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Abstract: Despite some negative reports regarding the need for the self-monitoring of blood glucose (SMBG), including the issue of
cost-effectiveness, there are still many users, and in diabetes treatment, which is largely dependent on the patient’s self-care, SMBG
remains an important tool in establishing such self-care habits, with several reports supporting this notion. In addition, devices are
needed to assist in SMBG for patients with diabetes who have difficulty performing SMBG, such as the elderly or those with visual
impairment. In current diabetes care, it is reported that patient-centered care that respects the preferences, needs, and values of
individual patients and personalized care that consider the characteristics and comorbidities of each patient are important. Through
a case study of a patient with diabetes who had difficulty performing SMBG due to visual impairment, we learned of the needs of
SMBG and its assistive devices and the importance of patient and family engagement with emphasis on patient-centered and
personalized care. We herein report what we learned through this case in the form of perspectives. Through this report, we hope
that medical professionals involved in diabetes care will learn of the importance and needs of these issues and apply them to their
actual clinical practice.
Keywords: patient-centered care, personalized care, patient and family engagement, self-monitoring of blood glucose, SMBG
assistive devices, diabetes

Introduction
Currently in Japan, medical insurance covers the use of self-monitoring blood glucose (SMBG) only for patients on
insulin and Glucagon like peptide-1 receptor agonists and pregnant women with abnormal glucose metabolism.1 Even
with the widespread use of new self-monitoring devices, such as intermittently scanned continuous glucose monitoring
(isCGM), there are still many SMBG users. The American Diabetes Association (ADA) guidelines recognize even for
patients using less frequent insulin injections, SMBG may help guide treatment decisions as part of a broad educational
program.2 And it has advantages in not only checking hypoglycemia and hyperglycemia but also assessing physical
activity and diet, motivating self-management, and building a close relationship with the attending physician.3 On the
other hand, the elderly, visually impaired, and hypersensitive patients may have difficulty performing SMBG due to pain
at the time of puncture and the complexity of the measurement operation, and several assistive devices are sometimes
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used as accessories in Japan (Figure 1A–C). However, there are cases where SMBG cannot be performed with existing
SMBG assistive devices, so adequate self-care has not yet been achieved.

As medical care becomes more sophisticated and complex, the success or failure of treatment for chronic diseases,
such as diabetes, largely depends on the patient’s self-care, and patients and their families are important members of the
medical team. It is therefore important to foster patient and family engagement, wherein the patient and their family
members participate in various aspects of medical care, performing medical care together with the patient’s doctors.4 In
addition, the ADA and European Association for the Study of Diabetes (EASD) published a basic policy concerning the
treatment of type 2 diabetes (T2D) in 2012. It advocates a patient-centered approach, which

respects the preferences, needs, and values of the individual patient, provides care that is responsive to those preferences and
needs, and ensures that patient values guide all clinical decisions.5,6

Graphical Abstract

Figure 1 Existing SMBG assistive devices that patients were unable to utilize. (A) SMBG assist devices that are no longer in use, but were once provided by Sanwa Kagaku
Kenkyusho Co.; two escort guides made of plastic and tape, a congested rubber band (Sanwa Kagaku Kenkyusho Co., Nagoya, Aichi, Japan). (B and C) Several SMBG
assistive devices created by TERUMO CORPORATION; plastic escort guides and rings to congest the fingers (TERUMO CORPORATION, Shibuya-ku, Tokyo, Japan).
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In addition, the importance of personalized care that takes into account the characteristics and comorbidities of each
patient are important in the field of diabetes has been recently reported, as the use of personalized medicine in patients
with T2D should improve medication adherence, patient satisfaction, and quality of life, reduce diabetes distress, and
improve physical health.7

In this study, we report our perspectives on the importance of patient and family engagement, the needs for SMBG the
need for SMBG and its assistive devices engagement in diabetes care, using a story as a resource.

