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Background: Nausea and vomiting in pregnancy (NVP) is one of the most common symptoms during early gestation. A subset of 
affected women may progress to severe NVP, which is frequently accompanied by electrolyte disturbances, impaired nutritional status, 
and adverse pregnancy outcomes. However, the relationships between multiple electrolyte-related factors and the severity of NVP have 
not been systematically investigated.
Objective: To explore the statistical associations between multiple electrolytes, related laboratory indicators, and NVP severity, and to 
develop a risk identification model integrating electrolyte, nutritional, and psychological factors for the risk stratification of severe NVP.
Methods: This study was a secondary analysis of data derived from a multicenter randomized controlled trial and included 351 
women with moderate-to-severe NVP during early pregnancy. Baseline demographic characteristics, biochemical parameters (includ
ing electrolytes, vitamins, and liver and renal function indicators), and psychological assessment scores from the Self-Rating Anxiety 
Scale (SAS) and the Self-Rating Depression Scale (SDS) were considered candidate variables. Variable selection was performed using 
least absolute shrinkage and selection operator (LASSO) regression, followed by multivariable logistic regression to construct two risk 
identification models: an electrolyte-based model (Model 1) and a multidimensional model integrating psychological and nutritional 
factors (Model 2). Model performance was evaluated using the receiver operating characteristic (ROC) curve, calibration curve, and 
decision curve analysis (DCA).
Results: LASSO regression identified nine variables for inclusion in the final analysis, including Calcium (Ca), Potassium (K), Iron (Fe), 
Chloride (Cl), Zinc (Zn), Urea, SAS, SDS, and Pyridoxal (PL). Compared with Model 1, Model 2 demonstrated superior discriminatory 
performance (area under the ROC curve [AUC]: 0.717 vs. 0.655). Both models showed acceptable calibration. DCA indicated that Model 2 
provided a slightly greater net clinical benefit than Model 1 across threshold probabilities ranging from 0.10 to 0.40.
Conclusion: Electrolytes and related laboratory indicators were statistically associated with the severity of NVP, and integrating 
psychological and nutritional factors further improved risk identification performance. Because this study was based on cross-sectional 
baseline data, the findings reflect associations rather than causal relationships. The proposed model may serve as a preliminary tool for 
the risk stratification of severe NVP; however, its clinical utility requires further validation in independent external cohorts.
Keywords: nausea and vomiting in pregnancy, hyperemesis gravidarum, electrolyte imbalance, risk identification model, risk 
stratification, secondary analysis
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Introduction
Nausea and vomiting are among the most common symptoms during early pregnancy, affecting approximately 90% of 
pregnant women, and generally resolve before 20 weeks of gestation.1 Hyperemesis gravidarum (HG) is a severe form of 
NVP and occurs in 0.3–10.8% of pregnant women.2 It is characterized by severely impaired oral intake and a loss of at 
least 5% of prepregnancy body weight and may be accompanied by dehydration and/or electrolyte abnormalities.3 If left 
uncontrolled, HG increases the risk of adverse maternal and fetal outcomes and may also negatively affect emotional and 
psychological health.4 Therefore, the early identification of women at high risk for severe NVP and the implementation 
of targeted management strategies are of considerable clinical importance. At present, no universally accepted diagnostic 
criteria for NVP exist in clinical practice; consequently, the Pregnancy-Unique Quantification of Emesis and Nausea 
(PUQE) score is widely used for standardized assessment.5 The PUQE score quantifies the severity of NVP based on the 
duration of nausea, the frequency of vomiting episodes, and the frequency of retching. It has been shown to correlate well 
with maternal well-being, the risk of hospitalization, and other relevant clinical outcomes, making it one of the most 
commonly used instruments for evaluating NVP severity in both clinical research and follow-up studies.6

In recent years, the pathogenesis of NVP has been primarily attributed to genetic factors, hormonal alterations, 
regulation of gastrointestinal motility, and gut–brain axis signaling. Previous studies have suggested that gastrointestinal 
mechanosensation and neural reflexes play pivotal roles in regulating food intake, vomiting, and gastrointestinal fluid 
movement, a process that depends on the complex interactions between the enteric and central nervous system.7 In 
contrast, systematic investigations into the potential role of fluid homeostasis and electrolyte balance in the pathogenesis 
of NVP remain limited. Persistent and severe vomiting in patients with NVP can result in substantial fluid loss, 
subsequently leading to electrolyte disturbances characterized by reductions in serum potassium, sodium (Na), and 
chloride concentrations. Such abnormalities are generally regarded as secondary consequences of disease progression,8 

suggesting that fluctuations in gastrointestinal-related electrolytes may indeed influence physiological function. More 
importantly, electrolyte homeostasis extends beyond the maintenance of simple fluid and ionic balance and plays 
a fundamental role in regulating gastrointestinal smooth muscle activity, bioelectrical signaling, and neurotransmission. 
For example, potassium is a critical determinant of the resting membrane potential and normal generation of action 
potentials. Potassium imbalance can markedly alter the firing frequency and contractile behavior of gastrointestinal 
smooth muscle, thereby affecting gastric emptying and intestinal motility.9 Calcium serves as a central mediator of 
intracellular signal transduction and smooth muscle contraction, and calcium signaling pathways are involved in multiple 
enteric neuroregulatory feedback mechanisms.10 Chloride, through its participation in gastric acid secretion and intestinal 
fluid homeostasis, represents one of the fundamental ions required for the normal transport of gastrointestinal contents.11 

In addition, trace nutrients such as iron are closely involved in neurotransmitter metabolism and may therefore contribute 
to the regulation of nausea and emotional symptoms.12 Collectively, both biological mechanisms and clinical manifesta
tions provide a theoretical basis for the involvement of these indicators in gastrointestinal function and symptom severity, 
warranting further investigation of their associations with severe NVP.

