five non-diabetic patients of both genders admitted to Intensive Care Unit
(ICU), Coronary Care Unit (CCU) and High Dependency Unit (HDU) of CMH, Rawalpindi. Venous and
capillary blood glucose were measured using glucometer. Venous plasma glucose was analysed on fully
automated chemistry analyser ADVIA 1800 by spectrophotometric kinetic method using Hexokinase.
Results: Mean (x Standard deviation) of Capillary Blood Glucose (CBG) was 160 (+ 34.1) mg/dl, of
Venous Blood Glucose (VBG) was 145.4 (+ 33.9) mg/dl, and of fully automated chemistry analyser was
121 (x 35.4) mg/dl. Mean values of blood glucose showed significant difference (p<0.001) by three
methods mentioned above. The CBG and VBG were found significantly correlated (r=0.91; p<0.001),
similarly CBG and blood glucose levels (BGL) measured on automated chemistry analyser were also
significantly correlated (r=0.79; p<0.001) as well as VBG and BGL measured on automated chemistry
analyser (r=0.87; p<0.001)

Conclusion: A significant positive correlation was found between capillary and venous blood glucose
measured by glucometers as well as between these two parameters and blood glucose measures on
automated chemistry analyser but the means of these three values differ significantly. This warrants
cautious use of glucometers for the detection of stress hyperglycaemia.
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INTRODUCTION hyperglycemia is defined as having a random

Stress hyperglycemia is a transient or
temporary increase in blood glucose during
acute physiological or mental stress in the
absence of glucose homeostasis dysfunction [1].
According to the guidelines of The American
Diabetes Association (ADA) stress
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glucose level > 140 mg/dL at any given time in
hospitalized patients [2]. Stress hyperglycemia
occurs commonly among patients suffering with
critical illness and trauma [3]. Multiple causes of
stress hyperglycemia are present but mostly
proposed include excessive counter-regulatory
hormones (corticosteroid, growth hormone, cate-
cholamines, glucagon) and release of cytokines
interleukin (IL)-1 and tumour necrosis factor
(TNF)-alpha [4]. In critical illness, intricate
interactions between cytokines and counter-
regulatory hormones cause excessive
production of glucose [5]. These hormones such
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as cortisol causes elevation in blood glucose
through stimulation of gluconeogenesis and
reduction in glucose utilization because of
impaired insulin release and action, resulting in
stress hyperglycaemia [6]. Pro-inflammatory
cytokines that are released in response to acute
stress increases insulin resistance by interfering
with insulin signaling. Exogenous factors, such
as parenteral and enteral nutrition,
vasopressors, dextrose, and corticosteroids,
further aggravate this hyperglycemia [7].

Prevalence of stress hyperglycemia has
been variedly reported from 16.8% to 79.8% in
critically ill patients e.g. 16.8% by Khalfallah et al
[8],16.9% in children admitted with febrile
seizures as demonstrated in study by Costea et
al [9] and a frequency of 18% was reported by
Satti et al at Combined Military Hospital Quetta
in patients admitted in Medical Intensive Care
Unit [10]. Effective glycemic control in critically ill
patients has been shown to result in marked
improvements in clinical outcome.

Measured glucose level depends on the
kind of sample used for analysis (plasma vs
blood), the site of blood (capillary, venous or
arterial) and chemical analysis used for the test.
General rule of glucose concentration level from
high to low according to sampling site is artery,
capillary, and then venous blood [11]. There is a
higher glucose concentration in the plasma than
whole blood. The reason behind this is that there
is higher water content in plasma resulting in
increased glucose concentration. Laboratory
blood glucose measurement using plasma is
said to be more accurate and reliable than the
point of care glucose measurement using
glucometers [12]. In a critically ill patient, various
stresses such as fasting and a hypermetabolic
state, results in significant variation between
glucose values [13]. There is also concern
regarding accuracy and reproducibility of results
using capillary samples due to hypotension and
oedema giving inaccurate results in critically ill
patients [14].

