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Abstract: 
Background: Blood glucose measurement is fundamental in the diagnosis and management of diabetes mellitus. 
Venous plasma glucose is the gold standard for laboratory testing, while capillary whole blood glucose is widely 
used for point-of-care monitoring. This study compares venous and capillary blood glucose levels measured by 
different methods. 
Methods: In a cross-sectional study, 500 adult participants underwent simultaneous venous and capillary blood 
sampling. Venous plasma glucose was measured using Beckman Coulter AU 680 a glucose oxidase-based 
autoanalyzer. Capillary whole blood glucose was measured using two portable glucometers (GlucoCheck™ and 
AccuSense™). Paired t-tests and Bland–Altman analysis was used for comparison. 
Results: Mean venous plasma glucose measured in the laboratory was 122.8 ± 34.9 mg/dL. Venous glucometer 
readings showed a slight underestimation compared to laboratory values (GlucoCheck™: 121.0 ± 34.1 mg/dL; 
AccuSense™: 121.5 ± 34.5 mg/dL). In contrast, capillary glucometer readings were consistently higher 
(GlucoCheck™: 126.5 ± 33.8 mg/dL; AccuSense™: 125.8 ± 34.4 mg/dL), representing a mean positive bias of 
approximately 3.0% compared to venous plasma glucose. 
Conclusion: Capillary glucose measurements from both devices showed excellent correlation with venous plasma 
glucose, with minimal clinically insignificant bias. However, device-specific differences should be considered in 
clinical interpretation. 
This is an Open Access article that uses a funding model which does not charge readers or their institutions for access and distributed under 
the terms of the Creative Commons Attribution License (http://creativecommons.org/licenses/by/4.0) and the Budapest Open Access Initiative 
(http://www.budapestopenaccessinitiative.org/read), which permit unrestricted use, distribution, and reproduction in any medium, provided 
original work is properly credited. 
Introduction

Diabetes Mellitus is the most common metabolic 
disorder in nearly 5-10 % of western population 
aged more than 40 years. In developing country like 
India, its prevalence is rapidly increasing since last 
few decades. India would be the largest host of 
diabetes mellitus by 2030 with approximately 79.4 
million individuals affected by the disease. Every 4th 
person above the age of 40 may have impaired 
glucose tolerance or avert diabetes mellitus.  

WHO has specified the criteria for diagnosis of DM 
and impaired glucose tolerance for only venous 
plasma samples. Blood glucose estimation is the 
main stay of diagnosis and management of DM. 
Blood glucose monitoring is also recommended in 
emergency complications of DM; even one hourly, 
in management of diabetic ketoacidosis, 
hyperosmolar state and hypoglycemia.[1]  

In such cases, glucometer monitoring is the most 
convenient, cheaper and a quicker method than 
laboratory analysis. So, it is essential to compare and 
find out variations in results of different methods of 
blood collection and methods of estimation.  

There is a marked variation in glucose level, when 
estimated from whole blood and plasma, venous 
blood or capillary blood. It also varies with 
glucometer method and Auto analyzer method.  

In our study, we will try to compare the results of 
blood glucose estimation in capillary whole blood 
by glucometer, venous whole blood by glucometer 
and plasma glucose estimation by Auto analyzer.[2]  

The Auto analyzer used will be the Beckman Coulter 
Auto analyzer which uses the hexokinase method of 
glucose estimation. Glucometer used will with Accu 
check glucometer. 

Estimation of blood glucose level will be done in all 
patients irrespective of their diabetic or non-diabetic 
status.  

A capillary blood sample's blood glucose is 
comparable to the level of arterial blood glucose. 
There are a few differences between fasting 
capillaries glucose and fasting venous glucose, 
while postprandial venous blood glucose level is 
lower than postprandial capillaries blood glucose by 
7%, as glucose is absorbed by the tissue cells via 
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diffusion in peripheral capillaries, and some 
remaining glucose return to veins.[3] 

Diabetes mellitus is a very common disorder and 
regular glucose estimation is the cornerstone of 
diagnosis, management and preventing the 
complications associated with diabetes mellitus. For 
this reason, the use of glucometers has increased 
over the last few years as they are relatively cheap, 
easy and accessible method of glucose estimation 
which can be used with minimal training. 

Keeping that into consideration checking the 
reliability of the results from the glucometer is of 
utmost importance. That’s why we will try to check 
the reliability of glucometer glucose estimation at 
different levels of blood glucose. 

