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Aims: To evaluate the effect of a precision exercise management model based on

the Axivity 3.0 device on physical activity levels, glucose control, and delivery

outcomes in patients with gestational diabetes mellitus (GDM).

Patients and methods: This study employed a randomized controlled design.

One hundred patients with GDM from Hangzhou Women’s Hospital from May

2020 to September 2020 who received regular obstetric follow-ups and intended

to deliver in our hospital were recruited. Patients were randomly divided into a

control group (conventional health education model of exercise during

pregnancy) and a test group (received the Axivity 3.0-based management

model combined with health education). A general information questionnaire,

Pregnancy Exercise Self-efficacy Scale (P-ESES), Pregnancy Physical Activity

Questionnaire; physical activity levels; fasting blood glucose (FBG), 2-hour

postprandial blood glucose (2hPG); the duration of the first and second stages

of labor for vaginally-delivering patients were assessed.

Results: After the 4-week intervention, the total P-ESES score was significantly

higher in the test group (median 39, IQR 36-42) than in the control group (median

36, IQR 33-38; p < 0.001). Weekly moderate-to-vigorous physical activity (MVPA)

time increased to 75.95 ± 28.30 minutes in the test group versus 56.24 ± 23.66

minutes in the control group (mean difference: 19.71 minutes/week, p=0.001). At

delivery, fasting blood glucose (FBG) and 2-hour postprandial glucose (2hPG)

levels were significantly lower in the test group (FBG: 4.47 ± 0.47 mmol/L; 2hPG:

5.40 ± 0.56 mmol/L) compared to the control group (FBG: 4.82 ± 0.41 mmol/L,

p=0.001; 2hPG: 6.02 ± 0.63 mmol/L, p<0.001). Total gestational weight gain was

lower in the test group (11.95 ± 4.89 kg) than in the control group (14.32 ± 4.80 kg,

p=0.030). Among vaginally-delivering patients, the median duration of the first

and second stages of labor was shorter in the test group (389.5 and 44.5 minutes,

respectively) than in the control group (510.0 and 51.0 minutes, respectively;

p=0.015 and p=0.033).

Conclusion: The Axivity 3.0-based precision management model was associated

with significant improvements in exercise self-efficacy, increased moderate-to-

vigorous physical activity, and better glycemic control and weight management in

patients with GDM compared to conventional health education alone.

Summary points: After the 4-week intervention, the test group showed a

significantly higher total Pregnancy Exercise Self-Efficacy Scale (P-ESES) score

(median 39 vs. 36 in controls, p < 0.001) and achieved greater weekly moderate-
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to-vigorous physical activity (MVPA) time (75.95 vs. 56.24 minutes, p=0.001). At

delivery, fasting blood glucose (FBG: 4.47 vs. 4.82 mmol/L, p=0.001) and 2-hour

postprandial glucose (2hPG: 5.40 vs. 6.02 mmol/L, p<0.001) levels were

significantly lower in the test group compared to the control group. Total

gestational weight gain was better controlled in the test group (11.95 kg) than

in the control group (14.32 kg, p=0.030). Among vaginally-delivering patients,

the median duration of the first stage (389.5 vs. 510.0 minutes, p=0.015) and the

second stage (44.5 vs. 51.0 minutes, p=0.033) of labor was significantly shorter in

the test group. The Axivity 3.0-based management model helps improve

pregnancy exercise self-efficacy, elevate exercise time, and control blood

glucose levels and weight gain in patients with GDM.
KEYWORDS

delivery outcomes, exercise bracelet, exercise therapy, gestational diabetes mellitus,
precision medicine
1 Introduction

Gestational diabetes mellitus (GDM) is a significant metabolic

disorder that poses risks to both maternal and fetal health (1–3). For

the mother, GDM is associated with an elevated risk of developing

type 2 diabetes and cardiovascular complications later in life (4–6).

For the infant, it can increase the likelihood of adverse outcomes

such as polyhydramnios and respiratory distress (7–9).

Management of GDM, particularly through lifestyle interventions

like physical activity, is therefore crucial. However, sustaining

adequate exercise during pregnancy is often hindered by

motivational barriers, low self-efficacy, and a lack of objective

monitoring and feedback. Wearable activity monitors present a

promising tool to address these challenges by enabling precise

tracking and personalized guidance. The Axivity device series,

which includes the 3.0 model used in this study, is designed for

accurate activity monitoring. This study aimed to evaluate a

structured, precision management model utilizing the Axivity 3.0

device for women with GDM, with the goal of improving their

physical activity levels, exercise self-efficacy, glycemic control, and

pregnancy outcomes.

The current therapeutic approaches for patients with GDM

include diet and exercise control, blood glucose monitoring, health

education, maternal and infant monitoring, and medication.

Among these, exercise treatment is a satisfactory alternative for

patients with GDM without medical contraindications, helping to

increase insulin sensitivity and reduce gestational insulin resistance,

and exhibiting a promising result in the prevention of diabetes (10,

11). At present, exercise treatment usually relies on exercise

intervention and exercise prescription, which lacks standard

exercise management and makes it hard to perform a long-term

follow-up (12). Additionally, it is difficult to obtain accurate data on

exercise results, as the medical staff cannot acquire the real exercise

level of pregnant women. This may contribute to a decrease in

exercise willingness, limiting the curative effect of exercise

treatment for patients with GDM.

Exercise self-efficacy, defined as an individual’s confidence in

their ability to overcome barriers and persist with physical activity,

is a key determinant of sustained behavior change (13, 14). The
02
conception of the precision guidance model of exercise treatment

for diabetes has been proposed in recent years (15). Bourgeoning

literature verified the protective and effective role of exercise

bracelet in blood glucose control by improving the enthusiasm

and compliance of patients with diabetes (16–18). Until now, there

are multiple wearable devices on the market, but their reliability in

exercise intensity monitoring has not been well confirmed. Physical

inactivity is a known modifiable risk factor for both GDM and

future metabolic disorders (19). Lifestyle interventions that

emphasize diet and exercise can markedly reduce the risk of

progression to type 2 diabetes in women with a history of GDM

(20). However, achieving sustained behavior change remains

challenging, particularly due to poor self-efficacy and lack of real-

time feedback. Wearable fitness devices offer a promising solution

by providing objective, continuous monitoring of physical activity.

Among them, Axivity 3.0 has emerged as a practical tool capable of

tracking gait, exercise intensity, and duration in real time. By

offering personalized feedback, it can support both clinical

decision-making and patient motivation.