Despite these limitations, point of care
testing using glucometer in critically ill patients is
a routine practice and limited local data was
available regarding use of an appropriate

sample and method used for the detection of
stress hyperglycaemia. Present study has,
therefore, been designed to determine the
difference in glucose values by glucometer
which is point of care testing and the main
clinical laboratory for ICU patients having stress
hyperglycemia and whether the site of blood
sampling had a significant impact on glucose
values.

MATERIAL AND METHODS

This Cross-sectional study  was
conducted at Department of Chemical Pathology
and Endocrinology, Armed Forces Institute of
Pathology from August 2018 to January 2019
after approval from Institutional Review Board
(IRB) of AFIP Rawalpindi (FC-CHP15-6/READ-
IRB/17/315) Sample size was calculated
according to following formula

N = [(Zo+ZB)/C]2 + 3 [15]

Correlation coefficient “ r= 0.93” from a
regional study [16] was used to find sample size
of our study. Sample size calculated was 7
which was too small to conduct a study. As
sample size larger than 30 is appropriate for
most research, we used sample size 35 for our
study. Sample size calculation was done with
the help of statistician. Using non-probability
consecutive sampling technique, a total of 31
non-diabetic patients admitted in ICU, CCU and
HDU of Combined Military Hospital Rawalpindi
were included in the study. Patients with
diabetes and those who have received pre-
sampling intravenous dextrose solution or
glucocorticoids were excluded. HbAlc was used
to exclude patients with pre-existing diabetes.
Stress hyperglycemia is considered as random
plasma glucose concentration of >7.8 mmol/L
(240 mg/dl) in the hospital setting in first 24 to 48
hours after admission, therefore blood samples
were collected in first 24 hours of admission.
Venous blood was collected in EDTA and
sodium fluoride tubes for Glycated Haemoglobin
(HbAlc) and glucose analysis respectively.
Plasma was then separated within 45 minutes of
collection by centrifugation at 3000 Revolution
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per minute (RPM) for 3 minutes. Capillary blood
samples were obtained with finger prick. Venous
blood glucose (VBG) was measured on
glucometer as well as by fully automated Clinical
Chemistry  Auto-analyser ADVIA  1800®
(SIEMENS Germany) by Hexokinase method.
Capillary blood glucose (CBG) was measured
using glucometer. HbAlc was measured on fully
automated chemistry analyser ADVIA 1800®
(SIEMENS Germany) by immunoturbidimetric
method. Quality control was maintained utilizing
2 levels of controls (Roche) in each run with
inter-assay and intra assay CV (Coefficient of
Variation) of 3.4%. During the study period
Proficiency Testing (PT) was carried by External
Quality Assessment Scheme (EQAS BioRad)
was run monthly and it was within acceptable Z
value (2.0) for study glucose. Aim was to ensure
accuracy and authenticity of data generated for
the study being carried out. Descriptive statistics
were used to analyse qualitative and quantitative
variables. Qualitative variables like gender and
disease were expressed in frequency and
percentage. Quantitative variables like age,
blood pressure, pulse, capillary blood glucose,
venous blood glucose measured by glucometer
and venous blood glucose measured in
laboratory were expressed in mean and SD.
Statistical analysis was done using paired t test,
One-way analysis of variance (ANOVA) and
Pearson’s correlation analysis.

RESULTS
Thirty-five patients were included in the
study, 23 (65.7%) were males and 12 (34.3%)

were females. Mean age was 56.2 + 135
years, range 18-70 years). Mean age of the
females and males were 54.74 + 14.95 and 59 +
10.2 vyears, respectively. There was no
significant difference between the age of two
genders p = 0.328). It was observed that 48% of
the patients having stress hyperglycemia had
cardiovascular disease. In Table-l mean, SD
and range of blood pressure, pulse and HbA;c of
all patients are shown.

