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ABSTRACT

Introduction: Postprandial hyperglycemia is
independently associated with many adverse
complications, while diets with a low glycemic
load are beneficial in improving post-meal glu-
cose levels. This study aims to determine if
mobile-app-based low-carbohydrate dietary

guidance will reduce exposure to postprandial
hyperglycemia in adults with prediabetes.
Methods: This single-blind, randomized con-
trolled pilot study included 100 participants (39
men; mean age 53.6 ± 11.9 years) and was per-
formed in the PKU Care CNOOC Hospital,
China. The intervention group (n = 57) received
low-carbohydrate dietary guidance through a
moblie app (CAReNA) for 3 months, while the
control group (n = 43) only received health
education on a diabetic diet. The primary out-
come was change in time of postprandial
hyperglycemia between baseline and 3 months.
Results: The study revealed that the mean time
in postprandial hyperglycemia ([7.8 mmol/l
[140 mg/dl]) monitored by flash glucose moni-
toring changed from 3.27 h/day at baseline to
2.34 h/day at 3 months in the intervention
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group and from 3.08 h/day to 2.96 h/day in the
control group, with a between-group difference
of - 0.81 h/day (P\0.05). Fasting plasma glu-
cose and glycated hemoglobin (HbA1c) in the
intervention group decreased significantly,
although no significant difference was seen
between the two groups. Compared with the
control group, the intervention group had a
significant decrease in anthropometric and
body composition measurements as well as
triglycerides.
Conclusion: The mobile-app-based low-carbo-
hydrate dietary guidance effectively reduced the
time spent in postprandial hyperglycemia in
adults with prediabetes. This new type of
nutritional management has beneficial effects
on people with prediabetes and needs further
research.
Clinical Trial Registration: ChiCTR19000
24880.

Keywords: Low-carbohydrate dietary guidance;
Mobile app; Postprandial hyperglycemia;
Prediabetes

Key Summary Points

Why carry out this study?

Prior to clinical diabetes, the elevations of
postprandial plasma glucose are the first
evident metabolic abnormalities. Elevated
post-meal plasma glucose levels may be
associated with cardiovascular risk and
some other adverse outcomes.

Strong evidence supports the role of
dietary treatment provided by dietitians as
being effective for managing prediabetes,
which can even reverse the progress of
diabetes.

Because of the large population of diabetes
in China, the uneven distribution of
medical resources and the serious shortage
of dietitians, it is particularly difficult to
provide one-on-one or face-to-face
nutritional guidance to individuals with
prediabetes.

What was learned from the study?

Time in postprandial hyperglycemia
changed from 3.27 h/day at baseline to
2.34 h/day at 3 months in the
intervention group and from 3.08 h/day
to 2.96 h/day in the control group, with a
between-group difference of - 0.81 h/day.

Compared to the control group, the post-
meal blood glucose level at 45 min to
135 min after the main meal was
significantly lower in the intervention
group (P\0.05).

After the intervention, compared to the
control group, the HbA1c was
significantly lower in the intervention
group (P\0.05).

The mobile-app-based low-carbohydrate
dietary guidance effectively reduced the
time spent in postprandial hyperglycemia
in adults with prediabetes.

INTRODUCTION

Because of the rapid change in lifestyle in
China, diabetes is rapidly become epidemic.
The latest national survey reported the preva-
lence of diabetes among Chinese adults was
12.8% and that of prediabetes was 35.2% [1]. So
far, almost 490 million people are pre-diabetic
in China. With the increasing prevalence of
diabetes and its related economic burden [2],
the prevention and treatment of diabetes have
moved from simple clinical treatment to ter-
tiary prevention of diabetes. Hence, the patho-
genesis of prediabetes has aroused considerable
research interest. Prediabetes usually has no
obvious signs or symptoms, but it can gradually
develop into type 2 diabetes. Prior to clinical
diabetes, the elevations of postprandial plasma
glucose are the first evident metabolic abnor-
malities. Elevated post-meal plasma glucose
levels may be associated with cardiovascular risk
and some other adverse outcomes [3, 4]. It is
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reported that there has been increasing evi-
dence that poor control of hyperglycemia
appears to play a significant role in the devel-
opment of complications in diabetes, and the
postprandial state is an important contributing
factor [5]. Therefore, it is very important to pay
attention to and reduce postprandial hyper-
glycemia in people with prediabetes.

