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Accurate blood glucose measurement is vital for managing diabetes and monitoring overall health.
As healthcare professionals and patients rely heavily on blood glucose testing devices,
understanding the types of controls necessary to ensure test accuracy is essential. Proper controls
help verify that glucose meters and test strips are functioning correctly, providing reliable results
that can influence important health decisions. In this comprehensive guide, we will explore the
various controls used when measuring blood glucose, their significance, and best practices to ensure
precision and consistency in testing.

Understanding Blood Glucose Testing and Its
Importance

Before diving into the controls used during blood glucose measurement, it’s crucial to understand
why accurate testing is essential. Blood glucose levels reflect the amount of glucose present in the
bloodstream at a specific time. Regular monitoring aids in:

- Managing diabetes effectively

- Preventing complications such as hypoglycemia and hyperglycemia
- Adjusting medications and insulin doses

- Making informed lifestyle choices

Given the importance of these measurements, ensuring their accuracy through proper controls is
fundamental.

Types of Controls Used in Blood Glucose Measurement

Controls are samples with known glucose concentrations used to verify that blood glucose testing
devices are operating correctly. They serve as benchmarks, ensuring that the results obtained from
patient samples are accurate and reliable. There are primarily two types of controls used:

1. Internal Controls (Device Controls)

Internal controls are built-in mechanisms within the glucose testing device or test strips that verify



their proper functioning. These controls are often automatically performed by the device during the
testing process, especially in laboratory settings.

Key features of internal controls include:

- Automated validation checks embedded in meters

- Self-diagnostic routines performed during startup or periodically
- Ensuring that test strips and sensors are functioning correctly
Advantages:

- Convenience and ease of use

- Rapid detection of device malfunctions

- Minimal user intervention required

Limitations:

- Limited scope compared to external controls
- May not detect all errors such as environmental interferences

2. External Controls (Control Solutions)

External controls, also known as control solutions, are specially formulated liquids containing known
concentrations of glucose. These are used to verify the accuracy of the entire testing process,
including the device, test strips, and user technique.

Types of external controls include:

- Level 1 Control (Normal Range): Mimics typical blood glucose levels, usually around 100 mg/dL
(5.5 mmol/L)

- Level 2 Control (High Range): Represents elevated glucose levels, often around 250 mg/dL (13.9
mmol/L)

Using external controls involves applying the control solution to the test strip just as a blood sample
would be tested. The device then displays a result that should fall within the established known
range.

Advantages:

- Validates the overall accuracy of the testing system

- Detects issues such as expired test strips, improper storage, or device malfunction

- Provides confidence in patient or clinical results

Limitations:

- Requires purchase and proper storage of control solutions
- Slightly more time-consuming than internal device checks



Key Considerations When Using Controls for Blood
Glucose Testing

Ensuring reliable blood glucose measurements involves more than just selecting the correct
controls. Here are essential considerations:

Proper Storage of Control Solutions

- Store control solutions at recommended temperatures, typically between 2°C and 8°C
- Avoid freezing or exposing to excessive heat
- Use before the expiration date printed on the bottle

Regular Use of Controls

- Perform control tests at regular intervals, such as weekly or after certain number of tests
- Run controls whenever you open a new bottle of test strips or change testing devices
- Use controls if results seem inconsistent or suspect

Record Keeping

- Document control test results, including date, time, and lot numbers
- Track trends over time to identify potential issues early
- Maintain logs for quality assurance purposes

Interpreting Control Results

- Results should fall within the assigned control ranges

- If results are outside the range, troubleshoot by checking device calibration, test strip expiration,
and proper technique

- Repeat the control test if necessary before proceeding with patient testing

Additional Controls and Quality Assurance Measures

Beyond internal and external controls, other quality assurance measures help maintain test
accuracy:



Calibration of Glucose Meters

- Some devices require periodic calibration with standard solutions
- Follow manufacturer instructions for calibration frequency and procedures

Environmental Factors

- Conduct tests in suitable environments (e.g., away from direct sunlight, extreme temperatures)
- Ensure cleanliness of testing surfaces and hands

Training and Competency

- Proper training on sample collection, device operation, and control testing
- Regular competency assessments for users

Choosing the Right Controls for Blood Glucose Testing

The selection of appropriate controls depends on various factors:

- Type of device: Some meters have built-in controls, while others depend heavily on external
controls

- Testing environment: Clinical settings may require more rigorous controls

- Regulatory requirements: Follow local guidelines and standards such as those from the FDA or ISO