Regarding the relationship between electrolytes and NVP, existing studies have mainly focused on individual 
electrolytes or single biochemical indicators. In contrast, electrolyte disturbances encountered in clinical practice often 
involve the simultaneous imbalance of multiple ions, and their combined effects have not been systematically 
evaluated.13 Beyond studies of electrolyte-related factors, research on risk identification in NVP is also relatively limited. 
Current research on NVP has largely focused on epidemiology, disease prevention, and clinical management,14,15 

whereas studies on risk identification remain relatively limited. Existing risk identification studies have primarily focused 
on individual risk factors or specific clinical outcomes, whereas studies on multidimensional risk identification models 
remain insufficient. For instance, Ismail16 systematically reviewed potential associated factors such as prior HG history, 
Helicobacter pylori infection, body mass index (BMI), and hormone levels, but the evidence remained inconsistent, and 
no unified risk identification framework has been established. Boelig17 developed a rehospitalization risk-scoring index 
for patients with HG, but the model demonstrated only moderate discriminatory performance. Abubakar18 compared 
discriminant analysis with logistic regression for classifying HG severity, showing that discriminant analysis performed 
better in small samples, although without calibration or validation of net clinical benefit. Fiaschi,19 based on a national 
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cohort, identified recurrence-related factors such as multiple pregnancies, female fetus, and prior HG, but did not further 
develop a risk identification tool for clinical risk stratification based on these findings. Overall, studies that integrate 
multidimensional variables, including electrolytes, nutritional status, and psychological factors, to develop NVP risk 
identification models and subsequently apply them to the risk stratification of severe NVP remain relatively scarce.

Therefore, systematically evaluating the associations between multiple electrolytes and related factors and the 
severity of NVP, as well as developing a risk identification tool with strong discriminative performance, remain important 
research priorities. Accordingly, using baseline data from a multicenter randomized controlled trial, the present study 
systematically analyzed multiple electrolytes and related laboratory indicators to investigate their statistical associations 
with the severity of severe NVP. Furthermore, nutritional, metabolic, and psychological factors were integrated to 
develop a risk identification model, and the discriminatory performance and calibration of different models were 
compared to provide evidence to support risk stratification and clinical management of severe NVP.

Methods and Materials
Participants
This study was a secondary retrospective analysis of data from the multicenter, prospective, randomized controlled trial 
NVPAct (ClinicalTrials.gov identifier: NCT04401384). The NVPAct trial was a large-scale, multicenter study conducted 
across 13 centers in mainland China between 2020 and 2022. A total of 533 women were screened for eligibility in the 
parent trial, of whom 351 participants were included in the present secondary analysis. The original study was approved 
by the institutional review board of the coordinating center and the ethics committees of all participating sites. All 
participants provided written informed consent prior to enrollment. The present study is an exploratory secondary 
analysis of baseline data from the NVPAct trial and was not prespecified in the original trial protocol. Furthermore, all 
candidate variables and the outcome variable were measured at the same time point. Therefore, the primary objective of 
this study was to identify characteristics associated with severe NVP and to develop a risk identification model, rather 
than to predict future clinical outcomes.

Inclusion and Exclusion Criteria
The inclusion criteria of the parent randomized controlled trial were as follows: women aged 20–45 years, gestational age 
between 7 and 14 weeks, a PUQE score ≥6, less than 20% weight loss from pre-pregnancy body weight in early 
pregnancy, and a confirmed singleton intrauterine pregnancy by ultrasound. The exclusion criteria included severe 
systemic diseases, uncontrolled chronic diseases, other conditions that could cause vomiting, use of antiemetic medica
tions within the previous week (such as vitamin B6, ondansetron, metoclopramide, corticosteroids, and related traditional 
Chinese medicines), or relevant contraindications. Detailed inclusion and exclusion criteria have been described in the 
original trial report.20 For the present secondary analysis, an additional eligibility criterion of PUQE score ≥7 was 
applied.

Outcome Variable
In the original study, PUQE scores were assessed at multiple time points throughout the study period. In this secondary 
analysis, only the baseline PUQE score obtained before randomization was included. Specifically, the initial PUQE 
assessment was completed during the screening visit and served as the primary eligibility criterion for enrollment as well 
as the baseline measure for subsequent analyses. This score reflected the severity of nausea, vomiting, and retching 
experienced by the participants during the preceding 24 hours at the time of enrollment. PUQE scores collected during or 
after treatment were not included in the present analysis. The PUQE score21 is an internationally recognized instrument 
for assessing NVP. The total score ranges from 3 to 15, with higher scores indicating greater symptom severity. 
According to the modified PUQE classification, scores of ≤6 indicate mild NVP, scores of 7–12 indicate moderate 
NVP, and scores of ≥13 indicate severe NVP. To ensure that the study population had clinically significant symptoms, 
only women with PUQE scores ≥7 were included. Participants with PUQE scores ≥13 were classified into the severe 
NVP group, whereas those with PUQE scores of 7–12 were classified into the moderate NVP group. Severe NVP was 
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defined as the outcome of interest and served as the basis for developing the risk identification model. All assessment 
results were entered into the electronic case report form system and uploaded to the Data Coordinating Committee. All 
investigators received standardized training to ensure the consistency and reliability of data collection.

