



Assessing and Creating Awareness Among Medical Laboratories on Regular Calibration of the Glucometer for Effective Blood Sugar Monitoring in Nsukka Urban, Nigeria  
ABSTRACT

Efforts have been made to ensure effective blood glucose monitoring and diabetes management through the introduction of the use of a glucometer in measuring blood glucose levels. Effective calibration of the glucometer before use is essential in maintaining the precision and accuracy of the results. This study investigated the awareness of glucometer calibration among medical diagnostic laboratories in Nsukka, an urban setting in southeast Nigeria.  Details examined include educational level and expertise of the medical laboratory scientists, type of laboratory, type of glucometer, year of purchase and manufacture, and information on the calibration of a glucometer. In this cross-sectional study, a questionnaire on the knowledge of glucometer calibration was administered to Medical Laboratory Scientists in various approved health institutions. The results revealed that out of 92 respondents, 53 (57.6%) consisting of Ordinary National Diploma (OND) Higher National Diploma (HND) Bachelor of Science (BSc), Master of Science (MSc) and Doctorate (PhD) degree holders were knowledgeable on how to calibrate a glucometer while 39 respondents (42.4%) consisting mainly of Secondary School Certificate (O-level) holders were knowledgeable on how to calibrate a glucometer. Sixty-one (61) respondents (64.9%) checked the blood glucose level of more than 12 people weekly, 15 respondents (15.9%) for 10-12 people weekly, while 6 (6.4%), 8 (8.5%), and 4 respondents (4.3%) had 7-9, 4-6 and 1-3 people weekly respectively. A greater percentage of the respondents, though acknowledging awareness that glucometers should be regularly recalibrated, seldom recalibrate their glucometers, erroneously believing that regular recalibration will not affect the results and therefore, is not necessary. In conclusion, the awareness of glucometer calibration and its practice increases with the level of education of the practitioners in the area. 
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1.0 INTRODUCTION 
Diabetes mellitus, a disease characterised by high blood glucose, is a non-communicable disease currently ravaging the world. Each year, the disease hits a new high as more people are diagnosed with the disease. Diabetes occurs either when the pancreas does not produce enough insulin or when the body cannot effectively utilise insulin. Hyperglycaemia (high blood glucose) is a common effect of uncontrolled diabetes that, over time, may lead to serious complications, especially affecting the nerves and blood vessels. Hyperglycemia is glucose greater than one hundred and twenty-five mg/dL. A person has an allergy to aldohexose, or pre-diabetes, with rapid glucose 100 mg /dL to 125 mg / dL (Goyal & Choudhary, 2021). The World Health Organisation reveals that the number of people living with diabetes (PLWD) rose from 200 million in 1990 to 830 million in 2022, with approximately 2 million deaths in 2021(WHO, 2024). The prevalence has been rising more rapidly in low- and middle-income countries. 
In Africa alone, 54 million adults are affected in 2022, with only approximately 26% receiving treatment (WHO, 2024), with over half of them undiagnosed and untreated, leaving more than 39 million people without essential care. The number of both diagnosed and untreated cases continues to increase, and these further strain the healthcare systems. Inadequate access to treatment leads to preventable complications, including heart disease, stroke, kidney failure, lower limb amputations, and blindness. Physical inactivity, obesity, unhealthy diets, and tobacco use are major established modifiable risk factors of the disease and must be addressed through stronger prevention strategies, early diagnosis initiatives, expanded access to treatment, and health system strengthening to curb the growing diabetes crisis in Africa (Hu, 2011; Uloko et al., 2018; Magliano and Boyko, 2021). The projected increase in Type 2 Diabetes Mellitus in Africa is thought to be driven not only by economic development and increases in life expectancy but also by the progression of people at high risk of future Type 2 Diabetes Mellitus, that is, those with intermediate hyperglycaemia (Motala et al., 2022). 
The introduction of home blood glucose monitoring (BGM) in the late 1970s, followed by the regulatory approval of the first meter for this purpose in 1980, transformed self-care for people living with diabetes (PLWD). This method, commonly known as “self-monitoring of blood (or plasma) glucose,” will be referred to simply as “BGM” in this text. BGM enables individuals to know their current glucose levels and understand glucose patterns, allowing them to adjust their diet, activity, and medications to meet their glycemic targets. In many large-scale outcome studies, self-monitoring of blood glucose (SMBG) in the management of diabetes plays a vital role, contributing significantly to the outcomes. It is recommended that the patient keep track of their SMBG readings in a log book (Albalawi et al., 2021).
Over the past four decades, glucose meters have become smaller, more accurate, and more accessible. Modern devices require less blood, deliver faster readings, and use finger stick lancets that cause minimal discomfort. BGM has provided crucial data, aiding many PLWD in achieving their glycemic control. In the early 2000s, personal continuous glucose monitoring (CGM) devices were introduced and have become more commonly used, particularly among those who need frequent monitoring (Weinstock et al., 2020).