Popular control solutions include:

- Commercially available blood glucose control solutions
- Laboratory-grade control fluids with certified glucose concentrations
- In-house prepared solutions (though less common and less reliable)

Conclusion: Ensuring Accurate Blood Glucose
Measurements

Reliable blood glucose monitoring hinges on the effective use of various controls. Internal device
controls provide quick checks and diagnostics, while external control solutions offer comprehensive
validation of the entire testing process. Proper storage, regular use, and meticulous interpretation of
control results are essential for maintaining accuracy. Incorporating these controls into routine
testing not only assures quality but also enhances patient safety by providing trustworthy data for
clinical decision-making.



By understanding and implementing the appropriate controls, healthcare providers and patients can
confidently rely on blood glucose measurements to manage diabetes effectively and promote overall
health. Remember, consistent quality assurance practices are the cornerstone of accurate, reliable
blood glucose testing.
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Frequently Asked Questions

What are the common types of controls used in blood glucose
measurement devices?

Common controls include internal controls built into the device, external control solutions with
known glucose concentrations, and calibration standards to ensure accuracy.

How do internal controls in blood glucose meters help ensure
accurate readings?

Internal controls monitor the device’s performance during each test, alerting users to potential
malfunctions or errors, thereby maintaining measurement reliability.

What role do external control solutions play in blood glucose
testing?

External control solutions with known glucose levels are used to verify the accuracy and precision of
blood glucose meters and test strips during quality control procedures.

Are there specific controls recommended for use with
continuous glucose monitoring systems?

Yes, calibration controls and validation procedures are recommended to ensure the accuracy of
continuous glucose monitoring devices, often involving calibration against laboratory standards.

How frequently should quality controls be performed when
measuring blood glucose?

Quality controls should be performed regularly—typically daily or before each use—to ensure
consistent and accurate readings, especially in clinical or critical settings.



What are the best practices for using control solutions in
blood glucose testing?

Control solutions should be stored properly, used at room temperature, tested with the same lot
number as test strips, and results should fall within the recommended range to validate device
performance.

Can patient self-testing devices utilize controls, and how does
that work?

Yes, patients can use control solutions to verify their device’s accuracy periodically, ensuring
reliable readings for better diabetes management.

What are the consequences of not using controls when
measuring blood glucose?

Failure to use controls can lead to undetected inaccuracies, misdiagnosis, inappropriate treatment,
and potential health risks due to unreliable blood glucose data.

Are there emerging technologies or controls used in blood
glucose measurement?

Emerging technologies include advanced calibration algorithms, sensor validation protocols, and
integrated quality control systems in digital health devices to enhance accuracy and reliability.

Additional Resources

Blood glucose measurement controls are fundamental components in ensuring the accuracy,
reliability, and consistency of glucose testing, which is critical for effective diabetes management. As
the prevalence of diabetes continues to rise globally, the importance of precise blood glucose
monitoring has become more pronounced. Whether for clinical diagnostics, self-monitoring in
diabetic patients, or research purposes, the controls used in blood glucose testing serve as
benchmarks, ensuring that the measurement devices and procedures produce valid results. This
article explores the types of controls employed in blood glucose measurement, their roles, and the
technological and procedural considerations involved.

Understanding Blood Glucose Measurement: An
Overview

Blood glucose testing involves quantifying the concentration of glucose in a small blood sample. The
primary devices used include glucometers (blood glucose meters), laboratory analyzers, and
continuous glucose monitoring systems. Despite differences in technology, all methods require



rigorous quality control to ensure data accuracy.

Key components of blood glucose measurement include:

- Sample Collection: Usually a capillary or venous blood sample.

- Measurement Device: Enzymatic sensors, photometric, or electrochemical systems.
- Calibration and Controls: Regular checks to validate measurement accuracy.

Controls function as known standards that help verify the proper functioning of testing systems,
identify potential errors, and maintain measurement integrity.

Types of Controls in Blood Glucose Measurement

Blood glucose testing employs various controls based on the context—clinical laboratory settings,
point-of-care testing, or home self-monitoring. These controls can be broadly categorized into quality
control materials, calibration standards, and procedural controls.

1. Quality Control (QC) Materials

Quality control materials are specially prepared solutions or blood samples with known glucose
concentrations. They serve to monitor the performance of the entire testing process, from sample
application to device reading.

