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DOES REVERSE CAUSALITY EXPLAIN THE RELATIONSHIP

BETWEEN DIET AND DEPRESSION ? —POSSIBLY RELATED TO
DIET'S SUBJECTIVE BEHAVIOR
Xingyi Jin
School of Public Health, Southeast University, Nanjing, China
xingyijin@foxmail.com

Abstract
Depression can result in changes in eating behavior and decrease the quality of eating. It has been

shown that maternal depression during pregnancy can result in malnutrition, which can have adverse
effects on the pregnancy and the offspring. There is currently no clear association between depression
and diet; (2) Methods: Five hundred and forty-nine pregnant women recruited from Danyang Maternal
and Child Health Hospital in Jiangsu Province participated in this study and were administered the
Intuitive Eating Scale-2(1ES-2), Edinburgh Post-natal Depression Scale (EPDS), Pregnancy Stress
Scale (PPS), Self-rating Anxiety Scale (SAS), and Dietary Guidelines Adherence Index for Pregnant
Women during Pregnancy (CDGCI-PW). The nutritional software collected dietary records for three
consecutive days in mid-pregnancy to calculate dietary intake and nutrients that support energy
production. The mediation analyses were conducted using SPSS 24.0 macro PROCESS; (3) Results:
The relationship between depressive symptoms during pregnancy and diet quality was moderated
primarily by two aspects of eating behavior, “Reliance on Hunger and Satiety Cues” (RHS) and “Body-

Food Choice Congruence” (BFC). Depressive symptoms (EPDS scores) showed a negative correlation
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with RHS, BFC, and RHS, and BFC showed a positive correlation with diet quality, yielding a
significant specific indirect effect. the multiple mediation model explained 14.7% of the variance in the
diet quality; (4) Conclusions: Individual awareness of depression may influence the causal association
between nutrition and depression. This study highlights the important role of eating behaviors during
pregnancy in the relationship between depressive symptoms (EPDS scores) and diet quality and
provides preliminary evidence for feasible ways pregnant women with depressive symptoms can
improve diet quality, promote maternal and child health, and reduce depression.
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1. Introduction

During pregnancy, depression is one of the most common mental disorders(1-3). It can
potentially impact the mother's and unborn child's health and well-being. The diet of mothers has been
negatively impacted by depression according to several studies(4, 5). A recent cohort study of Chinese
pregnant women found an inverse association between prenatal depression and mothers’ dietary
patterns(6). Furthermore, poor diet quality is often detrimental to pregnant women. Pregnant women
who consume low-quality diets are more likely to suffer from metabolic disorders and experience poor
pregnancy outcomes(7-9). Moreover, it affects the development of their offspring(10, 11).

An irrational diet, obesity, and malnutrition are associated with gestational diabetes among
Chinese mothers (12, 13). Research has demonstrated that pregnant women who consume higher-
quality diets have offspring who possess better visual-spatial skills, intelligence, executive function,
and behavior regulation abilities (14, 15). The importance of improving the diet of pregnant women is
therefore paramount.

The importance of nutritional interventions during pregnancy has been demonstrated in
numerous studies. In previous studies, the majority of nutrition interventions were dietitian-prepared
meals, regular dietetic follow-up, and nutrient supplements. There has been little research on the
motivation and changes in eating behavior of pregnant women themselves. Monitoring and developing
healthy eating behaviors are equally important as a strategy for nutritional intervention during
pregnancy. The Intuitive Eating Measurement Scale was developed by Tylka et al to measure eating
behavior and motivation. There are four different aspects of intuitive eating covered by the IES-2.
“Unconditional Permission to Eat (UPE)” describes the behavior of eating whatever food is desired at

