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Type 1 diabetes mellitus (TIDM) is a chronic and lifelong condition that requires
adequate behavior management in order to meet desired health outcomes. The
effects of TIDM on the neurocognitive functioning of affected individuals raise
concerns about how the disease may influence executive functioning. Inhibition is
a core component of executive functioning, and plays a vital role in self-regulation
and the restriction of impulsive behaviors. Inhibition may thus play a vital role in the
behavior management of people with TIDM. The aim of this study was to identify
current gaps in existing knowledge regarding the relationship between T1DM,
inhibition, and behavior management. This study employed a critical review design
to analyze and synthesize the current scientific literature. Twelve studies were
identified through an appraisal process, and the data extracted were thematically
analyzed and integrated. The findings of this study indicate that a possible cycle
arises between these three constructs, in which T1DM affects inhibition, inhibition
affects behavior management, and poor behavior management affects inhibition. It
is recommended that future research should focus more specifically on
this relationship.

KEYWORDS

type 1 diabetes mellitus, inhibition or inhibitory control, behavior management, self-
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Highlights

* The relationship between type 1 diabetes mellitus (T1DM), inhibition, and behavioral
management remains under-researched.

* Twelve studies were identified through an appraisal process, and these were
thematically analyzed and integrated.

* A vicious cycle arises as the results indicate that there is an interdependent
relationship between T1DM, inhibition, and behavioral management.
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Introduction

The current scientific literature explores the relationship between
type 1 diabetes mellitus (TIDM) and executive functioning (EF);
however, research exploring T1IDM and inhibition specifically as they
relate to behavior management is limited. Inhibition is important in the
control and adjustment of behavior, emotion, and cognition, and,
considering the complex demands of managing a condition such as
T1DM, it is an important function to consider. T1IDM is considered a
severe, chronic, and lifelong condition, and commonly manifests as the
presence of high blood sugar levels (1). It is an autoimmune condition
resulting in the destruction of pancreatic B-cells, which produce the
hormone insulin, ultimately contributing to varying glycemia (2-4).
Gregory et al. (3) describe TIDM as glucose disequilibrium that leads to
insulin deficiency, hypoglycemia, or hyperglycemia, thereby
contributing to various adverse ramifications. Hypoglycemia occurs
when the blood sugar levels of an individual are lower than normal,
whereas hyperglycemia refers to blood sugar levels that are too high.
Poor glycemic control in individuals living with TIDM may affect both
the brain structure and cognitive functioning of an individual.

TIDM is severe and leads to various complications, such as
neuropathy, loss of consciousness, seizures, cardiovascular
difficulties, kidney failure, blindness, and neurocognitive difficulties
(5-12). The brain is dependent on glucose availability, which is crucial
for its functioning and development (13). Brain structure and
function have been found to differ in individuals with and without
T1DM (5-7, 12, 14-16). The severe and continuous fluctuation of
glycemia may be detrimental to the brain and neurological
functioning (7). For example, severe increases and decreases in
blood sugar levels have been associated with adversely affecting
various mental activities and neurological development, and
contributing to cognitive dysfunction (17).

One of the neurocognitive difficulties identified through research
is difficulty in executive functioning (8, 13-15, 18-27). Executive
functioning is considered an umbrella term that encompasses a
diversity of cognitive processes (28), including working memory,
cognitive flexibility, attention, and inhibition. Miller et al. (22) state
that executive functioning and its related processes are of clinical
relevance in TIDM because of the behavioral management that is
required in the multifaceted demands of various executive
functioning competencies, such as inhibition. Inhibition, also
known as inhibitory control, is a central construct in executive
functioning and related processes, and difficulties in the area of
inhibition may affect other aspects of brain function, such as
updating, shifting, problem-solving, attention, planning, and control
(29). When one examines the function of inhibition and the
requirements of TIDM management, inhibition may be of
considerable importance in the management of diabetes, and in
turn may be adversely affected by TIDM (13).

Inhibition, according to Chung et al. (30) and Goldmann-Rakic
et al. (31), enables individuals to reject automatic tendencies. Caruso
et al. (19) offer a more specific definition, describing inhibition as the
ability to utilize interference control and/or response inhibition to
control emotions, thoughts, behavior, and attention (19). Inhibition
enables an individual to exert self-control by resisting temptations
and acting impulsively (32). An individual who can exert self-control
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is better able to resist various temptations and impulses, such as the
urge to overindulge when eating, to impulsively respond, or to behave
in a manner that may cause harm, and to exercise self-discipline. This
may be of extreme importance when considering diabetes behavior
management, as it may assist individuals with TIDM to adhere to
diabetes care plans, for example by resisting the urge to eat when
glycemia is high and administering insulin at the correct times.
Swanson and Maltinsky (33) assert that many individuals struggle to
maintain control in the management of TIDM. The management of
T1DM involves various complex tasks regarding control and adjustments
to one’s lifestyle. Key self-management behaviors that may promote
healthy outcomes in individuals with TIDM include (but are not limited
to) regular self-monitoring of blood glucose levels, following strict diet
recommendations, adhering to diabetes care plans, being prepared for
unexpected events, and resisting certain urges and impulses (33-35).