This study utilized the Axivity 3.0 exercise bracelet to guide

exercise treatment for patients with GDM. We evaluated its effects

on pregnancy exercise self-efficacy, blood glucose control, and

maternal-infant delivery outcomes, providing a theoretical

reference and a new management model for patients with GDM.
2 Materials and methods

2.1 Subjects

A total of 100 pregnant patients with GDM who received

regular birth examinations and intended to give birth in

Hangzhou Women’s Hospital from May 2020 to September 2020

were recruited. The diagnostic criteria for GDM followed the one-

step guidelines established by the International Association of

Diabetes and Pregnancy Study Groups (IADPSG) in 2010 (21).

The patients with GDM were divided into two groups: the control

group (n=50) and the test group (n=50).
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2.2 Sample size calculation and
randomization

Sample size calculation was conducted using a power analysis

with an alpha level of 0.05 and a power of 0.80. Based on previous

studies, we anticipated a mean difference of 30 minutes per week in

moderate-to-vigorous physical activity (MVPA) and a difference of

0.5 mmol/L in 2-hour postprandial glucose (2hPG) between the two

groups. With an estimated standard deviation of 40 minutes for

MVPA and 0.8 mmol/L for 2hPG, a minimum of 40 participants

per group was determined to be sufficient for statistical power. To

account for potential dropouts, we aimed to recruit 50 participants

per group. Randomization was performed using a computer-

generated random number sequence prepared by an independent

statistician not involved in recruitment or intervention delivery.

The allocation sequence was concealed using sequentially

numbered, opaque, sealed envelopes. Due to the nature of the

intervention (device vs. no device), blinding of participants and

intervention staff was not feasible. However, outcome assessors and

data analysts were blinded to group allocation where possible.

2.3 Inclusion and exclusion criteria

The inclusion criteria were shown as follows: 1) Primipara, fetal

cephalic position, singleton pregnancy, 24–28 weeks gestation, age

between 20–34 years old; 2) GDM was diagnosed at 24–28 weeks of

gestation by oral glucose tolerance test (OGTT); 3) No mental and

cognitive dysfunction, the patient can effectively communicate with

researchers; 4) Low level of physical activity (moderate intensity

exercise) before or during pregnancy [moderate-to-vigorous intensity

physical activity (MVPA) < 150 min (21), monitored by an Axivity 3.0

exercise bracelet]. The exclusion criteria were listed as follows: 1)

Communication difficulty; 2) Advanced maternal age (age > 35

years); 3) Uteroplacental blood flow reduction diseases during

pregnancy such as pregnancy-induced hypertension syndrome,

placenta previa, multiple pregnancies, polyhydramnios, inevitable

abortion and threatened premature labor; 4) Abnormal fetal position

including breech position, transverse position, etc. 5) Patients with a

history of smoking, abnormal heart function, asthma, bone and joint

disease, pubic separation and abnormal body structure. Dropout

standards include: 1) Loss to follow-up; 2) Unstable blood glucose

control patients requiring medicine; 3) Patients who dropped out of the

intervention study; 4) Delivery in other hospitals.

During the study period, participants whose blood glucose

control became unstable and required initiation of medication

(such as insulin or metformin) were considered to have met the

dropout criterion and were excluded from the final analysis. No

participants in either group required medication during the

intervention period. The observed reductions in fasting and

postprandial glucose levels are therefore attributable to lifestyle

interventions rather than pharmacological treatment.

2.4 Intervention strategy

The patients in the control group were given a one-day clinic

health education course on GDM, and the patients in the test group
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received the Axivity 3.0-based management model, based on the

health education of GDM. Additionally, both groups participated in

weekly follow-up visits to discuss physical activity, nutrition, and

overall pregnancy care (22). The key difference between the groups

was that the test group received the Axivity 3.0-based management

model, which included individualized feedback based on the

physical activity data collected from the bracelet. The one-day

educational course includes 1) The definition of GDM and its

detrimental impact on the mother and infant. 2) The importance

of nutritional therapy on blood glucose levels and nutritional

requirements for patients with GDM. 3) Food calorie calculation

and the application of food exchange methods. 4) Diet provided by

the Nutrition department, such as breakfast ratio, including a boiled

egg 50g, 1.5 pieces of whole wheat toast 35g, dried bean curd mixed

with celery 40g, food exchange number of about 3, the total calorie

is 270 kcal. 5) The types and benefits of exercise during pregnancy.

6) Pregnancy exercise safety, moderate-intensity exercise

demonstration, patient and medical staff exercise together for 20

minutes. 7) Blood glucose monitoring methods and precautions

during pregnancy, including emergency treatment for

hypoglycemia. 8) Diagnosis and treatment consultation from

nutrition doctors, the information will be filed by the nutrition

department, and the patient will be followed up.

As for patients with GDM in the test group, the Axivity 3.0

exercise bracelet-guided precision management model was

implemented based on the one-day clinic health education, the

detailed procedure is outlined as follows: 1) Conduct appropriate

medical screenings for patients with GDM (23), the exercise

contraindications and criteria for exercise termination were

informed in detail to ensure the safety of the subjects. 2) Inform

the precautions for wearing Axivity 3.0 according to the

instructions, and the indicators such as intensity and duration of

physical activity. 3) Collect activity data weekly by retrieving the

bracelets. Data included daily physical activity duration and

intensity, particularly MVPA time. 4) Establish individual records

and provide personalized feedback. If MVPA time was below the

recommended 150 min/w, medical staff would analyze the reason

for insufficient activity based on both Axivity data and patient

exercise diaries. 5) Use the Borg Rate of Perceived Exertion (RPE)

(24) and the 2011 Compendium of Physical Activities (CPA) (25) to

assess and adjust exercise prescriptions. For example, a patient with

consistently low MVPA might be encouraged to substitute

sedentary behaviors with brisk walking (3.5 METs) for 30

minutes per day. 6) Ongoing monitoring and adjustment of

MVPA goals were implemented weekly, based on updated

bracelet data and patient feedback. 7) Communication among

patients to share the experience of exercise during pregnancy.

Axivity 3.0 exercise bracelet and three scales including the

general information questionnaire, the Pregnancy Physical

Activity Questionnaire (PPAQ) and Pregnancy Exercise Self-

efficacy Scale (P-ESES) were applied here.

