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Abstract: (1) Background: Oxidative stress plays a pivotal role in the pathophysiologic of
hyperemesis gravidarum (HG). Epidemiological studies have explored the associations
of specific antioxidant foods and nutrients with HG. However, evidence regarding the
relationship between an antioxidant-rich diet and the risk of HG remains limited. The
objective of this research was to explore the relationship between antioxidant-rich diet
and HG. (2) Methods: This was a population-based cross-sectional study. A total of
2980 pregnant women were included in our population. A composite dietary antioxidant
index (CDAI) was calculated by summing the standardized intakes of vitamins A, C, and
E, selenium, zinc, and total carotene. A dietary antioxidant potential score (DAPS) was
derived using reduced rank regression. Binary logistic regression models were employed
to analyze the associations of CDAI and DAPS with risk of HG. (3) Results: In total, 241
(8.09%) cases of HG were identified in this study. After adjusting for potential confounders,
including age, socioeconomic status, ethnicity, physical activity, current smoking status,
current alcohol consumption, pre-pregnancy body mass index, nutritional supplement
usage, total energy intake, gestational week, menstruation regularity, family history of
HG, primigravida status, and quality of life during pregnancy, ORs (95% CIs) of HG in
the highest tertiles were 0.31 (0.21–0.47) for CDAI and 0.41 (0.28–0.57) for DAPS when
comparing lowest tertiles (all p-trend < 0.001). Such associations remained robust across
multiple sensitivity analyses and subgroup analyses. (4) Conclusions: Higher CDAI and
DAPS, indicative of greater adherence to an antioxidant-rich diet, were associated with a
lower risk of HG. This finding underscores the crucial role of consuming antioxidant-rich
foods in the prevention of HG.

Keywords: composite dietary antioxidant index; dietary antioxidant potential score;
reduced rank regression; oxidative stress; hyperemesis gravidarum

1. Introduction
Hyperemesis gravidarum (HG) is a prevalent pregnancy complication, characterized

by severe nausea and vomiting (NVP), which can lead to significant weight loss, dehy-
dration, electrolyte imbalances, ketosis, and even Wernicke encephalopathy. HG affects
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approximately 14% of pregnancies worldwide [1]. The incidence rate of HG varies from
0.3% in Europe and 10.8% in China [2]. HG poses increased risks to both the short- and
long-term health of mothers and their offspring, including anxiety disorders, preeclampsia,
eclampsia, post-traumatic stress disorder [3], preterm birth, hyperactivity disorder, and
autism spectrum disorder [4,5]. However, current treatments targeted for HG (e.g., medica-
tion, and parenteral nutritional supplementation, etc.) have not been shown to effectively
reduce the risk of adverse health outcomes in offspring. Therefore, identifying potentially
modifiable risk factors may play a crucial role in preventing HG.

Oxidative stress is a critical factor in the pathophysiologic of HG [6]. In particular,
elevated mitochondrial activity in the placenta increases the production of reactive oxygen
species (ROS) [7]. This disruption of oxidation balance during early pregnancy contributes
to the onset of HG [6]. Randomized clinical trials have demonstrated that dietary inter-
ventions, such as the addition of watermelon and ginger capsules (possessing antioxidant
properties, 500 mg twice daily), can effectively alleviate HG symptoms [8–10]. Furthermore,
a nested case–control study suggested that dietary intake of vitamins A, C, E, and carotene
(with notable antioxidant properties) may help reduce the incidence of HG in pregnant
women [11]. Moreover, our previous studies indicated an inverse association between
dietary patterns rich in antioxidant foods, including fish, shrimp, egg, milk, and water,
and the risk of HG [12]. Similarly, our prior cross-sectional study evaluating the dietary
inflammatory levels of pregnant women found an inverse relationship between individual
vitamins C, D, and E, zinc, selenium, and HG [13]. However, individual foods and nutrients
might not represent an individual’s overall antioxidant intake [14]. In this regard, Wright
et al. developed a composite dietary antioxidant index (CDAI) to estimate an individual’s
overall antioxidant levels [15,16]. In addition, reduced rank regression (RRR), serving as
one of the tools for constructing dietary patterns, utilizes prior knowledge to identify food
groups associated with specific diseases in a given population [17]. Compared to other
methodologies, the dietary patterns based on RRR exhibit a more robust association with
specific diseases. The impact of these dietary patterns on disease risk can be described
through changes in biologically significant intermediate variables, thereby facilitating a
more thorough examination of the effects of dietary patterns on the disease [17–21].

However, to the best of our understanding, the association antioxidant-rich diet based
on CDAI and RRR with HG was poorly understood. Thus, we conducted this population-
based study to examine the relationship between CDAI, DAPS, and HG risk among Chinese
pregnant women. Thus, we hypothesized a diet rich in antioxidants associated with a
reduced risk of HG.

2. Materials and Methods
2.1. Study Population

This study utilized data derived from the Xi’an Birth Cohort Study (XBC), an auxiliary
component of the China Birth Cohort Study, which is a population-based cohort study
initiated in 2017. The principal aim of the present research endeavor is to elucidate the
association between maternal nutrition, lifestyle, and environmental factors, as well as their
impacts on maternal and offspring health, with the overarching goal of mitigating adverse
perinatal outcomes morbidity in China [13,22]. Comprehensive details regarding the study
design and profile have been documented in our previous publications [13]. Briefly, the
cohort comprised pregnant women, aged from 18 to 49 years, who were recruited during
their initial antenatal examination at 6 to 14 weeks of gestation. Data on sociodemographic
characteristics, anthropometric measures, and lifestyle factors were gathered through
structured electronic and self-administered questionnaires at the time of enrollment, while
obstetric information was extracted from medical records. The current analysis focused on
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participants from the third phase of the XBC, which spanned from April 2021 to September
2023. The research conducted adhered to the ethical guidelines established in the Helsinki
Declaration, with informed written consent obtained from all participants, and ethical
approval granted by the Medical Ethics Committee of the Xi’an Jiaotong University Health
Science Center (No.2020–1263).

