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ABSTRACT
Introduc on: Diabetes is a major public health problem
that is approaching epidemic propor ons globally. Selfmonitoring of blood glucose (SMBG) by the American
Diabetes Associa on (ADA) is promoted in diabe c pa ents
so that they achieve and maintain speciﬁc glycemic goals.
Objec ves : To compare the blood glucose es ma on
methods; capillary blood and venous blood by glucometer,
venous plasma glucose es ma on by auto analyzer and to
ﬁnd varia on in results.
Material & Methods : 60 pa ents a ending Outpa ent
department of JIIUs IIMSR and Noor hospital, Warudi,
Badnapur, Maharashtra who were advised blood glucose
es ma on were selected. Finger prick (capillary) blood
glucose & glucose es ma on of venous blood was done
by glucometer; and venous plasma glucose es ma on was
done by auto analyzer in laboratory.
Result & Conclusion : Mean values of capillary glucose
es ma on by glucometer were higher than plasma glucose
es ma on in laboratory on auto analyzer and the diﬀerence
was found to be sta s cally signiﬁcant. Venous glucose
es ma on on glucometer gave high erroneous results as
compared to plasma glucose es ma on in laboratory.
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INTRODUCTION:
Worldwide diabetes is a major public health problem that is cause of concern as it is reaching epidemic
propor ons. [1] Blood glucose es ma on is the main stay of
diagnosis of diabetes mellitus as well as in monitoring of its
complica ons. [2] strict glucose monitoring is also essen al
in management of cri cally ill pa ents in ICU. [3] Laboratory methods to measure plasma glucose levels are me
consuming. Therefore, the use of glucometers has greatly
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increased. The development of self-monitoring of blood
glucose (SMBG) is probably the most important advance
in controlling diabetes since the discovery of insulin in
the 1900s. Glucose meters are widely used in emergency
rooms, outpa ent clinics, and ambulatory services and for
self-monitoring at home. Glucometers provide rapid blood
glucose analysis and allow management of disorders by
adjus ng glucose to a near-normal range. [4]
There is a marked varia on in glucose level, when
es mated from whole blood and plasma; venous blood
or capillary blood. It also varies with glucometer method
and auto analyzer method. So, it is essen al to compare
and ﬁnd out varia ons in results of diﬀerent methods of
blood collec on and methods of es ma on. [5] Clinicians
want their glucometer derived glucose results to show close
agreement with a plasma laboratory value. There are
however challenges in achieving this, which relate in part
to physiological diﬀerences between these two samples.
Although current glucometer systems are accurate, they lack
precision and only 95% of results might fall within 20% of the
reference plasma laboratory value. Thus the trea ng doctors
must be aware of this, speciﬁcally in situa ons such as
pa ents on insulin pump therapy and diabetes in pregnancy,
where the pa ents and their health care team are aiming for
ght glucose control. [6]
Performance guidelines have been developed by organiza ons such as the ADA and the Interna onal Standardizaon Organiza on (ISO). The ISO guidelines recommend that
the accuracy criteria for values <100 mg/dlis+ 10 mg/dland
+ 20% for values >100 mg/dl. [7] However the ADA recommends a + 5% varia on for all values. [8] Hence with this
study we tried to compare ﬁnger prick (capillary) blood glucose & venous blood glucose es ma on done by glucometer; and venous plasma glucose es ma on done by auto
analyzer in laboratory.
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MATERIALS AND METHODS :
We selected 60 pa ents in the age group 18-60 years
a ending outpa ent clinic who were advised blood glucose
es ma on by physicians. Both diabe c and non diabe c
subjects were included in our study irrespec ve of their
prandial status. Those who did not give consent and
those having chronic diseases were excluded from the study.
A er informed consent, capillary sample was collected by
ﬁnger prick method and es mated by glucometer. Venous
blood sample was collected from ante cubital vein and
sent immediately to central inves ga on laboratory of our
hospital for es ma on on auto analyzer. Venous blood was
also used to es mate blood glucose on glucometer.
The glucometer used was One Touch Ultra 2 System for
blood glucose monitoring. Special chemicals in the test strip
mixes with Glucose in the blood sample producing a small
electric current, strength of this current is propor onal with
the amount of glucose in sample. Glucometer measures
the current, calculates the blood glucose level, displays the
result, and stores it in its memory. [9] In laboratory, the auto