2.5 General information questionnaire

The study was designed and established by postgraduates,

obstetricians, nutritionists, and experts in the hospital according
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to the published literature. The contents were listed as follows: 1)

General information: name, health number, age, education level,

height, weight, body mass index (BMI), residence during

pregnancy, occupation; 2) Obstetric data: gestational number,

gestational weeks, pregnancy complications, OGTT results,

glycated hemoglobin (HbAlc) results; 3) Exercise data: pre-

pregnancy exercise habits, recognition of the benefits of exercise

for pregnancy, exercise preferences, and duration of moderate

physical activity each week.

2.6 Pregnancy physical activity
questionnaire

PPAQ, established by American scholars (26), is utilized to

assess the 1-week physical activity energy consumption for

pregnant women, or the time and frequency of each activity type.

PPAQ has been widely applied worldwide, such as in Vietnam,

Japan, Australia, etc., and it has good reliability and validity in

various cultural backgrounds. The PPAQ included 33 physical

activities, and there were 31 physical activities from 4 categories

(8 exercise activities, 14 housework activities, 5 work activities and 4

transportation activities) in this study after excluding some activity

items that are not common in China such as weeding. The Chinese

version of the PPAQ was translated by Zhang et al. (27), with a

content validity of 0.940 and a retest reliability of 0.944, and the

correlation coefficient between the questionnaire and the energy

consumption recorder was 0.768, indicating that the translation

version of PPAQ is suitable for the investigation of physical activity

during pregnancy in China. According to the analysis method of

PPAQ, the amount of physical activity time per week could be

calculated, including the amount of time spent in physical activity,

as well as light, moderate and high activity intensity.

2.7 Pregnancy exercise self-efficacy scale

Revised P-ESES contains three aspects, which are overcoming

emotional disorders, overcoming exercise disorders, and

overcoming support disorders (28). There are a total of 10 items,

all items used the 5-grade Likert scoring method, including strongly

disagree, disagree, neutral, agree and strongly agree. The

corresponding scores are 1–5 points, and the total range is 10–50

points. The higher score indicated a higher sense of exercise self-

efficacy. The self-exercise efficacy was divided into three levels

according to the total score, including low (10-20), moderate (21-

40) and high (41-50). The Chinese version of P-ESES was translated

by Yang et al. (29), and the Crobach’s coefficients were 0.730, 0.705

and 0.669, respectively, ensuring the good internal consistency,

reliability and validity of the Chinese version of P-ESES in Chinese

pregnant women.

2.8 Axivity 3.0 exercise bracelet

The Axivity 3.0 exercise bracelet features a three-axis

acceleration sensor that collects acceleration changes during

human body activity, intelligently identifies the physical activity,

and accurately calculates corresponding activity mode, activity

intensity and amount. Rowlands et al. (30) confirmed that the
Frontiers in Endocrinology 04
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intensity. The Axivity 3.0 Exercise Bracelet has been used in

large-scale epidemiological investigations by the British Biobank,

demonstrating its effectiveness and reliability in monitoring exercise

conditions (31). The Axivity 3.0 exercise bracelets used in the

current study were provided by Westlake University. For this

research, the devices were provided at no cost to the participants.

It is acknowledged that the typical market price for the Axivity 3.0

or similar research-grade activity monitors at the time of the study

was approximately USD $200–300 per unit, which is a

consideration for broader clinical implementation.

2.9 Evaluation index

This study primarily evaluates blood glucose levels, specifically

FBG and 2hPG. FBG and 2hPG were measured at enrollment, after

4 weeks of intervention, and at delivery. For each time point, blood

glucose values represent the mean of two consecutive

measurements taken within one week to enhance reliability.

Other evaluation indexes include 1) Exercise self-efficacy and

PPAQ questionnaire of patients with GDM four weeks after the

intervention; 2) The time amount of weekly moderate-intensity

activity/exercise after the intervention; 3) Perinatal outcomes of

mothers and children in the two groups after delivery, for instance,

delivery mode, duration of labor, postpartum hemorrhage, neonatal

weight, neonatal asphyxia, neonatal hypoglycemia, gestational

hypertension, premature delivery and the condition of gestational

weight gain.

2.10 Statistical analysis

Data processing and statistical analysis were conducted using

SPSS 22.0 software. Two individuals recorded the data to minimize

potential errors. Normality of continuous variables was assessed

using the Shapiro-Wilk test and visual inspection of Q-Q plots.

Measurement data were represented as mean ± standard deviation

(SD) when they conformed to the normal distribution. If the data

did not follow a normal distribution, they were reported as median

(M) and interquartile range (IQR) and analyzed using non-

parametric tests (Mann-Whitney U test for between-group

comparisons, Wilcoxon signed-rank test for within-group

comparisons). For between-group comparisons of continuous

outcomes at single time points (e.g., post-intervention),

independent samples t-tests (parametric) or Mann-Whitney U

tests (non-parametric) were used as appropriate. To adjust for

baseline values and potential confounders (pre-pregnancy BMI,

baseline MVPA, education level), analysis of covariance

(ANCOVA) was performed for key continuous outcomes (e.g.,

post-intervention MVPA time, FBG, 2hPG), with baseline scores

as covariates. For within-group comparisons (pre vs. post), paired t-

tests or Wilcoxon signed-rank tests were used. To address multiple

comparisons, the Bonferroni correction was applied when

comparing multiple related outcomes within a family (e.g., the

three subscales of P-ESES), adjusting the significance level

accordingly. For other exploratory comparisons, uncorrected p-

values are reported with a note of caution regarding interpretation.

Enumeration data were presented as frequency and proportion (%),
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with the chi-square test or Fisher’s exact test used for comparisons

between groups. For statistically significant results (p < 0.05), 95%

confidence intervals (CIs) and effect sizes (Cohen’s d for parametric

tests, r for non-parametric tests) are reported alongside p-values to

provide estimates of precision and magnitude. p < 0.05 was

considered statistically significant for primary outcomes.

