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BACKGROUND: Dietary management has been recommended as the cornerstone of type 2 diabetes mellitus (T2DM) management.
However, low adherence to dietary recommendations has been identified in both developed and developing countries. Previous
research suggests that inhibitory control influences eating behavior, but few studies have been conducted in patients with T2DM.
Thus, we aimed to explore the relationship between inhibitory control and dietary adherence among patients with T2DM.
METHODS: A total of 393 patients with T2DM from the endocrinology departments of three tertiary hospitals in China were
enrolled by the convenience sampling method. Dietary adherence was measured by the Dietary Behavior Adherence Scale for
Patients with Type 2 Diabetes Mellitus. Additionally, inhibitory control was subjectively measured by the Behavior Rating Inventory
of Executive Function-Adult version (BRIEF-A) and objectively assessed by the stop signal task (SST) and the Stroop task. The
relationship between inhibitory control and dietary adherence was analyzed using Pearson correlation analysis and hierarchical
regression analysis.

RESULTS: Subjectively measured inhibitory control had a significant predictive effect for dietary adherence after controlling for
demographic and clinical variables. Adding the inhibitory control variable to the regression equation resulted in the following
values: overall model F (19, 373) = 7.096, p < 0.001, increase in R? value by 0.069, change in F (1, 373) = 35.219, p < 0.001. Similarly,
the performance of the Stroop task had a significant predictive effect for dietary adherence to some foods, i.e., carbohydrate and
fat. Adding the Stroop effect variable to the regression equation resulted in the following values: overall model F (19, 81) = 2.848,

p = 0.005, increase in R* value by 0.060, change in F (1, 81) = 8.137, p = 0.006.
CONCLUSIONS: Inhibitory control was a predictor of dietary adherence in patients with T2DM. Future interventions should
investigate whether inhibitory control training results in the improvement of dietary adherence in patients with T2DM.
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INTRODUCTION

Diabetes mellitus (DM) has been one of the most predominant
chronic diseases in the current century [1]. In 2021, approximately
537 million (10.5%) adults aged 20-79 years were living with
diabetes worldwide, and this number is predicted to rise to 783
million (12.2%) by 2045 [2]. With the aging of the population and
the increasing prevalence of obesity, diabetes has become a major
public health problem in China with 140.9 million patients with
diabetes, making it the country with the highest number of
diabetes patients [2]. T2DM is the most common type, accounting
for more than 90% of all diabetes cases [3]. Dietary management is
the keystone of T2DM management and is usually recommended
as the first step of diabetes management; it plays a pivotal role in
maintaining glycemic control and reducing the risk of diabetes-
related complications [4, 5]. Guidelines for diabetes management
across different countries have emphasized the significance of
dietary management in patients with T2DM [1, 6, 7]. However,

adherence to dietary recommendations continues to be a highly
challenging task for patients with T2DM, as it usually requires
long-term resistance to the patient’s food cravings and prefer-
ences and the temptation of delicious food [1, 8, 9], which relies
on the patient’s inhibitory control [10]. Therefore, a deeper
understanding of the relationship between inhibitory control and
dietary adherence is essential to improve the dietary management
of T2DM patients.

Inhibitory control, the core component of executive function, is
an important basis for high-order cognitive functions, such as
resisting temptation and making long-term decisions [11]. It refers
to the ability to control one’s attention, behavior, thoughts, and/or
emotions; override a strong internal predisposition or external
lure; and instead do what is more appropriate or needed [12]. It is
generally acknowledged that inhibitory control includes response
inhibition and interference inhibition [12]; the former mainly refers
to suppressing the dominant response, often measured by the
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stop signal task (SST), whereas the latter focuses on suppressing
irrelevant information, as estimated by the Stroop task [13].
Additionally, inhibitory control can also be subjectively measured
by the Behavior Rating Inventory of Executive Function-Adult
version (BRIEF-A) [14]. Although task-based measures have
generally been considered the gold standard for measuring
inhibitory control, they lack ecological validity [15]. A subjective
questionnaire used to measure an individual's perception of
inhibitory control in their daily life has more ecological validity,
despite the lack of objectivity. Importantly, both task-based and
questionnaire measures may provide insight into different aspects
of inhibitory control [15]. Therefore, combining subjective and
objective measures to assess inhibitory control can not only
compensate for the shortcomings of each measure itself but also
provide complementary information about inhibitory control. To
the best of our knowledge, no studies have presented this type of
combined data among T2DM patients thus far.