The routine recommendations mainly
include antidiabetic drugs, nutrition and exer-
cise therapy [6]. However, drugs may be associ-
ated with side effects, and exercise can be
difficult to maintain [7]. Nutrition therapy is an
effective intervention for the management of
prediabetes, especially the lifestyle changes
based on dietary habits, which has increased
dramatically in the US and worldwide over the
last 30 years [8]. Strong evidence supports the
role of dietary treatment provided by dietitians
as being effective for managing prediabetes
[9],which can even reverse the progress of dia-
betes. Among the various macronutrient pro-
portions, a high carbohydrate content is a key
risk factor for hyperglycemia since it is the
greatest determinant of post-meal glycemia
[10]. The American Diabetes Association
described that a low-carbohydrate diet is a
dietary strategy that refers to total carbohydrate
intake of B 130 g/day, supplementing the diet
instead with fat or protein [11]. Previous
research suggests that low-carbohydrate diets
allow significantly better glycemic control and a
trend toward greater weight loss [12–14], but
there is no conclusive evidence for adults with
prediabetes in China. Because of the large dia-
betic population in China, the uneven distri-
bution of medical resources and the serious
shortage of dietitians, it is particularly diffcult
to provide one-on-one or face-to-face nutri-
tional guidance to individuals with prediabetes.
In recent years, however, with the popularity of
smart phones, a series of medically related apps
has emerged. Hence, it is worth exploring
whether the smart phone, as a convenient tool,
is suitable for medical treatment.

Thus, based on these findings, we designed a
randomized clinical trial to investigate the
effectiveness of mobile-app-based low-carbohy-
drate dietary guidance in adults with predia-
betes. We aimed to explore the effect of low-

carbohydrate dietary guidance through a
mobile app on postprandial hyperglycemia. In
addition, we also investigated the impact of this
new type of dietary guidance on other physio-
logic indicators such as anthropometric mea-
surements, body composition and biochemical
parameters.

METHODS

Study Design and Participants

The trial took place at the Department of
Endocrinology, PKU Care CNOOC Hospital,
Tianjin, China. All participants in the study had
the research aims and objectives explained and
were promised confidentiality throughout the
study upon receipt of an informed written
consent form. The participants in the study
were free to withdraw from the program at any
time. The study started in May 2019, and data
collection was finalized by September 2019. The
clinical trial number is ChiCTR1900024880.
The PKU Care CNOOC Hospital Institutional
Review Board approved this study. Each patient
provided written informed consent before par-
ticipation. The study was conducted in accor-
dance with the Declaration of Helsinki 1964
and its later amendments.

The medical examination center placed an
advertisement that enabled subjects to be
recruited for the study. Individuals of both
sexes, aged 30–80 years, not taking drugs for
treatment (including hypoglycemic, hypoten-
sive, lipid-lowering, etc.) and with prediabetes
who had the ability to understand informed
consent were considered eligible to participate
in the study. Subjects with prediabetes with
postprandial blood glucose were selected
according to the American Diabetes Association
[15] and International Diabetes Federation (IDF)
[16] criteria, which include the following fea-
tures: (1) fasting plasma glucose 100 mg/dl
(5.6 mmol/l) to 125 mg/dl (6.9 mmol/l), (2)
glycated hemoglobin (HbA1c) 5.7–6.4% and (3)
postprandial blood glucose[140 mg/dl
(7.8 mmol/l) 1–2 h after ingestion of food.

The exclusion criteria were as follows: refusal
to sign the informed consent form, type 1
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diabetes, gestational diabetes mellitus, smoking,
alcohol abuse (alcoholic hepatitis) and not
having an android smartphone or not able to
use a mobile app to communicate.

The recruited participants were randomly
allocated to either the intervention group or
control group by random computer-generated
assignment (Fig. 1). The researchers who con-
ducted the randomization procedures were not
involved in outcome evaluations and interven-
tion delivery. The researchers involved in out-
come evaluation and date analysis were blinded
to intervention assignment.