2.11 Covariate adjustment

To account for potential confounding factors, we included pre-

pregnancy BMI, educational level, and baseline moderate-to-

vigorous physical activity (MVPA) as covariates in the analysis of

primary outcomes (blood glucose levels, physical activity time, and

P-ESES scores) using analysis of covariance (ANCOVA). Dietary

intake was assessed at baseline using a 24-hour dietary recall, and

the total daily calorie intake was calculated. However, due to the

lack of continuous dietary monitoring throughout the intervention

period, dietary data were not included as a covariate in the final

adjusted models. Instead, we acknowledged the potential influence

of dietary changes as a limitation in the discussion section.
3 Results

3.1 General information

This study enrolled 100 patients with GDM. After excluding

those who withdrew, were lost to follow-up, or delivered elsewhere,

82 patients remained for analysis—40 in the test group and 42 in the

control group (Figure 1). As shown in Table 1, the average age of

pregnant women with GDM in the two groups was 29 years old

(range: 23-34), and the gestational weeks were 24–28 weeks. There

were no significant differences in indexes in general information and

pre-pregnancy exercise between the two groups of patients with

GDM (p>0.05) (Tables 1, 2). Baseline dietary intake was also

assessed via 24-hour recall, but as it was not included as a covariate

in the primary analysis, detailed dietary data are not presented here.
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3.2 Comparison of blood glucose indexes
of patients with GDM in the two groups
before and after intervention

Key findings are summarized in the Table 3. At baseline, there

were no significant differences in fasting blood glucose (FBG) or 2-

hour postprandial glucose (2hPG) levels between the test and

control groups (both p > 0.05). Following the 4-week

intervention, both groups showed a reduction in blood glucose

levels. However, while there was no significant between-group

difference in FBG at this time point (p > 0.05), the 2hPG level

was significantly lower in the test group compared to the control

group (p = 0.016). At delivery, patients in the test group

demonstrated significantly lower levels of both FBG and 2hPG

compared to those in the control group (FBG: 4.47 ± 0.47 vs. 4.82 ±

0.41 mmol/L, p = 0.001; 2hPG: 5.40 ± 0.56 vs. 6.02 ± 0.63 mmol/L,

p < 0.001). Within-group comparisons revealed a continuous,

significant decline in both FBG and 2hPG from baseline to

delivery in the test group (all p < 0.05). In contrast, the control

group showed an initial reduction at 4 weeks but failed to maintain

this improvement, with no significant further decline in glucose

levels by the time of delivery (p > 0.05).

3.3 Comparison of P-ESES scores of
patients with GDM in the two groups
before and after intervention

As detailed in the consolidated Table 4, baseline P-ESES total

and subscale scores did not differ significantly between groups (all

p > 0.05). After the 4-week intervention, the test group showed a

significant increase in the total P-ESES score compared to both its

own baseline (p = 0.001) and the control group post-intervention

(p < 0.001; effect size r = 0.42). This improvement was consistent

across all three subscales: overcoming exercise disorders (p = 0.007

within group, p < 0.001 between groups, r = 0.46), overcoming

emotional disorders (p < 0.001 within group, p < 0.001 between

groups, r = 0.42), and overcoming support disorders (p = 0.003

within group, p = 0.009 between groups, r = 0.28). In contrast, the
FIGURE 1

CONSORT CONSORT flow diagram of participant enrollment and allocation. Of the 100 pregnant women with GDM assessed for eligibility, 82 were
successfully enrolled and randomized into the study (test group: n=40; control group: n=42). The remaining 18 participants were excluded prior to
randomization due to delivering in other hospitals or declining to participate/lost to follow-up. This accounts for the discrepancy between the initial
assessment number (N = 100) and the randomized number (N = 82).
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TABLE 2 Exercise-related data of patients with GDM in the two groups before the intervention.

Index Test group (n=40) Control group (n=42) X2/t/z P

Attitude to exercise (%) 1.774 0.412

Like 10(25) 8(19.0)

Dislike 3(7.5) 7(16.7)

Neutral 27(67.5) 27(64.3)

Exercise is good for health (%) 0.464 0.496

Helpful 40(100) 40(95.2)

Useless 0(0) 0(0)

Uncertain 0(0) 2(4.8)

Frequency of physical activity before pregnancy (%) 3.09 0.543

Occasional 13(32.5) 19(45.2)

Sometimes 15(37.5) 13(31)

Often 8(20.0) 4(9.5)

Once a day 3(7.5) 5(11.9)

Several times a day 1(2.5) 1(2.4)

(Continued)
F
rontiers in Endocrinology
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TABLE 1 General information of patients with GDM in the two groups.

Index Test group (n=40) Control group (n=42) X2/t/z P

Age (year) 29.90 ± 2.60 29.52 ± 2.62 0.659 0.512

Height 160(158-164) 160.5(158-163) 0.140 0.889

Pre-pregnancy weight 57.16 ± 8.53 54.70 ± 6.81 1.448 0.152

Body weight at enrollment 64.34 ± 8.72 63.94 ± 8.49 0.211 0.833

Pre-pregnancy BMI 22.08 ± 2.92 21.10 ± 2.33 1.689 0.095

Residence (%) 0.176 0.675

Urban 34(85.0) 38(90.5)

Rural area 6(15.0) 4(9.5)

Educational level (%) 2.692 0.611

Junior high school and below 1(2.5) 1(2.4)

High school or technical secondary school 3(7.5) 1(2.4)

Junior college 10(25.0) 7(16.7)

Regular college 22(55.0) 26(61.9)

Master and above 4(10.0) 7(16.7)

Gravidity (n) 0.734 0.392

1 24(60.0) 29(69.0)

≥2 16(40.0) 13(31.0)

Abnormal OGTT (%) 1.07 0.785

Fasting 12 14

1-hour postprandial 8 8

2-hour postprandial 11 14

≥2 items 9 6

HbAlc% 4.66 ± 0.55 4.68 ± 0.48 0.107 0.915

Gestational weeks at enrollment 25(24.5-26) 25(24-26) 0.316 0.752

Gestational weeks at delivery 38.5(38-39) 38(38-39) 0.129 0.898
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control group exhibited no significant change in either the total P-

ESES score or any of its subscales from baseline to post-intervention

(all p > 0.05).

3.4 Comparison of exercise level of
patients with GDM in the two groups
before and after intervention

The results of PPAQ questionnaire showed that the amount of

exercise time and housework time in GDM test group increased

after the intervention, along with improvements in MVPA and total

exercise time. Further comparison results between groups indicated

that there was no statistical significance in MVPA scores between

the two groups at baseline. After a 4-week intervention, the test

group achieved an average of 75.95 minutes/week of MVPA,
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compared to 56.24 minutes/week in the control group (mean

difference: 19.71 minutes/week, p = 0.001). Additionally,

sedentary time decreased by 20.40 minutes/week in the test group

versus no significant change in the control group (p = 0.011).