Inhibitory control is considered a key factor in successful food
intake control [16]. Numerous studies have shown that impaired
inhibitory control negatively affects eating behavior [10, 11, 16].
Individuals with poorer inhibitory control tend to have more
difficulty resisting food temptations and are more likely to choose
high-calorie foods, which results in behaviors or outcomes
associated with poor self-management behaviors (e.g. overeating,
weight gain, and obesity) [11, 17-20]. In contrast, inhibitory control
positively predicted the intake of fruits and vegetables in over-
weight and obese patients [21]. Intervention studies have also
shown that training in the inhibitory control of food cues can reduce
individuals’ preference for high-calorie food and reduce the amount
of snacks consumed in sham taste tests [22, 23]. However, previous
studies mainly focused on restrictive dieters [24], eating disorders
[25], or overweight and obese patients [26] and rarely involved
people with chronic diseases that require long-term strict dietary
management, such as diabetes. According to the temporal self-
regulation theory, inhibitory control, as a proximal factor of health-
promoting behaviors (e.g., diet management, exercise, weight
control, and regular check-ups), can have direct or indirect effects
on health behaviors of people with chronic diseases [27]. Therefore,
we speculate that inhibitory control could be a potentially
influencing factor of dietary adherence in patients with T2DM. The
present study aimed to verify the relationship between inhibitory
control and dietary adherence among patients with T2DM.

Our study employed subjective questionnaire and objective
task-based measures to assess inhibitory control and to compre-
hensively investigate the relationship between inhibitory control
and dietary adherence in T2DM patients. First, we used BRIEF-A to
examine whether patients’ perception of inhibitory control in their
daily life was related to dietary adherence. Next, we utilized SST
and the Stroop task to examine whether patients’ objective
response inhibition ability and interference inhibition ability,
respectively, were related to dietary adherence.

MATERIALS AND METHODS

Participants and procedures

The convenience sampling method was used to recruit patients with T2DM
from the endocrinology departments of three tertiary hospitals in China from
March to September 2022 for this cross-sectional descriptive study. The
inclusion criteria were as follows: T2DM patients who (1) met the 1999 WHO
diagnostic criteria for diabetes; (2) had a course of disease =6 months; (3) had
an age =18 years old; (4) had good verbal communication and under-
standing skills; (5) had normal vision or corrected vision, no color blindness or
color asthenia; (6) had normal finger function and ability to do key reactions;
(7) had a MoCA score >25; and (8) had given informed consent and were
willing to participate in the study. Patients who (1) had a history of
cerebrovascular disease or other central nervous system injury and (2) had
difficulty completing the questionnaire or the computer-based cognitive
measurement tasks were excluded. As effect size was 0.3, test level a was
0.05, and power was 0.80, the minimal number of patients was 82 patients.
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Data collection consisted of two phases. In the first phase, the
questionnaire data were collected. First, the researchers explained the
purpose and significance of the study to participants using uniform
instructions in a face-to-face manner and obtained their written informed
consent. Then, the cognitive screening of the participants was completed in a
quiet and comfortable environment. It took 8-10 min for the participants to
complete the MoCA scale in question—answer form. During this process, the
researchers scored the participants’ answers according to the instructions.
Finally, it took approximately 10-15min to complete the remaining
questionnaires, including a sociodemographic questionnaire, BRIEF-A, and
the Dietary Behavior Adherence Scale for Patients with Type 2 Diabetes
Mellitus. In order to minimize possible common method biases, ques-
tionnaire items were randomly arranged in this study. After receiving the
questionnaires, the researchers scrutinized all items of each questionnaire to
ensure that there were no omissions or errors. If there was any omission or
error, the participants were asked to complete or modify it.