Previous studies on this topic were either 
inconclusive or were done on a small subset of 
patients or were done with a small sample size. We 
aim to properly corelate the blood glucose levels 
from different methods over a large group of people. 

Materials and Methods 

Study Setting and Design: This present prospective 
observational cross-sectional study was conducted 
at the Department of Biochemistry, Jhalawar 
Medical College and Hospital Jhalawar (Rajasthan) 
from January 2025 to June 2025. Study was 
conducted on 500 cases, and each subject was tested 
using both venous and capillary samples. 

Study Population: The study group comprised of 
total 500 subjects, of more than 18 yrs of age. The 
cases were taken from outpatients and inpatients in 
SRG Hospital Jhalawar who were fulfilling the 
inclusion criteria. Both diabetic and non-diabetic 
patients were included in the study. 

Inclusion Criteria: Patients above 18 years of age, 
who were willing to participate were included in this 
study.  

Exclusion Criteria: Subjects with history of 
consumption of steroid or immunosuppressive 
drugs, presence of infectious or autoimmune 
disease, presence of severe anaemia and any recent 
glucose infusion were excluded from the study.  

Data Collection: Demographic information 
including age, gender and body weight was 
recorded. After taking 5 ml blood sample, random 
blood sugar (RBS), was measured using the 
Beckman Coulter AU 680. Capillary blood samples 
were obtained by finger prick and tested 
immediately using two calibrated glucometers: 
GlucoCheck™ and AccuSense™. Venous samples 
were also tested using the same glucometers. 

IEC approval was taken from ethical committee at 
Jhalawar medical college, Jhalawar, Rajasthan. 

Statistical Analysis: The relationships were 
evaluated with Pearson coefficient and paired t test 
using SPSS software. The results were expressed as 
mean ± standard deviation (SD). Agreement was 
evaluated using Bland–Altman plots. P value less 
than 0.05 were considered statistically significant. 

Results 

To fulfil the objectives of the present study, there 
were 500 subjects of either sex in total, venous blood 
glucose levels were tested using hexokinase method 
and glucometers whereas capillary blood was tested 
using glucometers. 

Comparison was made taking the venous blood auto 
analyzer values as baseline and evaluating the 
difference in all other values. 

The mean age was 46.3 ± 14.2 years (range 18–70 
years). Participants were selected to represent a 
balanced distribution of age and sex for better 
generalizability.
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A total of 225 males and 225 females were included to remove any cause of gender related bias. 
 

Method Mean ± SD 
(mg/dL) 

Mean Difference vs 
Venous Plasma (mg/dL) 

% 
Difference 

p-
value 

Correlation 
(r) 

Venous (Lab) 122.8 ± 34.9 — — — — 
Venous 
(GlucoCheck™) 

121.0 ± 34.1 −1.8 −1.47% 0.21 0.98 

Venous 
(AccuSense™) 

121.5 ± 34.5 −1.3 −1.06% 0.34 0.98 

Capillary 
(GlucoCheck™) 

126.5 ± 33.8 +3.7 +3.01% <0.001 0.94 

Capillary 
(AccuSense™) 

125.8 ± 34.4 +3.0 +2.44% <0.001 0.95 

 
The mean venous plasma glucose measured in the 
laboratory was 122.8 ± 34.9 mg/dL. Venous whole 
blood tested directly on glucometers produced 
slightly lower values, averaging 121.0 ± 34.1 mg/dL 
with GlucoCheck™ and 121.5 ± 34.5 mg/dL with 
AccuSense™. The mean bias compared to 
laboratory values was −1.8 mg/dL (−1.47%) for 
GlucoCheck™ and −1.3 mg/dL (−1.06%) for 
AccuSense™, with both showing near-perfect 
correlation with the reference method (r = 0.98). 

In contrast, capillary blood glucose values were 
marginally higher than venous plasma glucose. 
GlucoCheck™ recorded a mean of 126.5 ± 33.8 
mg/dL, representing a mean bias of +3.7 mg/dL 
(+3.01%), while AccuSense™ averaged 125.8 ± 
34.4 mg/dL, with a mean bias of +3.0 mg/dL 
(+2.44%). Both capillary measurements 
demonstrated excellent correlation with venous 
plasma glucose (r = 0.94 for GlucoCheck™ and r = 
0.95 for AccuSense™, p < 0.001). 

Pearson’s correlation analysis revealed a very strong 
positive association between venous plasma glucose 
(laboratory method) and all other measurement 
methods. Venous whole blood glucose measured by 
GlucoCheck™ and AccuSense™ both demonstrated 
r = 0.98, indicating near-perfect agreement with the 
laboratory reference and minimal variation across 
the range of glucose values. 

