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Development and validation

of a risk prediction model of
delayed onset of lactogenesis
among mothers with
gestational diabetes mellitus:

a prospective multicenter study

Yu-Ting Luo, Min Xu*, Zhi-Dong Guo, Yun-Xia Liu and Li Liu

Nursing Department, The First Affiliated Hospital of Sun Yat-sen University, Guangzhou, China

Objective: The aim of this study is to develop and validate a prediction model of
delayed onset of lactogenesis among mothers with gestational diabetes mellitus.
Methods: This was a prospective study. A total of 511 mothers with GDM
hospitalized at seven tertiary (grade 3A) hospitals in five cities of Guangdong
Province, China, between October 10, 2023, and December 8, 2024, were
enrolled in the study using convenience sampling. Univariate regression,
LASSO regression and logistic regression were used to construct and validation
risk prediction model. Logistic regression and R language was used to draw the
nomogram. Model performance was evaluated using the area under the receiver
operator characteristic curve (AUC), Hosmer-Lemeshow goodness-of fit test,
and clinical decision curve analysis, assessing the discrimination ability,
calibration, and clinical utility of the model.

Results: Based on logistic regression analysis, we identified several significant
delayed onset of lactogenesis risk factors for mothers with gestational diabetes
mellitus: pre-delivery BMI, Edinburgh Postnatal Depression Scale score, serum
albumin levels, LATCH score, blood glucose control during pregnancy. The AUC
was 0.828, (95%CI:0.779~0.877),with a sensitivity of 70.9%, a specificity of 83.7%,
optimal cut-off point of 0.341, a maximum Youden index of 0.546. The Hosmer-
Lemeshow test yielded a )(2 value of 7.226 and p = 0.546.The internal verification
showed the AUC was 0.806(95%C/:0.728, 0.884), indicating the model's high
discrimination ability. Calibration curves showed good agreement between
predicted and observed values, confirming good calibration. The clinical
decision curve analysis further supported the model's clinical utility.
Conclusion: The prediction model constructed and verified in this study was to
predict delayed onset of lactogenesis risk for mothers with gestational diabetes
mellitus, providing an effective evaluation tool for healthcare professionals.

KEYWORDS

delayed onset of lactogenesis, factor, gestational diabetes mellitus, nomograph, risk
prediction model

01 frontiersin.org


https://www.frontiersin.org/articles/10.3389/fcdhc.2026.1721649/full
https://www.frontiersin.org/articles/10.3389/fcdhc.2026.1721649/full
https://www.frontiersin.org/articles/10.3389/fcdhc.2026.1721649/full
https://www.frontiersin.org/articles/10.3389/fcdhc.2026.1721649/full
https://www.frontiersin.org/articles/10.3389/fcdhc.2026.1721649/full
https://www.frontiersin.org/articles/10.3389/fcdhc.2026.1721649/full
https://www.frontiersin.org/journals/clinical-diabetes-and-healthcare
https://www.frontiersin.org
http://crossmark.crossref.org/dialog/?doi=10.3389/fcdhc.2026.1721649&domain=pdf&date_stamp=2026-03-26
mailto:xmin@mail.sysu.edu.cn
https://doi.org/10.3389/fcdhc.2026.1721649
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/clinical-diabetes-and-healthcare#editorial-board
https://www.frontiersin.org/journals/clinical-diabetes-and-healthcare#editorial-board
https://doi.org/10.3389/fcdhc.2026.1721649
https://www.frontiersin.org/journals/clinical-diabetes-and-healthcare

Luo et al.

1 Introduction

Gestational diabetes mellitus (GDM) refers to abnormal glucose
tolerance with onset or first recognition during pregnancy (1).
GDM is one of the most common medical complications of
pregnancy (2, 3). According to statistics released by the
International Diabetes Federation (IDF), the global prevalence of
hyperglycemia in pregnancy reached 16.7% by 2021, with GDM
accounting for the majority of cases at a striking proportion of
80.3% (4), indicating that GDM has evolved into a global and public
health challenge. China has a notably higher incidence rate. A
survey revealed that the prevalence of GDM reached 21% in China
in 2020, significantly surpassing the rates in Japan, South Korea
and Thailand.