Candidate Variables and Their Measurements
In this secondary analysis, all candidate variables and the outcome variable were derived from baseline assessments 
completed on the day of enrollment (Day 0), before the initiation of study treatment. These included laboratory 
parameters, such as electrolyte measurements, as well as the PUQE assessment and other clinical data collected at the 
same time point. Although laboratory parameters were measured both at baseline and at the end of treatment in the 
original randomized controlled trial, only baseline laboratory results were included in the present analysis; end-of- 
treatment measurements and data collected during the subsequent treatment period were excluded.

General Information
At baseline, biological and demographic data from participants, including age, anthropometric measures (height, weight, 
BMI, gestational weeks, and History of HG/NVP), socioeconomic factors (educational level, occupation, household 
income, and living arrangement), and smoking status (participant and partner), were collected.

Laboratory Measurements
Laboratory analyses encompassed electrolytes, vitamins, liver function, renal function, and serotonin (5-HT). The 
electrolyte panel included serum Na, K, Ca, Mg, Cl, Fe, and phosphorus. Vitamin profiling included vitamin B1, two 
vitamin B6 forms—PL and pyridoxal-5′-phosphate (PLP)—and vitamin B12. Liver function indices included serum 
aspartate aminotransferase (AST), alanine aminotransferase (ALT), and alkaline phosphatase (ALP). Renal function was 
assessed using serum creatinine (CREA) and urea. All blood samples were collected at participating centers and analyzed 
centrally in a certified laboratory.

Questionnaire-Based Scales
The study employed the following validated questionnaires for assessment: (1) Zung SAS (range: 25–100), with higher 
scores indicating greater anxiety severity; and (2) Zung SDS (range: 25–100), where increased scores denote more severe 
depressive symptoms.

Development and Validation of the Risk Identification Model for Severe NVP
Preprocessing of Candidate Variables
To develop the risk identification model for severe NVP, this study adopted a stepwise selection, validation, and 
optimization strategy. Demographic characteristics, biochemical parameters (including electrolytes, vitamins, and liver 
and renal function indicators), and psychological assessment scores (SAS and SDS) were considered candidate variables. 
Missing data (Supplementary Table 1) were handled using multiple imputation. Assuming the data were missing at 
random, 20 imputed datasets were generated, including all candidate variables and the outcome variable in the imputation 
model. Subsequent variable selection, model development, and model validation were all performed using the multiply 
imputed datasets, and the final estimates were combined according to Rubin’s rules. Before applying LASSO regression, 
all continuous variables (eg, electrolytes and vitamin levels) were standardized using z-scores (mean-centered and 
divided by the standard deviation) to ensure comparability across variables on a common scale. Categorical variables 
were converted into dummy variables and included as candidate variables. All preprocessing steps were performed 
within the training data to avoid potential data leakage.

Variable Selection and Development of the Risk Identification Models
Severe NVP was defined as the outcome event in this study, while demographic characteristics, biochemical parameters, 
and psychological assessment scores were considered candidate variables. Variable selection was first performed using 
the LASSO regression to reduce redundant variables and minimize the risk of model overfitting. The variables retained 
after LASSO selection were subsequently entered into multivariable logistic regression models. The optimal penalty 
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parameter (λ) was determined by 10-fold cross-validation, and the discriminatory performance of the models correspond
ing to λ.min and λ.1se was compared.

NVP, particularly among women with moderate-to-severe symptoms, is frequently accompanied by dehydration and 
fluid–electrolyte imbalance. Therefore, the monitoring and assessment of electrolyte levels have been widely used in the 
clinical evaluation of disease severity and treatment management.22 Based on this clinical rationale, electrolyte-related 
indicators identified by LASSO regression were extracted to construct an electrolyte-based model (Model 1) to evaluate 
the ability of electrolyte disturbances to identify severe NVP. In addition, to compare the performance of electrolyte 
indicators alone with that of multidimensional clinical information in identifying severe NVP, and to evaluate the 
discriminatory ability of electrolyte indicators when used independently, all variables retained by LASSO regression 
were incorporated into a comprehensive model (Model 2). Both models were developed using multivariable logistic 
regression.

Model Evaluation and Validation
The performance of the models was systematically evaluated using ROC curves, calibration curves, nomograms, and 
DCA. DCA was performed to assess the net clinical benefit of the models across different threshold probabilities. The 
threshold range considered to have potential clinical utility was determined according to the DCA results, namely the 
probability interval in which the model curve was higher than both the “treat all” and “treat none” strategies. In addition, 
to further evaluate model robustness and correct for optimism bias, internal validation was performed using bootstrap 
resampling. Specifically, 500 bootstrap resamples (B = 500) were generated. For each iteration, a bootstrap sample was 
created by sampling with replacement from the original dataset, the model was refitted, and the apparent area under the 
ROC curve (AUC) was calculated. Model performance was subsequently evaluated in the corresponding out-of-bag 
(OOB) sample, and the OOB AUC was calculated. Optimism bias was estimated by comparing the apparent AUC 
obtained from the bootstrap sample with the corresponding OOB AUC, and the optimism-corrected AUC was subse
quently derived. The main model performance metrics were reported using pooled estimates across the 20 imputed 
datasets, while optimism-corrected AUCs based on bootstrap resampling were additionally calculated to assess model 
robustness.