Flash Glucose Monitoring Measurements

A flash glucose monitoring (FreeStyle Libre;
Abbott Diabetes Care, Witney, Oxon, UK) sen-
sor was inserted under the skin on the back of
the upper arm. The flash glucose monitoring
used in this study measured interstitial glucose
every 15 min for up to 2 weeks, and the reader
retrieved glucose data wirelessly every 8 h. This

was a well-tolerated consumer-grade device, and
through this device the interstitial glucose
measurements were as accurate as capillary
blood glucose values [17]. Using FreeStyle Libre
software, the glucose data from the flash glucose
monitoring can be obtained and stored on a
personal computer. In the 14 days preceding
the start and end of the study, all participants
returned to the hospital to wear the flash glu-
cose monitoring devices. It should be noted
that the device locked into masked mode for the
14 days both of the baseline period and end of
the study; sensor glucose measurements were
not visible to the participants during this time.
Post-meal hyperglycemia was defined as a
plasma glucose level of 140 mg/dl (7.8 mmol/l)
or above 1–2 h after ingestion of food [16].
Participants without postprandial hyper-
glycemia were excluded before the interven-
tion. We randomly selected the consecutive
7 days of postprandial blood glucose levels after
the main meal and observed the fluctuation of
post-meal glucose within 3 h (feeding time,

Fig. 1 Flow diagram of the study
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15 min, 30 min, 45 min, 60 min, 75 min,
90 min, 105 min, 120 min, 135 min, 150 min,
165 min, 180 min after the meal).

Use of the Health Management Support
Service System

Prior to the study participants needed to use the
health management support service system
(CAReNA) and download the app (NSD Co.,
Ltd.). Moreover, professional staff explained
how to use the app in detail. The input of nec-
essary items in the app were the meal (including
photos), sleep and activity records. Dietary
guidance was done through the mobile app by
the same dietitian.

Assessment of Anthropometric and Body
Composition Measurements

In the beginning of the 1st and 3rd months, the
anthropometric parameters of body weight (kg)
and body mass index (BMI) were also evaluated.
BMI was calculated as weight divided by height
squared (kg/m2). Body composition measures
included skeletal muscle mass (kg), body fat
mass (kg), percentage body fat (percentage) and
visceral fat area (cm2) (In-Body720; Biospace
Co., Ltd, Seoul, Korea).

Assessment of Biochemical Parameters

Blood samples were taken from overnight fast-
ing at the beginning and end of the interven-
tions, and blood serum was stored at - 80 �C.
Biochemical markers [fasting plasma glucose,
HbA1c, triglycerides, total cholesterol and high-
density lipoprotein cholesterol (HDL choles-
terol)] were tested using commercial kits (Labt-
est, Brazil). Low-density lipoprotein cholesterol
(LDL cholesterol) was calculated.

JNCSA Applied Behavioral Analysis
for Health Promotion (JABH)

JABH, using a questionnaire with 70 questions,
was constructed to analyze diet, exercise, men-
tal health, sleep and health consciousness. It

involves eight areas of life behavior including
dietary composition/nutrient balance, eating
behavior, consumption of sweets and alcoholic
drinks, exercise/physical activity, activity voli-
tion, stress, fatigue/sleep quality and knowledge
of healthy behavior/ability to select health
information [18]. Comprehensive assessment is
the sum of the eight areas. Higher scores mean
better function.

Dietary Assessment Score
for Carbohydrates

According to the 14-day diet photos logged into
the app, the dietitian judged the nutritional
content results (breakfast, lunch and din-
ner ? sugar intake of added meals). The assess-
ment results included four grades: A, B, C and D
[A = very good (20–40 g of carbohydrates), B =
good (41–60 g of carbohydrates), C = bad
(61–80 g of carbohydrates), D = very bad (81 g
or above of carbohydrates)]: ten points for A, six
points for B, three points for C and one point
for D. The total number of occurrences over a
14-day period multiplied by the corresponding
score is the dietary assessment score.

Intervention

Randomized participants were provided mea-
surement results of flash glucose monitoring in
the first 2 weeks, and the dietitian was required
to give instructions for the experiment to the
two groups respectively. The dietitian con-
ducted routine health education for adults with
prediabetes in the control group [19], instruct-
ing participants to record and upload dietary
information and photos for each meal instead
of dietary guidance. For the intervention group,
as the content of initial education, it was nec-
essary to explain the harmful outcomes of post-
meal hyperglycemia and the beneficial effects of
diets with a low glycemic load in improving
postprandial hyperglycemia. In this study, the
dietary guidance was mainly focused on a low
carbohydrate diet, defined as total carbohydrate
intake B 130 g/day [11]. We aimed to have
20–40 g of carbohydrates per meal, 10 g/day in
snacks and 70–130 g carbohydrates per day. The
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intakes of total calories, protein and fat were
not limited. The participants had been coun-
seled to choose vegetarian sources of fat and
protein and to avoid trans-fatty acids [13]. The
methods to manage staple food quantities,
selection of foods, amount of food intake, order
of eating, speed of eating and condiments were
recorded.