In this cross-sectional study, 3480 individuals were recruited, with 3362 complet-
ing the dietary assessment. Participants with implausible total energy intake (<500 or
>3500 kcal/day) (n = 94) and those with missing covariates data (n = 384) were excluded.
Consequently, 2980 individuals were incorporated into the ultimate analysis (Figure A1).

2.2. Dietary Assessment

Dietary consumption information was gathered utilizing a validated, semiquantitative
food frequency questionnaire (FFQ), comprising 10 major categories and 108 items [23,24].
A food atlas, featuring nine levels of consumption frequency, was employed to assist
participants in accurately completing the FFQ. Participants were instructed to recall and
report their usual consumption frequencies of individual food items over the past year.
The method for calculating total energy intake and other nutrient content adhered to the
procedures delineated by Fan et al. [22].

2.3. Construction of CDAI and DAPS

Consistent with previous studies [16,25], the CDAI was derived from the dietary intake
of six vitamins and minerals, including vitamins A, C, and E, zinc, selenium, and total
carotenoids, excluding contributions from supplements and medications. Each nutrient was
normalized by subtracting the global mean and dividing by the standard deviation, and the
CDAI was computed as the aggregate of these normalized intakes, each weighted equally.
Furthermore, DAPS was derived by RRR [18,26]. In RRR, the food items were classified into
26 categories, with categorization based on similar culinary techniques or nutrient profiles.
To elucidate the primary factors contributing to the DAPS, the initial factor from RRR
was retained as the dependent variable in subsequent stepwise linear regression analysis,
incorporating the 26 food groups as independent variables [18]. Food groups retained in the
final model were determined based on a significance threshold of p = 0.2 (Table A1). Notably,
pro-oxidant foods included edible animal oils, processed meat, livestock and poultry
products, rice, and beverages, while antioxidant foods encompassed whole grains, mixed
legumes, fruits, eggs, fish, dark green vegetables, white leafy vegetables, yogurt, milk, and
water. Ultimately, participants’ DAPS was calculated by weighing the intake of each food
component according to the regression coefficients in the stepwise linear regression model.
Higher CDAI and DAPS scores reflect a greater consumption of antioxidant-rich foods.

2.4. Ascertainment of HG

HG was diagnosed when participants exhibited any of the following criteria:
Pregnancy-Unique Quantification of Emesis and Nausea (PUQE) scores ≥13 [27]; signifi-
cant nausea and vomiting interfered daily activities, including normal eating and drinking,
alongside visible signs of dehydration [28]; weight loss exceeding 5% of pre-pregnancy
weight due to nausea and vomiting prior 16 weeks of gestation [29]; or hospitalization
for comprehensive therapeutic interventions for HG [30]. The diagnosis was confirmed
through medical records and a self-administration questionnaire.

2.5. Assessment of Covariates

Directed acyclic graph (DAG) was employed to identify and select potential con-
founders and integrate evidence synthesis methodologies with causal inference principles
to enhance the rigor of confounding factor assessment [31,32]. Sociodemographic informa-
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tion (age, gestational weeks, employment status, educational attainment, annual household
income, and ethnicity), lifestyle habits (smoking status, alcohol consumption, physical
activity, quality of life, pre-pregnancy body mass index (BMI), and nutritional supplements
usage) and obstetrics history (menstruation regularity, family history of HG, and parity)
was collected via self-administered questionnaires. Occupational status was dichotomized
as either employed or unemployed, while educational attainment was classified as under
college or college and above. Annual household income was stratified into categories of <
CNY 100,000 and ≥ CNY 100,000 and ethnicity was classified as Han or minority. Other
variables were dichotomized as yes or no, including smoking status, alcohol consumption,
nutritional supplement usage, menstrual regularity, and family history of HG. Parity was
categorized as primigravida or multipara. BMI was computed as the ratio of weight in
kilograms (kg) to the square of height in meters (m2). The level of physical activity was eval-
uated through the utilization of the International Physical Activity Questionnaire (IPAQ)
Short Form, which calculates the average daily metabolic equivalent (MET-min/week)
based on the frequency and duration of various activity levels. Quality of life was evalu-
ated by the PUQE scale. Based on causal diagrams and established criteria, we identified
age, gestational weeks, employment status, educational attainment, annual household
income, ethnicity, parity, pre-pregnancy BMI, physical activity, quality of life, menstruation
regularity, family history of HG, smoking, alcohol consumption, total energy intake, and
nutritional supplement usage as confounding variables (Figure A2).