Problem statement

Thus far, the literature has predominantly placed the focus on the
umbrella term, executive functioning, as it relates to TIDM and the
behavioral management of people with TIDM. Moreover, the existing
literature has mainly been concerned with a one-directional
relationship: the influence of executive functioning on T1DM
management. Limited scientific literature has placed the focus on
inhibition, T1DM, and behavioral management. More specifically,
research that examines the bidirectional relationship between
inhibition, TIDM, and behavioral management is limited.

The findings of this study may provide valuable information and
identify current gaps within existing knowledge to enable future
research to adopt a more specific focus. Therefore, the proposed
study aimed to answer the following research question: According to
the scientific literature, what conclusions can be drawn regarding
inhibition, TIDM, and the management of TIDM?

Method
Research design

A critical review provided the primary researcher with the
necessary framework to meet the study’s aims of evaluating and
integrating the existing body of knowledge to provide an in-depth and
holistic perspective on the phenomena (36). It is of the utmost
importance to note that a critical review moves beyond mere
description and involves a “degree of analysis and conceptual
innovation” (37, p.93). Therefore, because the purpose of the
proposed study is to provide an integrated perspective through the
examination, evaluation, and analysis of the current scientific
literature, a critical review approach was deemed the most suitable.

Research approach

EBSCOhost (EBSCO Information Services, Ipswich, MA, USA)
[including but not limited to International Scientific Indexing (ISI,
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Jumeirah Village, United Arab Emirates), MEDLINE® (National
Library of Medicine, Bethesda, MD, USA), and Scopus® (Elsevier,
Amsterdam, the Netherlands)], ScienceDirect® (Elsevier), Google
Scholar (Google Inc., Mountain View, CA, USA), Academic Search
Premier (EBSCO Information Services), SocINDEX with Full Text
(EBSCO Information Services), PsycArticles® (American
Psychological Association, Washington, DC, USA), PsycInf0®
(American Psychological Association), and JSTOR were included in
the search to obtain all relevant, credible, rigorous, and published
scientific literature. The primary reviewer (first author) performed an
independent search for scientific literature, which was continuously
monitored by the secondary reviewer (second author). The secondary
reviewer acted as a co-analyst regarding the extracted data.

Certain keywords were utilized in the search of the above-
mentioned databases: Inhibition OR Inhibitory control OR
Cognitive Inhibition OR Response Inhibition OR Interreference
Control AND Type 1 Diabetes OR Type 1 Diabetes Mellitus OR
T1D OR T1DM OR ‘Insulin dependent Diabetes OR Juvenile
Diabetes AND Self-management OR ‘Behavioral Management” OR
‘Diabetes care plans’ AND ‘Executive functioning OR Executive
Function OR Executive Dysfunction OR Cognitive Dysfunction.
Studies were excluded if they focused only on T1DM, inhibition, or
behavior management alone. No specified age ranges were used in the
search, as studies may provide valuable information regarding
differences among age groups. Furthermore, studies were included
only if they adhered to ethical and methodological principles. Figure 1
depicts the process through which the search was conducted and how
scientific literature was included or excluded.

A total of 1,068 articles were identified during the initial search.
After excluding duplicates and conference proceedings, 926
remained. In the subsequent appraisal process, article titles and
abstracts were reviewed in accordance with the inclusion and
exclusion criteria of the study. The inclusion criteria for the study
were scientific literature that focuses on (1) inhibition, (2) T1DM,

-

Scientific literature screened for duplicates and factors to
be included and excluded from the scarch (n=1068)

Scientific Literature identified
through initial electronic database
search (n=1068)

Studies excluded:
Duplicates n=75
Conference proceedings: 67

I Studies excluded due to not meeting
the i i ion criteria or

deemed not relevant to the rescarch
question according to the title of the
study (n=839)

Titles screened for relevance (n=926)

Abstracts screened for relevance (n=87)

¥

Full text of scientific literature assessed for relevance and
suitability (n=62)

Studies excluded due to not meeting

the criteria or
deemed not relevant to the research
question based on the abstracts

(n=25)

Studies excluded due to not meeting
the inclusion/exclusion criteria or
deemed not relevant to the rescarch

question based on the full-text
‘ review of literature (n=47)

Methodology and ethics assessed for trustworthiness Studies excluded due to not meeting
(n=15) the methodology and ethical
standards (n=3)

ﬁ Final full-text Scientific literature
included within the review (n=12)

FIGURE 1
Flow chart of critical literature review and inclusion or exclusion thereof
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and/or (3) behavior management. The exclusion criteria of the study
were scientific literature that (1) focuses on only one of the above-
mentioned criteria and (2) focuses on type 2 diabetes. The above-
mentioned criteria were utilized when evaluating the relevance of the
scientific literature identified. Based on the titles and abstracts of the
scientific literature, 62 articles progressed to the next stage, in which
the full text was reviewed in order to determine the relevance of the
article to our research. A total of 15 remained, three of which did not
meet the criteria for ethical and methodological standards. Therefore,
12 articles were included in this review. The primary and secondary
reviewers consulted during the process, and consensus was reached
regarding the inclusion and exclusion of articles. Table 1 provides an
outline of each of the articles identified and included in this study.