In this study, the intervention group
received low-carbohydrate dietary guidance
twice (dietary guidance I and II) over a 3-month
period. Participants in the intervention group
used the health management support service
system and app, and the dietitian conducted a
2-week low-carbohydrate dietary guidance pro-
gram (dietary guidance I). Dietary guidance was
performed a total of seven times from the next
day of the briefing session on the dates of ? 1,
? 2, ? 3, ? 4, ? 7, ? 10, and ? 14 days. After 2
weeks, the dietitian would invite the partici-
pants in the intervention group to the hospital
to give detailed feedback on their performance
while they listened to information on the next
stage. The second phase of dietary guidance was
carried out eight times from the next day of the
briefing session at ? 1, ? 2, ? 3, ? 4, ? 5, ? 6,
? 7 and ?8 weeks (dietary guidance II). The
same dietitian evaluated, analyzed and pro-
vided photos of diets registered through the
health management support service system and
provided dietary guidance individually.

Participants in the control group only
received early education of diabetes diet man-
agement in the briefing session [19], with no
low-carbohydrate diet intervention. Two weeks
before the end of the study, all participants were
asked to return to the hospital to wear the flash
glucose monitoring devices and use the app for
recording during the last 2 weeks. At the end of
this study, we gave the same low-carbohydrate
dietary guidance to participants in the control
group who wanted to participate.

Outcomes

The primary effectiveness outcome was change
in time in postprandial hyperglycemia
([7.8 mmol/l [140 mg/dl]) monitored by flash
glucose monitoring between baseline and

3 months. Sensor-derived glycemic measures
comprised: number and duration of postpran-
dial hyperglycemic episodes (sensor glu-
cose[7.8 mmol/l after meal 1–2 h); episodes
defined as at least two consecutive readings, at
15-min intervals, [ 7.8 mmol/l; the end of an
episode was one reading at or lower than the
threshold. We randomly selected 7 consecu-
tive days of postprandial blood glucose values
after the main meal and observed the fluctua-
tion of post-meal glucose levels within 3 h.
Secondary outcomes were changes in anthro-
pometric measurements, body composition,
biochemical parameters, JNCSA applied behav-
ioral analysis for health promotion (JABH) and
dietary assessment score.

Statistical Analysis

All the collected data were stored in SPSS ver-
sion 22.0 (SPSS Inc., Chicago, IL, USA), checked
for completeness and tested with the Kol-
mogorov-Smirnov test for normality. Charac-
teristics of all continuous variables of the
subjects at baseline were reported and presented
as mean and standard deviation, and classifica-
tion variables were reported as percentages.
Differences in the characteristics at baseline
were analyzed using t tests, x2 tests and Kruskal-
Wallis rank tests. To examine the postprandial
blood glucose changes between groups after the
intervention, a two-way (2 9 13) mixed
ANOVA was used with group as a between-
subject factor (intervention group vs. control
group) and time as a within-subject factor
(feeding time, 15 min, 30 min, 45 min, 60 min,
75 min, 90 min, 105 min, 120 min, 135 min,
150 min, 165 min, 180 min after the main meal
before and after the intervention). Paired t tests
were used before and after the intervention
within groups. Changes between groups were
analyzed using t tests, indicated with 95% con-
fidence limits. The significance was P B 0.05.

RESULTS

A total of 160 participants were assessed for
eligibility; 22 subjects were excluded for
declining to participate (n = 14) and not having
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Table 1 Baseline characteristics of participants in the intervention and control groups

Characteristics Intervention group
(n = 57)

Control group
(n = 43)

P

Age (years) 54.9 ± 11.9 51.9 ± 11.8 0.730

Sex, n (%) 0.456

Male 23 (40.4) 16 (37.2)

Female 34 (59.6) 27 (62.8)