In the second phase, inhibitory control was objectively measured. A
total of 108 of the participants who completed the questionnaire were
willing to continue to participate in the next two objective inhibitory
control tasks, i.e., SST and Stroop task. First, the researchers introduced
the rules and precautions of the experiment to the patients until they
understood and then guided the patients into the experimental
practice part to familiarize themselves with the specific operation
process for the entire experiment. Formal trials were independently
performed by the patients without any investigator guidance. This
study was approved by the Ethics Committee of Air Force Medical
University (No. 202206-02).

Measures

Demographic and clinical variables

Sociodemographic questionnaire: The questionnaire was self-
designed by the investigators for the purpose of the study. The content
of the questionnaire included age, gender, education level, monthly family
income, course of diabetes, history of hypoglycemia in the past year,
diabetic complications, treatment method, and BMI.

Cognitive screening

Montreal Cognitive Assessment (MoCA): The MoCA is an interna-
tionally recognized standard examination tool for screening cognitive
impairment. “Expert Consensus on Cognitive Impairment in Diabetic
Patients” recommends the MoCA as a screening tool for mild cognitive
impairment in diabetic patients [28]. The scale contains 11 items in 8
cognitive domains, such as visuospatial structure, executive ability,
attention, memory, language function, abstract thinking, calculation and
orientation, and can quickly screen mild cognitive function. The total score
is 30 points, and higher scores indicate better cognitive function. A MoCA
score >25 indicates a normal cognitive level [29].

Dietary adherence

The Dietary Behavior Adherence Scale for Patients with Type 2
Diabetes Mellitus: The questionnaire was developed by a Chinese
scholar, Zhao Qiuli, and colleagues [30], through literature review and
interviews in combination with the “Dietary Guidelines for Chinese
Residents” and “Guidelines for the Prevention and Treatment of Type 2
Diabetes in China.” It is mainly used to measure the dietary behavior
adherence of T2DM patients. Considering the differences in diet culture
within and outside of China, this scale was suitable for this study. The scale
includes the following 5 dimensions, comprising 23 items: diet self-
regulation (5 items), carbohydrate and fat adherence behavior (5 items), oil
and salt adherence behavior (4 items), fruit and vegetable adherence
behavior (5 items) and cooking and eating habits (4 items). A 5-point Likert
scoring method was used for each item: never=1, rarely =2, some-
times = 3, often =4, and always = 5. The total score of the scale and the
scores of each dimension were calculated; higher scores indicated better
dietary behavior adherence. In this study, the overall Cronbach’s a
coefficient of the scale was 0.891 (95% Cl, 0.875-0.906), and the Cronbach'’s
a coefficients of the five dimensions ranged from 0.729 (95% Cl,
0.684-0.769) to 0.830 (95% Cl, 0.801-0.855).

Inhibitory control

Subjective measure

The Behavior Rating Inventory of Executive Function-Adult Version
(BRIEF-A): The inhibitory control subscale in BRIEF-A was used to
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Fig. 2 Schematic representation of the Stroop task.

measure the level of inhibitory control. The BRIEF-A is a standardized self-
report questionnaire that measures individuals’ everyday executive
function by assessing the behaviors associated with executive function
deficits in everyday life in adults [31]. The scale included the following nine
subscales: inhibitory control (8 items), shift (6 items), emotional control (10
items), self-monitoring (6 items), initiative (8 items), working memory (8
items), plan/organize (10 items), task monitor (6 items) and organization of
materials (8 items). The BRIEF-A contains 75 items, of which five
infrequency items are designated to detect atypical responses, and 70
items assess executive function. All items were rated on a three-point scale
from 1 to 3. The total points of each subscale and index were transformed
into age-appropriate standard scores (T-scores) based on normative data
[31]. Higher T-scores reflect greater impairments in executive function. It
has been proven that the BRIEF-A has good validity and reliability in China
[32]. According to the purpose of the current study, the inhibitory control
subscale was statistically analyzed, and the Cronbach’s a coefficient was
0.797 (95% Cl, 0.765-0.826).