Breast milk provides optimal nutrition for infant growth,
making it the ideal food for infants (5). Breastfeeding confers
significant advantages, including reducing the risks of breast
cancer, ovarian cancer, and type 2 diabetes, as well as helping
prevent postpartum depression (6). The longer breastfeeding is
sustained, the greater the socioeconomic benefits (7). For many
years, the World Health Organization (WHO) and the United
Nations Children’s Fund (UNICEF) have jointly developed a
series of laws and policies to support breastfeeding (8). However,
the current status of breastfeeding remains suboptimal (9).

Delayed onset of lactogenesis (DOL) is defined as the
perception of breast fullness and engorgement experienced
beyond 72 h postpartum (10). DOL increases the difficulties of
early breastfeeding, raising the risk of weaning within 4 weeks
postpartum by 60% (11). DOL, a critical factor affecting exclusive
breastfeeding, has become a significant barrier to achieving the
WHO-recommended 50% exclusive breastfeeding rate within the
first six months (12). Studies indicate that mothers with GDM have
a 1.84 times higher risk of DOL compared to non-GDM mothers
(13). The reported incidence of DOL among GDM mothers ranges
from 25.2% to 35.0% (13, 14).

Risk prediction models are widely employed in clinical practice
for disease risk assessment and early screening. By modeling
probabilistic relationships within data, they generate quantifiable,
optimal estimates for future uncertain events. While existing
research has primarily focused on identifying influencing factors,
the findings have been diverse. Few studies have developed
prediction models for DOL risk in this population.

In this study, we incorporate a wider range of demographic
variables while specifically accounting for the clinical characteristics
of GDM. Our primary objective is to construct a predictive model
for the risk of DOL among mothers with GDM. Using the model for
the early identification of high-risk individuals aims to facilitate
timely interventions to prevent DOL. The ultimate goal is to assist
healthcare professionals in implementing targeted preventive
strategies, thereby reducing the incidence of DOL and promoting
successful breastfeeding.
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2 Study sample and methods

2.1 Study participants and sample size
estimation

This was a prospective study. Mothers with GDM who were
hospitalized in the obstetrics departments of seven tertiary (grade
3A) hospitals across five cities in Guangdong Province, China,
between October 10, 2023, and December 8, 2024, were selected
using convenience sampling.

The criteria for inclusion were as follows: (1) pregnant women
diagnosed with GDM; (2) women with the intention of
breastfeeding;(3)age 220 years;(4)possessing basic literacy skills
with normal cognition.

Exclusion criteria were as follows: (1) mother with
contraindications to breastfeeding; (2) mother-infant separation;
(3) mother with any serious perinatal complications such as
hypertensive disorders; (4) psychiatric disorders; (5) mother with
incomplete clinical information.

Sample size estimation: The sample size was calculated with
reference to the logistic regression formula N= (nx10)/I (15).
Assuming n=7 candidate predictors and an anticipated DOL
incidence (I) of 25.2%, the initial estimate yielded 278
participants. To accommodate a 7:3 training-validation split and a
10% potential attrition rate, the target sample size was increased to
443 (training: 310; validation: 133). In total, 511 participants
were enrolled.

This study was approved by the Ethics Committee of the First
Affiliated Hospital of Sun Yat-sen University (approval no.
[2023]621).

2.2 Study methods

2.2.1 Study tools
2.2.1.1 General data

Data were collected using structured questionnaires and
extracted from electronic medical records. The collected variables
are summarized below: (1) Baseline Maternal Characteristics: age,
marital status, education level, occupation, residential location, and
household income, pre-pregnancy body mass index (BMI),
smoking status, blood lipid profile, and experience of stressful life
events during pregnancy. (2) Pregnancy and Delivery Variables:
parity, gestational weeks at delivery, GDM treatment regimen, and
glycemic control status, mode of delivery and use of labor analgesia.
(3) Neonatal Outcomes and Postpartum Breastfeeding Practices:
sex, birth weight, and blood glucose level, maternal breastfeeding
experience, receipt of breastfeeding knowledge training, intended
feeding method, rooming-in practice, timing of first suckling,
breastfeeding frequency within the first 24 hours and between
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24~48 hours postpartum, and use of formula supplementation prior
to lactogenesis initiation.