Similar statistically significant improvements were observed in

moderate-intensity time, housework, occupational activities, and

exercise time (all p < 0.05, Table 5). To track the progression of

exercise engagement, we compared weekly moderate-to-vigorous

physical activity (MVPA) time across multiple time points

(Table 6). Inter-group comparisons revealed no statistically

significant difference in baseline MVPA between the two groups,

confirming their comparability. Within the test group, MVPA time

showed a significant and progressive increase from baseline to the

4th, 8th, and 12th weeks post-intervention (all pairwise

comparisons, p < 0.05). In the control group, MVPA time at the
TABLE 2 Continued

Index Test group (n=40) Control group (n=42) X2/t/z P

Exercise time before pregnancy (%) 5.148 0.161

<5 minutes 2(5.0) 1(2.4)

5 ~15 minutes 5(12.5) 9(21.4)

16 ~30 minutes 25(62.5) 17(40.5)

>30 minutes 8(20.0) 15(35.7)

Frequency of physical activity after pregnancy
(%)

8.339 0.080

Occasional 6(15.0) 8(19)

Sometimes 8(20.0) 13(31)

Often 16(40.0) 6(14.3)

Once a day 5(12.5) 11(26.2)

Several times a day 5(12.5) 4(9.5)

Exercise time after pregnancy (%) 4.546 0.208

<5 minutes 2(5) 0(0)

5 ~15 minutes 9(22.5) 7(16.7)

16 ~30 minutes 22(55.0) 30(71.4)

>30 minutes 7(17.5) 5(11.9)

MVPA time in one week before enrollment (min) 42(18, 71.5) 41(27, 89) 0.715 0.475
TABLE 3 Comparison of blood glucose indices (FBG and 2hPG) in patients with GDM before and after intervention.

Group n
Enrollment
(mean ± SD)

4-week post-intervention
(mean ± SD) [95% CI]

Delivery (mean ±
SD) [95% CI]

P-value
(time)

P-value
(group)

Effect
size (d)

FBG (mmol/L)

Test 40 5.51 ± 0.27 4.80 ± 0.52* [4.63, 4.97] 4.47 ± 0.47*# [4.32, 4.62] <0.001 0.002 0.75

Control 42 5.57 ± 0.34 4.92 ± 0.41* [4.79, 5.05] 4.82 ± 0.41* [4.69, 4.95] <0.001

2hPG (mmol/L)

Test 40 7.45 ± 0.66 5.87 ± 0.76* [5.63, 6.11] 5.40 ± 0.56*# [5.22, 5.58] <0.001 0.001 0.82

Control 42 7.33 ± 0.59 6.29 ± 0.80* [6.04, 6.54] 6.02 ± 0.63* [5.82, 6.22] <0.001
fr
*p < 0.05 vs. Enrollment within group; #p < 0.05 vs. 4-week post-intervention within group. P-values for time and group effects from repeated measures ANCOVA. Effect size (Cohen’s d)
calculated for between-group difference at delivery.
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4th week was significantly higher than baseline but plateaued

thereafter, with no significant differences among the 4th, 8th, and

12th-week time points. Between-group comparisons at each post-

intervention time point (4th, 8th, and 12th weeks) revealed that the

test group consistently achieved significantly higher weekly MVPA

times than the control group (all p < 0.001, Table 6).
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3.5 Delivery outcomes of patients with
GDM in two groups

To assess the protective role of Axivity 3.0 exercise bracelet on

patients with GDM, delivery outcomes in two groups were

analyzed. The findings indicated that weight gain control was
TABLE 5 Comparison of PPAQ of patients with GDM in the two groups before and after intervention (MET-h/week).

Item Group Case Before intervention After intervention t/z p

Total time of physical activity Test 40 119.36 ± 35.68 136.99 ± 36.61 2.323 0.025

Control 42 119.91 ± 38.49 124.12 ± 38.71 1.814 0.077

t 0.067 1.546

p 0.947 0.126

Sedentary time Test 40 80.72 ± 30.54 60.32 ± 30.62 3.142 0.003

Control 42 77.2 ± 29.28 77.74 ± 29.72 0.364 0.718

t 0.534 2.613

p 0.595 0.011

Moderate-intensity exercise time Test 40 2.4(2.04, 2.4) 3.6(3.01, 5.98) 4.799 <0.001

Control 42 2.4(1.68, 2.4) 2.4(1.95, 3.6) 1.246 0.213

z 0.367 3.310

p 0.713 0.001

High-intensity exercise time Test 40 0(0, 0) 0(0, 0) 1.604 0.109

Control 42 0(0, 0) 0(0, 0) 0.000 1.000

z 0.000 1.797

p 1.000 0.072

Housework Test 40 13.13(8.4, 28.7) 46.15(38.33, 60.2) 4.938 <0.001

Control 42 12.43(8.05, 28.18) 15.14(8.05, 30.28) 2.814 0.005

z 0.804 5.644

p 0.421 0.000

(Continued)
TABLE 4 Comparison of pregnancy exercise self-efficacy scale total and subscale scores in patients with GDM before and after intervention.

P-ESES
measure

Group n
Before
intervention
median (IQR)

After
intervention
median (IQR)

Within-
group p-
value a

Between-group p-
value b (Post-
intervention)

Effect
Size (r)
c

Total Score Test 40 35 (33 – 38) 39 (36 – 42)* 0.001 <0.001 0.42

Control 42 37 (32 – 38) 36 (33 – 38) 0.267

Subscale: Overcoming
Exercise Disorders

Test 40 15.5 (14 – 16) 16.0 (15.0 – 17.5)* 0.007 <0.001 0.46

Control 42 15.5 (14 – 16) 15.0 (14 – 16) 0.089

Subscale: Overcoming
Emotional Disorders

Test 40 7.0 (6 – 7) 8.0 (7 – 8)* <0.001 <0.001 0.42

Control 42 6.0 (6 – 8) 7.0 (6 – 7) 0.071

Subscale: Overcoming
Support Disorders

Test 40 14.0 (13 – 15) 15.0 (14 – 16)* 0.003 0.009 0.28

Control 42 15.0 (13 – 16) 15.0 (13 – 15) 0.088
fro
GDM, Gestational Diabetes Mellitus; P-ESES, Pregnancy Exercise Self-Efficacy Scale; IQR, Interquartile Range. A Within-group p-values were derived from the Wilcoxon signed-rank test,
comparing scores before and after the intervention within each group. b Between-group p-values were derived from the Mann-Whitney U test, comparing post-intervention scores between the
test and control groups. Baseline comparisons showed no significant differences (all p > 0.05, data not shown in table for brevity). c Effect size (r) was calculated for the between-group difference in
post-intervention scores. An r of 0.1, 0.3, and 0.5 is considered a small, medium, and large effect, respectively. * indicates the comparison after intervention, the test group showed significant
improvements in these indicators.
ntiersin.org

https://doi.org/10.3389/fendo.2026.1722822
https://www.frontiersin.org/journals/endocrinology
https://www.frontiersin.org