Case Presentation
The patient was a 47-year-old woman with a chief complaint of vision loss. Regarding her family history, her mother had
T2D. The patient was a homemaker. When she had been pregnant with her first son at 25 years old and her second son at
27 years old, high blood glucose levels had been noted, but diabetes had not been diagnosed, and she never underwent
a physical examination or hospital visit. At 47 years old, she became aware of decreased visual acuity in her left eye in
May X. In June X, she became aware of decreased visual acuity in her right eye, and in July X, her decreased visual
acuity worsened, so her husband recommended that she visit the Department of Ophthalmology of Tokai University
School of Medicine.

On visiting the ophthalmology department, she was diagnosed with bilateral proliferative diabetic retinopathy and
tractional retinal detachment, and she was referred to a diabetologist at the same university on the same day. She had
never been weighed on a daily basis, so her weight fluctuations were unknown, and she had never been on a diet. She was
not aware of any symptoms, such as thirst, polydipsia, or polyuria.

At the time of consultation, her height was 153 cm, her weight was 66 kg, her body mass index (BMI) was 28 kg/m2.
Her arterial blood pressure was 190/103mmHg, pulse rate was 83 bpm (regular), respiration rate was 16/min, body
temperature was 36.0 °C, and consciousness was lucid. A decreased Achilles tendon reflex was observed.

Laboratory tests at consultation showed a fasting blood glucose level of 242 mg/dl and HbA1c of 10.3%, indicating
poor blood glucose control. Urinary ketone bodies were positive, but there was no metabolic acidosis, and anti-GAD
(glutamic acid decarboxylase) antibodies were negative. As a result, the patient was diagnosed with hypertension, and
diabetic ketosis due to T2D.

To manage her diabetic ketosis, SMBG guidance and insulin therapy were started. For her hypertension, salt
restriction to 6 g/day and the antihypertensive drug olmesartan medoxomil were started. Regarding the eye disease, it
was decided that she would undergo surgery once her blood glucose levels stabilized. Due to the patient’s strong request
that she could not be hospitalized because of the need to take care of her cat and the considerable mental and physical
burden she would sustain, we decided to treat her as an outpatient instead of hospitalizing her.

Since it was difficult to learn the SMBG technique due to poor vision, we prepared ready-made SMBG assistive
devices made of rubber bands and plastic (Figure 1A–C). Unfortunately, the ready-made SMBG assistive devices were
complicated to operate and SMBG could not be performed, making it difficult to continue insulin therapy in the
outpatient hospital. We made the recommendation again that she be hospitalized, but she still refused. For diabetic
ketosis, SMBG instruction and insulin therapy were started, but the patient had difficulty learning the SMBG with
general technique instruction due to poor vision and other factors, and SMBG could not be performed well, and her blood
glucose level remained unstable. The lack of results increased the anxiety and frustration of the patient and her
family day by day. However, the medical staff tried to create an atmosphere where the patient and family could
participate in the treatment as much as possible while giving priority to the patient’s requests. The staff continued to
treat the patients at outpatient visits every one to two weeks, but at the outpatient clinic on week X+4, many readings of
blood glucose levels were noted in the SMBG notes. This turned out to not be a false reading but instead the result of the
patient’s husband, who worked in manufacturing, creating a less complicated SMBG aid that the patient could operate
alone. Thereafter, whenever the patient’s husband visited the outpatient hospital with the patient, the husband brought the
SMBG assistive device with him. Each day, the SMBG assistive devices became more hygienic, safer, and more
adaptable to various finger sizes. The first SMBG assistive device was made of wood by the manufacturer, the patient’s
husband (Figure 2A). The second SMBG assistive device was made of ABS (acrylonitrile-butadiene-styrene) resin with
an antibacterial effect by the patient’s husband (Figure 2B). The third SMBG assistive device was made of ABS resin
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with an antibacterial effect for safety by the patient’s husband (Figure 2C). After the third SMBG assistive device, it’s
device made of ABS resin with an antibacterial effect continued to improve, and various types and sizes of SMBG
assistive devices were made (Figure 2D).