Objective measures
Stop signal task (SST): The SST is a classical experimental paradigm to
evaluate response inhibition ability [33]. The basic experimental process
consists of two types of tasks: the go task and the stop task. The go task
required the subjects to quickly make a selective key response after seeing
the go signal (such as pressing the “F” key with the left index finger when “f*
appeared and pressing the “J” key with the right index finger when *j"
appeared). During the stop task, an obvious red dot appeared at a certain
time interval (stop signal delay, SSD) after the stop signal appeared, at which
time the subject was required to inhibit the impulse to press the key and
stop the button reaction. The stop task appeared randomly throughout the
experiment and usually accounted for 20-30% of the total task [34]. In this
study, the proportion of stop signal trials in the task was set to 30% to obtain
more inhibition trials [35]. The task consisted of a total of 200 trials, including
140 go signal trials and 60 stop signal trials. Stimuli were presented in the
center of the screen, with a fixation point (+) appearing 250 ms before each
stimulus and a 1000 ms time interval after each response keystroke. In the go
task, the maximum presentation time of the go signal was 1250 ms, and if
the participant did not press the button in time, the screen reminded them
that their response was “too slow.” In the stop task, the stop signal appeared
slightly later than the go signal, and if the inhibition was successful (no key
pressed), the stimulus presentation time was also a maximum of 1250 ms.
The initial value of the SSD in this task was set to 250 ms, and the SSD was
automatically adjusted by the tracking method. If key impulse inhibition was
successful, the SSD in the next stop task was increased by 50 ms. If key
impulse suppression failed, the SSD in the next stop task was reduced by
50ms to ensure that the successful inhibition rate of the participant was
approximately equal to 50% (Fig. 1).

The go response time (GoRT) of the go task and SSD were recorded, and the
stop signal response time (SSRT) was calculated according to the independent
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Trials of the word meaning and the
ink color were incongruent (25%)

race model as an evaluation index of response inhibition ability [36]. The
specific calculation method is as follows: SSRT = average GoRT — average SSD.
A smaller SSRT indicates a greater response inhibition ability.

Stroop task. The Stroop task is a classic paradigm for assessing individual
interference inhibition ability [37]. The color-word Stroop task was used in
this study. The experimental materials were composed of four color words,
including “red,” “blue,” “green,” and “yellow.” There were two conditions:
the congruent condition and the incongruent condition. The congruent
condition indicates that the word meaning and the ink color were
congruent, including “red” in red ink, “green” in green ink, “yellow” in
yellow ink, and “blue” in blue ink. The incongruent condition indicates that
the word meaning and the ink color were incongruent, such as “blue” in
green ink. There were a total of 256 trials, which were randomly presented
in the center of the screen. The ratio of consistent trials to inconsistent
trials was 3:1. The subjects were asked to press the corresponding key
according to the actual color of the word (press the “F” key for red, the “G”
key for blue, the “J” key for green, and the “K" key for yellow). The
corresponding key fingers were the left middle finger, left index finger,
right index finger and right middle finger, respectively (Fig. 2).

The reaction times of congruent and incongruent trials were recorded,
and the Stroop effect or conflict effect (the difference in reaction time
between congruent trials and incongruent trials) was calculated to
evaluate the interference inhibition ability. A smaller Stroop effect
indicates greater interference inhibition ability.

Statistical analyses

The collected data were entered by Epidata Version 3.0 software and analyzed
by SPSS Version 23.0. We performed descriptive statistical analyses for
sociodemographic characteristics, dietary adherence, and inhibitory control
based on subjective and objective measures. With the data meet the normal
distribution, an independent t test or one-way ANOVA was performed to
compare dietary adherence among different sociodemographic subgroups.
Pearson correlation analysis and hierarchical regression analysis were
performed to analyze the relationship between inhibitory control and dietary
adherence. A p level of <0.05 was considered statistically significant.