Statistical Analysis
Statistical analyses were performed using IBM SPSS Statistics version 25.0 (IBM Corp., Armonk, NY, USA) and R 
version 4.5.0 (R Foundation for Statistical Computing, Vienna, Austria) within the RStudio environment. Normality of 
continuous variables was assessed using the Shapiro–Wilk test. Normally distributed variables are presented as the mean 
± standard deviation (SD) and were compared using the independent-samples t test. When the assumption of equal 
variances was violated, Welch’s t test was applied, and the mean difference with its 95% confidence interval (CI) was 
reported. Non-normally distributed variables are presented as the median (interquartile range, IQR) and were compared 
using the Mann–Whitney U test. The median difference and its 95% CI were estimated using the bootstrap method with 
2,000 resamples in R. Categorical variables are presented as frequencies (percentages) and were compared using the chi- 
square test or Fisher’s exact test, as appropriate.

Missing data were handled using multiple imputation for continuous variables to reduce potential bias associated with 
missing values. Before model development, all continuous variables were standardized using z-score transformation, and 
categorical variables were converted into dummy variables. Least absolute shrinkage and selection operator (LASSO) 
regression with 10-fold cross-validation was used to determine the optimal penalty parameter (λ) and perform variable 
selection. Model discrimination was evaluated using receiver operating characteristic (ROC) curves and the area under 
the curve (AUC). Calibration performance was assessed using calibration curves and the Hosmer–Lemeshow goodness- 
of-fit test. Clinical utility was evaluated using decision curve analysis (DCA). Internal validation was performed using 
bootstrap resampling (B = 500), and optimism-corrected AUC values were calculated to assess model robustness. All 
statistical tests were two-sided, and P < 0.05 was considered statistically significant.
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Results
Comparison of Baseline Characteristics Between Moderate and Severe NVP
In the baseline comparison, 351 pregnant women were included: 249 in the moderate NVP group and 102 in the severe 
NVP group. No significant differences were observed between the two groups for age, height, weight, BMI, gestational 
weeks, occupation, smoking status, spouse’s smoking status, household income, or living arrangement (all P > 0.05). 
However, education level differed significantly between groups (P = 0.018), with a higher proportion of women having a 
university degree or above and a lower proportion having a technical school education or below in the severe NVP group, 
suggesting that education level may be associated with NVP severity(Table 1).

Selection of Variables Associated with Severe NVP Risk Identification Based on 
LASSO Regression
LASSO regression analysis identified two candidate penalty parameters (λ.min and λ.1se) through 10-fold cross-validation. 
Based on the LASSO model corresponding to λ.min, a total of nine variables (Ca, K, Fe, Cl, Zn, Urea, SDS, SAS, and PL) 

Table 1 Baseline Characteristics of Patients with Moderate and Severe NVP

Variable Moderate NVP (n=249) Severe NVP (n=102) Difference (95% CI) P

Age 28.90 (26.00, 32.00) 29.45 (26.75, 32.00) 1.00 (0.00, 2.00) 0.185
Height 161.22 (158.00, 164.50) 161.27 (158.00–165.00) 0.00 (−1.00, 1.00) 0.958

Weight 55.84 (49.00, 60.65) 55.55 (49.18, 60.00) 0.00 (−2.00, 2.00) 0.894

BMI 21.43 (19.23, 23.41) 21.32 (19.05, 22.87) −0.12 (−0.83, 0.59) 0.744
Gestational weeks (weeks) 8.80 (7.00, 10.00) 8.72 (7.00, 10.00) 0.00 (−0.14, 0.14) 0.773

Education level 0.018*

High school 22 (8.8%) 6 (5.9%)
Technical school 39 (15.7%) 9 (8.8%)

Junior college 67 (26.9%) 24 (23.5%)

University 79 (31.7%) 41 (40.2%)
Postgraduate 13 (5.2%) 3 (2.9%)

Others 29 (11.6%) 19 (18.6%)

Occupation 0.746
Employee 96 (38.6%) 39 (38.2%)

Housewife 49 (19.7%) 16 (15.7%)

Business 6 (2.4%) 2 (2.0%)
Farmer 2 (0.8%) 0 (0.0%)

Civil servant 7 (2.8%) 7 (6.9%)

Others 89 (35.7%) 38 (37.3%)
Smoking status 0.188

No 245 (98.4%) 98 (96.1%)

Yes 4 (1.6%) 4 (3.9%)
Partner smoking 0.672

No 138 (55.4%) 54 (52.9%)

Yes 111 (44.6%) 48 (47.1%)
Household income 0.774

<20k/year 18 (7.2%) 7 (6.9%)

20–40k/year 31 (12.4%) 8 (7.8%)
40–80k/year 72 (28.9%) 35 (34.3%)

>80k/year 128 (51.4%) 52 (51.0%)

Living arrangement 0.532
Living with spouse/others 234 (94.0%) 94 (92.2%)

Living alone 15 (6.0%) 8 (7.8%)

Notes: Continuous variables are presented as median (IQR) and were compared using the Mann–Whitney U-test. Categorical variables are 
presented as n (%) and were compared using the chi-square test or Fisher’s exact test, as appropriate. *P < 0.05. 
Abbreviation: CI, confidence interval.
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were retained (Table 2). In contrast, the λ.1se model retained only six variables (Ca, K, Fe, Cl, SDS, and SAS). Comparison 
of the discriminatory performance showed that the λ.min model achieved an AUC of 0.717 (95% CI: 0.711–0.727), which 
was slightly higher than that of the λ.1se model (AUC = 0.701, 95% CI: 0.691–0.714); however, the difference was not 
statistically significant (DeLong test, P = 0.244) (Supplementary Tables 2 and 3). Internal validation was further performed 
using bootstrap resampling. After optimism bias correction, the AUCs of the λ.min and λ.1se models were 0.648 and 0.651, 
respectively, indicating that both candidate models maintained acceptable discriminatory performance. Considering the 
overall discriminatory performance, the number of retained variables, and the clinical relevance to the objectives of the 
present study, the variables selected by the λ.min model were ultimately chosen for subsequent model development.