Data analysis

The thematic analysis process, as put forth in Braun and Clarke (45),
was followed. The process comprises the following steps: (1) become
familiar with the data, (2) code, (3) search for themes, (4) review themes,
(5) define and name themes, and (6) write up the report. The first phase
involved reading and re-reading each of the scientific articles identified.
The researcher was thus able to become familiar with each of the articles
identified, more specifically the findings and interpretation thereof (46).
Active note-taking was also implemented during the first step and
facilitated the identification of prominent patterns that arose within the
articles, which were in turn used to generate preliminary codes. The second
step involved the development of possible codes, which were considered a
representation of the most prominent patterns that arose and were utilized
throughout the subsequent steps. Each of the preliminary codes was
recorded in Microsoft Excel to ensure that an accurate account of the
process was kept and no duplicates had been coded.

Once the second step was concluded, the third step commenced, in
which the previously generated codes were utilized (46), and correlated
with one another to develop possible themes. The identification of themes
was subject to review to ensure that each theme was accurate, represented
each of the scientific articles, and answered the research question of the
study. After each theme had been identified, the primary reviewer named
and defined each of the themes that contributed to the value of each theme.
Further refinement of each theme occurred through identifying the essence
of each theme. This also ensured that each of the themes would be
distinguishable from another. After thoroughly establishing each theme,
the fifth phase, writing up the findings, commenced (46), after which the
final phase consisted of integrating and providing an in-depth discussion of
the findings.

Phases 2 through 5 did not only occur once, but continuously, and in a
bidirectional manner, and this enabled the primary reviewer to
continuously analyze and adjust the themes. Writing up of the findings
occurred in phase 6, and the report produced was clear, concise, and
non-repetitive.

Findings and discussion

Two themes with related subthemes emerged from the analysis of
the scientific literature identified (1) the influence of T1IDM on
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TABLE 1 Data extraction table.

Author(s),
year of pub-
lication, and
title

Broadley et al.
(13)

A Systematic
Review and
Meta-analysis of
Executive
Function
Performance in
Type 1 Diabetes
Mellitus

Overview and details
of the study

Aim: (1) To examine the
current evidence for
executive functioning
performance differences
between groups with TIDM
and non-diabetic control
groups during adolescence
and early adulthood

(2) To explore the
relationships between EF
and diabetes-related risk
factors

Design: A systematic review
of the scientific literature
Method: PRISMA guidelines
and a meta-analysis of a
subset of the articles

Electronic database
searches for published and
unpublished literature
yielded a final set of 26
articles after application of
inclusion and exclusion
criteria

Results and findings

16 out of the 16 scientific articles included in the
study indicated significantly lower EF with TIDM.
Of relevance to this study was that the subset of
inhibition was significantly lower in individuals
living with TIDM

10.3389/fcdhc.2022.1080415

Conclusion: TIDM and its
associated risk factors are related to
subtle impairments across the
inhibition, working memory, and
set-shifting domains of EF. Lower
EF may be a key factor contributing
to behavioral and clinical problems
experienced by individuals with
T1DM

Caruso et al.
(19)

Sleep, Executive
Functioning and
Behavior in
Children and
Adolescents with
Type 1 Diabetes

Aim: To examine sleep and
neurocognitive and
behavioral functioning in
children and adolescents
with TIDM compared with
control group participants,
and to test whether or not
sleep quality mediates the
relationship between
diabetes and neurocognitive
and behavioral deficits.
Measures: Survey consisting
of the Sleep Disturbances
Scale for Children/Behavior
Rating Inventory of
Executive Functions/
Behavior Assessment System
for Children-2/diabetic and
demographic parameters
were collated from medical
records

Forty-nine children and
adolescents with TIDM
(recruited from a hospital
clinic) and 36 control
participants (age range 6—
16 years)

Children with TIDM, compared with control
group participants, reported a higher frequency of
sleep problems and mild deficits in executive and
behavioral functioning, such as inhibition

Conclusion: The neurocognitive and
behavioral deficits in children with
T1DM can be explained by the
effect of TIDM on sleep and the
resulting sleep disturbances

Duke et al. (20)
The Diabetes
Related
Executive
Functioning
Scale

(DREFS): Pilot
Results

Aim: To develop and pilot
test the Diabetes Related
Executive Functioning Scale
Design: Cross sectional
design

Measures: DREFS/BRIEF/
BRIEF-SR/SA-DSMP/
glycemic control

Fifty adolescents with
T1DM and their caregivers
were recruited from a
regional pediatric diabetes
center in the US Pacific
Northwest

All relationships between subscales were significant
at a p-value < 0.01, except for the relationship
between mental flexibility and planning for youth
self-report (p < 0.05), and between emotional
regulation and organizing materials for the
caregiver report (p < 0.05). Inhibition was
significantly correlated with other subscales and
HbA,. levels

Limitations: The predictive,
divergent, and incremental validities
of the DREFS were not established
in this study. Given these
limitations, the results may not be
generalizable to other settings or
populations

Implications: Using the DREFS in
clinical settings promises to have
important practical utility. DREFS
scores can yield information about
specific EF and related behavior
problems that are clinically relevant
and important to optimizing
diabetes management

Foland-Ross

et al. (14)
Executive Task-
based Brain
Function in
Children with
Type 1 Diabetes:
An
Observational
Study

Aim: To investigate
activation patterns using
functional magnetic
resonance imaging as they
performed an executive
function paradigm, the go/
no-go task