RESULTS

Study participants

A total of 410 participants were enrolled from the endocrinology
departments of three tertiary hospitals in China from March to
September 2022. However, 17 participants whose responses to
BRIEF-A were thought to indicate negative response biases,
inconsistent responding, or rare symptoms were excluded from
this analysis. Among the 393 participants, 108 participants
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Enrolled subjects and collect data based on
subjective measure (n=410)

17 participants whose responding to BRIEF-A was thought to indicate
negative response biases, inconsistent responding, or rare symptoms

Excluded(n=17)

}

Analyzed the relationship between
inhibitory control measured by subjective
method and dietary adherence (n=393)

Assessed eligibility for the
next study based on objective
measure (n=393)

Excluded(n=285)

*»| » Not meeting inclusion criteria (#=125)
* Declined to participate (#=160)

Enrolled subjects to participate in the
stop signal task and Stroop task (»#=108)

Excluded(n=7)

3 participants dropped out and 4
outlier were excluded

Analyzed the

relationship  between
inhibitory control measured by objective
method and dietary adherence (n=101)

Fig. 3 CONSORT flowchart of the study.

continued to participate in the stop signal task and the Stroop
task, but 3 participants dropped out and 4 outlier participants
were excluded (Fig. 3).

Sociodemographic characteristics and comparisons of dietary
adherence of the participants

Table 1 presents the sociodemographic characteristics and the
results of the comparisons of dietary adherence of the partici-
pants. A total of 393 T2DM patients were enrolled in this study,
including 310 males (78.88%) and 83 females (21.12%). The mean
age of the participants was 51.55 + 11.45 years (range from 20 to
81 years). The mean course of diabetes among the participants
was 9.46 + 6.26 years (range from 6 months to 30 years). A total of
41.98% of the patients reported one or more episodes of
hypoglycemia in the past year. More than half of the patients
were overweight or obese.

For dietary adherence among the patients with T2DM,
homogeneity of variance was observed among the groups.
Statistically significant differences were observed in age (F (2,
390) =6.94, p=10.001, r)2 =0.04), gender (t=-259, p=0.010,
d = 0.02), education level (F (3, 389) = 11.05, p < 0.001, n* = 0.08),
hypoglycemia in the past year (t = 2.86, p =0.005, d = 0.02), and
BMI (F (3, 389) =4.71, p = 0.003, n? = 0.04).

Correlation analysis of inhibitory control and dietary
adherence

Table 2 presents the correlation analysis of inhibitory control
measured by subjective methods and dietary adherence among
the participants. The results showed that inhibitory control was
negatively correlated with total score and all dimensions of dietary
adherence (p < 0.05).

Table 3 presents the correlation analysis of inhibitory control
measured by objective methods and dietary adherence among
the participants. The results showed that the Stroop effect was
significantly negatively related to carbohydrate and fat adherence
behavior (r= —0.244, p = 0.014), which indicated that the stronger
the interference inhibition ability was, the better the dietary
adherence to carbohydrate and fat foods. However, performance
in the SST did not have a statistically significant association with
total score or any dimension of dietary adherence (p > 0.05).

Hierarchical regression analysis of dietary adherence

Table 4 presents the hierarchical regression analysis of dietary
adherence among the participants. A hierarchical regression

SPRINGER NATURE

analysis was conducted with demographic and clinical variables
as the control variables, inhibitory control as the independent
variable, and dietary adherence as the dependent variable. The
results showed that inhibitory control had a significant predictive
effect for dietary adherence after controlling for the demographic
and clinical variables (p <0.001). Adding the inhibitory control
variable in model 2 resulted in the following values: overall model
F (19, 373) = 7.096, p < 0.001, increase in R? value by 0.069, change
in F (1, 373) =35.219, p<0.001. These results were statistically
significant.

Table 5 presents the hierarchical regression analysis of
carbohydrate and fat adherence behavior among the participants.
A hierarchical regression analysis was conducted with demo-
graphic and clinical variables as the control variables, Stroop effect
as the independent variable, and carbohydrate and fat adherence
behavior as the dependent variable. The results showed that the
Stroop effect had a significant predictive effect for carbohydrate
and fat adherence behavior after controlling for the demographic
and clinical variables (p = 0.006). Adding the Stroop effect variable
in model 2 resulted in the foIIowing values: overall model F (19,
81) =2.848, p = 0.005, increase in R value by 0.060, change in F
(1, 81)=8.137, p=0.006. These results were statistically
significant.