2.2.1.2 Breastfeeding assessment

The LATCH Scale is a widely used tool for breastfeeding
assessment (16). Its name derives from the first letters of five key
components: Latch (L), Audible swallowing (A), Nipple Type (T),
maternal Comfort (C), and Help needed (H). Each component is
scored on a scale from 0 to 2, with the total scores ranging from
0~10; where a higher score describes better breastfeeding
proficiency. The scale demonstrates high reliability, with
Cronbach’s o coefficients ranging from 0.87 to 0.95 (17).

2.2.1.3 Screening for depression

Depressive symptoms were assessed using the Edinburgh
Postnatal Depression Scale (EPDS) (18), which is the most widely
used screening tool for postpartum depression. The EPDS
comprises 10 items, which can be grouped into three dimensions:
emotional deficiency, anxiety, and depression. Each item is scored
from 0 to 3, yielding a total score ranging from 0 to 30; higher scores
indicate more severe depressive symptoms. The scale has
demonstrated good reliability in the present study, with a
Cronbach’s o coefficient of 0.86.

2.2.1.4 Screening for anxiety

The maternal anxiety status was evaluated using Zung’s Self-
Rating Anxiety Scale (SAS) (19). The SAS comprises 20 items rated
on a 1~4 point scale (including 5 reverse-scored items). The raw
total score is obtained by summing all item scores, which is then
multiplied by 1.25 and rounded to the nearest integer to yield the
standard score. The SAS demonstrates acceptable reliability with a
Cronbach’s o, coefficient of 0.733.

2.2.1.5 Social support level

The maternal social support status was evaluated using the
Social Support Rating Scale (SSRS) developed by Shui-yuan Xiao
et al. (20). The SSRS consists of 10 items that comprehensively
evaluate an individual’s social support level across three
dimensions: objective support, subjective support and utilization
of social support. With a total possible score of 66 points, the SSRS
demonstrates a positive correlation between score and social
support level. The scale shows excellent reliability with a
Cronbach’s o coefficient of 0.92.

2.2.1.6 Sleep quality

Sleep quality was assessed using the Pittsburgh Sleep Quality
Index (PSQI) (21). Developed by Buysse et al., this 7-component
instrument measures the following domains: subjective sleep
quality, sleep latency, sleep duration, sleep efficiency, sleep
disturbances, use of sleeping medications, and daytime
dysfunction. Each component is scored from 0 to 3, yielding a
global score ranging from 0 to 21, with higher scores indicating
poorer sleep quality. In the present study, the Chinese version of the
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PSQI demonstrated good reliability, with a Cronbach’s o coefficient
of 0.842. Its diagnostic utility is supported by a reported sensitivity
of 98.3% and specificity of 90.2%.

2.2.2 Data collection and quality control methods

Prior to the survey, the principal investigator provided detailed
explanations to the leaders of each sub-center who were trained on
filling out the questionnaires and risk evaluation so as to ensure
consistency across the study. During data collection, the
investigators followed the criteria for inclusion and exclusion
when selecting participants for the study, explaining the
objectives and procedures involved in the study. The leaders of
each sub-center regularly reported research progress. After data
collection, these leaders reviewed the quality of questionnaire and
promptly supplemented any missing items. The study used
standardized instructions for on-site questionnaire distribution,
with immediate checks for completeness to ensure data quality.
On the first day postpartum, we conducted assessments of
breastfeeding, depression symptoms, anxiety status, social
support level, and sleep quality, and collected the most recent
pre-delivery routine laboratory test results (i.e., from the final
prenatal examination).

2.3 Statistical analysis

The data were processed and analyzed using SPSS (version 26.0)
and R (version 4.4.1) software. Continuous variables with a normal
distribution are presented as mean * standard deviation (mean +
SD) and were compared using the Student’s t-test. Continuous
variables with a non-normal distribution are expressed as median
and interquartile range [M (IQR)] and were compared using the
Mann-Whitney U test. Categorical variables are described as
frequency and percentage (n, %), and inter-group comparisons
were performed using the Chi-square test or Fisher’s exact test,
as appropriate.

In univariate analysis, independent variables with statistical
significance (p < 0.1) were included in a least absolute shrinkage
and operator selection(LASSO) regression analysis and logistic
regression analysis. The variance inflation factor (VIF) was used
in collinearity diagnosis to assess multi-collinearity, with VIF > 10
indicating collinearity. A predictive equation was then constructed
based on the partial regression coefficients of various variables, and
the prediction model for DOL risk of mothers with GDM was
created. R (version 4.4.1) software was used to construct the
nomogram, and internal validation of the model was done using
the Bootstrap self-sampling method.