analyzer used was ERBA 200 of Transasia which is based
on principle of GOD-POD method: Glucose oxidase enzyme
(GOD) oxidizes the speciﬁc substrate beta-D-glucose to
gluconic acid and hydrogen peroxide is liberated. Peroxidase
enzyme acts on hydrogen peroxide to liberate nascent
oxygen (O). (O) Couples with 4-amino an pyrine and phenol
to form red quinoneimine dye. The intensity of color is
directly propor onal to glucose in plasma.
The results of all three es ma ons were noted on master
chart, mean and standard devia on was calculated for all
three methods of blood glucose es ma on. Student t-test
and One way ANNOVA was used, to calculate inter method
mean diﬀerence, 95% C.I. and p value. p value less than 0.05
was considered to be sta s cally signiﬁcant. The study was
approved by ins tu onal ethical commi ee.
Results : Mean age of the pa ents was 52 + 12 years.
Par cipants included 27 men; 33 women. 32 subjects
were known cases of diabetes managed either on oral
hypoglycemic drugs or insulin. Remaining 28 were not
known cases and came for rou ne screening or were advised
blood glucose es ma on for their symptoms. Mean and
standard devia on was calculated for all three methods of
es ma on. The mean and standard devia on for capillary
blood glucose by glucometer (CG)was 160.45 + 34.12 mg/dl.
For venous blood glucose by glucometer (VG) it was 164.87±
45.24mg/dl. For venous blood glucose by auto analyzer (VA)
it was 141.23 + 36.24mg/dl as shown inTable 1
Inter method mean diﬀerence value for CG vs VG was
4.42mg / dl (p=0.8075), for CG vs VA (p=0.0200) it was
19.22mg/dl while for VG vs VA it was 23.64mg/dl (p=0.0030).
Thus, there was sta s cally signiﬁcant diﬀerence between
capillary glucometer es ma on and venous blood glucose
es ma on on auto analyzer. Diﬀerence between capillary
and venous blood es ma on on glucometer was not
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found to be sta s cally signiﬁcant while diﬀerence between
venous blood glucose on glucometer and on auto analyzer
was found to be sta s cally signiﬁcant. These ﬁndings are
represented in Table 2
DISCUSSION:
To prevent hypoglycemia and adjust medica ons, regular
monitoring of blood glucose is very essen al. In the
present study blood glucose concentra on es ma on is
based on three types of sampling. (1) Venous blood
sampling es mated by laboratory auto analyzer method. (2)
Capillary blood glucose es mated by glucometer and (3)
Venous sample es mated by glucometer.In this study, ﬁnger
prick capillary mean blood glucose by glucometer is higher
than venous plasma glucose, es ma on done in laboratory
method by 19.22 mg/dl. Similar was observed by Boyd
et al [10] (inter method mean diﬀerence of 0.58 mmol/L)
and Adnan et al [11] (inter method mean diﬀerence of 0.84
mmol/L). Patel et al [12] in their study observed diﬀerence
of 9.72 mg/dl. Yang et al. [13] have observed insigniﬁcant
inter-measurement glucose diﬀerences at glucose levels
near normal and signiﬁcant diﬀerences at elevated levels
Glucose value of a capillary sample is higher than for a
corresponding venous sample, because glucose is up taken
by ssues as blood ﬂows from the capillaries to the veins,
par ally deple ng the venous sample of glucose. Tissue up
take of glucose increases a er food. The glucose gradient
between capillary and venous samples therefore shows
a post prandial increase which may be as high as 20%
total glucose concentra on. [14] It also depends of eﬀects of
insulin, glucagon, growth hormone and cor sone and also
on demand of ssues. [15] There is also diﬀerence between
whole blood and plasma values of glucose. In laboratory,
we measure the plasma values by auto analyzer, and we
measure whole blood by glucometer which are aﬀected
by hematocrit values and pH of blood. All these factors
should be taken into considera on for comparison of various
methods.
This study suggests that capillary blood glucose es ma on
may not be as reproducible as plasma glucose es ma on,
however in emergency condi ons, incase of OPD diagnosis
u liza on of ﬁnger prick method with glucometer is be er
alterna ve to venous blood glucose es ma on. Similar was
observed in other studies. [16, 17] Results of venous plasma
glucose es ma on by laboratory analyzer and venous whole
blood analyses by glucometer method showed marked varia on in blood glucose levels. The same was reported by
Funk et al., [18] Adnan et al [11] , Patel et al. [12] Since glucometers are actually designed for capillary blood, venous blood
may give irrelevant & wide varia ons by glucometer. In roune clinical prac ce, exis ng glucometers cannot be used for
venous blood samples.
At very high glucose, values with glucometer do not
accurately reﬂect actual plasma glucose levels; but it
overes mates glucose results. Hence, the rou ne prac ce
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Groups