the time. There is no classification of foods into allowed and forbidden items. UPE can be considered
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an anti-diet attitude. The “Eating for Physical Rather Than Emotional Reasons (EPR)” score assesses
the ability to eat when physically hungry rather than relying on food to cope with negative emotions.
According to EPR, eating styles are not influenced by emotional states. “Reliance on Hunger and
Satiety Cues” (RHS) can be defined as the ability to regulate food intake by paying attention to hunger
and satiety cues. RHS is characterized by the perception of physiological states. “Body-Food Choice
Congruence” (BFC) refers to the selection of a healthy and tasty diet that is compatible with an
individual's bodily needs. The concept of gentle nutrition aims to honor the health and function of the
body by extending intuitive eating (16). This study suggests that the IES scale should be understood as
four related, but distinct dietary behaviors in a population of pregnant women rather than as a single
score (17). Several studies have demonstrated that higher depressive states are associated with lower
intuitive eating behaviors and that low eating behaviors result in lower dietary quality (17-19).
Currently, nutrition interventions are inconsistent, and many studies do not collect eating
behavior changes. In other words, participants' dietary perceptions or behaviors may change as soon as
they enter a nutrition intervention study. Thus, the final outcome of the intervention may not be the
result of just the intervention, but rather a combination of intuitive eating and positive eating
accompanied by the intervention. The results of a recent study in 2023 indicate that simple changes in
eating behavior alone can also influence nutritional quality without any intervention (20). An analysis
of three European country pairs conducted in 2018 found an association between positive eating and
both depressive symptoms and depressive disorders (21). Therefore, the purpose of this study was to
investigate whether intuitive eating behaviors mediate the relationship between depressive states

during pregnancy and diet quality in a population of pregnant women.

2. Materials and Methods

2.1. Study Design

The study was conducted at the Maternal and Child Health Hospital in Danyang City, Jiangsu
Province, China. At the time of their first hospital visit following the diagnosis of pregnancy, all
pregnant women in the region receive a Maternal and Child Health Card issued by the government.
Women who were first-time cardholders were recruited and followed by nutritionists one-on-one
during 20-25 weeks of gestation (when gestational diabetes screening was conducted). The
sociodemographic information contained in the electronic records of the hospital is partial. The
inclusion criteria for the study population were as follows: pregnant women diagnosed with a singleton

pregnancy within the first 18 weeks of gestation; residing in Danyang and planning to give birth locally
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within the next year; voluntarily participating in the cohort study with informed consent; and capable
of understanding and responding to the questionnaire accurately. The exclusion criteria were as follows:
pregnant women under 18 years of age; pregnant women with previous diagnoses of syphilis, AIDS,
anemia, cardiopulmonary disease, metabolic disorders, or psychological disorders; pregnant women
with polycythemia vera. The study excluded 64 participants who were unable to complete the dietary
questionnaire. A total of 549 pregnant women participated in this study between October 2022 and
November 2023. They completed a baseline survey and a mid-pregnancy follow-up. The study was
approved by the School of Public Health of Southeast University and Danyang Maternal and Child

Health Hospital for ethical review.

2.2. Measures

2.2.1. Intuitive Eating

The IES-2 consists of 23 items that are rated on a 5-point Likert scale ranging from "strongly
disagree" to "strongly agree" (16). A total of six items have been reverse-coded. There is an average
score calculated for each of the four subscales and for the entire scale. The IES-2 was developed to
assess four constructs thought to make up intuitive eating, including unconditional permission to eat
(UPE; 6 items, e.g., “I tried to avoid certain foods high in fat, carbohydrates, or calories”), eating for
physical rather than emotional reasons (EPR;8 items, e.g., “I usually stopped eating when I felt full
[not overstuffed]”), reliance on hunger and satiety cues to determine when and how much to eat (RHS;6
items, e.g., “I could tell when I was slightly full”’) and Body-Food Choice Congruence (BFC; 3 items,
e.g., “Imostly eat foods that give my body energy and stamina.”). The Cronbach alphas for the Intuitive

Eating-2 scale in the current sample were 0.78.