2.6. Statistical Analysis

Participants’ characteristics were described as means ± standard deviation (SD) for
normally distributed variables, medians (interquartile range) for skewed distributions,
and counts (proportions) for categorical data. To evaluate the association between the
CDAI and DAPS with HG, binary logistic regression analyses were employed to ascertain
odds ratios (ORs) and their corresponding 95% confidence intervals (CIs). The initial
model (Model 1) was unadjusted for any confounding variables. Model 2 incorporated
adjustments for age, pre-pregnancy BMI, nutritional supplement usage, and total energy
intake. Model 3 further adjusted for gestational week, educational attainment, employment
status, ethnicity, menstrual regularity, family history of HG, quality of life during pregnancy,
physical activity levels, parity, annual household income, smoking status, and alcohol
consumption. The variance inflation factor (VIF) was calculated to assess multicollinearity
among nutrient intake variables, with all VIF values below 1.5, indicating an acceptable
degree of collinearity in model 3 [33]. The relationships among six distinct nutrient levels
were analyzed using Spearman’s nonparametric rank-order correlation due to the observed
skewness in their distributions. Additionally, P for trend was calculated by using median
values of CDAI or DAPS tertiles as continuous variables, facilitating the assessment of
linear trends in ORs. Restricted cubic spline regression (RCS) with three knots at the 25th,
50th, and 75th percentiles of exposure was utilized to investigate potential dose–response
relationships between CDAI, DAPS, and HG.

Several sensitivity analyses were conducted to ensure robustness and explore poten-
tial variations in the findings. Initially, we conducted a subgroup analysis, stratified by
age (<35, ≥35 years), gestational weeks (<12, ≥12 weeks), primigravida status (yes, no),
educational attainment (below college, college, and higher), employment status (yes, no),
annual household income (<CNY 100,000, ≥CNY 100,000), pre-pregnancy BMI (<18.5,
18.5~24, ≥24 kg/m2), family history of HG (yes, no), current alcohol consumption (yes, no),
nutritional supplement usage (yes, no), menstrual regularity (yes, no), physical activity
(<median level, ≥median level), quality of life (<median level, ≥median level), and total
energy intake (<median level, ≥median level). Furthermore, interactions between CDAI,



Nutrients 2025, 17, 598 5 of 15

DAPS, and these covariates were assessed through models both with and without a mul-
tiplicative interaction term in a multivariate-adjusted model. The potential confounding
effects of total energy intake on disease outcome, as evidenced in previous nutritional
epidemiology studies [34,35], new models were fitted to estimate the association between
residual energy intake-adjusted CDAI and DAPS with HG. The impacts of a one-SD incre-
ment in both the CDAI and DAPS were evaluated when modeled as continuous variables.
Additionally, analyses were restricted to participants with complete data, including im-
plausible total energy intake estimates below 500 kcal/day or above 3500 kcal/day. Finally,
multiple imputation methods were employed to account for missing covariates [36], and
new multivariable logistic models were fitted to estimate the associations between CDAI
and DAPS with HG among participants with complete data (excluding implausible total
energy intake) and those with missing values, utilizing the multiple imputation techniques.

All statistical analyses were performed using R (version 4.3.2; R Development Core
Team), with a two-tailed p value of <0.5 considered statistically significant.

3. Results
3.1. Participant Characteristics

In this study, 2980 pregnant women were enrolled, among whom 241 cases of HG were
identified, yielding a prevalence rate of 8.09%. Table 1 shows the general characteristics
of the participants, both overall and stratified by tertiles of the CDAI and DAPS. The
median (25th, 75th percentiles) ages, pre-pregnancy BMI, and gestational weeks were
30.0 (28.0, 33.0) years, 21.2 (19.5, 23.3) kg/m2, and 12.0 (9.2, 12.7) weeks, respectively.
Additionally, Table A2 presents the general characteristics, food group consumption, intake
of six nutrients, CDAI, and DAPS of participants categorized by HG. Figure A3 displays
the Spearman correlations among vitamin A, vitamin C, vitamin E, zinc, selenium, and
total carotenoids.

Table 1. General characteristics of participants, total and stratified by tertiles of CDAI and DAPS
(n = 2980).

Characteristics Total
Tertiles of CDAI Tertiles of DAPS

Tertile 1 Tertile 2 Tertile 3 Tertile 1 Tertile 2 Tertile 3

Number of participants 2980 993 993 994 994 993 993
Age (years) 30.0 (28.0, 33.0) 30.0 (28.0, 33.0) 30.0 (28.0, 33.0) 30.0 (28.0, 32.0) 30.0 (28.0, 33.0) 30.0 (28.0, 32.0) 30.0 (28.0, 32.0)

Gestational week (weeks) 12.0 (9.2, 12.7) 12.2 (9.3, 12.7) 12.0 (8.8, 12.7) 12.0 (9.3, 12.7) 12.2 (9.2, 12.7) 12.0 (9.0, 12.7) 12.0 (9.3, 12.7)
Educational attainment

(under college) 1663 (55.8) 542 (54.6) 554 (55.8) 567 (57.0) 560 (56.3) 541 (54.5) 562 (56.6)

Employment
status (no) 590 (19.8) 204 (20.5) 207 (20.8) 179 (18.0) 195 (19.6) 207 (20.8) 188 (18.9)

Annual household
income

(<CNY 100,000)
1755 (58.9) 606 (61.0) 595 (59.9) 554 (55.7) 601 (60.5) 586 (59.0) 568 (57.2)

Ethnicity (Han) 2928 (98.3) 980 (98.7) 968 (97.5) 980 (98.6) 968 (97.4) 979 (98.6) 981 (98.8)
Primigravida (yes) 1394 (46.8) 447 (45.0) 453 (45.6) 494 (49.7) 485 (48.8) 438 (44.1) 471 (47.4)

Pre-pregnancy
BMI (kg/m2)