Capillary blood glucose by
glucometer (mean ± SD) CG

Venous blood glucose by
glucometer (mean ± SD) VG

Venous blood glucose by auto
analyzer (mean±SD) VA

Average blood
glucose Levels

160 ± 34.12

164 ± 45.24

141.23 ± 36.24

Table 1: Comparison of mean and S.D. by all three methods of glucose es ma on
Comparison between methods of Es ma ons

Inter comparison mean diﬀerence

95% C.I

P Value

CG vs VG

4.42

-12.336 to 21.1760

0.8075

CG vs VA

19.22

-35.9760 to -2.4464

0.0200*

VG vs VA

23.64

-40.3960 to -6.8840

0.0030*

p value less than 0.05*

Table 2: Inter mean comparison and p value by various methods of es ma on of blood glucose
of performing only single tes ng with glucometers can
lead to misdiagnosis. Consequently, readings obtained
using glucometers especially at the cri cal hyperglycemic
levels, should be cau ously interpreted and veriﬁed with
centralized laboratory. Medical professionals should depict
diabe c pa ents the importance of periodic centralized
laboratory glucose tes ng. [19]
CONCLUSION:
Capillary blood glucose es ma on by glucometer is an
alterna ve to venous plasma glucose es ma on for diagnosis, follow up and in emergency condi ons in diabe c and
non diabe c pa ents but the values should be conﬁrmed by
plasma glucose es ma on in laboratory. Venous blood glucose es ma on by glucometer is not advisable. Blood glucose tes ng with glucometer is a simple, cost eﬀec ve and
rapid method for glucose monitoring. On the other hand laboratory glucose tes ng despite higher opera onal me and
cost is s ll more reliable method for diagnosis and management of the pa ent.
LIMITATIONS:
A further extension of study with larger sample size is
needed to compare blood glucose levels by glucometers and
auto analyzers.
REFERENCES
1. Tabish SA. Is Diabetes Becoming the Biggest Epidemic
of the Twenty-First Century? Interna onal Journal of
Health Sciences. 2007;1(2):5–8.
2. Nathan DM, Buse JB, Davidson MB, Ferrannini E, Holman
R, Sherwin R. Medical Management of Hyperglycemic
in Type 2 Diabetes; A Consensus Algorithm for the
Ini a on and Adjustment of Therapy : A consensus