DISCUSSION

The current study validated the relationship between dietary
adherence and inhibitory control measured by subjective and
objective methods among patients with type 2 diabetes mellitus.
These findings provide a scientific theoretical basis and a new
intervention target to improve dietary adherence among patients
with T2DM. To the best of our knowledge, the current study was
one of the first to comprehensively analyze the relationship
between inhibitory control and dietary adherence in patients with
T2DM by using both subjective and objective measures in the
same study.

Dietary adherence refers to the consistency between patients’
dietary behavior and their doctors’ advice in the process of
receiving treatment [38]. Dietary adherence is the most important
index to measure the dietary management behavior of patients
with diabetes [30]. By evaluating the dietary adherence of patients
with T2DM, targeted dietary guidance can be given to patients,
which is conducive to delaying the occurrence of diabetic
complications and improving the quality of life of patients [30].

Nutrition and Diabetes (2023)13:23
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Table 1. Sociodemographic characteristics and comparisons of dietary adherence of the participants (n = 393).
Variables n (%) M % SD? t/IF p
Age 6.935° 0.001
<45 105 (26.72) 3.14 £ 0.64
45-60 182 (46.31) 3.19+0.60
260 106 (26.97) 342+0.54
Gender —2.591°¢ 0.01
Male 310 (78.88) 3.20+0.60
Female 83 (21.12) 3.39+0.59
Education level 11.047° <0.001
Junior high school and below 79 (20.10) 2.94+0.57
High school 120 (30.53) 3.19+0.65
Junior college 83 (21.12) 3.39+0.54
Bachelor or above 111 (28.24) 3.38+0.52
Monthly family income (Yuan) 1.689° 0.186
<3000 101 (25.70) 3.20+0.62
3000-5000 115 (29.26) 3.17+0.63
>5000 177 (45.04) 3.30+0.56
Course of diabetes 1.689° 0.186
<4 years 130 (33.08) 3.21+0.63
5-10 years 129 (32.82) 3.18+0.58
>10 years 134 (34.10) 3.31+£0.59
Diabetic complication 0.966° 0.335
Yes 72 (18.32) 3.30+0.61
No 321 (81.68) 3.22+0.60
Hypoglycemia in the past year 2.856°¢ 0.005
Yes 165 (41.98) 3.34+0.58
No 228 (58.02) 3.16 £ 0.60
Treatment method 0.461° 0.709
Oral hypoglycemic agents 146 (37.15) 3.25+0.61
Insulin 150 (38.17) 3.20+0.58
Insulin and oral hypoglycemic agents 56 (14.25) 3.29+0.56
Diet and exercise 41 (10.43) 3.27+0.71
BMI (kg/m?) 4713° 0.003
<184 12 (3.05) 3.30+044
18.5-23.9 158 (40.20) 3.36+0.57
24-27.9 157 (39.95) 3.17+£0.62
>28 66 (16.79) 3.08 £ 0.59

Statistically significant between groups at p < 0.05.
BMI body mass index.

Scores of dietary adherence.

POne-way ANOVA.

“Two independent samples t test.

However, dietary adherence in patients with T2DM is low, and it is
influenced by many factors. This study showed that dietary
adherence was significantly different among different categories
of age, gender, education level, hypoglycemia in the past year,
and BMI. Further analysis showed that female elderly patients with
a higher education level and a history of hypoglycemia in the past
year tended to have higher dietary adherence. Patients with a BMI
in the overweight range (a BMI of 24 or more) were more likely to
have low dietary adherence.