21.2 (19.5, 23.3) 21.0 (19.4, 23.4) 21.3 (19.5, 23.2) 21.2 (19.6, 23.3) 21.1 (19.3, 23.4) 21.2 (19.5, 23.2) 21.2 (19.6, 23.4)

Quality of life in
pregnancy 8.0 (7.0, 9.0) 8.0 (7.0, 9.0) 8.0 (7.0, 9.0) 8.0 (7.0, 9.0) 8.0 (7.0, 9.0) 8.0 (7.0, 9.0) 8.0 (7.0, 9.0)

Physical activity
(MET-min/week) 1188 (720, 1980) 1188 (726, 1980) 1188 (666, 1980) 1188 (780, 1980) 1194 (726, 1980) 1188 (714, 1980) 1188 (732, 1980)

Menstruation
regularity (no) 496 (16.6) 178 (17.9) 169 (17.0) 149 (15.0) 153 (15.4) 189 (19.0) 154 (15.5)

Family history
of HG (yes) 813 (27.3) 256 (25.8) 301 (30.3) 256 (25.8) 264 (26.6) 284 (28.6) 265 (26.7)

Current smoker 53 (1.8) 9 (0.9) 21 (2.1) 23 (2.3) 17 (1.7) 12 (1.2) 24 (2.4)
Current alcohol drinker 107 (3.6) 41 (4.1) 32 (3.2) 34 (3.4) 28 (2.8) 38 (3.8) 41 (4.1)

Nutritional supplement usage (yes) 1788 (60.0) 602 (60.6) 597 (60.1) 589 (59.3) 603 (60.7) 593 (59.7) 592 (59.6)
Total energy

intake (kcal/d) 1679 (1314, 2139) 1566 (1262, 2013) 1648 (1279, 2053) 1832 (1426, 2292) 1566 (1262, 2013) 1648 (1279, 2053) 1832 (1426, 2292)

Continuous variables were expressed as median (interquartile range) and categorical variables as n (%). Abbrevia-
tions: BMI: body mass index; CDAI: composite dietary antioxidant index; DAPS: dietary antioxidant potential
score; HG: hyperemesis gravidarum; MET: metabolic equivalent.
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3.2. Association Between the CDAI and DAPS and HG

Table 2 presents the relationships between CDAI, DAPS, and HG. In the initial model
(Model 1), the ORs (95% CIs) of HG, when comparing the highest tertiles to the lowest
tertiles of CDAI and DAPS, were found to be 0.29 (0.20, 0.42), and 0.37 (0.26, 0.52), re-
spectively, with a p for trend <0.001. After adjusting for confounding variables including
age, pre-pregnancy BMI, nutritional supplement usage, and total energy intake, these
associations were attenuated, yielding an OR of 0.31 (95%CI: 0.21–0.47, p-trend < 0.001) for
CDAI, and an OR of 0.40 (95%CI: 0.28–0.57, p-trend < 0.001) for DAPS. Further adjusting for
the gestational week, educational attainment, employment status, ethnicity, menstruation
regularity, family history of HG, quality of life during pregnancy, current smoking status,
and current alcohol consumption, physical activity, primigravida status, annual household
income, Model 3 revealed that the relationships between CDAI and DAPS with HG re-
mained. The overall effect estimates for HG, comparing the top tertiles with the bottom
tertiles were 0.32 for CDAI (95%CI: 0.21–0.47; p-trend < 0.001), and 0.41 for DAPS (95%CI:
0.30–0.60; p-trend < 0.001). Figure 1 illustrates the linear relationship between CDAI (A)
and DAPS (B) with HG (CDAI: p of for linearity < 0.001, and non-linearity: 0.853; DAPS: p
of for linearity < 0.001, and p of for non-linearity: 0.331).

Table 2. Associations between the CDAI or DAPS and HG risk (n = 2980) a.

Tertile 1 Tertile 2 Tertile 3 p-Trend Per SD Increase

CDAI (−1.60, −0.13) (−0.13, 0.17) (0.18, 1.35) - -
Case/total 118/993 86/993 37/994 - -

Model 1 1.00 (reference) 0.70 (0.53, 0.94) 0.29 (0.20, 0.42) <0.001 0.64 (0.72, 0.82)
Model 2 1.00 (reference.) 0.73 (0.55, 0.99) 0.31 (0.21, 0.47) <0.001 0.75 (0.66, 0.85)
Model 3 1.00 (reference.) 0.66 (0.48, 0.90) 0.32 (0.21, 0.47) <0.001 0.74 (0.64, 0.85)
DAPS (−1.01, 1.21) (1.22, 1.57) (1.58, 3.50) - -

Case/total 112/994 85/993 44/993 - -
Model 1 1.00 (reference.) 0.74 (0.55, 0.99) 0.37 (0.26, 0.52) <0.001 0.53 (0.45, 0.64)
Model 2 1.00 (reference.) 0.75 (0.55, 1.00) 0.40 (0.28, 0.57) <0.001 0.55 (0.46, 0.66)
Model 3 1.00 (reference.) 0.75 (0.55, 1.02) 0.41 (0.30, 0.60) <0.001 0.56 (0.46, 0.67)

a Values are odds ratios (95% confidence interval) estimated by binary logistic models. Model 1: unadjusted.
Model 2: adjusted for age, pre-pregnancy body mass index, nutritional supplement usage, and total energy
intake. Model 3 was further adjusted the gestational week, educational attainment, employment status, ethnicity,
menstruation regularity, family history of HG, quality of life during pregnancy, physical activity, primigravida
status, annual household income, current smoking status, and current alcohol consumption. Abbreviations:
CDAI: composite dietary antioxidant index; CI: confidence interval; DAPS: dietary antioxidant potential score;
HG: hyperemesis gravidarum; OR: odds ratio; SD: standard deviation.
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quality of life during pregnancy, physical activity, primigravida status, annual household income,
current smoking status, and current alcohol consumption. Three knots placed the 25th, 50th, and 75th
of the exposures. Abbreviations: BMI: body mass index; CDAI: composite dietary antioxidant index;
CI: confidence interval; DAPS: dietary antioxidant potential score; HG: hyperemesis gravidarum;
OR: odds ratio.
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3.3. Sensitivity Analysis