11

statement of the American Diabetes Associa on and
the European Associa on for the Study of Diabetes.
Diabetes Care. 2009;32(1):193–203.
3. Clain J, Ramar K, Surani SR. Glucose control in cri cal
care. World Journal of Diabetes. 2015;6(9):1982–1091.
4. Tonyushkina K, Nichols JH.
Glucose Meters; A
Review of Technical Challenges to Obtaining Accurate
Results. Journal of diabetes science and technology.
2009;3(4):971–980.
5. Risaiah B. Self monitoring of blood glucose level:
poten al sources of in accuracy. Can Med Assoc J.
1985;132(12):1375–1359.
6. Lunt H, Florkowski C, Bignall M, Budgen C. Capillary
glucose meter accuracy and sources of error in the
ambulatory se ng. N Z Med J. 2010;(123):74–85.
7. Freckmann G, Schmid C, Baumstark A, Rutschmann
M, Haug C, Heinemann L. Analy cal Performance
Requirements for Systems for Self-Monitoring of Blood
Glucose With Focus on System Accuracy. Relevant
Diﬀerences Among ISO 15197:2003, ISO 15197:2013,
and Current FDA Recommenda ons. 2015;9:885–894.
8. Standards of medical care in diabetes-2012. Diabetes
Care. 2012;35(1):11–63.
9. Yoo EH, Lee SY. Glucose biosensors: an overview of use
in clinical prac ce. Sensors (Basel). 2010;10(5):4558–
4576.
10. Trinder P. Determina on of Glucose in Blood Using
Glucose Oxidase with an Alterna ve Oxygen Acceptor.
Annals of Clinical Biochemistry. 1969;6(1):24–27.
11. Boyd R, Leigh, Stuart. Capillary versus venous beside
blood glucose es ma ons. Emerg Med J. 2005;22:177–
186.

Perspec ves in Medical Research |May- August 2022 | Vol 10 | Issue 2

www.pimr.org.in

12. Adnan M, Imamb F, Shabbira I, Rahata AZ, T. Correla on
between capillary and venous blood glucose levels in
diabe c pa ents. Asian Biomedicine. 2015;9(1):55–59.
13. Patel N, Patel K. A Compara ve Study of Venous and
Capillary Blood Glucose Levels by Diﬀerent Methods.
GCSMC J Med Sci. 2015;4(1):53–56.
14. Yang C, Chang C, Lin J. A comparison between venous
and ﬁnger-prick blood sampling on values of blood
glucose. IPCBEE. 2012;39:206–216.
15. Farrer M, Albers CJ, Neil HA, Adams PC, Laker MF, Alber
KG. Assessing the impact of blood sample type on the
es mated prevalence of impaired glucose tolerance and
diabetes mellitus in epidemiological surveys. Diabet
Med. 1995;12(4):325–329.
16. Bailey CJ, Fla PR.
Hormonal control of glucose
homeostasis during development and ageing in mice.
Metbolism. 1982;31(3):238–246.

Parveen and Kausar

17. Biag A, Siddiqui I, Jabbar A, Azam SI, Sabir S, Alams.
Comparison between beside tes ng of blood glucose
by glucometer vs cenrtralized tes ng in a ter ary care
hospital. J Ayub Med Coll Abbo abad. 2007;19(3):25–
29.
18. Colgiuri S, Sandbak A, Carstensen B, Chris ansen J,
Glumer C, Lauritzen T. Comparibility of venous and
capillary glucose measurements in blood. Diabet Med.
2003;20(11):953–959.
19. Funkd C, Lutz N. Comparison of capillary and venous
glucose measurements in healthy volunteers. Pre hosp
Emerg Care. 2001;5:275–282.
How to cite this ar cle: Parveen S, Kausar A. Is
Es ma on Of Blood Glucose By Glucometer More
Reliable Than Laboratory Analysis? A Compara ve Study
Done At Rural Hospital Of Maharashtra. Perspec ves in
Medical Research. 2022;10(2):9-12
DOI: 10.47799/pimr.1002.03

Perspec ves in Medical Research | May- August 2022 | Vol 10 | Issue 2

12