As a result of being able to measure blood glucose levels smoothly with the SMBG assistive device, the patient
herself became more positive about the treatment and paid more attention to her daily life, including diet, and her blood
glucose levels stabilized. Laser therapy and vitrectomy were performed for bilateral proliferative diabetic retinopathy and
tractional retinal detachment, and 10 months after the visit, the visual acuity of the right eye recovered from 0.04 to 0.06
and that of the left eye from 0.01 to 0.4. In addition, the SMBG assistive devices created by her husband brought her, her
family, and medical professionals closer together, allowing patient to avoid being subjected to excessive physical and
bodily stress. The patient, family, and medical professionals are now able to practice medicine in a good relationship.
With strict dietary control and increased daily biological activity in attention to her eyes, insulin was not increased
beyond insulin aspart (2-2-2 units), insulin degludec (4-0-0 units), and good glycemic control could be continued.

After one year, the need for insulin was eliminated and insulin was discontinued. We recommended that the patient
discontinue SMBG, as her insurance would not continue to cover the monitoring due her cessation of insulin. However,
as the patient and her husband desired to do so, she continued to perform SMBG at her own expense. Since withdrawing
from insulin, she has maintained her HbA1c level in the 6% range for several years with no oral medication, only diet
and exercise therapy. She has said that she was able to continue self-management of her diabetes by checking her blood
glucose levels via SMBG, which she measures occasionally. Her husband and the medical staff continued to develop
SMBG assistive devices for patients who were having trouble performing SMBG on their own. As a result, a medical
device company producing SMBG assist devices asked for our help in developing a new SMBG assist device, and after
testing more than 200 prototypes (Figure 3), a new type of SMBG assistive device is now available for patients who wish
to have it as an accessory to SMBG (Figure 4).

Problems with SMBG
Some reports have described different views concerning the need for SMBG, and support for SMBG is mixed.8

Randomized trials of SMBG in non-insulin-treated T2D say that it does not affect glycemic control, that the effects of
SMBG are not long-lasting, and that the cost-effectiveness of reducing diabetes-related complications may be low.9–11 It
has also been reported that the Society of General Internal Medicine (SGIM) does not recommend SMBG in such
patients.12

Figure 2 SMBG assistive device created by the patient’s husband. (A) The first SMBG assistive device was made of wood by the manufacturer, the patient’s husband. (B)
The second SMBG assistive device was made of ABS resin with an antibacterial effect by the patient’s husband. (C) The third SMBG assistive device was also made of ABS
resin with an antibacterial effect by the patient’s husband. (D) After (C), the SMBG assistive device made of ABS (acrylonitrile-butadiene-styrene resin) resin with an
antibacterial effect continued to improve, and various types and sizes of SMBG assistive devices were made.
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Furthermore, some reports suggest that clinicians’ attitudes toward SMBG play an important role in the frequency of
monitoring and that the option for discontinuation should be discussed with the patient.12,14 Among the poor, SMBG
adherence reportedly does not correlate with achieving glycemic targets, imposing a significant cost burden on the
healthcare system.15 The main reasons for not performing SMBG frequently include a lack of time, not remembering,
and self-consciousness, underscoring the need to increase support for SMBG implementation and successful behavior
change in patients.16,17 Unlike assisted monitoring of blood glucose (AMBG), which is performed by healthcare
professionals and other caregivers for patients with diabetes, SMBG is not a self-monitoring measure per se but is
often performed by the patient.18 However, as patients age, their family members or home care givers may need to
support them, and similar measures are needed to prevent infections, which is a problem with AMBG. Although the
current general principle of SMBG involves collecting blood by inserting a needle into the finger, applying it to a reagent
strip, and reading it with an automated device, new technologies are now being evaluated to achieve painless and
accurate next-generation glucose monitoring for diabetes mellitus and to meaningfully shape the glucose self-monitoring

Figure 3 Part of the prototype created by the patient’s husband. These are some of the more than 200 prototypes created by the patient’s husband in response to a request
from a medical device company that was in the process of producing an SMBG assistive device.