In addition, this study also found a significant correlation
between inhibitory control and dietary adherence among patients
with T2DM based on both subjective and objective measures. The

Nutrition and Diabetes (2023)13:23

results showed that inhibitory control measured by subjective
methods was positively correlated with dietary adherence.
Similarly, the performance of the Stroop task was significantly
positively related to dietary adherence to some foods, i.e,
carbohydrate and fat. Additionally, inhibitory control had a
significant predictive effect for dietary adherence when control-
ling for demographic and clinical variables. To the best of our
knowledge, this is the first study to comprehensively explore the
relationship between inhibitory control and dietary adherence
among patients with T2DM by combining both subjective and
objective measures. Although recent neuroimaging findings
suggest that the two sets of measures share a common

SPRINGER NATURE
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Table 2. Pearson correlation analysis of inhibitory control measured by subjective method and dietary adherence (n = 393).
1 2 3 4 5 6 7
1. Total score 1
2. Fruit and vegetable 0.761** 1
3. Oil and salt 0.773** 0.486** 1
4. Carbohydrate and fat 0.724** 0.378** 0.526** 1
5. Diet self-regulation 0.831** 0.535%* 0.534** 0.484%* 1
6. Cooking/eating habits 0.716** 0.528** 0.427** 0.335%* 0.525%* 1
7. Inhibitory control —0.312** —0.250** —0.196** —0.227** —0.221* —0.312** 1
M 3.24 3.25 3.01 3.04 3.35 3.55 51.33
SD 0.6 0.7 0.84 0.75 0.88 0.76 9.69

Total score = Total score of dietary adherence; Fruit and vegetable = Fruit and vegetable adherence behavior; Oil and salt = Oil and salt adherence behavior;

Carbohydrate and fat = Carbohydrate and fat adherence behavior.
M mean, SD standard deviation.
*p <0.05; **p <0.01.

Table 3. Pearson correlation analysis of inhibitory control measured
by objective method and dietary adherence (n =101).

SSRT Stroop effect
Total score —0.098 —0.098
Fruit and vegetable —0.073 —0.023
Oil and salt 0.042 —0.077
Carbohydrate and fat —0.148 —0.244*
Diet self-regulation —0.079 —0.04
Cooking/eating habits —0.095 0.042
M 300.65 102.12
SD 49.88 62.21

Total score = Total score of dietary adherence; Fruit and vegetable = Fruit
and vegetable adherence behavior; Oil and salt = Oil and salt adherence
behavior; Carbohydrate and fat=Carbohydrate and fat adherence
behavior.

M mean, SD standard deviation, SSRT stop signal response time.

*p < 0.05.

neuroanatomical substrate [39], some suggest that performance-
based tasks assess underlying skills, while rating scales assess the
application of those skills in daily life [40]. Thus, they measure
different aspects of inhibitory control. In addition, inhibitory
control is a multifaceted concept, and different types of inhibitory
control can be reflected by different objective cognitive tests; for
example, the stop signal task assesses a person’s response
inhibition ability, and the Stroop task assesses a person’s
interference inhibition ability. Therefore, although both subjective
and objective measures of inhibitory control were significantly
associated with dietary adherence, the results were not comple-
tely consistent.

In the case of specific results relating to subjective measures,
the T score of inhibitory control was negatively correlated with the
total score and all dimensions of dietary adherence, and inhibitory
control had a significant predictive effect for dietary adherence
when controlling for demographic and clinical variables. Namely,
the poorer the level of inhibitory control, the worse the dietary
adherence in patients with T2DM. This study is one of the first to
reveal the relationship between inhibitory control and dietary
adherence in patients with T2DM by using rating scales. In other
words, the patients’ perceived (i.e., subjective) inhibitory control
dysfunction can be utilized by medical staff in determining their
patients’ specific challenges in following diabetic diet control. This

SPRINGER NATURE

result has important clinical significance for improving dietary
adherence among patients with T2DM.

