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ABSTRACT

This study explores perceptions of self-monitoring of blood glucose (SMBG) among
older adults with type 2 diabetes mellitus (T2DM) from the perspective of clinicians
in the Mexican public health system. To identify organisational factors, barriers and
enablers that influence the use of SMBG, using semi-structured interviews with six
family medicine specialists at the Mexican Social Security Institute (IMSS). Thematic
analysis based on the COM-B model revealed that SMBG involves three distinct
behaviours, each requiring specific physical, psychological and motivational factors.
Physicians noted that older adults face multiple challenges in performing SMBG,
which extend beyond a single device to the interaction with four medical devices.
Understanding these barriers is critical to designing effective interventions to improve
diabetes self-care in older populations.
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INTRODUCTION

In Mexico, Type 2 Diabetes mellitus (T2DM) is a public health problem.
According to the National Institute of Public Health, the prevalence of
diabetes in Mexico is 18.3%, with 22.1% prediabetes (Basto-Abreu et al.,
2023). The disease affects Mexicans at an earlier age and lower Body mass
index (BMI) compared to Caucasians (Bello-Chavolla et al., 2017). The self-
monitoring of blood glucose (SMBG) behaviour is one of the most valuable
tools in controlling of diabetes (Olczurk & Priefer, 2018; Meléndez-Herrada
et al., 2007; Mexican Diabetes Federation, 2017). SMBG is a procedure
conducted using a medical device known as a blood glucometer (BGM). In
health care, it is common for interventions to be developed, implemented
or evaluated to promote healthier lifestyle behaviours for patients (Michie
et al., 2011). However, Michie et al. (2011) mention that these interventions
are often designed without an analysis to determine what needs to be changed
to improve the impact of the behaviour. The COM-B model provides for a
behavioural analysis, with a goal of identifying what needs to be changed
(Michie et al., 2011). The COM-B considers three conditions necessary for
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behaviour to be performed, these three conditions are: capability -physical
and psychological-, opportunity -physical and social-, and motivation -
autonomous and reflexive- (Michie et al., 2011). Incorporating ergonomic
principles into device design has been shown to improve usability, reduce risk,
and increase market success (Hearne, 2004; Wiklund, 2024). Capturing user
requirements is challenging due to diverse user groups, however, a variety
of research methods can be used throughout development to help capture
requirements (Martin et al., 2006).

This work focuses on the perception of people working in the Mexican
health services who provide medical care to the older adult population
diagnosed with T2DM. The objectives of this research were: (1) Identify the
organizational aspects that influence or affect the use of the blood glucose
meter (BGM) in older adults patients with T2DM; (2a) Define the barriers
and enablers for older adults to use the BGM detected by clinician in patients
with T2DM, (2b) Establish whether these characteristics differ with the rest
of the population diagnosed with T2DM and; (3) Understand the importance
of the BGM for the treatment of T2DM in an older adult patient.

METHODOLOGY

This study is part of a wider research project, which explores the expectations
of older adults on the behaviour of SMBG. In this study only the data
obtained with physicians are presented. Studies by Uzun & Kahraman (2024)
emphasize the need to consider both clinicians and end-users in the design of
medical devices, ensuring that they are intuitive and effective for patients and
their families, but also considering appropriate use in actual clinical practice.

A non-probability sample of six clinicians with specialization in Family
Medicine (FM) with an average of 6.1 years of experience in family medicine
was selected. None of the participants worked in private health care.

Six in depth semi-structured interviews with clinicians with specialization
in Family Medicine (FM) of the first level of the Mexican Social Security
Institute (IMSS) were undertaken. and the interviewing process is described
in Figure 1. The interviews were divided into five aspects: (a) Clinicians’
background, (b) context and support by IMSS, (c¢) glucose meter in home
and use, (d) information that patients receive, and (e) barriers and enablers
to use the BGM.
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Figure 1: Interview process.
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RESULTS

A thematic analysis of the qualitative data collected in the interviews with
the clinicians was carried out to identify, analyze and report the patterns.
Braun and Clarke (2006) proposal was used for the thematic analysis. The
coding of the themes was grounded in the theory of the COM-B model. As
a result of the interviews, it was identified that SMBG is composed of three
different behaviours and that each behaviour requires different capabilities,
motivations and opportunities, see Figure 2.
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Figure 2: Self-monitoring of blood glucose behaviour.

Clinicians specialising in FM indicated that they regularly interact with
older adults with T2DM on a monthly basis with a scheduled appointment
of 30 minutes, which may be less depending on the doctor’s workload. The
aim of the appointment is to manage the disease and provide pharmacological
treatment. In Mexico, the public health system, such as the IMSS, does not
provide the medical equipment needed to carry out SMBG, but the IMSS does
provide services for elderly people with T2DM, as shown in Figure 3, which is
a result of the issues raised by the clinicians during the interviews. Regarding
SMBG, see Figure 3, physicians mentioned that counselling on the use of
BGM is offered in the emergency department, in the nursing department
and in the preventive medicine department, but only if the older adult or a
family member requests it; FMs can also advise the patient on this behaviour
during the appointment, but the choice and availability is in the hands of
each physician.