BGM helps identify patterns in blood sugar fluctuations that occur due to diet, exercise, medications, and diseases like diabetes mellitus. Abnormal blood glucose levels, whether high or low, can cause acute and chronic life-threatening conditions. BGM conducted outside clinical settings, such as at home, is often called capillary blood glucose (CBG) testing. In clinical facilities, blood glucose testing can include both CBG and plasma glucose venous blood tests (Mathew et al., 2024). For most PLWD, CGM is more expensive than BGM. For those who do not need frequent daily monitoring to manage their glycemic state, especially individuals with type 2 diabetes not on medications that typically cause hypoglycemia, BGM remains more accessible and affordable. It continues to meet the glucose self-monitoring needs of many. Additionally, PLWD using CGM still need to periodically use BGM ( Weinstock et al., 2020).

Calibration of a glucometer is pivotal in blood glucose monitoring. Accurate blood glucose monitoring is vital for effective diabetes management, and this depends heavily on regular calibration of glucometers. False readings due to poor calibration or failure to match test strip codes can lead to serious clinical consequences, including inappropriate insulin dosing and/or failure to detect hypo- or hyperglycemia (Tonyushkina & Nichols, 2009). Studies have shown that glucometers must meet strict international standards, which state that 95% of glucometer readings should fall within ± 15% of a laboratory reference (International Organisation for Standardisation [ISO], 2013). It has been demonstrated that the accuracy of the device is significantly affected by both system design and proper calibration procedures (Freckmann et al.,2010). The American Diabetes Association (2024) furthermore emphasises the need for periodic verification using control solutions, particularly when glucose readings are inconsistent with clinical symptoms. Meanwhile, manufacturers like Accu-Chek also support this, advising users to recalibrate or verify accuracy with every new batch of strips (Accu-Chek, n.d.). Taken together, these findings underscore the critical role of regular glucometer calibration in ensuring reliable glucose monitoring and promoting patient safety.

Glucose meter calibration is the first step to take before the diagnostic blood glucose test is carried out. It involves comparing the readings of a glucometer with a laboratory-grade device to ensure accuracy. Calibration involves correlating the device readings with a known standard, typically blood glucose concentrations obtained through laboratory methods. Inaccurate calibration can lead to significant deviations in glucose readings, potentially resulting in inappropriate clinical decisions. The frequency and method of calibration are subjects of ongoing research aimed at improving the user-friendliness and precision of glucose monitoring systems (Yadav et al., 2023).
One of the primary concerns of diabetes monitoring and management is the inaccuracies of results. Both PLWD and people at risk of diabetes face challenges in monitoring their blood glucose levels. When the blood glucose levels are not effectively monitored and managed, it leads to the overall deterioration of life. A major cause of the inaccurate blood glucose results is the lack of calibration of the glucometer.