Design: Multisite study
framework

Measures: Cognitive testing
and blood glucose

Frontiers in Clinical Diabetes and Healthcare

Ninety-three children with
TIDM (mean age 11.5 +
1.8 years; 45.2% female)
and 57 non-diabetic
(control) children (mean
age 11.8 + 1.5 years)

Equivalent performance on the go/no-go task
between control and T1IDM groups

04

Conclusion: Despite equivalent
cognitive and behavioral
functioning between groups, young
children with TIDM exhibited
increased activation in executive
control regions

(Continued)
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TABLE 1 Continued

Author(s),
year of pub-

Overview and details
of the study

lication, and

title

measurement/MRI
acquisition/Go/no-go task
design/behavioral data
analyses

Graveling et al. Aim: To examine the effect

(38) of acute hypoglycemia on
Acute executive function in adults
Hypoglycaemia with and without diabetes
Impairs Measures: The National
Executive Adult Reading Test
Cognitive (NART)/Delis-Kaplan

Function in
Adults with and
without Type 1

Executive Function (D-
KEFS) Test suite/category
switching/Twenty Questions

Thirty-two adults with and
without TIDM with no
vascular complications or
impaired awareness of
hypoglycemia were studied

Results and findings

Executive functions (with one exception) were
significantly impaired during hypoglycemia
compared with euglycemia, lower test scores were
recorded, with more time required for completion.
Large Cohen d-values (0.8) suggest that
hypoglycemia induces decrements in aspects of
executive function

10.3389/fcdhc.2022.1080415

Executive cognitive function, which
is necessary to carry out many
everyday activities, is impaired
during hypoglycemia in adults with
and without TIDM

Diabetes Test/Tower test/Color-word

Interference Test (Stroop)
Hamburger Aim: To examine EF in Data analyses included 65 None of the performance-based measures of EF Conclusion: The findings suggest
et al. (39) adolescents with TIDM adolescent (age range: 13- was significantly associated with adherence or with | that parent-reported measures of EF
Performance- Design: Quantitative 17 years)—parent dyads HbA, level. Parent-reported problems with EF may be more strongly linked to
based and descriptive design were associated with poorer adherence, and diabetes indicators than
Questionnaire Measures: Updating/working adolescents who scored in the impaired range of performance-based measures
Measures of memory/EF shifting/EF the Behavioral Regulation Index of EF had
Executive inhibition/BRIEF/self-care significantly poorer adherence

Function in inventory/blood glucose
Adolescents with

Type 1 Diabetes

monitoring/glycemic control

Hanna et al. Aim: To examine

(40) associations among CBG
Association of habits, EAM habits, and
Habits, Triggers, | glycemic control within the
Glycemic context of CBG triggers,
Control, daily routines, impulse
Routines, Stress control, and perceived daily
and Impulse stress, in emerging adults

Control Among with TIDM

Emerging Adults | Design: Multimethod design
with Type 1 Method: Self-report and
Diabetes path analysis

A convenience sample of
100 emerging adults with
T1DM was recruited from
an outpatient diabetes care
clinic for this age group

Results: Better glycemic control was positively and
significantly associated with greater frequency of
CBG and with good EAM habits. CBG habits were
positively and significantly associated with CBG
triggers and EAM habits. EAM habits were
positively and significantly associated with daily
routines

Conclusion: We suggest that
interventional research targeting
CBG and EAM habits and daily
routines, to examine the impact on
diabetes self-management and
glycemic control, is undertaken

Luczynski et al. Aim: To determine the

(41) readiness for change of
The adolescent patients with
Empowerment TI1DM as it related to

of Adolescents clinical features and
with Type 1
Diabetes Is
Associated with

Their Executive

executive functioning
Design: Cross-sectional
study

Measures: Diabetes

Comparison group (n =
112)

Adolescents aged 14-18
years (n = 147)

It was observed that adolescents with TIDM had a
higher rate of abnormal results in EF tests than
their peers without diabetes

Conclusion: It is proposed that
individualized diabetes education is
given to this group of patients based
on the assessment of readiness to
change and executive function

Functions Empowerment Scale/

Behavioral Rating Inventory

of Executive Functions—Self

Report Version
Miller et al. Aim: To investigate the Inclusion criteria included Youth-reported self-management decreased over Conclusion: Positive changes in
(2013) (22) relationship of changes in diagnosis of type 1 diabetes | time, whereas behavioral regulation increased. behavioral regulation may enhance
Changes in executive functioning to for at least 1 year, aged 9- Changes in behavioral regulation significantly self-management of TIDM during
Executive changes in diabetes self- 11 years, and absence of predicted the rate of change in the transition to adolescence
Functioning and | management potential secondary causes Youth-reported self-management
Self- Design: Longitudinal design of T1IDM diagnosis (n =

Management in Measures: Behavior Rating

Adolescents Inventory of Executive
With Type 1 Functioning/diabetes self-
Diabetes: A management profile/
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TABLE 1 Continued

Author(s),
year of pub-

Overview and details
of the study

lication, and

title

Growth Curve glycemic control/parent

Analysis report on child autonomy

Results and findings

10.3389/fcdhc.2022.1080415

Ohmann et al. Aim: To compare the
(42) quality of GC and cognitive

Cognitive measures in adolescents

Functions and with T1IDM to find out if
Glycemic the quality of diabetes
Control in management is related to