Level 1 g::;?;: zc:dre with < Services for the N N r’hatrmac:nlogical
B \ i / reatmen
Level 2 e areland elderly with T2DM
-Level 3 / - \‘
nurses

Non-pharmacological

Laboratory tests treatment

Capillary
Glucose on
an Ayurvedic
Basis

only if the patient
requests it

1

Nutritional
counseling

Glucose
tolerance
test

Glycosylated
haemoglobin

(HbA1c) Counseling on the

use of the BGM

Nursing
department Emergency Department

During the of Preventive
medicgal bhisi Medicine

appointment

Fasting
glucose

Figure 3: Services for the elderly with T2DM in the IMSS.
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The clinicians expressed during the interviews that the frequency
recommended for older patients with T2DM is not the same frequency as that
recommended for younger patients, to decide the recommended frequency,
the characteristics of each patient are taken into account, these characteristics
are shown in the Figure 4.
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Figure 4: Characteristics that influence the frequency recommended by doctors to
older adults with T2DM.

The results of the interviews with the six doctors, organised according to
the COM-B model, are described in Table 1. They also reported the mistakes
they had observed patients making. The most common mistakes they had
seen were as follows: (a) incorrect placement of the blood sample on the
test strip; (b) failure to record glucose levels properly, (c) forgetting to bring
records to medical appointments, and (d) using devices with manuals in
English, complicating comprehension.

Table 1: Main barriers to the implementation of SMBG in older adults with T2DM, as

perceived by clinicians specialising in FM.

Category Barrier Impact

Physical and Cognitive Declining fine motor skills Difficult handling of
Capabilities glucometer and test strips

Physical and Cognitive Vision impairment Errors in reading glucometer
Capabilities display

Physical and Cognitive Cognitive decline Forgetting steps in SMBG
Capabilities process

Physical and Cognitive Lack of knowledge on Incorrect interpretation of
Capabilities glucometer use results

Physical and Social High cost of test strips Limited frequency of SMBG
Opportunities due to financial constraints

Physical and Social
Opportunities
Physical and Social
Opportunities
Physical and Social
Opportunities
Motivation
Motivation

Motivation

No provision of medical
supplies in the public system

Dependence on family
members for SMBG

Lack of standardized training
for glucometer use

Poor adherence to treatment

Misconceptions about SMBG
benefits

Lack of established SMBG
habits

Reduced accessibility to SMBG
devices

Inconsistent SMBG practice
due to lack of assistance

Lack of structured guidance
for older adults

Inconsistent SMBG practice

Older adults fail to see SMBG
as beneficial

Irregular monitoring of glucose
levels
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CONCLUSION

Self-monitoring of blood glucose (SMBG) is a crucial component in
diabetes management, particularly for insulin-treated patients (Hirsch et al.,
2008). SMBG provides real-time information about glycemic excursions
and immediate feedback on treatment effects (Boutati & Raptis, 2009).
Technological advancements have improved SMBG devices’ accuracy and
usability over the past decades (Clarke & Foster, 2012; Kuo et al.,
2012); however, challenges persist. This study highlights the importance of
improving the current design of SMBG to meet the needs of older adults and
exploring design solutions to address the barriers faced by this population.
The findings suggest that SMBG in older adults with T2DM is a complex
process influenced by physical, cognitive and economic barriers. Lack of
health system provision and lack of structured training strategies limit the
uptake of this practice. This study found that older adults with higher
socioeconomic status and strong family support were more likely to adhere to
SMBG. In addition, education and awareness of the importance of glycaemic
control improved adoption of the practice. From an ergonomic perspective,
the design of blood glucose meters is not adapted to the needs of older adults,
which affects their correct use. The development of more accessible devices
is recommended, with larger screens, instructions in accessible formats and
more ergonomic lancing mechanisms. It is also important to increase health
education to improve adherence and awareness of the importance of SMBG.
Family support programmes and structured training are suggested to optimise
uptake of SMBG in this population. The results of this study provide a
behavioural analysis of SMBG that would help the Mexican health system to
develop strategies and redesign BGM. Medical device ergonomics is crucial
for patient safety, product efficacy, and user satisfaction (Hearne, 2004;
Wiklund, 2024) and to develop strategies based on scientific evidence in real
contexts and with real users. It is important to note that this project is part
of a larger project that is considering including the end-user perspective as
a next step to understand the barriers and facilitators of SBGM behaviour
using a medical device, thus taking a much broader view.

DISCUSSION

To change a behaviour, it is necessary to understand and diagnose it
(Michie et al., 2011). The results of these studies contribute to an improved
understanding of the behaviour of the SBGM in the older adults in Mexico.
This new knowledge will help to generate evidence-based behaviour change
strategies and improve the behavioural adherence of older adults to this
personal health monitoring task. Certain elements found in this study are
consistent with other studies conducted in older people. One of the most
critical factors is the size and visibility of the screen. Research by Rasche
et al. (2020) indicates that many commercially available glucometers do not
feature screens with adequate contrast and size, which poses a significant
challenge for users with age-related vision impairments. Another crucial
aspect is the ease of handling. Li & Li (2024) found that glucometers
with small buttons and complex interfaces often lead to frustration among
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elderly users, reducing their adherence to blood glucose monitoring routines.
Moreover, the integration of glucometers with smart devices has been shown
to improve usability. Ahn et al. (2024) demonstrated that continuous glucose
monitoring (CGM) systems are highly accepted among older adults, provided
that the user interface is intuitive and easy to navigate. However, another
challenge lies in the cognitive load associated with data interpretation.
Pinelli et al. (2022) found that some older adults experience difficulties in
understanding their glucose readings due to excessive or overly complex
information presented by the device, which can lead to misinterpretation
and reduced adherence. While technological advancements have introduced
more sophisticated monitoring systems, various barriers—such as visual
impairments, motor difficulties, cognitive overload, and complex device
interfaces—continue to hinder their effective use. Addressing these challenges
requires a user-centered approach that prioritizes accessibility, ease of use,
and seamless integration into daily routines.
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