This study is aimed at assessing and creating awareness among Medical Laboratories in Nsukka urban on the need for regular calibration of the glucometer for effective blood sugar monitoring.
2. MATERIALS AND METHODS
2.1Study Setting
Nsukka is an urban setting and a Local Government Area located in Enugu State, Nigeria. Enugu State is situated in the southeastern part of the country, bordered to the North by the states of Benue and Kogi, to the East by Ebonyi State, to the South by Abia State, and to the West by Anambra State. Enugu is the 29th largest state in terms of size and the 22nd most populous, with a population of 4.4 million people as of 2016 in Nigeria. ("Population 2006-2016". National Bureau of Statistics. Retrieved 22 December 2021.)
Nsukka has a total area of 2,141.08 sq mi (5,545.38 km2) with a population of 444,000 people (Home | Nsukka L.G.A. Official Website | Enugu State, n.d. 2024). The town serves as an academic hub, primarily due to the presence of the University of Nigeria, Nsukka (UNN). Healthcare services in Nsukka are provided by a mix of public and private health facilities. 

2.2 Study Design
A cross-sectional questionnaire-based study was carried out among eligible Medical Laboratory Scientists/personnel in Nsukka town, Enugu State, in March 2024.

2.3 Study Population

 Nsukka has about 25 hospitals and laboratories. A sample size of 15 hospitals was used, involving qualified Medical Laboratory Scientists and the personnel employed by them. A total of 96 respondents were interviewed for the purpose of this study. 

2.4 Sample Size

Sample Size was determined by the number of respondents ready to comply with the filling of the questionnaire. It arrived at a total of 96 respondents, who were used for this study.
2.5 Study Instrument 

The research was developed and validated using a questionnaire. The questionnaire consisted of 15 questions, with every question being of utmost importance to the research. The first 6 questions were designed to assess the qualification of the respondent, years of experience, frequency of blood glucose testing, and knowledge of glucometer calibration. The next three questions on the questionnaire addressed the brand of glucometer, year of manufacture, and year of purchase. The remaining questions focused on both assessing the respondent's knowledge of glucometer calibration and creating awareness about recalibrating a glucometer.

2.6 Study Procedure

The data collected was handled with utmost confidentiality as promised to the respondents. The purpose and nature of the study were explained to all the participants, along with the provision of an introduction that contained a brief description of the research project and assurance of anonymity and the voluntary nature of participation. Study participation was completely informed, voluntary, and confidential. Respondents were also informed of their right to withdraw at any time and refuse to answer any individual question. Data was collected using a printed questionnaire (Table 1). All information obtained in this study was considered confidential and used only for study purposes.

Table 1: Sample of Questionnaire: Awareness by medical laboratory Scientists/personnel in Nsukka of the need to recalibrate the glucometer
Tick as appropriate √

Highest level of education       O level      OND     HND    BSC  MSC  PhD
	1
	Type of Laboratory                               
	private lab


	private Hospital
	Mission Hosp
	Govt Hospital

	2.
	For how long have you been practising             
	1-5
	6- 10
	11-15
	16-20
	above 20

	3. 
	Are interns and IT students trained in your Lab?    
	                       Yes      
	                     NO

	4. 
	On average, how many patients do u check their blood sugar weekly? 
	1-3
	4-6
	7-9
	10-12
	Above 12

	
	Do you know how to calibrate a glucometer?
	                         Yes
	                      No

	5.
	Which brand of glucometer do you use?
	

	6. 
	Year of manufacture
	

	7
	Date/year bought
	

	
	Did it come with a calibrating solution?
	Yes
	NO

	8.
	Was it calibrated before use?
	Yes
	No

	9
	If yes, by whom?
	You
	A colleague

	11
	Are you aware that a glucometer requires regular calibration?    
	Yes
	No

	12
	When last did you recalibrate the glucometer?
	

	13          
	How often do you recalibrate the glucometer? 
	Every month 
	2 months
	3 months
	6 months
	12 months
	not necessary