Figure 4 SMBG assistive device supplied as an accessory. This is the SMBG assistive device that, after a number of prototypes, is currently being provided to patients who
wish to have it as an accessory to SMBG (Roche DC Japan K.K., Minatoku, Tokyo, Japan).
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device market. In addition, a number of organizations are making attempts to significantly improve the health status of
people suffering from diabetes.19

The quality and usability of SMBG devices are continuously improving. However, due to the complicated operations
required, SMBG may not be able to be performed by the elderly, visually impaired, or hypersensitive patients, due to the
pain during puncture and difficulty performing measurements.

About SMBG Assistive Devices
SMBG is essential for the self-management of diabetes, and the reliability of SMBG measurements depends largely on
how the measurer prepares and performs the measurement.20,21 Innovative technologies have led to the emergence of
high-quality SMBG systems with a variety of user-friendly features, such as shorter measurement times, smaller blood
draws, and painless lancing devices, and have been reported to reduce the risk of mishandling and improve usability by
changing the SMBG operating procedure.22–26

However, we have seen many cases in clinical practice where SMBG is difficult to perform, and although some
manufacturers have developed their own assistive devices, we have not seen many instances where these devices are
effectively used.26 In addition, to our knowledge, there are few articles related to SMBG assistive devices, and most of
the few that exist are from the same institution in Japan concerning elderly patients with diabetes. The authors developed
an SMBG device suitable for the elderly and reported the need for SMBG assistive devices in an aging society and the
need for educational methods to support the implementation of SMBG in elderly diabetic patients.27–31 Their report is
believed to be the first describing the difficulties of SMBG implementation based on patient observation.31 However,
their assistive device is precise but complex, mainly targeting the elderly, and is unlikely to still be used by many
patients.

Need for SMBG
In Japan, the use of SMBG is still mostly managed by medical institutions specializing in diabetes care, but overseas,
SMBG is recommended for primary care physicians due to its importance in patient self-management. It has been
recognized as an essential prerequisite for the successful management and treatment of diabetes in various
guidelines.1,7 Furthermore, with the widespread use of new self-monitoring instruments, such as isCGM, many type
1 and 2 diabetic patients and their care teams are likely to rely on isCGM as an important tool in diabetes
management.32 However, the need for continued SMBG testing reportedly remains important for all isCGM users.33

Regarding the effectiveness of SMBG, the ADA guidelines have reported its usefulness in improving diabetes self-
management and pharmacotherapy. In addition to checking for hypoglycemia and hyperglycemia, SMBG has been
reported to be effective in assessing physical activity and diet, motivating self-management, building a close relation-
ship with the patient’s physician, being effective in non-insulin users, influencing the number of times SMBG is
performed on glycemic control, serving as an educational and therapeutic tool for patients, and potentially reducing
annual medical costs.1–3,34–37

Effective Use of SMBG
Effective use of SMBG can lead to outcomes that promote self-management and empowerment, form a reasonable basis
for a partnership between the patient and the healthcare team, and may even enable patients to achieve good glycemic
control and reduce the risk of diabetes-related complications.38–44 In order to use SMBG effectively, it is important to
identify how and why SMBG is performed in practice.42,45,46 A personalized understanding is reportedly needed to
advise diabetic patients on how SMBG can be optimized, as patients with diabetes who are receiving insulin therapy do
not necessarily self-monitor with the explicit goal of improving their long-term glycemic control.47 Furthermore,
patients with diabetes need to be able to perform smooth blood glucose monitoring and have the ability and confidence
to interpret the results of self-monitored blood glucose levels; however, patients often lack formal SMBG training.48,49

For these practices to support patients’ self-monitoring, it is necessary to develop a patient and family engagement
approach to healthcare that includes patients and their families and is conducted in good relationship with healthcare
providers.
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Patient and Family Engagement with Emphasis on Patient-Centered and
Personalized Care
In the 21st century, medical care has become more sophisticated and complex, and the number of patients with multiple
comorbidities has increased. With increasing specialization, the continuity of treatment and care is fragmented, and the
patient is the only one involved in the entire treatment process. When there are multiple treatment options, it is difficult
for physicians to decide which one is best for the patient in the midst of diversifying needs. The success or failure of
a treatment for a chronic disease, such as diabetes, depends largely on the patient’s self-care. In this context, the idea
that “patients are important members of the medical team and are responsible for creating medical care together” and
that involving patients and their families in various medical processes is essential for 21st century medicine has
evolved.4