Anthropometric and body composition measurements

Height (cm) 162.5 ± 8.9 161.7 ± 8.5 0.743

Weight (kg) 67.8 ± 11.7 66.4 ± 15.7 0.099

BMI (kg/m2) 25.5 ± 2.9 25.2 ± 4.0 0.163

Skeletal muscle mass (kg) 24.6 ± 6.0 24.3 ± 6.2 0.889

Body fat mass (kg) 22.7 ± 5.4 21.8 ± 7.7 0.136

Percentage body fat (%) 33.7 ± 6.2 32.5 ± 6.8 0.494

Visceral fat area (cm2) 111.6 ± 30.1 105.4 ± 40.2 0.112

Biochemical parameters

Fasting plasma glucose (mmol/l) 5.66 ± 0.56 5.58 ± 0.62 0.682

HbA1c (%) 6.00 ± 0.39 6.06 ± 0.40 0.382

Triglyceride (mmol/l) 1.78 ± 1.26 1.77 ± 1.47 0.998

Total cholesterol (mmol/l) 5.54 ± 1.18 5.53 ± 1.02 0.485

HDL-cholesterol (mmol/l) 1.43 ± 0.32 1.49 ± 0.34 0.412

LDL-cholesterol (mmol/l) 3.30 ± 1.13 3.37 ± 0.84 0.184

JABH scale

Dietary composition/nutrient balance 62.7 ± 13.9 59.2 ± 14.2 0.562

Eating behavior 48.8 ± 15.9 50.0 ± 14.8 0.326

Sweets and alcoholic drinks 79.9 ± 15.9 75.9 ± 15.8 0.613

Exercise/physical activity 56.1 ± 24.4 58.1 ± 22.9 0.814

Activity volition 58.6 ± 25.5 57.6 ± 25.6 0.957

Stress 78.0 ± 22.9 74.8 ± 21.8 0.627

Fatigue/sleep quality 63.9 ± 26.3 65.7 ± 27.3 0.566

Knowledge of healthy behavior/ability to find health information 57.7 ± 20.7 59.3 ± 17.2 0.355

Comprehensive assessment 63.2 ± 13.4 62.6 ± 12.4 0.563

Diet assessment score (points) 57.7 ± 50.1 61.2 ± 41.1 0.059
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postprandial hyperglycemia (n = 8). One hun-
dred thirty-eight participants were randomly
distributed in the intervention group or control
group. Twelve individuals in the intervention
group dropped out because of lost contact
information, loss of motivation or non-com-
pliance with flash glucose monitoring, and 26
subjects were lost to follow-up in the control
group. One hundred participants completed the
study, 57 in the intervention group and 43 in
the control group (Fig. 1). Two groups were
comparable in terms of baseline characteristics.
The details of the study population and char-
acteristics are listed in Table 1.

Time in postprandial hyperglycemia chan-
ged from 3.27 h/day at baseline to 2.34 h/day at
3 months in the intervention group and from
3.08 to 2.96 h/day in the control group, with a
between-group difference of –0.81 h/day
(P\0.05). The number of post-meal hyper-
glycemic events was also significantly reduced
in the intervention group (between-group dif-
ference, P\ 0.05) (Table 2). The two groups
were comparable in terms of post-meal glucose
levels measured by flash glucose monitoring at
baseline (Fig. 2a). Figure 2b shows the compar-
ison of postprandial glucose after the interven-
tion between the two groups, and the
differences between groups was significant
(P = 0.029). Compared to the control group, the
post-meal blood glucose level at 45–135 min
after the main meal was significantly lower in
the intervention group (P\0.05).

At the end of our study, the body weight,
BMI, body fat mass, percentage body fat, vis-
ceral fat area and all biochemical parameters in
the intervention group decreased significantly
before and after the intervention (within-group
difference, P\0.05), while the control group
had a significant decrease in weight, fasting

plasma glucose, HbA1c and HDL cholesterol
before and after the intervention. Compared
with the control group, the intervention group
showed decreased anthropometric and body
composition measurements in which the
decrease in weight was 1.4 kg (between-group
difference, P = 0.001), in BMI was 0.5 kg/m2

(between-group difference, P = 0.006), in body
fat mass was 1.6 kg (between-group difference,
P\ 0.001), in visceral fat area was 9.1 cm2 (be-
tween-group difference, P\0.001) and in
triglycerides was 0.36 mmol/l (between-group
difference, P = 0.029), respectively (Table 3).