	14
	Do you think that regular recalibration will affect the blood glucose result?  
	Yes  


	No

	15
	What do you think that can affect the result of your glucometer?
	
	Nothing


3. RESULTS

Half of the respondents (50 %) were Secondary School Certificate (O-level) holders (Table 2).
Most of the laboratories were in the private hospitals, consisting of 51% of the respondents (Table 3), while the duration of practice of the respondents was mostly between 1- 5 years, representing 54% of the respondents (Figure 1B, Table 4). 64% of the respondents agreed that they screen the blood glucose of more than 12 patients in a week (Table 5). Fifty-three (53) respondents (57.6%), consisting mainly of OND, HND, BSc, MSc, and PhD holders, could calibrate a glucometer, while 39 respondents (42.4%), consisting mainly of O-level certificate holders, were ignorant of how to calibrate a glucometer (Figure 1C). 
On the brand of glucometer used, Accu-check was 60.7%, followed by Accu-answer (15.7%), and the least was One-touch (3.4%) (Figure 1D). The results revealed that most of the glucometers (30.5%) were manufactured in 2022 and 2023, while most of them (40%) were purchased in 2024 (Table 5). 73.4% of the respondents stated that their glucometer did not come with a calibrating solution (Table 5). Out of those that came with a calibrating solution, 31.1% of the glucometers were not calibrated before use.  Out of the total number of people that participated in this study, 56 (70%) respondents were aware that the glucometer requires regular recalibration, while 24 (30%) were ignorant (Figure 1A). The frequency of glucometer recalibration was mostly every month, while 41.30% agreed that they never recalibrated their glucometer (Table 6). 52.5% felt that it was not necessary to recalibrate the glucometer, while 81.7% felt recalibration would not affect the results from the glucometer (Table 6).
Table 2: Sociographic data of the Participants

	Highest Educational level
	Frequency
	Percentage (%)

	O level
	47
	50

	OND
	4
	4.3



	HND
	10
	10.6

	BSC
	20
	21.3

	MSC
	7
	7.4

	PhD
	6
	6.4

	Private laboratory
	13
	14.4

	Private hospital
	46
	51.1

	Mission Hospital
	16
	17.8

	Government Hospital
	15
	16.7
	

	
	

	Table 3. Type of Laboratory

	Private laboratory
	13
	14.4
	

	Private hospital
	46
	51.1
	

	Mission Hospital
	16
	17.8
	

	Government Hospital
	15
	16.7
	

	

	Table 4. Duration of practice

	1-5 years
	54
	60.7
	

	6-10 years 
	21
	23.6
	

	11-15 years
	6
	6.7
	

	16-20 years
	3
	3.4
	

	Above 20 years
	5
	5.6
	

	
	
	
	

	Table 5. Knowledge of the use of a glucometer

	a. On average, how many patients do you check their blood weekly?

	1-3 weekly
	4
	4.3
	

	4-6 weekly
	8
	8.5
	

	7-9 weekly
	6
	6.4
	

	10-12 weekly
	15
	15.9
	

	Above 12 weekly
	61
	64.9
	

	b. Do you know how to calibrate a glucometer?
	
	
	

	Yes
	53
	57.6
	

	No
	39
	42.4
	

	c. Which brand of glucometer do you use?

	Accu-check
	54
	60.7
	

	Accu-answer
	14
	15.7
	

	One-touch 
	3
	3.4
	

	On point
	5
	5.6
	

	Healthy Q
	9
	10.1
	

	On call
	4
	4.5 
	

	d. Year of Manufacture
	

	2012
	4
	6.8
	

	2019
	5
	8.5
	

	2020
	2
	3.4
	

	2021
	12
	20.3
	

	2022
	18
	30.5
	

	2023
	18
	30.5
	

	e. Year purchase
	
	
	

	2012
	1
	1.7
	

	2015
	1
	1.7
	

	2019
	4
	6.7
	

	2020
	2
	3.3
	

	2021
	10
	16.7
	

	2022
	8
	13.3
	

	2023
	10
	16.7
	

	2024
	24
	40
	

	f. Did it come with calibrating solution?
	