There are multiple definitions of patient-centered medicine.50–56 Among these, Carman et al’s definition,“patient-
centered care is the active collaboration of patients, families, agents, and healthcare providers at various levels of
healthcare, ie direct care, hospital system development and governance, and health policy, to improve the quality and
safety of healthcare,” is often cited.4,50

The importance of patient-centered care is highlighted in the basic policy for the treatment of T2D published by the
ADA and EASD in 2012. It advocates a patient-centered approach, which

respects the preferences, needs, and values of the individual patient, provides care that is responsive to those preferences and
needs, and ensures that patient values guide all clinical decisions.5,6

There is also a recent report that the use of personalized approach in the management of T2D patients can reduce
the costs and failures associated with algorithmic “one-size-fits-all” approaches, predict disease progression, improve
response to diabetes medications, reduce the development of diabetes-related complications, and ultimately improve
medication adherence, patient satisfaction, quality of life, diabetes distress, and physical health by using persona-
lized approach for T2D patients.7 These cares should be the basic principle of healthcare for patients with all
chronic diseases. In addition, regarding patient decision-making, patient involvement in medical decision making is
reportedly a basic principle of evidence-based medicine, and in clinical practice, it is necessary to understand the
extent to which patients wish to be involved and to consider treatment options.57,58 In the shared decision-making
approach, it is useful for clinicians and patients to discuss the situation in order to reach a consensus regarding the
treatment plan.59,60

Patient engagement is the active collaboration of patients, their families, their representatives, and healthcare
providers at various levels of healthcare (ie direct medical care, hospital system development and governance, and
healthcare policy) to improve the quality and safety of healthcare. Patient engagement is expected to not only improve
the patient experience and satisfaction, treatment adherence, and treatment outcomes but also to strengthen trust between
patients and healthcare providers, improve job satisfaction for healthcare providers, and reduce burnout and turnover
among healthcare providers.54,61–66 If patients proactively participate in their own treatment, unnecessary hospitalizations
and emergency room visits will be reduced, the length of hospital stay will be shortened, and as a result, healthcare costs
will be reduced, which is seen as an important issue in healthcare policy.4 In addition, as the population ages and the
number of patients with chronic diseases increases, the role of the family will become even more important, so the term “
patient and family engagement” is often used instead of “patient engagement”.67

Discussion
The case we presented here is a rare example of a patient who was successfully treated for severe diabetes mellitus and
diabetic complications without unnecessary financial burden of hospitalization due to enhanced self-care by SMBG
through the practice of patient-centered or personalized care and patient and family engagement.

As mentioned in “Problems with SMBG” above, the need to consider cost-effectiveness and patients’ intentions has
led to several issues regarding the duration of SMBG use, the involvement of healthcare providers, and measurement
methods.16–23 One of them states that,
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A survey of patients showed that many of those who responded that SMBG improves their QOL would discontinue monitoring
if their physician told them it could be discontinued. Considering the costs associated with SMBG, primary care physicians
should reevaluate the benefits of SMBG for patients and discontinue it if possible It should be discontinued if possible.22

However, SMBG has long been proven necessary for diabetes self-management.1,2,8–14 Furthermore, considering the
importance of patient and family engagement, a reassessment of the patient’s self-care status and the benefits of SMBG
should not be determined solely by the primary care physician but should instead involve the patient, their family, and all
participating healthcare providers.

In the case presented here, although physicians urged the patient to discontinue SMBG, the patient and her family
continued to engage in SMBG at their own expense, not covered by medical insurance, of their own volition. The patient
is now doing well with self-management thanks to the effects of SMBG. The amount of out-of-pocket expenses for
insulin, SMBG equipment varies depending on the medical situation in each country, so it is difficult to strictly compare
and evaluate the cost-effectiveness between Japan and other countries. Of course, it is important to be aware of cost-
effectiveness in medical treatment. However, whether or not the cost of SMBG is commensurate with its effectiveness
will be judged based on how patients feel about the cost-effectiveness and whether or not they are able to maintain good
control of their blood glucose levels, ie the evaluation will be left up to individual patients, their personal feelings, and
their management status.