Two candidate penalty parameters were identified according to the minimum criteria and the one-standard-error (1-SE) 
rule, namely λ.min = 0.037 and λ.1se = 0.091 (Figure 1A). The coefficient shrinkage paths of the candidate variables across 
different values of log(λ) are illustrated (Figure 1B). As the penalty parameter increased, the coefficients of some variables 
gradually shrank toward zero, whereas only those variables with greater contributions to the model were retained.

Model Construction and Performance Comparison
Based on the variables selected by LASSO regression, Model 1 and Model 2 were constructed, and their performances were 
compared. Model 1, developed using electrolyte-related indicators, achieved an AUC of 0.655 (95% CI: 0.592–0.718) and 
a Brier score of 0.192. DCA demonstrated that the model provided a net benefit across threshold probabilities ranging from 
0.10 to 0.40. In contrast, Model 2 integrated multidimensional variables, including electrolytes, urea, psychological assess
ment scores, and vitamins, and achieved an AUC of 0.717 (95% CI: 0.657–0.778), representing an increase of 0.062 compared 
with Model 1 (ΔAUC = 0.062). Meanwhile, the Brier score decreased to 0.178 (ΔBrier = −0.014). Further comparison of the 

Table 2 Pooled Multivariable Logistic Regression Results for 
Variables Selected by LASSO

Predictor Standardized Coefficient OR (95% CI) P

Ca 0.294 1.34 (1.02–1.76) 0.035

K −0.294 0.75 (0.54–1.03) 0.076

Fe −0.283 0.75 (0.58–0.98) 0.033
Cl −0.148 0.86 (0.66–1.13) 0.277

Zn 0.156 1.17 (0.91–1.51) 0.227

Urea 0.188 1.21 (0.93–1.56) 0.155
SDS 0.229 1.26 (0.86–1.85) 0.241

SAS 0.317 1.37 (0.94–2.00) 0.099
PL 0.281 1.32 (1.04–1.68) 0.020

Figure 1 Results of LASSO regression for feature selection. 
Notes: (A) Cross-validation curve of LASSO regression; (B) Coefficient path plot of LASSO regression.
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ROC curves using the DeLong test demonstrated that the discriminatory performance of Model 2 was significantly superior to 
that of Model 1 (Z = −2.361, P = 0.019).

Regarding calibration performance, the Hosmer–Lemeshow test showed no significant lack of fit for either model 
(Model 1: P = 0.641; Model 2: P = 0.609), indicating good agreement between the model-estimated probabilities and the 
observed outcomes. Both models had a calibration intercept of 0.00 and a calibration slope of 1.00, further indicating 
good agreement between the model-estimated probabilities and the observed outcomes, with satisfactory overall model fit 
(Table 3 and Figure 2). In addition, to further illustrate the results of the multivariable logistic regression analysis, the 
odds ratios (ORs) and corresponding 95% confidence intervals for each variable are presented as a forest plot 
(Supplementary Figure S1).

Validation of the Risk Identification Models
To further evaluate the stability and internal validation performance of the models, internal validation was performed 
using bootstrap resampling. After bootstrap resampling and optimism bias correction, the models maintained acceptable 

Table 3 Performance of the Risk Identification Models

Model Predictors (Brief) N/Events AUC (95% CI) ΔAUC Calibration 
(Intercept/ 

Slope)

Hosmer– 
Lemeshow P

Brier ΔBrier DCA(Net 
Benefit 
Range)

Model 1 Ca, K, Fe, Cl, Zn 351 / 102 0.655 (0.592–0.718) – 0.00 / 1.00 0.641 0.192 – 0.10–0.40

Model 2 Ca, K, Fe, Cl, Zn, Urea, SDS, SAS, PL 351 / 102 0.717 (0.657–0.778) 0.062 0.00 / 1.00 0.609 0.178 −0.014 0.10–0.40

DeLong test (Model 1 vs Model 2): Z = −2.361, P = 0.019

Figure 2 ROC Curves and Calibration Curves of the Two Risk Identification Models. 
Notes: (A) Model 1 ROC curve; (B) Model 1 calibration plot; (C) Model 2 ROC curve; (D) Model 2 calibration plot.
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discriminatory performance, indicating satisfactory internal stability. A nomogram based on the multivariable regression 
model was subsequently developed to identify the individualized risk of severe NVP (Figure 3). Each variable 
corresponds to a specific point scale, and the probability of severe NVP can be visually estimated by summing the 
points assigned to each variable and projecting the total score onto the bottom probability scale. The clinical applicability 
of the two models was further evaluated using DCA (Figure 4). The results showed that, compared with Model 1, Model 
2 provided a greater net benefit across threshold probabilities ranging from 0.10 to 0.40, suggesting that the risk 
identification model integrating multidimensional variables offers superior net benefit within this threshold range and 
may serve as a useful reference for the risk identification of severe NVP.