	
	

	Yes
	25
	26.6
	

	No
	69
	73.4
	

	g. Was it calibrated before use?
	
	
	

	Yes 
	60
	68.9
	

	No
	27
	31.1
	

	h. If yes, by whom?
	
	
	

	You
	8
	20
	

	A colleague
	32
	80
	

	i. Are you aware that a glucometer requires regular calibration?

	Yes
	56
	70
	

	No 
	24
	30
	

	j. When last did you recalibrate the glucometer?

	Never
	24
	41.3
	

	Long time ago
	3
	5.2
	

	Last month
	16
	27.6
	

	Last two months
	12
	20.7
	

	Last six months
	3
	5.2
	

	k. How often do you recalibrate the glucometer?

	Every month
	6
	9.8
	

	Two months
	7
	11.5
	

	Three months
	2
	3.2
	

	6 months
	1
	1.6
	

	12 months
	13
	21.3
	

	Not necessary
	32
	52.5
	

	l. Do you think that regular recalibration will affect the blood glucose result?

	Yes
	13
	18.3
	

	No
	58
	81.7
	

	m. What do you think that can affect the result of your glucometer?

	Nothing
	12
	16
	

	Dirt
	5
	6.7
	

	Contamination
	3
	4
	

	Expired strip
	14
	18.7
	

	Low battery
	14
	18.7
	

	Faulty machine
	4
	5.3
	

	Bad battery
	3
	4
	

	Improper sample collection
	10
	13.3
	

	Long term use
	1
	1.3
	

	Poor handling of device
	2
	2.7
	

	When it is not calibrated
	4
	5.3
	

	Haemolysed blood
	1
	1.3
	

	Damage to glucometer
	1
	1.3
	

	Technique or Skill
	1
	1.3
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Figure 1.: Awareness of glucometer calibration   
	How often do you recalibrate?
	Are you aware that glucometer requires regular calibration?


	When last did you recalibrate the glucometer?


	Do you think that regular recalibration will affect the blood glucose result?


	 Every month
	9.8%
	 

yes
	 

70%
	Last month
	27.6%
	Yes
	18.3%

	2 months
	11.5%
	 

 NO
	 

 30
	2 months ago
	20.7%
	No
	81.7%

	3 months
	3.2%
	
	
	6 months ago
	5.2%
	
	

	6 months
	1.6%
	
	
	Never
	41.3%
	
	

	12 months
	21.3%
	
	
	Long time ago
	5.2%
	
	

	Not necessary
	52.5%
	
	
	
	
	
	


Table 6: Knowledge of glucometer calibration

4 DISCUSSION    
Blood glucose monitoring (BGM) for patients with diabetes as part of their overall disease management program is very imperative to provide valuable feedback on the effects of diet, exercise, and medications and to detect hypoglycemia in patients on insulin therapy, thereby improving safety (Mayfield and Havas, 2007). The emergence of glucose meter/glucometer technology brought newer systems that are more accurate and which incorporate innovations that reduce the likelihood of error during use. Glucometer recalibration is essential for accurate and reliable blood sugar readings, patient safety, effective diabetes management, peace of mind, and to maintain the device's optimal performance. It builds confidence in treatment decisions and improves health outcomes. 
False readings can lead to wrong dosing of antidiabetic medications or failure to detect hyperglycemia or hypoglycemia, potentially resulting in severe complications like diabetic ketoacidosis or hypoglycemic shock (Inaku et al, 2021).

This study was conducted to assess awareness of glucometer calibration by some laboratories and hospitals in Nsukka and to predict the effect on effective blood glucose monitoring and management.