Based on the obtained results, mean of
capillary blood glucose, venous blood glucose
measured by glucometer and venous blood
glucose measured on automated analyser are
160.67 + 34.1, 145.37 = 33.9 and 121.04+ 35.4
respectively. Performing paired t test and
Pearson correlation on the obtained data
showed significant difference (p< 0.001) and
positive correlation as given in Table-II.

There was a good correlation between
CBG and VBG (r=0.912; (p < 0.001) (Figure-I).
Correlation between CBG and BGL on
automated chemistry analyzer was also quite
significant (r=0.796;p <0.001) (Figure-Il). The
correlation rate between VBG and BGL on
automated chemistry analyzer was also
statistically significant (r=0.83; p < 0.001)
(Figure-Ill).

One way ANOVA test also showed
significant difference in the mean of blood
glucose level measured by glucometer and lab
testing (p=0.036).

Table-I: Values for selected non-study variables in 35 critically ill patients.

Variables Meanz SD Range
SBP mmHg 134.4 £29.1 90-196
DBP mmHg 82.3t13.4 46-100
PULSE /min 79.3+13.4 52-131
HbA1C % 5.8+0.44 4.9-6.5
SBP= Systolic blood pressure, DBP= Diastolic blood pressure
Table-ll: Comparison of different glucose estimation methods.
Paired differences and Correlation
Mean + SD p value r p-value
GCBG vs GVBG 160.77 £ 34.06 vs 145. 37 + 33.97 0.000 0.912 0.000
GCBG vs BGL 160.77 £ 34.06 vs 121.04 + 35.37 0.000 0.796 0.000
GVBG vs BGL 145.37 £ 33.97 vs 121.04 + 35.37 0.000 0.838 0.000

*P < 0.05 was considered significant. BGL, blood glucose laboratory; GCBG, glucometric capillary blood glucose; GVBG,

glucometric venous blood glucose

Pak J Pathol. 2024; Vol. 35 (2): 69-75

71



Correlation of the capillary and venous blood glucose levels using glucometer with fully automated chemistry analyzer for stress

hyperglycemia among critically ill patients

s,
L eerred,

Ghcometer (g /dl)

s BLEHR

Capiiary oed Gincose by

Venows Wood Glucose by Glacometer (mg'd)

Figure-l: Correlation between capillary blood
glucose and venous blood glucose by
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Figure-ll: Correlation between capillary blood
glucose and laboratory venous blood
glucose mg/dl (r = 0.796).

se by

Veoous Bleol Gluco
Glacometer (mg/dh
©
.
-
-

Venom Bood Ghicose by Lab testing (mg'dl)

Figure-lll: Correlation between venous blood
glucose by glucometer and laboratory
venous blood glucose mg/dl (r = 0.83).

DISCUSSION

Use of capillary blood glucose estimation
using glucometer and treatment decisions on its
basis is routine practice in critical care setting
now-a-days. We estimated BGL with three
different types of samples; CBG, VBG and
venous plasma on automated analyser in the
lab. The reason of conducting the current study
was to compare these three types of samples
and to correlate the results of glucometer with
laboratory estimated values on clinical chemistry
analyser. In comparison to the laboratory, we
established that our glucometers yielded higher
glucose levels in capillary and venous samples.
These results are comparable to the
observations stated by Boyd et al in 2005 and