The Hosmer-Lemeshow (H-L) test and calibration curves were
used to assess model calibration. Receiver operator characteristic
(ROC) curves were plotted, and the area under the curve (AUC) was
calculated along with sensitivity and specificity to evaluate
discriminative performance. Clinical decision curve analysis
(DCA) was conducted to evaluate the model’s clinical utility by
calculating net benefits at different threshold probabilities.
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3 Results

3.1 The incidence of delayed onset of
lactogenesis among mothers with
gestational diabetes mellitus

This study ultimately included 511 mothers with GDM, of
whom 136 experienced DOL, yielding an incidence of 26.61%.

3.2 Univariate analysis of DOL risk factors
among mothers with gestational diabetes
mellitus

The 344 mothers in the training cohort were stratified into non-
DOL and DOL groups for univariate analysis. The analysis revealed
significant differences (P < 0.05) between the two groups in the
following nine variables: pre-delivery BMI, EPDS score, SAS score,
PSQI score, SSRS score, serum albumin levels, primary feeding
method within 48 hours postpartum, LATCH score, and blood
glucose control level during pregnancy. These variables may
constitute risk factors for DOL among mothers with GDM. The
detailed results are presented in Supplementary Table 1.

3.3 LASSO regression analysis of delayed
onset of lactogenesis among women with
gestational diabetes mellitus

This study employed LASSO regression analysis to further identify
predictive variables. Variables with P value<0.1 in the univariate analysis
were included in the LASSO regression. Through 10-fold cross-
validation, optimal predictive variables were selected for the model. In
this study, ten non-zero coefficients were screened using Lambda.min as
the criterion, including pre-delivery BMI, breastfeeding frequency
within 24-48 hours, rooming-in, EPDS score, SAS score, SSRS score,
the results of 2h OGTT, serum albumin levels, LATCH score, and blood
glucose control during pregnancy. Figures 1, 2 for details.

3.4 Logistic regression analysis of DOL
among mothers with GDM

Using the occurrence of DOL as a binary dependent
variable, the 10 variables selected by LASSO regression were
analyzed through logistic regression. Five variables that had a
p value <0.05, including pre-delivery BMI, EPDS score, serum
albumin levels, LATCH score, blood glucose control during
pregnancy were ultimately identified as significant risk factors for
DOL among mothers with GDM. The results are presented
in Table 1.

The variance inflation factor (VIF) was used to diagnose
multicollinearity, with VIF > 10 indicating collinearity. All VIF
values were below 10, indicating no significant multicollinearity
existed between variables.
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FIGURE 1
Coefficient variation trends of variable selection in LASSO regression.

3.5 Construction of a prediction model for
delayed onset of lactogenesis among
mothers with gestational diabetes mellitus

The following logistic regression equation was constructed
based on the identified risk factors: Logit(P)= 1.163 + 0.138 xX
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LASSO regression cross-validation curve.
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TABLE 1 Logistic regression analysis of DOL among mothers with GDM.

Intercept
P B SE z OR(95%CI) P- value
and variate
Intercept 1.163 | 2.447 | 0475 0.634
Pre-delivery BMI 0.135 | 0.044 | 3.061 1145 0.002
re- I . . B !
e-delivery (1.052,1.252)
1.159
EPDS score 0.147 | 0.040 | 3.697 <0.001
(1.073,1.255)
0.877
Serum albue levels | -0.131 | 0.060 | -2.175 0.030
(0.779,0.987)
0.657
LATCH score <0420 | 0.072 | -5.854 <0.001
(0.569,0.754)
Blood glucose control during pregnancy
good reference
2.230
poor 0.802 | 0301 | 2.660 0.008
(1.239,4.056)

(pre-delivery BMI )t 0.148xX (EPDS score) ~ 0.132xX (serum albumin levels) ~
0.413%X (LATCH score) T 0.773XX (blood glucose level during pregnancy)-

Using R (version 4.4.1) software, a nomogram was created to
visually represent the prediction model (Figure 3). The regression
coefficients for each factor were used to assign scores. Each variable
was aligned with a vertical score scale, allowing for individual factor
scores to be determined. The total score, which was the sum of the
individual scores, was then converted into DOL probability through
a functional relationship. The corresponding score (top line) is
found according to the value of each predictor variable (the line
after each variable), then the values of the individual scores are
summed to obtain the total score, and the corresponding predicted
probability is based on the total score (bottom line).