2.2.2. Depression

Perinatal depression symptoms were evaluated according to the 10-item Edinburgh Postnatal
Depression Scale (EPDS) (22). This is a self-reported scale originally developed for postpartum women
and has since been validated for use with pregnant women to identify the risk for perinatal depression.
The participants were asked to select the response that best reflected their current situation over the
past seven days. Each item was scored on a 4-point scale ranging from 0 to 3 (0O = most of the time/very
often to 3 = never/not at all). Negatively stated items were reversed-scored so that higher scores
indicated a higher level of perinatal depression. A total score above 13 indicates depression levels
consistent with depressive disorders. In this analysis, we used the total EPDS score as a continuous
measure of perinatal depression status within the last week. The depressive group was defined as those

with EPDS scores greater than 13, and the healthy group was defined as those with EPDS scores below
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13. The Cronbach alphas for the depression subscales of the EPDS in the current sample were 0.82.

2.2.3. Anxiety

The widely used Zung’s Self-rating Anxiety Scale (SAS) was used to assess anxiety
symptoms (23). Anxiety symptoms are measured by 20 self-reported items on the SAS. Some of the
items were worded symptomatically positive rated on a 4-1 scale (a little of the time, some of the time,
a good part of the time, and most of the time), and others symptomatically negative rated on a 1-4
scale. A standardized scoring algorithm defines anxiety symptoms, with a total score range of 20-80.
A score of >50 on the SAS indicates anxiety disorder risk. In this analysis, we used the total SAS score
as a continuous measure of perinatal anxiety status within the last week. The Cronbach alphas for the

anxiety subscales of the SAS in the current sample were 0.85.

2.2.4. Pregnancy Stress

The Pregnancy Stress Scale (PPS), developed by Chan Changhui and some other researchers
in the 1990s, was used to analyze the level and source of stress (24). There are 30 items in the PPS
scale, which are categorized as follows: factor 1, stress induced by identification with parental roles,
including 15 items; factor 2, stress induced by ensuring the health and safety of mother and child,
including 8 items; factor 3, stress induced by physical activity and changes in appearance, including
four items; factor 4, the remaining 3 items are other factors that have not been classified. There were
four options for each item, including "not at all”, "a little", "often", and "always". Scores were 0, 1, 2,
and 3, and the total score was the sum of the scores for all entries, the higher the psychological stress,
the higher the score. In this analysis, we used the total PPS score as a measure of perinatal stress status
within the last week. The Cronbach alphas for the pregnancy stress subscales of the PPS in the current

sample were 0.95.

2.2.5. Pregnancy Dietary Quality

The Dietary Guidelines Adherence Index for Pregnant Women during Pregnancy (CDGCI-
PW) is a clinical evaluation tool to establish and assess the dietary quality of pregnant women based
on the Dietary Guidelines for Chinese Residents (2016). The mid and later-pregnancy dietary scale
consists of 13 items, including 5 core questions and 8 general questions. According to the Chinese
Dietary Guidelines for mid and late-pregnancy, the questionnaire includes all recommended food
groups and intakes. Each question is scored according to the proportion of food in the dietary tower.
The details of this scale can be found in other studies. (25). In general, the higher the index scores, the
higher the proportion of pregnant women who consume all types of food within the recommended
range and the lower the proportion who consume less than the recommended range. Based on the total
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score of the scale, it was possible to understand the difference between the dietary intake of pregnant
women and the national dietary recommendations, as well as evaluate the overall quality of a pregnant
woman's diet at mid and later pregnancy.

2.2.5. Dietary Intake Assessment

An individual dietary assessment will be provided by a dietitian during each woman's mid-
pregnancy. During mid-pregnancy, pregnant women are required to bring their dietary records for three
consecutive days to the hospital for their routine checkup. Recording researchers conducted a three-
day, 72-hour dietary review survey using the DaYinglJia Intelligent Dietary Management System
software, which determined the average daily dietary intake type, dietary intake, the intake of the three
major energy-supporting nutrients (carbohydrates, proteins, and fats), and the percentage of energy

supplied by those nutrients.