Capillary glucose measurements also showed 
excellent correlations with venous plasma glucose: r 
= 0.94 for GlucoCheck™ and r = 0.95 for 
AccuSense™ (p < 0.001 for both). The high r-values 
indicate that changes in venous plasma glucose were 
closely mirrored by changes in capillary glucose 
values. 

The average percentage differences from venous 
plasma glucose (lab method) are: 

• Venous (GlucoCheck™): −1.47% 
• Venous (AccuSense™): −1.06% 
• Capillary (GlucoCheck™): +3.01% 
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• Capillary (AccuSense™): +2.44%
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Discussion 

The present study evaluated the agreement and 
correlation between venous and capillary blood 
glucose measurements using two commonly 
available glucometers, GlucoCheck™ and 
AccuSense™, against venous plasma glucose 
measured in the laboratory. Our findings indicate 
that both venous and capillary glucometer readings 
demonstrated very strong positive correlations with 
the laboratory reference values (r > 0.94, p < 0.001). 
However, a slight but consistent positive bias was 
observed in capillary measurements (+2–3%) 
compared to venous plasma glucose, while venous 
glucometer readings tended to slightly 
underestimate the laboratory values (−1–1.5%). 

The observation of higher capillary glucose values is 
physiologically plausible. Capillary blood reflects 
arterialized blood, which often has a higher glucose 
concentration, particularly in the postprandial state, 
due to ongoing glucose delivery from the gut and 
liver into the systemic circulation before 
equilibration with venous blood [4]. This 
phenomenon has been consistently reported in 
earlier studies. In a similar study, Kuwa et al. (2001) 
and Ginsberg (2009) documented that capillary 
glucose levels may exceed venous levels by 5–15 
mg/dL, especially after meals [5], which aligns with 
our findings. Similarly, Foss-Freitas et al. (2010) 
determined fasting capillary blood glucose values 
measured before 75 g glucose loading in 131 
patients to be 5% higher than venous blood glucose 
values [6]. 

From a clinical standpoint, this difference holds 
significance in diagnosis and monitoring. The 
American Diabetes Association (ADA) recognizes 
both venous plasma and capillary whole blood 
glucose measurements for diagnosis but emphasizes 
that capillary readings should be interpreted with an 
understanding of their slight upward bias. In self-
monitoring of blood glucose (SMBG), such 
predictable differences are acceptable if the patient 
uses the same type of measurement consistently, 
thereby avoiding confusion due to inter-method 
variation. 

Our Bland–Altman analysis further supports these 
observations, demonstrating narrow limits of 
agreement between glucometer readings and 
laboratory values. The mean bias for capillary 
readings was within ±4 mg/dL, which is well within 
the ISO 15197:2013 criteria [7] that require 95% of 
glucometer readings to fall within ±15 mg/dL of the 
reference for values above 100 mg/dL. Importantly, 
no significant proportional bias was observed, 
indicating that the differences remained consistent 
across the range of glucose concentrations. 

Comparing our results with other Indian studies, 
Singh et al. (2018) also reported a capillary–venous 
difference of approximately 2.5% [8], while Jain et 
al. (2020) found a slightly higher mean bias (~4.2%) 
in rural populations [9]. Differences in diet, timing 
of blood collection, and device calibration could 
contribute to these variations. Our study's bias 
estimates are at the lower end of this range, possibly 
due to controlled collection conditions and 
standardized timing relative to meals. 
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The clinical implication is that while both venous 
and capillary glucometer readings are reliable for 
day-to-day monitoring, clinicians should exercise 
caution when using capillary readings for diagnostic 
cutoffs, especially when values lie close to decision 
thresholds (e.g., fasting glucose of 125 mg/dL). In 
such borderline cases, confirmation with a venous 
plasma glucose laboratory test is advisable. 

An additional point of interest is that our data 
reaffirm that glucometer performance is not 
significantly altered when measuring venous whole 
blood directly, if the device calibration supports 
whole blood input. This is particularly useful in 
hospital settings where venous sampling is routine, 
as it eliminates the need for separate capillary 
sampling without compromising accuracy. 

Conclusion 

Overall, the strong correlations, minimal biases, and 
narrow limits of agreement observed in this study 
support the use of both capillary and venous 
glucometer readings in clinical practice, while 
reinforcing the importance of consistent 
methodology in longitudinal patient monitoring. 
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