10.3389/fcdhc.2026.1721649

3.6 Evaluation and verification of the
prediction model for delayed onset of
lactogenesis risk among mothers with GDM

The ROC curve was drawn (Figure 4). The AUC was 0.828 (95%
CI.0.779-0.877), indicating good predictive capacity. At the optimal
cut-off point of 0.341, the model demonstrated a sensitivity of
70.9%, a specificity of 83.7%, and a maximum Youden index of
0.546. The internal validation of the model yielded an AUC of 0.806
(95% CI: 0.728-0.884) (Figure 5), with a sensitivity of 78.0% and a
specificity of 76.1%. The Hosmer-Lemeshow goodness-of-fit test
showed %2 = 7.226, P = 0.546, indicating good calibration. The
calibration curve diagram (Figure 6) showed that the calibration
and standard curves were almost overlapping, indicating that the
predicted DOL risk probabilities closely matched the observed
probabilities. The DCA (Figure 7) showed that the clinical
decision curve was consistently above the invalid lines, indicating
the model’s potential clinical effectiveness when using interventions
for individuals who have a DOL risk probability in the range of 0.03
to 0.71.

4 Discussion

4.1 Analysis of DOL occurrences among
mothers with GDM

This study included a total of 511 parturients, among whom 167
experienced DOL, yielding an overall incidence of 26.61%. This rate
was somewhat higher than that reported in the study by Luo
Fengjuan et al. (14). Notably, Luo’s study population was
recruited from secondary (grade 2A) hospitals, whereas our
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Nomogram of DOL risk factors among mothers with GDM.
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FIGURE 4
ROC curve of the DOL risk prediction model for mothers with GDM.

subjects were enrolled from seven tertiary (grade 3A) hospitals in
Guangdong Province. Tertiary (grade 3A) hospitals typically
manage cases with more comorbidities and complex conditions,
which may increase breastfeeding difficulties and consequently
reduce maternal motivation and willingness to breastfeed.
However, our findings were lower than the 34.0% incidence
reported in the systematic review (22). This discrepancy may be
attributed to differences in the study populations. The research
subjects of the latter come from diverse regions (United States,
Brazil, India and China), where variations in dietary habits, cultural
perspectives on childbirth, and breastfeeding practices could
significantly influence lactation outcomes.

Validation
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FIGURE 5

Internal validation of DOL risk prediction model for mothers with GDM.
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4.2 Analysis of DOL risk factors among
mothers with GDM

4.2.1 mothers with GDM who were poor
glycemic control during pregnancy were at
greater risk of DOL

The results of this study showed that mothers with GDM who
were Poor glycemic control during pregnancy were at greater risk of
DOL. During the second and third trimesters, GDM women
develop various insulin-resistant substances that reduce bioactive
insulin levels. This insulin insufficiency decreases the insulin-to-
glucose (I/G) ratio, thereby diminishing mammary gland insulin
utilization and inhibiting a-lactalbumin transcription and lactose
synthesis (23). As lactose serves as a critical factor for lactogenesis
initiation, its reduced synthesis delays the onset of lactation.
Furthermore, insulin exerts positive effects on prolactin
production by promoting prolactin mRNA accumulation and
gene transcription (24). Thus, relative insulin deficiency
compromises lactation establishment. We hypothesize that the
severity of insulin deficiency in mothers with poorly controlled
glucose is directly proportional to the probability of developing
DOL. We hypothesize that the degree of insulin deficiency is more
pronounced in pregnant women with suboptimal glycemic control.
Additionally, poor glycemic control during pregnancy increases the
risks of adverse perinatal outcomes including preterm birth,
placental abruption, preeclampsia, neonatal hypoglycemia, birth
asphyxia, and macrosomia (25, 26), all of which may potentially
delay lactogenesis initiation. Consequently, gravidas should
perform regular self-monitoring of blood glucose, engage in
appropriate physical activity, and maintain a diabetes-specific diet
to achieve optimal glycemic control, thereby reducing the risk
of DOL.