Cai et al. 10.3389/fendo.2026.1722822
more effective in the test group than in the control group (p < 0.05),

but no significant differences were found in other indicators

between the two groups (Table 7). Additionally, the results

showed that the labor duration for vaginal delivery was

significantly shorter for patients with GDM in the test group

during stages 1 and 2 compared to the control group (median

stage 1: 389.5 min vs. 510.0 min, p=0.015; median stage 2: 44.5 min

vs. 51.0 min, p=0.033; Table 8). There were no significant

differences in neonatal blood glucose-related indicators were

found between the two groups (Table 9).
4 Discussion

Appropriate physical activity during pregnancy plays a vital role

in promoting perinatal health and reducing the risk of adverse

outcomes such as gestational diabetes mellitus (GDM). To

effectively prevent and manage GDM, it is essential to adopt a

practical and efficient model for monitoring key exercise indicators

(32). In this study, we applied the Axivity 3.0 exercise bracelet

within a precision-guided management framework for patients with

GDM. Our findings demonstrated that this model was associated

with improvements in exercise levels and pregnancy-related

exercise self-efficacy, as well as better blood glucose control and

some maternal outcomes. These results suggest that the Axivity 3.0-

based management approach may hold promise in supporting the

development of a healthier lifestyle among women with GDM.

However, given the relatively short intervention period and the
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observational nature of some associations, causal inferences should

be made cautiously.

The observed link between improved self-efficacy, increased

physical activity, and better glucose control is consistent with social

cognitive theory and is correlational in the context of this study

design. Our findings align with recent studies utilizing other

wearable devices (e.g., Fitbit, ActiGraph) in gestational diabetes

management, which also report improvements in physical activity

adherence and glycemic parameters when combined with

behavioral support. However, our study adds specificity by

utilizing the Axivity device, which has been validated in large

cohorts like the UK Biobank, and by implementing a structured

precision management model with weekly feedback.

It is recommended that physical activity during pregnancy is set

as MVPA with a certain duration and frequency (33). However,

physical activity during pregnancy remains at a low level worldwide,

therefore, it is an urgent requirement to develop an effective

management model. The precision management model refers to

the scientific management system that maximizes the hit rate and

accuracy (34, 35). In this study, the Axivity3.0 exercise bracelet used

in this study could monitor exercise intensity level, which is one of

the modern scientific monitoring tools. Our results verified that

Axivity3.0 wearing could gradually increase the frequency and time

amount of MVPA. The quantified MVPA time of patients in the test

group was 45.63 min/week before intervention and then increased

to 75.9 min/w after a 4-week intervention. With the delivery

looming, although some pregnant women elevated their amount

of exercise to 144.1 min/w, this level still fell short of the 150 min/w

target set by this study’s intervention protocol. Intriguingly, the
TABLE 5 Continued

Item Group Case Before intervention After intervention t/z p

Occupational activity Test 40 35.53(33.25, 71.05) 33.25(22.05, 52.85) 2.310 0.021

Control 42 52.85(33.25, 75.25) 52.85(17.85, 71.05) 1.597 0.110

z 1.179 2.275

p 0.238 0.023

Exercise Test 40 2.4(2.04, 2.71) 4.55(3.21, 6) 4.604 <0.001

Control 42 2.4(1.68, 2.4) 2.4(1.95, 3.55) 1.246 0.213

z 0.826 4.081

p 0.409 0.000
TABLE 6 Comparison of weekly moderate-to-vigorous physical activity time (minutes) across study time points in the two groups.

Group n
Before

intervention
Four weeks after

intervention
Eighth week after

intervention
Twelfth week after

intervention

Test 40 47.58 ± 14.63 75.95 ± 28.30* 129.31 ± 36.16*# 144.1 ± 29.60*#△

Control 42 47.64 ± 19.42 56.24 ± 23.66* 58.57 ± 27.48* 59.31 ± 23.60*

t -0.018 3.428 9.956 13.406

p 0.986 0.001 <0.001 <0.001
*indicates the comparison after intervention, p<0.05; #indicates the comparison before intervention, p<0.05; △ indicates the comparison before intervention, p<0.05.
The inter-group comparison results showed no statistically significant difference between the two groups before intervention, indicating the comparability between the groups. The comparison
results before and after intervention in the test group showed that the pairwise comparison differences between two time points were statistically significant. As the intervention time prolonged,
statistically significant differences after intervention and before intervention were observed in the control group, but there was no statistically significant difference in the time points of the fourth,
eighth, and twelfth weeks after intervention. The differences between the two groups at the fourth, eighth, and twelfth weeks after intervention were statistically significant, with the test group
being higher than the control group.
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MVPA time still significantly increased in the test group after the

intervention. With the assistance of Axivity 3.0 exercise bracelet,

precise quantification and feedback of MVPA time amount can be

obtained, which helps our patients comprehend the present exercise

information and strengthen self-management.

Our further analysis confirmed that the Axivity 3.0 exercise

bracelet provides beneficial precision guidance for women with

GDM, facilitating a transition from sedentary lifestyles to more active

routines such as housework. Previous studies have indicated that

pregnant women typically engage in a single type of exercise, such as

climbing stairs or walking (36, 37), which aligns with our baseline

findings. Following the intervention involving the Axivity 3.0 exercise

bracelet, pregnant women who predominantly walked for exercise

shifted towardsmoderate walkingmode and began incorporating other

forms of physical activity, such as upper limb exercise and elastic band

use. The updated exercises are consistent with exercise guidelines

recommended in Europe and America, including muscle strength

training or resistance exercise (32). Self-efficacy theory, proposed by

Bandura, is termed as the confidence a person has about their capacity

to undertake healthy behavior. Specifically, exercise self-efficacy refers

to people’s belief that they can successfully overcome various difficulties

and insist on exercise (38), which is one of the most vital influencing

factors for pregnant women to keep exercise behavior. Notably, we

noticed that the total P-ESES scores in both test and control groups

were at a moderate efficacy level, furthermore, our results indicated that

after intervention with Axivity 3.0 exercise bracelet, the total score of P-

ESES in the test group was higher than that in the control group, as well

as the improved three aspects of self-efficacy during pregnancy. These

findings are consistent with previous studies (39, 40), demonstrating
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that higher exercise self-efficacy could further stimulate the self-exercise

motivation of pregnant women.