Children and
Adolescents with
Type 1 Diabetes

cognitive impairment
Method: Control group
experimental design
Measures: Wechsler
Intelligence Scale for
Children—IIT (WISC-IIT)
German version/Wisconsin
Card Sorting Test/
Interference [Stroop Color—
Word Task/Trail Making
Test Part A/Youth Self-
Report/Child Behavior
Checklist

Strachan et al. Aim: To explore the time

(43) required for cognitive
Recovery of functions and mood to
Cognitive return to normal after an
Function and acute episode of severe
Mood after hypoglycemia
Hypoglycaemia Design: Quantitative

in Adults with
Insulin Treated

exploratory design
Measures: Various

Seventy adolescent patients
with T1IDM and 20 age-
matched controls

Forty subjects with insulin-
treated diabetes were
studied, most of whom
were attending the Diabetes
Outpatient Department at
the Royal Infirmary of
Edinburgh for regular
review (n = 20 experienced
severe hypoglycemia; n =

Impaired EFs, mainly problems of concept
formation (p = 0.038), cognitive flexibility (p =
0.011), and anticipation (p = 0.000), were found in
the patients with TIDM

For most of the cognitive tests, no evidence of a
“hangover” effect of the acute hypoglycemia on
cognitive function was observed. Subjects who had
chronically elevated levels of depression and
anxiety persistently performed more poorly in
several cognitive tests, such as the Digit Symbol
Test and the Stroop Task

T1DM is associated with cognitive
deficits in adolescents independent
of the quality of metabolic control
and the duration of the disease.
These deficits are probably related
to the disease, especially in patients
with early-onset diabetes

These results suggest that recovery
from any acute cognitive decrement
after severe hypoglycemia was
complete by 1.5 days. The cognitive
decrements and altered mood states
noted in the hypoglycemic subjects
may be persistent and may be a
consequence of previous exposure
to recurrent episodes of severe

Functioning in
Children and
Adolescents with
IDDM

disrupted in children and
adolescents with TIDM.
Design: Longitudinal design
Measures: Wechsler
Intelligence Scale for
Children—Revised/Modified
Matching Familiar Figures
Test/Stroop Color Word
Test/Trail Making Test/
Wisconsin Card Sorting
Test/Continuous
Performance Test

control participants (age
range 9.3-18.3 years)

Diabetes standardized 20 did not experience hypoglycemia
neuropsychological tests severe hypoglycemia)

Rovet and Aim: To determine whether One hundred and three Those having had seizures demonstrated a lower In children and adolescents with

Alvarez (44) or not specific attentional children and adolescents verbal IQ and greater difficulty with select, focus, T1DM, attention is poorer in

Attentional cognitive processes are with T1IDM and 100 and inhibit attentional components, whereas several but not all aspects of

sustain, suppress, and shift attentional components
were unaffected. Correlation analyses showed that
higher concurrent blood glucose levels were
associated with a reduced ability to inhibit
impulsive responses, whereas multiple regression
analyses indicated that inhibition and focus were
best predicted by age at onset and concurrent
blood glucose level

attention; these aspects are affected
by a history of seizures from
hypoglycemia and higher ambient
blood glucose levels at time of
testing. These results suggest both
organizational and activation effects
of diabetes on specific
subcomponents of attention in
diabetes

BRIEF, Behavior Rating Inventory of Executive Function; BRIEF-SR, Behavior Rating Inventory of Executive Function, self-administered; CBG, checking blood glucose; DREFS, Diabetes Related
Executive Functioning Scale; EAM, eating a meal; EF; executive function; GC, glycemic control; HbA,,, glycated hemoglobin; IQ, intelligence quotient; PRISMA, Preferred Reporting Items for
Systematic Reviews and Meta-Analyses; SA-DSMP, Self-Administered Diabetes Self-Management Profile; TIDM, type 1 diabetes mellitus.

inhibition and (2) the influence of poor inhibition on the self-
management of T1IDM. The findings, in general, indicate that

from the findings.

inhibition may play a vital role for individuals living with TIDM.
The results also indicate that inhibition is negatively affected by

T1DM and is, therefore, associated with poorer management of the

condition. The majority of the scientific literature revealed a

significant relationship between T1DM, inhibition, and the behavior
management of individuals with TIDM. The findings are not
definitive but do indicate that there is an urgent need for future
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research, especially when one considers the cycle of effects that arise

Theme 1: TIDM influence on inhibition

The first theme that arose pertains to the effect that TIDM may
have on inhibition in individuals living with TIDM. This theme is,
therefore, defined as the manner in which T1IDM may have an effect
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on inhibition. Differences occurred in the literature as to the manner
in which inhibition is affected by the T1IDM condition.

Subtheme 1.1: Glycemia’s influence on inhibition

The most prominent and consistent finding across the literature was
the correlation between high glycemia and poor inhibition. This theme is
defined as the effect of glycemia on inhibitory performance. More
specifically, the findings indicate that hypoglycemia and hyperglycemia
have a significant impact on inhibition. For example, (13, p. 14) state that
“... these results may suggest that complications of chronic
hyperglycaemia, not HbA;, alone, are related to inhibition difficulties in
T1DM.” Therefore, these findings suggest that it is not merely a high level
of glycemia that results in difficulties with inhibition, but the complications
that arise because of hyperglycemia. Hyperglycemia may result in
neuropathy (nerve damage) and microvascular complications, thereby
affecting neurons within the brain (47). Broadley et al. (13) found that
lower performance related to background retinopathy, a consequence of
hyperglycemia, may also have an effect on inhibition, leading to lowered
inhibition performance.