Behavioral analyses for health promotion
before and after the intervention in the control
and intervention groups are shown in Table 4.
Compared to the control group, there were
significant increases in two of eight areas of the
JABH in the intervention group, in which the
increase for eating behavior was 8.0 points (be-
tween-group difference, P = 0.013) and for
exercise/physical activity was 12.0 points (be-
tween-group difference, P = 0.001), respec-
tively. In addition, the dietary assessment score
increased significantly in the intervention
group compared with the control group (be-
tween-group difference, P\0.001).

DISCUSSION

To our knowledge, no other randomized con-
trolled study has published focused information
on mobile-app-based low-carbohydrate dietary
guidance in the prevention and treatment of
prediabetes. In our study, the mobile-app-based
low-carbohydrate dietary guidance significantly
reduced the time in postprandial hyperglycemia
compared with the control group in people
with prediabetes. Moreover, the dietary

Table 1 continued

Characteristics Intervention
group(n = 57)

Control
group(n = 43)

P

Time in postprandial hyperglycemia (h/day) 3.27 ± 2.85 3.08 ± 2.40 0.730

BMI body mass index, HbA1c glycated hemoglobin, HDL cholesterol high-density lipoprotein cholesterol, LDL cholesterol
low-density lipoprotein cholesterol, JABH JNCSA applied behavioral analysis for health promotion
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guidance improved HbA1c and fasting plasma
glucose levels in the intervention group, while
other results showed significant improvements
in the weight, BMI, body fat mass, percentage of
body fat, visceral fat area, triglycerides, life
behavior assessment and dietary assessment of
participants between groups with prediabetes.

Many previous studies have mainly focused
on low-carbohydrate diets in diabetes or on
glycemic control rather than exploring post-
prandial hyperglycemia in people with predia-
betes. To some extent, the results of our study
may have some reference significance. The ele-
vations of postprandial plasma glucose are the
first evident metabolic abnormalities proceed-
ing clinical diabetes, possibly due to the
decreased insulin sensitivity and consequent
decreased suppression of hepatic glucose output
after meals due to insulin deficiency [3, 16].
Although the research provided valuable evi-
dence regarding managing postprandial hyper-
glycemia, the causal association between post-
meal blood glucose and complications
remained uncertain, and additional study is
needed to clarify our understanding of this
topic.

Previous studies suggested that a low-carbo-
hydrate diet is an effective method for produc-
ing weight loss and may have favorable
metabolic effects [13, 14, 20]. In addition, two
recent systematic reviews indicated that small
improvements in weight loss and/or obesity can
prevent the progression from prediabetes to
type 2 diabetes over an extended period of time
[21, 22]. The results of our study are consistent
with several previous studies [9, 23, 24]. Partic-
ipants’ anthropometric values and body com-
position measurements for weight, BMI and
body fat decreased significantly from baseline to
3 months between groups, but the weight and
body fat losses were modest. The reason may be
that our patients had significantly lower BMI
than the subjects in those studies.

Our investigation reported that mean HbA1c
in the intervention group decreased from 6.00
to 5.77%. The result was similar to a previous
study [25], in which the HbA1c decreased from
5.99 to 5.79%, although conflicting results have
been reported. The latest report from Elizabeth
et al. suggested that a 3-month low-T
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carbohydrate diet had beneficial effects on
HbA1c and fasting plasma glucose [26]. The
inconsistent results are likely due to the differ-
ences in low-carbohydrate diet interventions. In
that study, the low-carbohydrate diet was food-
based and low energy, while the intakes of total
calories, protein and fat were not limited.
Although fasting plasma glucose or HbA1c can
be used to define prediabetes, HbA1c has fewer
daily changes during stress and illness [27].
Moreover, for every 1% increase in HbA1c, the
relative risk of cardiovascular disease increased
by 1.2 [25]. Reducing HbA1c levels has become
the target of glycemia treatment and the center
of its clinical management. The reason why the
fasting plasma glucose and HbA1c did not
decrease significantly may be that the partici-
pants in this study were all prediabetic, and the
blood glucose level was not pathologically high,
so it was understandable that the decline was
only moderate. However, the improvement in
the short-term intervention group has already
shown benefits, and it is believed that the effect
of a prolonged intervention will be more sig-
nificant. Although our study showed that of the
blood parameters only triglycerides had inter-
group differences, all indicators in the

intervention group decreased significantly
before and after the intervention. The results
differed slightly from previous studies, likely
because of differences in the assessment of pre-
diabetes, in study populations and in ethnic
characteristics. Another difference is the the
way our dietary guidance was provided, using a
mobile app rather than face to face, and at low
frequency with only 15 times in 3 months.
Greater improvements derive from frequent
dietary guidance in metabolic and glycemic
control outcomes.