Figure 3 Nomogram of the Severe NVP Risk Identification Model. 
Notes: (A) Nomogram of Model 1; (B) Nomogram of Model 2.
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Discussion
Based on clinical data from 351 women with moderate-to-severe NVP, this study identified nine variables associated with 
NVP severity, including Ca, K, Fe, Cl, Zn, Urea, SDS, SAS, and PL. Using these nine variables, we constructed Model 1, 
which was centered on electrolyte-related indicators, and Model 2, which integrated electrolytes, nutritional indicators, 
and psychological factors. A nomogram was subsequently developed and validated. Both models demonstrated moderate 
discriminatory ability and acceptable calibration, suggesting that electrolyte disturbances and related clinical indicators 
are statistically associated with severe NVP and may serve as important components of a risk identification model. These 
findings may provide a reference for clinical risk stratification; however, the clinical utility of the proposed models 
requires further external validation.

Baseline Demographic Characteristics
In baseline comparisons (Table 1), most demographic and socioeconomic variables—including age, height, weight, BMI, 
gestational weeks, occupation, smoking status, spouse smoking status, household income, and living arrangements— 
showed no significant differences between the moderate and severe NVP groups. This suggests that these standard 
demographic features do not substantially influence NVP severity. However, a significant difference was observed in 
educational attainment, with a higher proportion of women holding university-level or above degrees in the severe NVP 
group. Previous studies23 similarly noted that women with higher education levels reported greater prevalence of NVP 
(72.1% vs 66.8%) and higher rates of medication use, which may reflect socioeconomic status and healthcare accessi
bility rather than purely biological mechanisms. This underscores the importance of addressing the differentiated needs of 
women from varied educational backgrounds in antenatal care.

Mechanistic Interpretation of Variables Selected by LASSO Regression
It is well known that as NVP progresses, patients often develop hyponatremia, hypokalemia, hypochloremia, hypomag
nesemia, and low serum urea, sometimes accompanied by metabolic hypochloremic alkalosis. Importantly, the relation
ship between electrolyte disturbances and NVP severity may be bidirectional rather than unidirectional. Therefore, in the 
present study, all laboratory parameters were uniformly collected on the day of enrollment before the initiation of study 
treatment and were analyzed together with the PUQE scores obtained at the same time point, thereby minimizing the 
potential influence of disease progression and subsequent treatment on laboratory measurements. Accordingly, the 

Figure 4 DCA of the Risk Identification Models.

https://doi.org/10.2147/IJWH.S618603                                                                                                                                                                                                                                                                                                                                                                                                                                        International Journal of Women’s Health 2026:18 10

Gao et al                                                                                                                                                                             

Powered by TCPDF (www.tcpdf.org)Powered by TCPDF (www.tcpdf.org)



findings of this study reflect the statistical associations between electrolyte levels and baseline NVP severity measured 
simultaneously. However, because all variables were assessed at the same baseline time point, it was not possible to 
determine whether electrolyte abnormalities preceded the development of severe NVP or resulted from the physiological 
changes accompanying severe NVP. Therefore, no causal relationship between these variables can be inferred.

Using LASSO regression, we identified nine variables associated with severe NVP and incorporated them into the final 
Model 2 (Table 2 and Figure 1). Serum Ca emerged as a significant risk factor (OR = 1.34). Previous research has shown that 
hypercalcemia often presents with nonspecific symptoms overlapping with pregnancy discomforts, including fatigue, nausea, 
and vomiting.24 Rey et al similarly reported that elevated calcium levels may trigger or aggravate gastrointestinal symptoms in 
pregnant women,25 potentially through Ca2+-mediated smooth muscle contraction, which is fundamentally driven by intracel
lular calcium signaling.26 However, the association between serum Ca and severe NVP observed in the present study is only 
statistical, and its underlying mechanism remains unclear. Patients with severe vomiting frequently experience dehydration, 
hemoconcentration, disturbances in acid–base balance, and alterations in nutritional status, all of which may influence calcium 
homeostasis. Consequently, the observed changes in serum Ca may reflect disease-related physiological alterations and may also 
be associated with symptom severity. Because all measurements were obtained at the same baseline time point, the temporal 
sequence and causal relationship between Ca changes and severe NVP could not be established. Further, longitudinal and 
mechanistic studies are needed to clarify their biological significance. In the multivariable model, higher serum K levels were 
associated with a lower risk of severe NVP (OR = 0.75). Reduced potassium levels may suppress Na+–K+ pump activity in 
gastrointestinal smooth muscle, thereby weakening smooth muscle contractility and gastrointestinal motility, delaying gastric 
emptying, and consequently inducing or aggravating nausea and vomiting.27–29 However, the present study identified only 
a statistical association and cannot demonstrate that hypokalemia precedes disease onset. Higher serum Fe levels were also 
negatively associated with severe NVP (OR = 0.75), and this relationship may be related to the synthesis of 5-HT. Antagonists of 
the 5-HT3 receptor are currently among the most effective pharmacological treatments for vomiting.30 Iron serves as an essential 
cofactor for aromatic amino acid hydroxylases, including tryptophan hydroxylase, which catalyzes the conversion of tryptophan 
to 5-hydroxytryptophan, the rate-limiting step in 5-HT synthesis. Therefore, iron deficiency may reduce the activity of this 
enzyme, resulting in impaired central 5-HT synthesis and, subsequently, affecting emotional regulation, sleep–wake function, and 
even the activity of the vomiting center.31,32 Accordingly, the present findings primarily support an association between iron 
metabolism and NVP severity rather than demonstrating a direct pathogenic role. Serum Cl was also retained in the model (OR = 
0.86) and exhibited a modest protective effect. Chloride plays a central role in maintaining gastric acid secretion, nutrient 
absorption, and gastrointestinal fluid balance. Animal studies have shown that abnormal Cl levels may impair gastric–pyloric 
motility, thereby inducing nausea and vomiting.33 Serum Zn also demonstrated a modest risk effect in the model (OR = 1.17). 
Current evidence suggests that zinc homeostasis may influence gastrointestinal function and symptom perception by maintaining 
intestinal mucosal barrier integrity and suppressing oxidative stress and inflammatory responses.34,35 Nevertheless, there is 
currently insufficient evidence from human studies to establish a causal relationship between zinc status and NVP severity; the 
present findings should therefore be interpreted as a statistical association.