In the case of specific results related to objective measures, this
study revealed a significant correlation between inhibitory control
measured by the Stroop task and dietary adherence in patients
with T2DM. Specifically, the Stroop effect was significantly
negatively related to carbohydrate and fat adherence behavior,
and the Stroop effect had a significant predictive effect when
controlling for demographic and clinical variables, which indicated
that the stronger the interference inhibition ability was, the better
the dietary adherence to carbohydrate and fat foods. To the best
of our knowledge, this is the first study to reveal the relationship
between interference inhibition and dietary adherence among
patients with T2DM. For patients with diabetes, a low-carbohy-
drate, low-fat, light diet contributes to controlling blood glucose,
but these foods are often not delicious enough to bring pleasure
to patients. Thus, when faced with a variety of food temptations,
some patients with poor interference inhibition ability may show
self-management relaxation and compromise to enjoy the
momentary pleasure brought by food, thus demonstrating
decreased dietary adherence. Therefore, when treating patients
with poor dietary adherence, health care providers should
consider the underlying factor of impaired inhibitory control.

However, performance of the SST did not have a statistically
significant association with dietary adherence, which was incon-
sistent with a previous study [41]. Zhu and her colleagues found that
there were significant differences in response inhibition among
T2DM patients with different dietary adherence [41]. The reason for
the inconsistent results may be because the experimental stimuli
were different. In our study, the stimuli were “j” and “f,” which mainly
measured the general response inhibition, whereas in Zhu's study,
the stimuli were pictures of food, which mainly measured the food-
specific response inhibition. Many research findings indicate that
dietary behavior regulation is related to poor response inhibition
that is food-specific, rather than general response inhibition [42-44].

However, there were several limitations in our study that should
be considered. First, the generalizability of our findings is limited
since all of the patients were recruited from only three hospitals.
Second, we could not make inferences about the causality between
inhibitory control and dietary adherence because we had only
cross-sectional data. Therefore, longitudinal studies should be
carried out to further clarify the problem. Third, future studies
should combine electroencephalogram, magnetic resonance ima-
ging and other research methods to explore the neural mechanism
of inhibitory control in patients with different levels of dietary
adherence to provide a theoretical basis for further intervention.
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0.018

(—0.917, —0.087)
(—0.778, 0.004)
(—0.464, 0.237)

—0.288
—0.230
—0.070

0.208
0.197
0.176

—0.502
—0.387
—-0.113

0.040
0.080
0.647

(—0.884, —0.022)

(—0.77, 0.044)
(—0.449, 0.281)

—0.260
—0.216
—0.052

0.217

—0.453
—0.363

—0.084

Treatment method (take diet and exercise as reference)

Junior high school and below

0.053

0.205
0.183

High school

0.523

Junior college

0.152
0.886
0.009
0.006

(—=0.799, 0.126)

—0.242
—0.022
—0.376
—0.254

0.233

—0.336
—0.037
—0.698
—0.003

0.401

0.183
0.900
0.012

(—0.808, 0.157)
(-0.57, 0.502)

—0.234

—0.021
—0.374

0.242
0.270
0.271

—0.325
—0.034
—0.694

Oral hypoglycemic agents

(—=0.552, 0.477)
(—1.215, —0.180)

(—0.005, —0.001)

0.259
0.260

0.001

Insulin

(—1.233, —0.155)

Insulin and oral hypoglycemic agents

Stroop effect

0.340
0.195

RZ

0.260

Adj R?

= 2.848**

F (19, 81)
0.060

= 2.350**

F (18, 82)
0.340

ARZ

AF (1, 81) =8.137**

= 2.350%**

AF (18, 82)

AF

change of

Adjusted coefficient of determination; “R>

Unstandardized regression coefficient; Std. error = standard error; 8 = standardized regression coefficient; R* = coefficient of determination; Adj R?

coefficient of determination; “F

B=
*p < 0.01.

F change.

CONCLUSIONS

In conclusion, this is the first study to present evidence of the
relationship between inhibitory control and dietary adherence
among patients with T2DM based on subjective and objective
measures. We found that inhibitory control was a predictor of
dietary adherence in patients with T2DM. Our study contributes to
a deep understanding of the role of inhibitory control in dietary
adherence, which provides a new perspective to further improve
dietary adherence among patients with T2DM in clinical practice.
Previous studies have reported the feasibility of nurse-led
cognitive training to improve the self-management behavior of
patients with T2DM. In the future, we can consider improving the
dietary adherence of patients with T2DM based on inhibitory
control training, which may be good news for patients with
diabetes, especially for those with poor dietary adherence.
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