Critchell et al in 2007 [17]. According to the
results obtained from our study, the mean of
CBG, VBG and BGL on automated chemistry
analyser had significant difference in both
methods. In Boyd et al.'s study [18], samples of
venous and capillary blood were taken from 20
patients in the emergency room and the glucose
levels in both samples were checked by a
glucometer and in the laboratory. Significant
difference was obtained. Similar to our study,
Patel et al showed that venous plasma glucose
measured in laboratory is lower than mean
capillary blood glucose analysed by glucometer.
Adnan et al suggested that there was a
significant inter method mean difference. This
difference was not significant at normal glucose
values but increases gradually with a rise in
blood glucose levels and was significant at
higher glucose levels. Our study results were in
contrast to the study conducted by Lacara et al
[19] which indicated no significant difference
between glucose values of laboratory and point
of care testing (POCT) glucometer values. Mean
laboratory glucose level was 135 (SEM 5.3,
range 58-265) mg/dL. In point-of-care testing,
bias + precision and root-mean-square
differences were 2.1 + 123 and 12.35,
respectively, for fingerstick blood and 0.6 + 10.6
and 10.46 for catheter blood. In a study
conducted by Sharma et al [20], strong
correlation (r=0.93) was observed between
capillary blood glucose measured by glucometer
and venous blood glucose measured in
laboratory in Neurosurgical patients. Yarghai et
al [15] also showed that no significant difference
was present in between venous blood glucose
and capillary blood glucose measured by POC
glucometer. We found a strong correlation
between CBG and VBG (r=0.92) while in
Yarghai et al also showed a similar strong
correlation (r= 0.93). Our observed correlation
between CBG and BGL on automated chemistry
analyser was somewhat less strong (r=0.796),
similar to Yarghai et al who found a correlation
coefficient of 0.78. The strength of correlation
between the VBG and BGL on automated
chemistry analyzer (r=0.83) was quite similar to
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that found by Yarghai et al (r= 0.81). Thus, if
laboratory measured venous blood glucose was
considered as the reference standard, the level
of VBG and CBG greatly differ to it and so
glucometer should be used very cautiously in
critically ill patients with stress hyperglycemia. In
another study on 97 healthy volunteers
conducted by Funk et al [21] capillary and
venous blood samples were taken
simultaneously from individuals and the blood
glucose level of the two samples was measured
by a glucometer. A weak correlation was
obtained between the levels of venous and
capillary blood glucose. Petersen et al [22]
compared venous, arterial and capillary blood
glucose levels using blood gas instrument,
glucometer and main clinical laboratory
instruments and suggested that all methods
(blood gas, POCT, and central laboratory) were
highly correlated to each other and to the
reference method except for glucose meter
testing using capillary sampling which had
significantly weaker correlations similar to our
study. In a study conducted by Dubose et al
[23], capillary and venous blood glucose levels
of patients with and without shock were
correlated, and a slight difference was observed
between both groups. In 2010, Fekih Hassen
[24] studied 43 hyperglycemic patients older
than 18 years admitted to the intensive care unit.
There was difference of venous and capillary
blood glucose levels in these patients and
capillary sampling was not recommended to
determine blood glucose level. The major
difference between our study and some of the
previous studies could be attributed to the
difference in clinical setting and the types of
population studies. For example, in the study by
Yarghai et al, blood glucose level of poisoned
patients in coma was measured by these
methods while in Funk et al, only healthy
population was studied. In Matthew et al and
Adnan et al [25], only patients with diabetes
were studied. The subjects selected in the study
by Patel et al [26] were all adults, who came for
checkup in Out Patient Department (OPD) of a
tertiary care level hospital. Furthermore, we
observed that 48% of the patients having stress

hyperglycemia had cardiovascular disease. As
hyperglycemia is a risk factor for adverse
outcomes during acute illness and is related to
increased mortality and morbidity [27], this
warrants stringent glucose level monitoring in
critically ill patients by a suitable methodology.
According to the results obtained in our study,
level of blood glucose measured by glucometer
is significantly different from blood glucose
measured by laboratory. So in critical settings,
there is a substantial difference in blood glucose
values by laboratory and from venous blood
glucose determined by glucometer. So, venous
blood glucose estimation by glucometer is not
recommended for use in such settings.

CONCLUSION

Glucometer estimations in critically ill
patients can differ significantly from venous
blood specimen measured on automated
chemistry analyser in the laboratory. Measuring
the glucose level in venous blood sample by
laboratory is an acceptable and recommended
method. Glucose measurement in capillary
blood sample using glucometer should be done
cautiously in critically ill patients with periodic
venous blood testing.

LIMITATIONS OF THE STUDY

Sample size of this study was very small.
Only 35 subjects were included in our study, so
a larger study is essential for validation of the
conclusion drawn in this study.
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