4.2.2 Elevated LATCH scores and serum albumin
levels could significantly decrease DOL risk
among mothers with GDM

Our findings in this study revealed that LATCH scores among
mothers in the Non-DOL group were significantly higher than those
in the DOL group, suggesting that higher LATCH scores are
associated with a lower DOL risk. The seminal work by Krishna
et al. (27) showed that LATCH scores serves as a robust metric for
assessing breastfeeding, with higher scores demonstrating a significant
association with increased exclusive breastfeeding rates. The reason for
this may be that mothers with higher LATCH scores have greater
breastfeeding self-efficacy, more confidence in facing challenges, and a
stronger motivation to breastfeed. This heightened willingness
promotes milk production. The LATCH scale can comprehensively
and systematically assess maternal breastfeeding performance within a
short time frame. By providing an objective quantitative evaluation, it
helps specify breastfeeding problems and effectively identifies
individuals requiring breastfeeding support. Therefore, it is
recommended to use the LATCH scale to assess mothers’
breastfeeding proficiency during the early postpartum period. For
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mothers with suboptimal LATCH scores, early implementation of
lactogenesis initiation strategies is strongly recommended.
Additionally, we found that higher serum albumin levels
correlated with lower DOL risk among mothers with GDM.
Previous research has demonstrated the association between serum
albumin levels and DOL risk, wherein lower levels correlate with
higher risk. Hypoalbuminemia constitutes a significant risk factor
for DOL (28). Serum albumin, a long-term biomarker of nutritional
status, reflects maternal nutrient reserves. During pregnancy,
adequate nutritional intake is crucial for supporting fetal-maternal
development and promoting mammary gland growth and
maturation, which in turn helps ensure postpartum lactation
capacity and milk quality. This result aligns with international
research. Consequently, regular monitoring of serum albumin
levels coupled with increased intake of high-quality protein is
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FIGURE 7
Clinical decision curve analysis of DOL risk prediction model for
mothers with GDM.
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Predicted probability

Calibration curve diagram of DOL risk prediction model for mothers with GDM.

0.6 0.8 1.0

Mean absolute error=0.014 n=344

recommended to maintain optimal albumin concentrations,

thereby reducing the incidence of DOL.

4.2.3 Higher pre-delivery BMI and elevated EPDS
scores were associated with an increased risk of
DOL among mothers with GDM

Our findings in this study revealed that pre-delivery BMI
among mothers in the DOL group was significantly higher than
that in the Non-DOL group, demonstrating that higher pre-delivery
BMI is associated with greater DOL risk. Given that gestational
weight gain impacts both short- and long-term maternal and
neonatal health outcomes, greater emphasis should be placed on
weight management during pregnancy (29). The underlying
mechanisms may involve two key aspects. Firstly, progesterone
stored in adipose tissue interferes with prolactin receptor function
in mammary alveolar cells, and women with higher BMI maintain
more higher progesterone levels, potentially prolonging the
inhibition of lactogenesis (30). Secondly, excessive adipose tissue
in the breasts of obese women may impede milk flow through the
ducts, while their body morphology often makes proper
breastfeeding positioning more challenging. These combined
difficulties decrease the likelihood of sustaining breastfeeding (30).
Therefore, Increased attention should be devoted to gestational
weight management, including regular prenatal check-ups for
weight monitoring and intensified health education, to prevent
excessive gestational weight gain.

We also found that mothers with higher EPDS scores were at
higher risk of DOL. As the most common perinatal psychological
disorder, postpartum depression not only compromises maternal
physical and mental health but also adversely affects breastfeeding
practices. This relationship may be explained through two
mechanisms. Firstly, research indicates that mothers with
depression often experience maternal role maladjustment, and
their negative emotions can undermine breastfeeding confidence,
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thereby increasing the risk of DOL. This aligns with findings
confirming an inverse relationship between depression scores and
breastfeeding self-efficacy (31). Secondly, lactogenesis is regulated
by multiple hormones including prolactin, oxytocin, and cortisol.
Prolactin constitutes the principal hormonal regulator of mammary
gland lactogenic function, playing an indispensable role in both the
initiation and maintenance of lactogenesis. Its absence results in the
complete failure of milk production (32). Oxytocin triggers the let-
down reflex by contracting myoepithelial cells surrounding alveoli,
which is crucial for milk ejection. Cortisol, the primary
glucocorticoid in humans, synergizes with prolactin to initiate
nuclear transcription and milk protein synthesis (33). Maternal
depression disrupts the secretion of these lactation-related
hormones, thereby impairing both milk synthesis and lactogenesis
initiation. Currently, China lacks specialized emotional counseling
clinics for postpartum mothers, which reflects insufficient societal
attention to perinatal psychological well-being. It is recommended
to implement systematic screening for postpartum depression and
initiate early intervention strategies for high-risk populations.