The dietary guidance in our study improved
the eating behavior and dietary assessment
score, which is consistent with a recent report.
Ford et al. [28] demonstrated that dietary
intervention decreased the total energy intake
and increased the intakes of fruits and vegeta-
bles in individuals with prediabetes. Regarding
exercise/physical activity, there were no special
instructions; in fact, the participants were not
supposed to change the way they exercised
before the intervention. Surprisingly, exer-
cise/physical activity increased significantly
between the groups. The reason may be that the
low-carbohydrate diet caused people to pay
attention to their health, not only changing

Fig. 2 Changing trends of the postprandial blood glucose
levels measured by flash glucose monitoring every 15 min
between the two groups at baseline (a) and after the
intervention (b). The difference between groups was not
significant at baseline (P = 0.133), but was significant after
the intervention (P = 0.036). P values are for differences

between groups by two-way mixed repeat- measures
ANOVA. The post-meal glucose differences at each time
point between the two groups were analyzed using t tests.
Compared to the control group, the post-meal blood
glucose level at 45–135 min after the main meal was
significantly lower in the intervention group (*P\ 0.05)
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their eating habits, but also cultivating a certain
exercise habits. Therefore, to some extent the
health management support service system also
plays a role in promoting healthy lifestyles
among participants.

Providing a dietary guidance-based mobile
app for adults with prediabetes lacking nutri-
tional knowledge allows for greater engagement
of this group because of the flexibility. Devel-
oping cost-effective strategies for identifying
and managing individuals with overweight/
obesity and metabolic abnormalities via
screening will have implications for primary
care by providing a window of opportunity for
early intervention [29]. The 2012 Standards of
Medical Care in Diabetes recommended that
individuals with prediabetes should receive
personalized medical nutrition therapy as nee-
ded to achieve their treatment goals, preferably
under the guidance of a dietitian nutritionist
[30]. Because of China’s large population and
the scarcity of specialized dietitians, it is par-
ticularly difficult to provide individualized
nutritional guidance to adults with prediabetes.
To some extent, smart phones, as a convenient
tool, played a role in the management of pre-
diabetes in our study. Therefore, compared with
traditional medicine, the health management
support service system applied as a new medical
approach can be used in medical management,
especially in the nutritional management of
diabetes. In addition, our study provided rec-
ommendations for policy and planning actions
related to the control of prediabetes screening
and interventions.

There were several limitations to our study.
Although this was a pilot study, a 3-month
intervention is relatively short for drawing
strong conclusions or inferring clinical impli-
cations. Furthermore, our study was conducted
at one clinical site, and the effects of practice
styles, participants’ attitudes and characteristics
may have influenced the results compared to
studies conducted at different sites. In addition,
it is possible that the participants who chose to
participate felt the greatest need improve their
laboratory values, leading to a possible bias.

This study had several strengths, including
the randomized controlled trial design and
comparisons of low-carbohydrate dietary

guidance using a mobile app with regular diet-
ary guidance. This was the first randomized
investigation that explored whether the health
management support service system improves
clinical outcomes in adults with prediabetes.
The dietitian continued to monitor food intake
and contents during the clinical investigation,
while still providing counseling and education.
Because dietitian guidance is personalized and
has fewer components than other methods, the
dietitians can efficiently tailor the interventions
to each individual and are less expensive than
intensive lifestyle interventions. The health
management support service system is also
cheaper than intensive lifestyle interventions.

CONCLUSION

In summary, this study reported that mobile-
app-based low-carbohydrate dietary guidance
led to significant improvements in postprandial
hyperglycemia. Additionally, this low-carbohy-
drate dietary guidance has a beneficial impact
on weight, BMI, body fat mass, percentage of
body fat, visceral fat area, triglyceride levels,
dietary habits and exercise/physical activity as
shown by the JABH and dietary assessment of
participants with prediabetes. The inexpensive,
accessible health management support service
system is very effective, intelligent and efficient
in managing a large number of adults with
prediabetes. In addition, the intervention
showed that not restricting total energy in the
low-carbohydrate diets is feasible and practical
for practice medical staff to deliver in primary
care. Future research must include a longer
intervention period with multiple site
involvement.
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