Lower inhibition performance was further correlated with
hypoglycemia in Broadley et al. (13), Duke et al. (20), Graveling
et al. (38), Ohmann et al. (42), Strachan et al. (43), and Rovet and
Alvarez (44). These articles indicated that inhibition may be affected
by the low blood sugar levels of an individual. For example, Strachan
et al. (43) found that individuals who experienced hypoglycemia
performed poorly on the Stroop task: “demonstrated that
performance on the DS and Stroop Task was poorer in the hypo
subjects at all three time points (p < 0.05)”. What was of interest in the
study of Rovet and Alvarez (44) was that they found that individuals
with a history of seizures due to hypoglycemia were reported to
experience lower inhibition. An explanation for such a correlation
was not provided and remains open for speculation. Povroznik et al.
(48) state that a stroke can lead to reduced blood flow and glucose
supply to the brain, resulting in impairments. A stroke can also lead to
metabolic stress and the death of brain cells, which may offer an
explanation for the long-term effects of stroke in affected individuals
(48). Research conducted regarding strokes and inhibition has found
that, post stroke, individuals often experience various inhibition
difficulties (49-51).

It has, however, become evident that the experience of hypo- or
hyperglycemia has an impact on the inhibition performance of an
individual living with TIDM. Duke et al. (20), for example, report a
significant correlation between glycemia and inhibition, and Rovet
and Alvarez (44) specifically highlight that hyperglycemia has a
significant effect on the inhibition performance of individuals.
These findings substantiate the effect that hypo- and hyperglycemia
may have on individuals living with T1IDM. Possible explanations for
this effect, however, are rarely found in the literature. One possible
explanation is the brain’s dependence on a continuous and consistent
supply of glucose, which is adversely affected by fluctuations in the
supply of glucose caused by hypo- or hyperglycemia (13).

Subtheme 1.2: Age at onset

The second subtheme that emerged is that the age at which an
individual begins to experience symptoms of T1IDM influences their
inhibition performance. Luczynski et al. (2019) found that inhibition
was lower in adolescents with T1DM than in control group
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participants, whereas Rovet and Alvarez (44) found lower
inhibition only in children. (13, p 16) found that lower inhibition
was associated with early-onset diabetes (EOD): “Specifically,
preliminary evidence suggests that EOD ... may be associated with
lower inhibition”. Another example of this subtheme is found in (13,
p. 13): “Taken together, this evidence suggests that those with EOD
(relative to late-onset diabetes (LOD)) may experience greater
inhibition difficulties”. These findings are of importance when
considering the neurodevelopmental level of children and
adolescents. Inhibition and other executive functions have been
found to be located within the prefrontal cortex of the brain (52).
The prefrontal cortex, from a developmental perspective, only starts
to develop in early childhood to early adolescence until fully
developed in early adulthood (53). Thus, children and adolescents
are not able to fully utilize the ability to inhibit responses or to exert
interference control. Children and adolescents are subsequently more
likely to engage in risk-taking behavior (54). Risk-taking behavior in
children and adolescents living with TIDM may involve not checking
glycemia, missing meals, or forgetting to administer insulin.

The lack of prefrontal cortex development in children and
adolescents may offer an explanation as to why early-onset diabetes
can have a significant effect on their inhibition performance. One may
argue that because inhibition is not yet fully developed, performance
will be lower, and despite the developmental evidence that children
and adolescents will not have the full capacity to utilize inhibition:
when compared to control group participants, inhibition was
consistently lower in children and adolescents living with T1DM
than in their control group peers.

Subtheme 1.3: General lower
inhibition performance

One of the main subthemes that arose was that individuals living
with T1IDM were reported to have, in general, lowered inhibition. This
theme is, therefore, simply defined as the impact of TIDM on inhibition
performance, without reference to specific factors. The findings and
discussion of the scientific literature failed to report what specific factor of
T1DM led to lowered inhibition performance. The focus of these studies
was to determine the relationship between executive functioning and
TIDM. Due to inhibition being a subscale on the assessments and
measurements used, authors briefly depicted the lowered inhibition
scores when compared with control group participants. The results of
these studies indicated that individuals with T1IDM had lower inhibition
scores when compared to control group participants. Despite the
ambiguous nature of these results, this finding is an important factor
in this critical review, as it points to the fact that aspects of TIDM
contribute to lower inhibition. More importantly, it seems that an aspect
of T1IDM, such as glycemia, does not affect inhibition independently. It is
rather multiple factors that are interacting with one another. The general
impact further indicates that despite adequate control regarding T1DM,
the effects on inhibition are still evident, as other factors also play a vital
role (13). These other factors, however, remain unknown and, therefore,
require more specific exploration. Foland-Ross et al. (14)Graveling et al.
(38), and Luczynski et al. (41) obtained similar findings, in that a small
difference in inhibition was identified in those living with T1DM.
Ohmann et al. (42) specifically highlight that a general impairment in
inhibition was found in the Stroop Task results of participants living
with TIDM.
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Subtheme 1.4: Neurological effect of TIDM