4.3 The prediction model of DOL risk
among mothers with GDM had relatively
good predictive performance

Given the numerous DOL risk factors among mothers with
GDM and the associated high incidence of DOL, we used logistic
regression in this study to analyze DOL risk factors and constructed
a nomogram. This model was found to perform well in terms of its
predictive ability and clinical effectiveness, with a relatively high
AUC of 0.828 (95% CI: 0.779-0.877).

Following internal validation, the model achieved an AUC of
0.806 (95% CI: 0.728-0.884), reflecting a good discrimination. The
prediction model demonstrated a sensitivity of 70.9%, showing that
it had a strong ability to correctly identify mothers with GDM. This
feature is especially advantageous for clinical settings, as it allows
healthcare providers to identify high-risk individuals more
accurately, facilitating more targeted lactation support strategies.

The goodness of fit of the model was confirmed by the Hosmer-
Lemeshow test, which yielded a ;(z of 7.226 and a p value of 0.546,
indicating a good agreement between the model’s predicted DOL
risk and actual outcomes. Additionally, the calibration curve closely
followed the reference line, indicating that the model’s predicted
DOL rates closely aligned with the actual observed DOL rates,
demonstrating its relatively good calibration ability.

4.4 Clinical implications of a prediction
model for DOL in women with GDM

In existing research, Luo Fengjuan et al. (14) developed a
prediction model for DOL in GDM patients. However, this model
has limitations including a restricted set of variables, weak
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association with GDM pathophysiology, and a single-center study
population, which constrain its generalizability and require further
validation. In contrast, this study established a multi-center cohort
from seven tertiary hospitals in Guangdong Province, systematically
integrated multi-dimensional clinical factors, and constructed a
novel prediction model for DOL risk in GDM patients.
Validation results demonstrate that the model exhibits excellent
predictive performance and clinical applicability, providing
healthcare professionals with a reliable risk assessment tool.

The results of this study indicate that the optimal cut-off value for
the prediction model was 0.341, corresponding to a score of 151 points.
Based on this threshold, subjects can be categorized into two groups:
those with scores below 151 points are classified as low-risk for DOL,
while those with scores above 151 points are classified as high-risk for
DOL. It is recommended that clinicians implement differentiated
interventions according to this risk stratification. For high-risk
mothers at risk of DOL, systematic lactation initiation strategies
should be initiated as early as possible. It is recommended to establish
standardized referral and handover procedures to seamlessly integrate
this high-risk population into the community healthcare service system,
ensuring they receive continuous professional support, thereby
minimizing the incidence of delayed onset of lactation (34).

5 Conclusion

This study analyzed data from GDM patients who delivered at
seven tertiary (grade 3 A)hospitals in Guangdong Province in
China. The results revealed a relatively high incidence of DOL
among GDM mothers. Higher pre-delivery BMI and EPDS score
were associated with increased DOL risk, while elevated serum
albumin levels and LATCH score were protective factors. Poor
glycemic control during pregnancy was also identified as a
significant risk factor for DOL. The developed risk prediction
model for DOL in GDM mothers demonstrated excellent
calibration and discrimination. A nomogram was created to
visually present the prediction results, enabling healthcare
providers to quickly and efficiently identify high-risk individuals.
This tool provides a theoretical foundation for developing clinical
strategies to promote timely lactogenesis.

However, this study had the following limitations: (1) The use
of convenience sampling may introduce selection bias, as it tends to
include pregnant women with regular prenatal visits and higher
compliance, which could affect the accurate estimation of certain
predictive factor effects; (2) Although the model was developed
using multi-center data, external validation has not yet been
conducted. Consequently, the favorable discrimination and
calibration performance observed in the current development set
may not be generalizable to new populations with distinct
demographic characteristics. Future research should further
validate the model’s generalizability and clinical applicability by
incorporating international multi-center data, along with
conducting more extensive and rigorous external validation studies.
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