In addition, considering that self-care is greatly influenced by the patient’s preference, need, and values, it is
extremely important to consider patients (and families) with emphasis on patient-centered and personalized care.
Such patient and family engagement with emphasis on patient-centered and personalized care is important for
inducing behavioral changes in patients and generating the following effects of SMBG on diabetes management: 1)
accurate assessments of the physical activity and diet, 2) increased motivation for self-management, 3) establishment
of a close relationship with the attending physician, 4) improved efficacy in non-insulin users, 5) increased impact of
the number of SMBG sessions on glycemic control, 6) establishment of a role as an educational and therapeutic tool
for patients, and 7) increased potential to reduce annual medical costs.4,8,10–13 The present reported case is a good
example of these roles of SMBG in action. Heeding the patient’s request that she could not be hospitalized because
she needed to take care of her cat, the medical staff prioritized the patient’s wishes and tried to create an atmosphere
where the patient and her family could participate in the treatment as much as possible. As a result, the patient’s
family became involved in her medical care by crafting SMBG assistive devices, and the patient was able to
perform SMBG by herself. Regarding point 3, the SMBG assistive devices made by her husband brought the patient,
her family, and the medical staff closer together, and regarding points 5 and 6, frequent blood glucose monitoring
showed that SMBG is an important tool for adjusting the number of insulin units. Regarding point 4, the fact that
the patient was able to be weaned off insulin and maintained good glycemic control without medication for several
years highlights the effectiveness of SMBG in insulin non-users, and regarding point 7, although the patient had to
bear the financial burden of SMBG at her own expense, this medical cost was less than that of insulin use and thus
a worthwhile investment.

We and the patient’s husband continued to work together to create SMBG assistive devices for patients who
were having trouble with SMBG, and as a result, these aids have been distributed as accessories for SMBG
(Figure 4). While the quality and ease of use of SMBG equipment has improved over the years, the elderly,
visually impaired, and hypersensitive patients may still be unable to perform SMBG due to pain at the time of
puncture or difficulty in performing measurements and manipulation, so SMBG assistive devices are important
tools for building a stable self-care system with emphasis on patient-centered and personalized care. To utilize this
important tool for self-care, it is necessary for medical professionals to recognize that SMBG is an important tool
to support self-management by creating behavioral changes in patients through patient and family engagement
with emphasis on patient-centered and personalized care, taking into consideration patients’ preferences, needs,
and values. Patients must be made aware that SMBG is an important tool to support self-management. It is also an
important point that empirical studies using isCGM and multiple subjects and followed over time are needed to
show that SMBG and SMBG assistive devices are indeed truly useful for many patients with diabetes. The SMBG
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assistive device developed in this study, while taking hygiene issues into consideration, has begun to be used
effectively for not only guiding needle puncture but also helping those who are unable to squeeze out enough
blood from the puncture site. However, there has been no specific evaluation of the effectiveness of this aid and
no verification of its issues. The patient’s husband is still working on creating a better SMBG assistive device, and
we maintain hope that this device will be re-evaluated in the future, with even better SMBG assistive devices to
be developed to meet the needs of patients.

Conclusion
As medical care becomes more sophisticated and complex, the success or failure of treatment in diabetes largely depends
on the patient’s self-care. In order to make SMBG, which is an important tool for maintaining self-care, effective in
diabetes treatment, it is important to foster patient and family engagement with emphasis on patient-centered and
personalized care, ie taking into consideration patients’ preferences, needs, values, characteristics, and comorbidities.
In addition, SMBG assistive devices are important tools for aiding the elderly, visually impaired, and hypersensitive
patients in establishing a stable self-care system.

We hope that, based on these findings, many medical professionals involved in diabetes care will be reminded of these
needs and importance and apply our observations to actual clinical practice.
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