During the analysis, two studies found that TIDM may have an
impact on certain structures or brain regions that are responsible for
inhibition. Caruso et al. (19) state that the brain regions that are
affected by TIDM are the prefrontal cortex and the limbic system.
The reason why these structures are affected, according to Caruso
et al. (19), is that these brain regions have an increased density of
insulin receptors. Therefore, these brain regions are sensitive to
glycemia and, as a result, fluctuating glycemia may have an adverse
effect on these regions. 44, p. 807) highlight that the dorsolateral
prefrontal and motor cortices are related to the poorer inhibitory
function of the individual, as diabetes adversely affects these

«

structures within the brain: “... whereas response inhibition is
thought to involve the dorsolateral prefrontal and motor cortices”.
The adverse effects of TIDM on the brain in general, but also on the
specific regions mentioned above, are corroborated by the findings of
Russo et al. (55; Kern et al. (56); Page et al. (57)Mortby et al. (58), and
Rosenthal et al. (59). These findings have clinical implications when
one considers the fact that inhibition has started to develop in
childhood and continues to develop in adolescence. According to
Liu et al. (60), the development of inhibition relies on the functional
maturation of the frontal lobe; prefrontal cortex changes that occur
during development result in the development of inhibition (60).
However, the literature indicates that TIDM affects the development
of this brain region, thus influencing the development of inhibition.
In the case of early-onset diabetes in children, fluctuating glycemia
may have an adverse effect not only on the utilization of inhibition but
also on the development thereof.

What is of interest to note is that Rovet and Alvarez (44), as
briefly mentioned before, found that a history of seizures adversely
affects the performance of inhibition. This finding was specific to
seizures that were induced by hypoglycemia, “... whereas a history of
hypoglycemia-induced seizures was associated with poorer inhibit*
(44, p. 807). This was of specific relevance in children: “... showed
that children with a positive seizure history were less likely to inhibit a
response before adequately processing information about the second
stimulus...” (44, p. 807). As a result, these findings indicate that there
is a direct association between the impact of TIDM on neurological
development, structure, and function, and inhibition.

1 Theme 2: Low inhibition effect on
self-management of type diabetes
mellitus management

The first theme described the effect that aspects related to TIDM,
such as age at onset and fluctuating glycemia, on inhibition. The cycle
that arose out of the findings is continued in theme 2, which describes
the effect of poor inhibition (because of TIDM) on the behavior
management of individuals living with TIDM. Inhibition, as an
executive function, may play an important role in the self-
management behavior of an individual living with TIDM, because
of its important role in controlling thoughts, emotions, and behavior
(61). This theme and accompanying subthemes arose during the
analysis and encompass the areas of TIDM management that are
affected because an individual living with TIDM is more likely to
experience poor inhibition.
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Subtheme 2.1: Poor impulse control

The first subtheme can be defined as the difficulty among
individuals living with T1IDM of inhibiting, stopping, or controlling
impulsive behaviors or decisions. During the analysis, it became
evident that individuals who live with TIDM often find it difficult
to control impulses, as there is a significant correlation with poor
control over self-management behaviors, such as control of glycemia.
Broadley et al. (13) highlight that one of the functional impairments
that occurred in inhibition resulted in poor impulse control and at-
risk behavior. These findings are in accordance with the research of
(62), who state that lower impulse control may lead individuals to
pursue gratification, regardless of goals. Furthermore, impulse
control, specifically the management thereof, has often been
associated with T1DM, and is most strongly correlated with the
ability to control one’s impulses, leading to better health outcomes
related to TIDM (20). Considering that inhibition is the ability to
override planned or initiated response, it becomes more apparent why
it plays such a significant role in controlling impulses in order to
facilitate goal-directed behavior. Luczynski et al. (41) note that
inhibition plays an important role in the setting and achievement of
goals as it relates to health outcomes. These findings of the
relationship between inhibition and impulse control are
corroborated by Bari and Robbins (63), (64), and Roberts et al. (65).

The study of Rovet and Alvarez (44) found that hyperglycemia
contributes to poor impulse control. Therefore, an individual with
poor glycemic control may have difficulty in inhibiting impulses (39).
Hanna et al. (40) found that better glycemic control was significantly
correlated with impulse control, in which inhibition plays a
significant role. Therefore, poor inhibition increases the possibility
of impulsive behavior, in turn leading to poor management of TIDM.
It is important to become aware of the vicious cycle that arises when
considering the effect of TIDM on inhibition and in turn poor
inhibition on behavioral management, which ultimately, again,
results in hyperglycemia, for example.