In the subgroups analysis, no significant interaction was identified between CDAI,
DAPS, and various factors including age, gestational weeks, primigravida status, edu-
cational attainment, employment status, annual household income, pre-pregnancy BMI,
family history of HG, current alcohol consumption, nutritional supplements usage, men-
strual regularity, physical activity, quality of life, and total energy intake (all p-interaction
≥0.05, as depicted in Figure 2). Furthermore, taking into account the potential confound-
ing effect of total energy intake, the inverse relationships between the residual energy
intake-adjusted CDAI (OR: 0.34; 95%CI: 0.23–0.50, p-trend < 0.001), DAPS (OR: 0.46; 95%CI:
0.32–0.66, p-trend < 0.001), and HG were maintained (Table A3). This consistency was
evident when the CDAI (OR: 0.74; 95%CI: 0.64–0.85; p-trend < 0.001) and DAPS (OR: 0.56;
95%CI: 0.46–0.67; p-trend < 0.001) was treated as a standardized continuous variable within
the model (Table 2). In addition, similar inverse associations were identified among all
participants including implausible total energy intake estimates, with those consuming less
than 500 kcal or exceeding 3500 kcal (OR for CDAI: 0.31; 95%CI: 0.21–0.46; p-trend < 0.001;
OR for DAPS: 0.41; 95%CI: 0.28–0.59; p-trend < 0.001). Finally, the implementation of
multiple imputation methods to address missing covariates revealed minor variance in the
estimated associations between the CDAI, DAPS, and HG (Table A4).
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Figure 2. Subgroup analyses for the association of the CDAI (A) and DAPS (B) with the risk of HG.
We applied the composite dietary antioxidant index as a continuous variable (per one SD increase) in
the subgroup analysis because of the linear relationships between CDAI and DAPS and hyperemesis
gravidarum risk. Subgroup analyses defined by ethnicity and current smoking status were not
conducted due to the very small sample sizes. Logistic models were adjusted for age, pre-pregnancy
BMI, nutritional supplement usage, and total energy intake, the gestational week, educational
attainment, employment status, ethnicity, menstruation regularity, family history of HG, quality
of life during pregnancy, physical activity, primigravida status, annual household income, current
smoking status, and current alcohol consumption. P for interaction was computed by multiplying
CDAI and DAPS with this key baseline information into the final model. Abbreviations: BMI: body
mass index; CDAI: composite dietary antioxidant index; CI: confidence interval; DAPS: dietary
antioxidant potential score; HG: hyperemesis gravidarum; OR: odds ratio.
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4. Discussion
In this population-based study nested within the XBC, we explored the association

between an antioxidant-rich diet and the risk of HG. Our results suggested that elevated
levels of CDAI and DAPS, indicating an increased intake of dietary antioxidant ingredi-
ents, are associated with a decreased risk of HG. These findings underscore the potential
protective role of dietary antioxidants in health outcomes.

To our knowledge, our study was the first to explore the comprehensive joint associa-
tions of dietary antioxidant intake and dietary antioxidant potential with the risk of HG.
Several previous studies have reported that antioxidant-rich foods, independent vitamins
and minerals are linked to HG. Consistent with our findings, Tan et al. reported that
pregnant women receiving dietary advice leaflets alongside watermelon supplementation
exhibited a notable 26.6% decrease in the risk of weight loss after two weeks, compared
to a control group that received only dietary advice. Moreover, the prevalence of severe
nausea and vomiting symptoms decreased significantly from 4.7% to 1.6%, contributing
to an overall improvement in the well-being of these pregnant women [9]. In addition,
Sharifzadeh et al. found that ginger capsules (500 mg twice daily) were more effective
than both a vitamin B6 group and a placebo group in reducing the frequency of nausea
and retching, as well as the intensity of vomiting. This heightened effectiveness is likely
attributed to gingerol, a natural antioxidant found in ginger, which mitigates peroxidation
of phospholipids, reduces ROS generation, and consequently lowers the risk of NVP in
pregnancy [10,37,38]. Our previous research speculated that dietary sources rich in vita-
mins C, E, zinc, and selenium may play a protective effect by neutralizing free radicals and
reducing oxidative stress in HG [13]. Moreover, in a nest case–control study, Celik et al.
demonstrated that dietary levels of vitamin E, vitamin A, vitamin C, carotene, and other
antioxidants could reduce the incidence of HG by modulating ROS formation and prevent-
ing cellular damage [11]. However, previous epidemiological studies have predominantly
focused on the relationships between individual nutrient intake and dietary patterns with
HG, leaving the joint association of an antioxidant diet with HG risk less explored.

In this study, the CDAI was calculated by summing the standard intake of six key
antioxidant nutrients, while the RRR method was used to derive the DAPS, with CDAI
serving as the response variable. Our findings reveal a significant association between
elevated CDAI and DAPS and a reduced risk of HG, a relationship that remained robust
across multiple sensitivity analyses. This study addresses a notable gap in the existing
literature and contributes novel insights into the underlying mechanisms associated with
HG and offers a dietary recommendation aimed at its prevention.