- Commercially Prepared Control Solutions: These are stable, ready-to-use solutions with certified
glucose concentrations. They come in low, normal, and high levels to mimic different patient blood
glucose ranges.

- Lyophilized Controls: Freeze-dried controls that require reconstitution before use, offering
extended shelf-life and stability.

- Whole Blood Controls: Simulate blood samples more closely, containing cellular components and
plasma, providing a more realistic testing environment.

2. Calibration Standards

Calibration involves setting the measurement device to produce accurate readings based on known
reference points.

- Primary Calibration Standards: Certified reference materials traceable to international standards
(e.g., NIST) are used periodically to calibrate laboratory analyzers.

- Secondary Calibration: Involves using control materials with certified glucose levels to verify that
the device's calibration remains valid over time.

- Built-in Calibration: Some portable glucometers include automatic calibration features, reducing

user intervention but still requiring periodic verification with controls.

3. Procedural and System Controls
These include checks for operational errors and device function.

- Internal Quality Control Checks: Many modern glucometers perform internal checks for sensor



integrity, strip expiration, and proper sample application.

- External Quality Assessment: Participation in proficiency testing programs to compare device
performance across different laboratories or settings.

- Environmental Controls: Monitoring temperature, humidity, and other environmental factors that
can influence readings.

Implementation of Controls in Practice

1. Laboratory Settings

In clinical laboratories, rigorous quality control protocols are mandated by regulatory agencies such
as the Clinical Laboratory Improvement Amendments (CLIA) in the U.S. or ISO standards
internationally. These laboratories typically employ:

- Daily QC Testing: Running control samples at different glucose concentrations daily to ensure the
analyzer functions correctly.

- Calibration Verification: Regularly verifying calibration with certified standards, often every week
or after maintenance.

- Documentation: Maintaining detailed logs of control results to identify trends or shifts indicating
potential issues.

2. Point-of-Care and Self-Monitoring Devices
For patients and healthcare providers using portable glucometers:

- Use of Control Solutions: Many manufacturers supply control solutions intended for periodic
testing to confirm device accuracy.

- Manufacturer Instructions: Users are advised to perform control tests regularly, especially when
opening new strips, after device maintenance, or if readings seem inconsistent.

- Visual and Functional Checks: Ensuring test strips are stored properly, sensors are functioning,
and the device displays correct information.

3. Continuous Glucose Monitoring Systems (CGMS)

Although CGMS devices primarily rely on sensor calibration based on blood glucose measurements,
they still require controls during device calibration and validation phases:

- Factory Calibration: Performed during manufacturing.

- User Verification: Periodic comparison with fingerstick blood glucose readings using control
solutions.

- Sensor Validation: Ensuring sensor signals are consistent and within expected ranges.



Key Considerations When Using Controls

1. Stability and Storage

Control materials must be stored according to manufacturer instructions to maintain stability.
Temperature fluctuations, exposure to light, or expiration can compromise their reliability.

2. Range of Control Levels

Using controls that span the expected clinical range (low, normal, high) helps detect inaccuracies
across the spectrum of blood glucose levels.

3. Frequency of Use

The frequency of control testing depends on the setting:

- Laboratory: Daily or per shift.

- Point-of-care: Weekly, or with each new lot of test strips.

- Home-use: Weekly or as recommended by the device manufacturer.

4. Interpretation of Results

Control results should fall within established acceptable ranges. Deviations may indicate:
- Device malfunction

- Improper storage or handling

- Reagent or strip expiration

- Environmental interference

Technological Advances and Future Directions

Emerging technologies are enhancing control processes:

- Smart Controls and Software Integration: Devices now often include internal algorithms that
automatically flag control failures.

- Automated Calibration and Self-Testing: Reducing user error and increasing reliability.

- Enhanced Control Materials: Development of more stable, multi-level controls that better mimic
physiological blood glucose variations.

- Remote Monitoring and Data Logging: Facilitating oversight by healthcare providers through
cloud-based systems.

Conclusion



Blood glucose measurement controls are indispensable in maintaining the accuracy and reliability of
glucose testing, which directly impacts patient care and clinical decision-making. From simple
control solutions used at home to complex calibration standards in laboratories, each control type
plays a vital role in verifying device performance and identifying errors. As technology advances, the
integration of automated controls, improved materials, and digital monitoring promises to further
enhance quality assurance processes. Ultimately, rigorous and appropriate use of controls ensures
that blood glucose readings remain trustworthy, safe, and effective tools in managing diabetes and
related metabolic conditions.
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