From the results, it can be deduced that there is a direct correlation between the highest level of education and the knowledge of glucometer calibration, as a greater number of respondents with the knowledge of glucometer calibration possess higher education qualifications. This is understandable since O-level certificate holders are non-professionals but are recruited by laboratory scientists as apprentices, mostly on a part-time basis, while waiting for due time to proceed to higher education. It is therefore important that professionals who employ this category of workers should equip them with the necessary skills needed in glucometer handling. The most common brand of glucometer used was Accu-check (60.7%), followed by Accu-answer (15.7%), and the least was One-touch (3.4%). All of these are very good brands and can be easily calibrated to ensure accuracy in blood glucose monitoring and management. 
Due to the constraint of going through records, many of the respondents were unable to give details of the year the glucometers were manufactured and the year the glucometer was acquired. This led to a very low turnout of responses in that section, accounting for 59 responses for the year it was manufactured and 60 responses for the year of purchase, respectively. The most common answer for the year of manufacture was 2022 and 2023, which accounted for 30.5% of the total responses each, while that for the year bought was 2024, accounting for 40% of the total responses. The year of manufacture of a glucometer is an important consideration in blood glucose monitoring (BGM), as device sensitivity and accuracy have been shown to decline with age, especially if the meter is not subjected to regular quality control checks and recalibration (Otokunefor & Onwuchekwa, 2018). Moreover, prolonged use of a glucometer leads to wear of the sensor system, electronic drift, and incompatibility with newer test strip batches, which may reduce accuracy and reliability. It has been established that older glucometers are more prone to measurement errors, leading to clinically significant discrepancies when compared with laboratory reference values (Inaku et al., 2021). International standards also emphasise routine verification of meter accuracy against reference methods to ensure long-term reliability (ISO, 2013; WHO, 2020). Addressing these challenges through periodic recalibration, quality assurance programs, and timely replacement of outdated meters is critical for safe and effective diabetes management.

Factors like dirt and contamination, expired strip, low battery, faulty machine, bad battery, improper sample collection, long-term use, poor handling of device, poor storage, damage of glucometer and lack of skill or technique are believed to affect the result of the glucometer (Salacinski et al., 2014, Erbach et al., 2016, Olamoyegun et al, 2016, Mayo clinic, 2023, DiabetesTeam.com, Stephens and Farnworth, 2025). These inadvertently have a negative effect on blood glucose monitoring and diabetes management.

Worthy of note is that most modern glucometers do not need routine recalibration. This is because of the improved technology in the glucometer industry, which afforded factory settings of the glucometers, removing the need for regular manual recalibration (Forlenza et al., 2019; Sly and Taylor, 2023). This is confirmed in our results since 73.4% of the respondent stated that their glucometers did not come with a calibrating solution. 
From the results, it is evident that a significant number of patients show up for regular blood glucose tests, suggesting that more people are aware of the need to monitor their blood glucose levels. However, 41.30 % of the respondents whose apparatus came with a calibrating solution have never calibrated their glucometer, 52.5% feel that it was not necessary to recalibrate the glucometer, while 81.7% feel recalibration will not affect the results from the glucometer. This is a reckless practice that should be curbed with urgency because, without recalibration of the glucometer, the accuracy and precision of the blood glucose level results are placed in jeopardy and thus will negatively affect blood glucose monitoring and ultimately the treatment outcomes. 

5. CONCLUSION
It is evident from the results of our investigation that a greater percentage of the respondents, though acknowledging awareness that glucometers should be regularly recalibrated, seldom recalibrate their glucometers, erroneously believing that regular recalibration will not affect the results and therefore, is not necessary. It means that the efforts made by a greater number of patients to check their blood sugar yield little or no advantage. The consequence of this practice is poor blood glucose monitoring and poor treatment outcomes, potentially resulting in severe diabetes associated with long-term complications and short-term emergencies. 
6. RECOMMENDATION
It is recommended that hospitals and laboratories should put in effort in educating their staff on the need for regular recalibration of glucometers to ensure effective blood glucose monitoring and management. Additionally, workshops and seminars on glucometer calibration should be held periodically for all the categories of staff to increase their knowledge on glucometer calibration.
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