Subtheme 2.2: Poor behavioral and
emotional control

The subtheme behavioral control is defined as the ability to
inhibit, regulate, control, or perform certain behaviors that may
influence TIDM management. Within the findings of this review,
the scientific literature indicates that inhibition is strongly correlated
with behavior regulation (39). Miller et al. (22) report that behavior
regulation was a significant predictor of the quality of self-
management behavior. (22, p. 23) conclude by highlighting the
importance of moderating behavior: ... thus should be included in
the final conditional model investigating how changes in behavioral
regulation influence changes in diabetes self-management.” Hanna
et al. (40) highlight the importance of behavior with regard to daily
routine. Specific behaviors that have been associated with high
inhibition and the adequate management of TIDM are seen in
Duke et al. (20), who highlight the following: (1) not guessing
doses; (2) not leaving home without sufficient goods and supplies;
(3) not skipping glycemia checks; (4) good meal planning; and (5)
making good choices in accordance with their treatment plan. Poor
inhibition may as a result lead to an inability to perform, or a neglect
of, the above-mentioned behaviors, in turn resulting in poor
management of TIDM. Duke et al. (20) and Hamburger et al (39)
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support this finding, in that inhibition facilitates behavioral
management and is a necessary component of treatment adherence.
Treatment and management plan adherence is also a significant factor
that has been correlated with behavioral control that is most
prominently affected by inhibition.

Related to adherence in T1DM are the findings of Hamburger et al
(39), who states that emotional control plays a significant role in the
management of diabetes. Luczynski et al. (41) report that the management
of diabetes is influenced by one specific psychosocial factor, i.e., emotional
control. Therefore, the ability to manage and control one’s emotions seems
to contribute to the ability of an individual living with T1DM to exercise
adequate management of the condition.

Inhibition has also been correlated with the ability to control
emotions; for example, Caruso et al. (19) found that inhibition was
significantly related to the emotional subscales in their study. This is
of considerable relevance when one considers that in theme 1 it was
reported that the limbic system is affected by fluctuations in glycemia.
As a result, TIDM may affect an individual’s ability to utilize
inhibition to control emotions, resulting in poor self-management.

Implications of this research study

The findings of this study indicate that inhibition plays a role in the
behavior management of individuals living with TIDM. These findings
most importantly highlight a vicious cycle that occurs between T1DM,
inhibition, and the management of TIDM. First and foremost, TIDM has
an effect on inhibition and its performance. It was found that inhibition
may be affected by several factors associated with TIDM, such as hypo- or
hyperglycemia and the individual’s age at the onset of disease. These factors
or influences affect the neurodevelopment and functioning of an individual
living with T1DM, thereby lowering the ability of an individual to utilize
inhibition. In turn, as seen in the second theme, poor inhibition may result
in poor adherence to treatment plans for, and self-management of, TIDM.
Individuals living with TIDM may find it difficult to control their
behaviors, impulses, and emotions and, therefore, to undergo treatment
and achieve desired health outcomes. When one considers the fact that
poor management and adherence behaviors may result in fluctuating
glycemia, seizures, and neurological changes, one realizes that these factors
may also affect inhibition performance. Figure 2 depicts this cycle that may
occur in individuals living with TIDM. In essence, T1IDM affects
inhibition, which in turn results in poor management and adherence,
which in turn leads to lowered inhibition. The implication of this research
study pertains specifically to a clear need for future research. This study
thus provides the foundation for future researchers to identify the
relationship more specifically between these three constructs.

Limitations and recommendations

The limitations of this research study relate first to the limited and
scarce literature available for review and analysis. The amount of
scientific literature identified was greater than expected; however,
exploration and discussion of inhibition were limited. Therefore, the
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Cycle of interaction between T1DM, inhibition, and management.
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findings of this study cannot accurately, or with conviction, assert that
a definitive relationship exists between these three constructs (TIDM,
inhibition, and behavior management). Despite this, the significance
of this research study remains, as it raises a need for further
exploration and investigation. Furthermore, the scientific literature
identified did not consider the three constructs in the context of a
relationship. The limited literature thus affects the trustworthiness of
the findings. Another limitation of this study is that there is no
scientific literature included in a South African context. Therefore, it
is difficult to translate the findings of this review to a national context.
This study does, however, highlight the need for the exploration of
this relationship in a South African context.

Furthermore, the wide age range of participants in the articles included
in the review is a strength, as it allowed for findings to arise regarding the
role played by age at onset of TIDM on inhibition performance.

It is recommended that future research focuses specifically on
inhibition in individuals living with TIDM. It is also recommended that
future research considers the relationship between T1DM, inhibition, and
behavior management, as the findings of the present study indicate that
such a relationship may exist. Furthermore, one of the studies included
developed an intervention focusing on behavioral management and
T1DM, resulting in increased inhibition. Therefore, future researchers,
in a national and international context, may consider developing and
exploring possible interventions that can be applied to individuals living
with TIDM.

Conclusion

T1DM is a severe and chronic condition that disrupts the lives of
affected individuals and their families. Often individuals may
experience hypo- or hyperglycemia as a result, both of which severely
affect the functioning of the individual and may lead to negative health
outcomes. The consequences of T1DM have been correlated with poor
cognitive functioning and neuroanatomical changes because of the
fluctuating glycemia. One of the aspects that have not been thoroughly
investigated, and for which research is sparse, is inhibition. Inhibition
may play a significant role in T1DM, as it plays a significant role in
behavioral management. The findings of the present study indicate that
inhibition does play a role in TIDM. More specifically, it was found
that inhibition is affected by T1DM, and that this results in poor
adherence and management of the condition. In conclusion, it is vital to
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consider that a vicious cycle may be present between T1DM, inhibition,
and behavior management, which may in turn result in negative health
outcomes in individuals with TIDM.
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