Blood glucose is the golden indicator to evaluate the efficiency of

the management model in patients with GDM. According to the

Chinese GDM diagnostic guidelines published in 2014, the

recommended blood glucose control standards during pregnancy are

FBG ≤ 5.3 mmol/L, and 2hPG ≤ 6.7 mmol/L (41). In this study, the

blood glucose indexes including FBG and 2hPG of patients with GDM

in both test and control groups were declined, and the FBG and 2hPG

control were better in the test group. We speculated that a one-day

clinic health education course is beneficial for patients with GDM to

promote their exercise in both groups (42), while the pregnant women

in the control group lacked effective exercise supervision and

management as time went by, and their increased abdominal size

and discomfort of physical activity limited their exercise insistency.

Long-term appropriate exercise during pregnancy could induce the

alternation of skeletal muscle fiber, thereby improving glucolipid

metabolism (43, 44). Besides, glucose uptake by muscles and internal

organs is compromised in women with GDM due to reduced insulin

sensitivity (45). Previous studies have proved that exercise could

improve insulin sensitivity and insulin-induced muscle glucose

uptake in type 2 diabetes, hence we hypothesized that exercise may

also elicit similar beneficial biological effects for patients with GDM.

In this study, we further explored the delivery outcomes of patients

with GDM treated by the Axivity 3.0-based management model.

Generally, the pre-pregnancy BMI for normal-weight women during

pregnancy ranges from 18.5 to 24.9 kg/m2, with an appropriate weight

gain range of 11.5–16 kg, averaging at 12.5 kg. Here, the gestational

weight gain of patients with GDM in the test group was significantly
TABLE 7 Delivery outcomes of patients with GDM in two groups.

Index Test group (n=40) Control group (n=42) X2/z p

Weight gain after intervention 4.92 ± 3.28 8.04 ± 7.12 2.551 0.013

Total weight gain during pregnancy 11.95 ± 4.89 14.32 ± 4.80 2.215 0.030

Hypertensive diseases during pregnancy 0.003 0.955

Yes 3(7.5) 2(4.8)

No 37(92.5) 40(95.2)

Delivery mode (%) 0.36 0.549

Vaginal delivery 30(75.0) 29(69.0)

Caesarean section 10(25.0) 13(31.0)

Postpartum hemorrhage (%) 0.236 0.627

Yes 4(10.0) 2(4.8)

No 36(90.0) 40(95.2)

Neonatal asphyxia (%) 0.000 1.000

Yes 1(2.5) 2(4.8)

No 39(97.5) 40(95.2)

Fetal macrosomia (%) 0.131 0.717

Yes 2(5.0) 4(9.5)

No 38(95.0) 38(90.5)

Premature delivery (%) 0.003 0.955

Yes 3(7.5) 2(4.8)

No 37(92.5) 40(95.2)
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lower than that in the control group. Previous literature demonstrated

that unhealthy lifestyles, including sedentary and insufficient physical

activity, are important factors contributing to overweight during

pregnancy (46, 47). Our findings align with recent studies utilizing

other wearable devices (e.g., Fitbit, ActiGraph) in gestational diabetes

management, which also report improvements in physical activity

adherence and glycemic parameters when combined with behavioral

support (48–50). The Axivity 3.0 exercise bracelet utilized in this study

offers a precise guidance and management mode, which can effectively

urge and remind pregnant women to exercise and increase the amount

of MVPA, and then reach the goal of weight gain control during

pregnancy. Our results further verified the Axivity 3.0 exercise bracelet-

based model reduced the duration of labor for vaginal deliveries in

patients with GDM during stages 1 and 2. A stable mood and free

position preference after labor brought by regular exercise may help

shorten the stages of labor.

This study has several limitations. First, subjects were recruited from

a single, large-scale specialized hospital in a provincial capital, which

may limit the generalizability of our findings to other settings, such as

rural areas or different healthcare systems. Second, while we provided

standardized dietary education, we did not intensively monitor or

control dietary intake throughout the study period. Dietary changes

could have confounded the observed effects on blood glucose and

weight. Additionally, data from the exercise bracelet required retrieval

with specific equipment, meaning that exercise feedback was not

provided in real time, which may reduce immediate motivational

impact compared to real-time feedback devices. Fourth, the sample

size, though calculated a priori, was modest, whichmay have limited our
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power to detect significant differences in some secondary outcomes,

particularly neonatal indicators. While the more recent Axivity 6.0 is

available, the Axivity 3.0 device still has a large user base, and its core

activity monitoring functionality remains consistent. Finally, no

significant differences in neonatal blood glucose-related indicators

were observed; future studies with larger sample sizes and longer

follow-up are needed to investigate effects on neonatal outcomes.
5 Conclusion

In this study, the Axivity 3.0-based management model was

associated with improvements in exercise self-efficacy, physical

activity levels, and glycemic control in patients with GDM compared

to standard care. This model appears particularly suitable for patients

with GDM who receive regular obstetric follow-up and are capable of

using digital devices. These findings suggest it may be considered for

integration into outpatient health education and primary care systems

to support the development of healthier lifestyles and potentially

improve maternal and neonatal outcomes.
Trial registration

The study was registered in the Chinese Clinical Trial Registry

(registration number: ChiCTR2400082811).
TABLE 8 Comparison of labor duration (min) of vaginal delivery in two groups of patients with GDM.

Item Test group (n=30) Control (n=29) z p

Stage 1 389.5(280-485) 510.0(365-635) 2.441 0.015

Stage 2 44.5(36-51) 51.0(44-62) 2.131 0.033

Stage 3 6.5(5-12) 10.0(7-14) 1.814 0.070

Total stage of labor 447.0(350-535) 565.0(425-680) 2.699 0.007
TABLE 9 Comparison of neonatal blood glucose (mmol/L) in two groups of patients with GDM.