Urea was also positively associated with NVP severity (OR = 1.21). Within the statistical model, elevated urea levels 
may be positively associated with severe NVP; however, this finding is more likely to represent a concomitant marker rather 
than a driving factor. Elevated urea may primarily reflect the dehydration that frequently accompanies severe NVP, resulting 
in a relative prerenal increase in blood urea nitrogen, while dehydration itself may further aggravate disease severity. 
However, from both a pathogenic perspective and in routine clinical practice, severe and persistent NVP more commonly 
leads to protein–energy malnutrition, thereby resulting in reduced or relatively low blood urea nitrogen levels.36 Both SAS 
and SDS were statistically associated with severe NVP in the present study, with ORs of 1.37 and 1.26, respectively, 
suggesting that higher anxiety and depression scores may reflect a greater symptom burden. These findings are generally 
consistent with previous studies showing that NVP is frequently accompanied by impaired quality of life and increased 
levels of anxiety and depressive symptoms.37,38 Some studies have suggested that changes in psychological status may be 
related to activation of the hypothalamic–pituitary–adrenal axis,39 and temporal associations between anxiety scores and 
nausea severity have also been reported.40 However, because both psychological assessment scores and NVP severity were 
obtained during the same baseline assessment, the present study cannot determine whether psychological changes preceded 
symptom onset or whether persistent nausea and vomiting resulted in elevated anxiety and depression scores. Therefore, 
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these variables should currently be interpreted as indicators associated with severe NVP rather than as pathogenic factors or 
risk markers with a defined temporal sequence. Their temporal relationship and causal associations require further 
clarification through longitudinal studies. The recently proposed “brain–gut–psychological axis” framework provides 
a conceptual basis for understanding the interplay between psychological status and gastrointestinal symptoms.41 

However, its specific role in NVP remains to be further elucidated. Dekkers et al further suggested in 
a “psychobiological integrated model” that elevated human chorionic gonadotropin levels and depressive states may 
synergistically aggravate NVP symptoms, underscoring the need for integrated management of physiological and psycho
logical factors.42 Elevated PL levels were associated with severe NVP (OR = 1.32). PL is one of the circulating forms of 
vitamin B6 and plays a key role in amino acid metabolism and neurotransmitter synthesis. Increased PL levels may reflect 
a compensatory physiological response to persistent nausea and vomiting. In clinical practice, vitamin B6 is widely 
recommended as a first-line pharmacological treatment for NVP.43 The present findings suggest that changes in endogenous 
PL levels may be associated with symptom severity and may reflect alterations in the metabolic status related to NVP. 
However, these results do not support using endogenous PL levels as an indicator of therapeutic response to exogenous 
vitamin B6 administration, and their clinical significance warrants further investigation.

Model Performance Validation and Clinical Visualization
In the comparison of the two models (Table 3 and Figure 2), Model 1, which was based primarily on electrolyte-related 
indicators, demonstrated only moderate discriminatory ability (AUC = 0.655), suggesting that although electrolyte distur
bances may play an important role in the pathophysiology of NVP, a single biochemical dimension is insufficient to capture 
the complexity of the disease fully. In contrast, Model 2, which integrated psychological assessment scores and metabolic 
indicators, showed superior risk identification performance compared with Model 1, with the AUC increasing from 0.655 to 
0.717 and the Brier score decreasing from 0.192 to 0.178. These findings suggest that integrating multidimensional variables 
provides a statistical advantage. However, an AUC of approximately 0.717 still indicates only moderate discriminatory 
performance, suggesting that although the model has some capacity for risk stratification, its overall discrimination 
performance remains insufficient to support its use as an independent clinical decision-making tool. Therefore, further 
optimization and validation are warranted. In addition, the calibration curves of both models showed good agreement 
between the models’ estimated probabilities and the observed outcomes, with calibration intercepts of 0 and slopes of 1, 
indicating no apparent systematic bias. These findings suggest that the models provide acceptable probability estimation and 
overall goodness of fit; however, their stability and generalizability should be further evaluated in different populations. The 
nomogram provides a visual representation of the cumulative contributions of the selected variables to the identification of 
severe NVP risk and offers an intuitive approach to individualized risk assessment. Clinicians may assign points based on 
patient-specific characteristics and calculate a cumulative score to estimate the individualized probability of severe NVP, 
thereby facilitating risk stratification. Further evaluation of clinical applicability using DCA demonstrated that Model 2 
provided a slightly greater overall net benefit than Model 1 across threshold probabilities ranging from 0.10 to 0.40. Although 
the magnitude of this difference was limited, it nevertheless suggests that the multidimensional integrated model may offer 
a statistical advantage within this specific risk interval. However, it should be emphasized that the DCA results indicate only 
potential clinical value from a statistical perspective and should not be interpreted as evidence that the model is ready for 
routine clinical implementation. Although the comprehensive model demonstrated moderate discriminatory performance 
(AUC = 0.717) and acceptable calibration, only internal validation was performed in the present study, and validation in an 
independent external population is still lacking. Consequently, its generalizability and clinical applicability remain to be 
established. Therefore, before independent external validation is available, the model should not be used directly for routine 
clinical decision-making but rather be regarded as a risk identification tool with potential clinical utility that requires further 
external validation and refinement.