However, the underlying mechanism by which adherence to antioxidant-rich diet
influences the occurrence of HG remains inadequately understood. Proposed biological
pathways suggest that dietary antioxidants may mitigate the risk of HG through several
mechanisms, including the reduction in oxidative stress and systemic inflammation. Firstly,
HG is recognized as a manifestation of oxidative stress [6]. During early pregnancy, in-
creased metabolic activity within placenta mitochondria leads to an increasing level of
ROS [39]. As the intrauterine placental circulation becomes established, the abnormal
elevation in placental ROS and superoxide levels induces systemic oxidative stress and pre-
cipitating the onset of HG [40]. Evidence suggests that dietary antioxidants can change the
expression patterns of pivotal transcription factors implicated in the regulation of mitochon-
drial biogenesis and ROS generation [41], as well as the capacity to eliminate lipid-based
radicals and terminate oxidative chain propagation reactions [42]. Using New Zealand
white female rabbits, Sikiru et al. reported that supplementation with antioxidant-rich
supplements led to enhanced antioxidant enzyme activity and increased concentrations of
glutathione peroxidase, aiding in the inhibition of malondialdehyde production within the
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body, thereby ameliorating reproductive oxidative stress damage [43]. Another mechanism
of association between antioxidant diets and HG may involve reducing inflammation
levels within the body. During pregnancy, pro-inflammatory factors activate trophoblastic
cells, leading to the release of human chorionic gonadotropin (hCG) [44], and stimulate
aromatase in human trophoblast cells, promoting estrogen synthesis [45]. Subsequently,
elevated levels of hormone slow intestinal transit time and gastric emptying [46], leading
to the occurrence of nausea and vomiting. Research indicated that antioxidant diets exert
anti-inflammatory properties by inhibiting the production of pro-inflammatory factors such
as interleukin-6 (IL-6), interleukin-1beta (IL-1β), and tumor necrosis factor-alpha (TNF-
α) [47,48]. Following intervention with antioxidant-rich diets in rats, Novoselova et al.
observed significant reductions in TNF-α, IL-1α, and IL-1β levels in cells and plasma [49].
Plunkett et al. found that compared to the intake of antioxidant-rich diets, dietary antiox-
idant restriction led to a significant increase in TNF-α concentrations in individuals [50].
In addition, Vahid et al. discovered an inverse correlation between the intake of antiox-
idant components and serum malondialdehyde and IL-6 in the body [51]. Therefore, it
is hypothesized that a diet rich in antioxidant components may suppress inflammatory
levels in pregnant women, thereby stabilizing fluctuations in hCG and estrogen levels and
reducing the risk of HG. However, it is crucial to acknowledge that excessive consumption
of specific vitamins, particularly vitamin A and vitamin D, can result in toxicity, potentially
leading to detrimental effects on both maternal and fetal health [52,53]. Further research
is warranted to elucidate these mechanisms and their potential implications for dietary
recommendations in pregnant individuals at risk for HG.

To our knowledge, it is the first large-scale investigation linking the overall antioxidant
diet to HG. In this study, we assess the dietary antioxidant capacity of pregnant women
using both antioxidant biomarkers derived from nutrients and antioxidant potential scores
derived from foods, and the results were robust across various sensitivity analyses and
subgroup analyses. As a hybrid methodology, RRR integrates prior knowledge of nutrients
associated with specific diseases with data to derive food-based dietary patterns. This
approach allows for the adoption of a “whole diet” perspective, reducing the confounding
factors often encountered in studies focusing on single nutrients or foods, while simultane-
ously considering potential mechanistic aspects of the response variables. Our research
provides clinicians with evidence based on foods rather than nutrients, thereby fostering
food-based recommendations [17,19,21]. Nonetheless, the study has several limitations.
First, the assessment of dietary intake was based on the FFQ, which could potentially
introduce inaccuracies in the categorization of dietary intake due to recall bias. However,
previous research has demonstrated the relative stability of pre-pregnancy dietary habits
over an extended period, suggesting that these habits can reflect dietary patterns through-
out pregnancy [54]. Second, the evaluation focused on the intra-pregnancy antioxidant
nutrient levels, excluding a range of other antioxidant minerals and nutrients. Nevertheless,
existing studies have indicated that the CDAI based on vitamin A, vitamin C, vitamin
E, selenium, zinc, and total carotene can effectively assess overall antioxidant levels [15].
Third, food preparation and cooking methods could influence the association between
dietary antioxidant levels and HG by affecting the nutritional value and nutrient content
of the food [22]. Fifth, due to the observational nature of the design, we cannot establish
causal relationships or exclude the impact of potential confounders, despite controlling
for numerous confounding variables. Last, the study population primarily comprises
Chinese individuals, potentially limiting the generalizability of the findings to other popu-
lations. Future research is encouraged to expand the sample size and conduct multicenter
prospective studies to confirm our findings.
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5. Conclusions
In summary, this study identifies an association between higher levels of antioxidant

diet intake and a reduced risk of HG. This finding provides new epidemiological evidence
and perspectives regarding the dietary protection of HG, suggesting that adherence to an
antioxidant-rich diet may be beneficial in preventing HG. Additional investigative efforts
are warranted to validate our observations and further elucidate the intricate mechanisms
underlying the phenomena.
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Table A1. Food groups for the dietary antioxidants potential score.