Index Test group (n=40) Control group (n=42) X2/z/t P

Neonatal blood glucose (1) 3.2(2.6-3.7) 3.15(2.5-4.1) 0.009 0.993

Neonatal blood glucose (2) (%) 0.903 0.342

<2.6 7(17.5) 11(26.2)

≥2.6 33 (82.5) 31 (73.8)

Neonatal blood glucose (3) (%) 2.352 0.125

<2.2 3(7.5) 8 (19.0.)

≥2.2 37 (92.5) 34 (81.0)

Oral sugar water (%) 3.527 0.060

Yes 11(27.5) 20(47.6)

No 29(72.5) 22(52.4)

Transfer to NICU (%) 0.000 1.000

Yes 3 (7.5) 3(7.1)

No 37(92.5) 39(92.9)
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Ramos Á, Bartha JL. The NDDG criteria versus the IADPSG or the ADA criteria for
diagnosing early-onset gestational diabetes mellitus or abnormal glucose tolerance. Int J
Gynaecol Obstet. (2023) 160:906–14. doi: 10.1002/ijgo.14604

21. International Association of Diabetes and Pregnancy Study Groups Consensus
Panel, BE M, SG G, Persson B, TA B, PA C, et al. International association of diabetes
and pregnancy study groups recommendations on the diagnosis and classification of
hyperglycemia in pregnancy. Diabetes Care. (2010) 33:676–82. doi: 10.2337/dc09-1848

22. Sarno L, Borrelli P, Mennitti C, Falcone N, D’Alicandro G, Lombardo M, et al.
Adherence to physical activity among pregnant women in Southern Italy: results of a
cross-sectional survey.Midwifery. (2024) 137:104102. doi: 10.1016/j.midw.2023.104102

23. Bgeginski R, DeSousa DA, Barroso BM, Kruel LFM. Psychometric properties of the
Brazilian portuguese version of the PARmed-X for pregnancy. J Phys Act Health. (2017)
14:646–51. doi: 10.1123/jpah.2016-0630

24. Borg GA. Psychophysical bases of perceived exertion.Med Sci Sports Exerc. (1982)
14:377–81.

25. Ainsworth BE, Haskell WL, Leon AS, Jacobs DR Jr, Montoye HJ, Sallis JF, et al.
Compendium of physical activities: classification of energy costs of human physical activities.
Med Sci Sports Exerc. (1993) 25:71–80. doi: 10.1249/00005768-199301000-00011

26. Chasan-Taber L, Schmidt MD, Roberts DE, Hosmer D, Markenson G, Freedson
PS. Development and validation of a pregnancy physical activity questionnaire.Med Sci
Sports Exerc. (2004) 36:1750–60. doi: 10.1249/01.MSS.0000142303.49306.0D

27. Zhang Y, Zhao Y, Dong SW, Li X, Chen C, Yang HX. Validity and reliability of the
Chinese version of the Pregnancy Physical Activity Questionnaire (PPAQ). Chin J
Nurs. (2013) 48:825–7.

28. Bland HW, Melton BF, Marshall ES, Nagle JA. Measuring exercise self-efficacy in
pregnant women: psychometric properties of the pregnancy-exercise self-efficacy scale
(P-ESES). J Nurs Meas. (2013) 21:349–59. doi: 10.1891/1061-3749.21.3.349

29. Yang HM, Deng YF, Gao LL. Reliability and validity of the Chinese version of the
Pregnancy Exercise Self-Efficacy Scale. Chin J Nurs. (2017) 52:632–6. doi: 10.3761/
j.issn.0254-1769.2017.05.028

30. Rowlands AV, Mirkes EM, Yates T, Clemes S, Davies M, Khunti K, et al.
Accelerometer-assessed physical activity in epidemiology: are monitors equivalent?
Med Sci Sports Exerc. (2018) 50:257–65. doi: 10.1249/MSS.0000000000001435

31. Trehearne A. Genetics, lifestyle and environment. UK Biobank is an open access
resource following the lives of 500,000 participants to improve the health of future
generations. Bundesgesundheitsblatt Gesundheitsforschung Gesundheitsschutz. (2016)
59:361–7. doi: 10.1007/s00103-015-2293-4

32. Davenport MH, Ruchat SM, Poitras VJ, Jaramillo Garcia A, Gray CE, Barrowman
N, et al. Prenatal exercise for the prevention of gestational diabetes mellitus and
hypertensive disorders of pregnancy: a systematic review and meta-analysis. Br J Sports
Med. (2018) 52:1367–75. doi: 10.1136/bjsports-2018-099355
Frontiers in Endocrinology 13
33. Evenson KR, Barakat R, Brown WJ, Dargent-Molina P, Haruna M, Mikkelsen EM,
et al. Guidelines for physical activity during pregnancy: comparisons from around the
world. Am J Lifestyle Med. (2014) 8:102–21. doi: 10.1177/1559827613498204

34. Xie F, Chan JC, Ma RC. Precision medicine in diabetes prevention, classification
and management. J Diabetes Investig. (2018) 9:998–1015. doi: 10.1111/jdi.12830

35. Subramanian M, Wojtusciszyn A, Favre L, Boughaleb S, Monier A, Verney A, et al.
Precision medicine in the era of artificial intelligence: implications in chronic disease
management. J Transl Med. (2020) 18:472. doi: 10.1186/s12967-020-02658-3

36. Watkins VY, O’Donnell CM, Perez M, Zhao P, Dupont C, Owen J, et al. The
impact of physical activity during pregnancy on labor and delivery. Am J Obstet
Gynecol. (2021) 225:437.e1–8. doi: 10.1016/j.ajog.2021.05.036

37. Gjestland K, Bø K, Owe KM, Eberhard-Gran M. Do pregnant women follow
exercise guidelines? Prevalence data among 3482 women, and prediction of low-back
pain, pelvic girdle pain and depression. Br J Sports Med. (2013) 47:515–20. doi: 10.1136/
bjsports-2012-091344

38. Bandura A. Self-efficacy: toward a unifying theory of behavioral change. Psychol
Rev. (1977) 84:191–215. doi: 10.1037//0033-295x.84.2.191

39. Gaston A, Cramp A. Exercise during pregnancy: a review of patterns and
determinants. J Sci Med Sport. (2011) 14:299–305. doi: 10.1016/j.jsams.2011.02.006

40. López-Gil JF, Izquierdo M, Garcıá-Hermoso A, Ramıŕez-Vélez R, González-Ruıź
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