In clinical practice, electrolyte disturbances are generally considered secondary changes resulting from persistent 
vomiting rather than the primary pathogenic factor. However, relevant studies indicate that electrolyte abnormalities may 
either contribute to symptom exacerbation or represent a physiological response following recurrent vomiting and 
dehydration. Future longitudinal studies are needed to evaluate dynamic changes in electrolyte levels during treatment 
and during symptom resolution, to clarify their potential role in disease progression. Moreover, previous studies have 
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suggested that severe NVP or HG is associated with maternal nutritional decline and certain adverse pregnancy 
outcomes.44 In clinical management, patients with moderate to severe symptoms often receive vitamin B6, doxylamine, 
or other antiemetic therapies, although treatment responses vary among individuals.45 Therefore, before establishing 
causal relationships, early risk stratification and comprehensive assessment of high-risk individuals may help optimize 
clinical management strategies and inform subsequent therapeutic decision-making.

Strengths and Limitations
This study has several strengths and novel aspects. First, it was based on real-world clinical data from a large multicenter 
cohort, ensuring the representativeness and reliability of the findings. Second, LASSO regression was employed to 
develop the model, reducing the subjectivity associated with traditional variable selection methods and improving model 
robustness. More importantly, electrolyte indicators, nutritional and metabolic indicators, and psychological assessment 
scores were incorporated into a single analytical framework. Based on these variables, we developed both an electrolyte- 
based risk identification model and a multidimensional model that integrates multiple domains. Compared with the model 
containing only electrolyte-related indicators, the multidimensional model demonstrated superior discriminative ability 
and overall fit, suggesting that a comprehensive assessment across multiple dimensions may offer advantages for the risk 
stratification of severe NVP. In addition, the model was comprehensively evaluated using ROC curves, calibration 
curves, a nomogram, and DCA, thereby assessing its discriminatory performance, calibration, and potential clinical 
utility, and providing a reference for the further optimization of future risk identification models.

Nevertheless, several limitations should be acknowledged. First, this study was an exploratory secondary analysis based 
on data from a randomized controlled trial and should therefore be regarded as an observational modeling study. Although all 
variables included in the model were obtained from baseline assessments before the initiation of the study intervention, 
thereby avoiding the influence of treatment on the analytical results, the original trial was not specifically designed to develop 
a risk identification model. Consequently, unmeasured factors and limitations inherent to the original study design may still 
exist. The present findings primarily reflect statistical associations between the selected variables and severe NVP and should 
not be interpreted as evidence of causality. Second, because all candidate variables and PUQE scores were collected 
simultaneously on the day of enrollment (baseline, Day 0), the model developed in this study more accurately reflects 
baseline risk stratification rather than representing true longitudinal prediction. Therefore, the temporal sequence between 
electrolyte abnormalities, psychological status, other related indicators, and severe NVP cannot be determined, nor can the 
possibility that severe NVP itself may have contributed to changes in these indicators be excluded. Third, only bootstrap 
internal validation and optimism bias correction were performed in this study, and the model has not yet been validated in an 
independent external population. Consequently, its generalizability across different regions, healthcare settings, and popula
tions remains to be established. Before independent external validation is available, the model should not be applied directly 
to routine clinical decision-making; instead, it should be regarded as a risk identification tool with potential clinical utility that 
requires further validation and refinement. Finally, although multiple imputation was used to address missing data and reduce 
potential bias arising from missing values, and multiple clinical and laboratory indicators were included in the analysis, the 
influence of unmeasured factors and residual confounding cannot be completely excluded. In addition, the original study did 
not systematically collect information on dietary intake; therefore, dietary variables could not be incorporated into the present 
analysis. Considering that nutritional status and dietary patterns may influence the occurrence and severity of NVP, further 
validation of the present findings in prospective studies and independent external cohorts is warranted.

Conclusion
Based on baseline data from a randomized controlled trial, the present study identified statistical associations between severe 
NVP and multiple factors, including electrolytes, nutritional and metabolic indicators, and psychological assessment scores. 
On this basis, we developed an electrolyte-based risk identification model and a multidimensional risk identification model 
integrating multiple indicators. The comprehensive model demonstrated moderate discriminative ability and acceptable 
calibration, suggesting that integrating multidimensional indicators may be valuable for risk stratification of severe NVP. 
However, because this study was a secondary analysis based on data collected at a single baseline time point, the findings 
primarily reflect statistical associations between the selected variables and severe NVP, as well as baseline risk stratification. 
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They cannot be used to infer temporal sequence or causality. Moreover, only internal validation was performed, and 
independent external validation is still lacking. Therefore, before further prospective studies and external validation are 
completed, the proposed model should not be applied directly to routine clinical practice; instead, it should be considered 
a risk identification tool with potential clinical utility that requires additional validation and refinement.
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