Food Groups Weights a Factor Loadings b

Positive associations
Whole grains and mixed legumes 0.00271 0.28615

Fruits 0.00217 0.22074
Eggs 0.00173 0.04925
Fish 0.00163 0.03875

Dark green vegetables and white leafy vegetables 0.00109 0.06726
Yogurt 0.00081 0.05224
Milk 0.00032 0.04542

Water 0.00015 0.12943
Inverse associations
Edible animal oils −0.00694 −0.03727

Processed meat −0.00192 −0.04321
Livestock meat −0.00191 −0.13651

Poultry −0.00095 −0.03594
Rice −0.00047 −0.02659

Beverage −0.00027 −0.02617
Explained variation in food groups, % - 6.92

Explained variation in the composite dietary antioxidant index, % - 29.51
a The dietary antioxidant potential score is determined using regression coefficients acquired during the concluding
phase of the stepwise linear regression models. These coefficients individually indicate the extent of contribution
from each food group to the overall score. b Obtained through reduced rank regression analysis, where the dietary
antioxidant index serves as the dependent variable in the modeling process.
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Figure A2. Directed acyclic graph showing independence among potential confounding variables on
the association between the dietary antioxidant potential score and hyperemesis gravidarum risk.
The solid rose-pink circles are indicative of common ancestral factors shared by both the exposure
and the outcome. The solid light green circle, marked with black triangles, represents exposure
factor. Meanwhile, the solid light blue circle, adorned with black rectangles, signifies outcome
factor. The solid light green circle, devoid of any additional marks, represents ancestral factors
related to exposure. Dark green arrow is utilized to depict causal pathways, whereas rose-pink
arrows are employed to illustrate bias pathways. Confounding factors included age, pre-pregnancy
BMI, nutritional supplement usage, and total energy intake, the gestational week, SES, ethnicity,
menstruation regularity, family history of HG, quality of life during pregnancy, physical activity,
primigravida status, current smoking status, and current alcohol consumption. Abbreviations: BMI:
body mass index; HG: hyperemesis gravidarum; SES: socioeconomic status (including employment
status, annual household income, and educational attainment).



Nutrients 2025, 17, 598 12 of 15

Table A2. General characteristics of participants by HG status (n = 2980).

Characteristics Non-HG (n = 2739) HG (n = 241)

Age (years) 30.0 (28.0, 33.0) 30.0 (29.0, 33.0)
Gestational week (weeks) 12.0 (9.0, 12.7) 12.2 (11.3, 12.7)

Educational level (under college) 1516 (55.3) 147 (61.0)
Employment attainment (no) 534 (19.5) 56 (23.2)

Annual household income (<100,000 CNY) 1589 (58.0) 166 (68.9)
Ethnicity (Han) 2694 (98.4) 234 (97.1)

Primigravida (yes) 1315 (48.0) 79 (32.8)
Pre-pregnancy BMI (kg/m2) 21.2 (19.5, 23.3) 21.1 (19.7, 23.1)
Quality of life in pregnancy 8.0 (7.0, 9.0) 7.0 (5.0, 8.0)

Physical activity (MET-min/week)) 1188 (738, 1980) 1086 (654, 1752)
Menstruation regularity (no) 463 (16.9) 33 (13.7)

Family history of hyperemesis gravidarum (yes) 719 (26.3) 94 (39.0)
Current smoker 47 (1.7) 6 (2.5)

Current alcohol drinker 97 (3.5) 10 (4.1)
Nutritional supplement usage (yes) 1641 (59.9) 147 (61.0)

Total energy intake (kcal/d) 1696.9 (1322.9, 2158.2) 1540.7 (1242.2, 1865.0)
Whole grains and mixed legumes (g/d) 120.8 (111.7, 147.9) 113.6 (102.9, 129.0)

Fruits (g/d) 171.7 (115.4, 261.2) 158.0 (100.5, 226.1)
Eggs (g/d) 25.5 (9.2, 57.0) 21.5 (7.2, 44.7)
Fish (g/d) 16.4 (9.4, 27.0) 13.4 (8.4, 21.0)

Dark green vegetables and white leafy vegetables (g/d) 251.9 (221.1, 297.3) 233.5 (209.3, 269.6)
Yogurt (g/d) 27.8 (15.1, 79.2) 25.8 (12.1, 77.2)
Milk (g/d) 117.5 (27.0, 208.6) 107.5 (17.0, 163.6)

Water (ml/d) 1350.0 (600.0, 2459.0) 1250.0 (500.0, 1250.0)
Edible animal oils (g/d) 1.1 (0.6, 3.3) 1.5 (0.6, 4.6)

Processed meat (g/d) 1.3 (1.0, 6.3) 1.7 (1.7, 6.7)
Livestock meat (g/d) 60.0 (30.4, 99.2) 65.6 (37.0, 107.9)

Poultry (g/d) 6.7 (6.7, 14.3) 14.3 (6.7, 25.3)
Rice (g/d) 160.0 (120.0, 175.1) 164.8 (125.0, 175.1)

Beverage (ml/d) 80.6 (57.1, 128.2) 81.4 (57.1, 131.7)
Vitamin A (RE) 552.3 (502.2, 593.1) 528.2 (496.5, 581.9)

Vitamin C (mg/d) 65.7 (63.1, 69.3) 63.0 (58.9, 66.6)
Vitamin E (mg/d) 10.4 (8.9, 11.9) 10.1 (9.2, 11.6)

Zinc (mg/d) 10.6 (8.9, 12.6) 9.7 (8.6, 11.3)
Selenium (mg/d) 78.2 (70.3, 86.6) 76.7 (70.5, 82.8)

Total carotenoids (mg/d) 6305.3 (5843.5, 6757.2) 6169.8 (5494.8, 6595.4)
CDAI 0.04 (−0.21, 0.25) −0.12 (−0.29, 0.07)
DAPS 1.39 (1.13, 1.70) 1.23 (0.98, 1.48)

Continuous variables were expressed as median (interquartile range) and categorical variables as n (%). Abbrevia-
tions: BMI: body mass index; CDAI: composite dietary antioxidant index; DAPS: dietary antioxidant potential
score; HG: hyperemesis gravidarum.
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0.73 (0.54, 

0.99) 

0.64 (0.55, 

0.74) 
<0.001 

0.64 (0.55, 

0.74) 

Model 3  1.00 (reference) 
0.70 (0.51, 

0.96) 

0.46 (0.32. 

0.66) 
<0.001 

0.64 (0.54, 

0.75) 

1 Values are given as odds ratios and 95% confidence intervals within parentheses, the food group 

for the calculation of the dietary antioxidant potential score and six nutrients for the calculation of 

the CDAI were adjusted for total energy by using residual methods. Model 1: unadjusted. Model 2: 

Figure A3. Spearman correlation coefficients across the six nutrients (vitamin A, vitamin C, vitamin E,
zinc, selenium, and total carotenoids). In the lower left-hand corner, the strength of each correlation
is depicted as color, with red color indicating positive correlation and green color indicating inverse
correlation. The darker the color suggests stronger correlations. The Spearman correlation coefficients
are shown in the rectangle. The * indicated p < 0.05, ** p < 0.001, and *** p < 0.0001.
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Table A3. Adjusted associations between the residual energy intake-adjusted CDAI and DAPS and
the risk of hyperemesis gravidarum (n = 2980) 1.

Tertile 1 Tertile 2 Tertile 3 p-Trend Per SD Increase

Residual energy
intake-adjusted CDAI

Model 1 1.00 (reference) 0.75 (0.56, 1.01) 0.35 (0.23, 0.49) <0.001 0.76 (0.67, 0.86)
Model 2 1.00 (reference) 0.15 (0.56, 1.01) 0.34 (0.23, 0.49) <0.001 0.76 (0.67, 0.86)
Model 3 1.00 (reference) 0.60 (51, 0.94) 0.34 (0.23. 0.50) <0.001 0.75 (0.66, 0.86)

Residual energy
intake -adjusted DAPS

Model 1 1.00 (reference) 0.73 (0.54, 0.99) 0.45 (0.32, 0.64) <0.001 0.64 (0.55, 0.74)
Model 2 1.00 (reference) 0.73 (0.54, 0.99) 0.64 (0.55, 0.74) <0.001 0.64 (0.55, 0.74)
Model 3 1.00 (reference) 0.70 (0.51, 0.96) 0.46 (0.32. 0.66) <0.001 0.64 (0.54, 0.75)

1 Values are given as odds ratios and 95% confidence intervals within parentheses, the food group for the
calculation of the dietary antioxidant potential score and six nutrients for the calculation of the CDAI were
adjusted for total energy by using residual methods. Model 1: unadjusted. Model 2: adjusted for age, pre-
pregnancy body mass index, nutritional supplement usage, and total energy intake. Model 3 was further adjusted
the gestational week, educational attainment, employment status, ethnicity, menstruation regularity, family history
of HG, quality of life during pregnancy, physical activity, primigravida status, annual household income, current
smoking status, and current alcohol consumption. Abbreviation: CDAI: composite dietary antioxidant index;
CI: confidence interval; DAPS: dietary antioxidant potential score; OR: odds ratio; SD: standard deviation.

Table A4. Adjusted associations between the CDAI and DAPS and the risk of hyperemesis gravi-
darum in the sensitive analysis a.

Tertile 1 Tertile 2 Tertile 3 p-Trend Per SD Increase

CDAI 1 (n = 3074) 1.00 (reference) 0.74 (0.54, 0.99) 0.31 (0.21. 0.46) <0.001 0.74 (0.64, 0.85)
CDAI 2 (n = 3364) 1.00 (reference) 0.74 (0.55, 0.99) 0.34 (0.24. 0.50) <0.001 0.71 (0.62, 0.82)
DAPS 1 (n = 3074) 1.00 (reference) 0.72 (0.53, 0.98) 0.41 (0.28. 0.59) <0.001 0.56 (0.47, 0.67)
DAPS 2 (n = 3364) 1.00 (reference) 0.78 (0.58,1.04) 0.44 (0.31. 0.62) <0.001 0.64 (0.56, 0.75)

a Values are given as odds ratios and 95% confidence intervals within parentheses. 1 Included the participants
with implausible total energy intake estimates of below 500 kcal/day or above 3500 kcal/day. 2 Included the
participants where multiple imputation methods were employed for missing covariates. Multivariable logistics
models adjusted for age, week of gestation, pre-pregnancy body mass index, use of the nutritional supplement,
educational attainment, employment status, ethnicity, pre-pregnancy body mass index, regularity of menstruation,
family history of hyperemesis gravidarum, quality of life in pregnancy, physical activity, primigravida, annual
household income, current smoker, ethnicity and alcohol drinking status. Abbreviation: CDAI: composite
dietary antioxidant index; CI: confidence interval; DAPS: dietary antioxidant potential score; OR: odds ratio;
SD: standard deviation.
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