2.3. Statistical Analysis

Data were analyzed using Hayes’s (2013) PROCESS macro model 4 for SPSS 24.0(26).
Correlations were assessed by Pearson correlation coefficients between model variables(27)(27). A
Bonferroni correction was conducted. There was no evidence of multicollinearity between the facets
of intuitive eating (tolerance: 0.715-0.889, variance inflation factor: 1.124-1.398). Due to significant
correlations between study variables and week, anxiety, and stress, these variables were included in the
models as covariates of both the mediator and the outcome (26). Path analyses were conducted using
ordinary least squares (OLS) regression analysis. Due to the IES-2 factor structure with four first-order
latent factors and a second-order intuitive eating factor (16, 28), both a simple and a multiple mediation
analysis were carried out. A multiple-mediator model has several advantages. It can provide a more
accurate assessment of a mediation effect (29) and it allows the paths of each mediator to be examined
with regard to the outcome while all other mediators are controlled(26). We used 10,000 bootstrap
samples (percentile and 95% CI). Bootstrapping is a resampling method in which samples are
repeatedly taken from the data set (with replacement) to estimate the sampling distribution of the
indirect effect, and with that, to calculate the confidence interval for the indirect effect (26, 30). In
contrast to normal theory approaches such as the Sobel test, bootstrapping does not make assumptions
about the sampling distribution of the indirect effect. Therefore, a bootstrap confidence interval yields
more accurate inferences and has more power (26, 31). If the 95% percentile bootstrap confidence
interval for the indirect effect does not include zero, it is considered significant at the p <.05 level.
Following Hayes (2013), unstandardized regression coefficients are reported. Specific analytical
models can be found in FIGUREL. (a&Db).
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3. Results

3.1. Baseline Characteristics of Study Participants

In this study, a total of 549 individuals were included, of whom 242 had data on early
pregnancy, mid-pregnancy, and late pregnancy, and 307 had data on mid-pregnancy only. Table 1
indicates that the mean age of the study participants was 30 years (SD = 4.81), the mean BMI level at
mid-pregnancy was 24.60 kg/m?, and the mean gestation week at mid-pregnancy was 24.19 (SD = 2.2).
In the study, 88.8% of participants completed secondary school or technical college, 59.1% had a
household income ranging from 3000 to 7000 CNY per month, 63.9% worked, 90% had never smoked,
59.5% had never exercised, 95.6% took folic acid, 43.3% did not take any other nutritional supplements
other than folic acid, 42.5% did not experience constipation, 62.1% slept regularly, and 25.8%
considered themselves to have good sleeping quality. Furthermore, the mean scores for depressive
symptoms (EPDS scores) (SAS score), anxiety (EPDS score), stress (PPS score), and diet quality
(CDGCI-PW score) during mid-pregnancy were 5.1, 23.73, 23.03, and 3.46 (SD=4.53, 6.98, 8.40, and
0.52 respectively).

3.2. Depressive Symptoms and Diet

Further research was conducted on 246 pregnant women who completed a recorded dietary
questionnaire mid-pregnancy for three days (72 hours) in Table 2. The results of the study showed that
17 pregnant women experienced significant depressive symptoms (EPDS score > 13) during their
pregnancy. A statistically significant difference was not found between the two groups of pregnant
women at baseline (age, gestational week, pre-pregnancy body mass index, current body mass index,
literacy level, and economic level), see Table 1. Compared to pregnant women without mid-pregnancy
depressive symptoms, pregnant women with mid-pregnancy depressive symptoms consumed a more
varied diet (P=0.02, higher fruit intake (P=0.006), more livestock and meat (P=0.043), and fewer
soybeans and nuts (P=0.001)). There was no significant difference between the two groups in terms of
the proportion of energy supplied by carbohydrates, proteins, and fats. However, both total
carbohydrate and protein intake were significantly higher in the depressed group than in the health
group (P=0.005,0.016). Depressive symptoms (EPDS scores) scored lower on the “Reliance on Hunger
and Satiety Cues” scale (p=0.032). The quality of diet was worse in both mid and late-pregnancy than
in the health group (P=0.05, 0.006).

3.3. Intuitive Eating Behavior and Diet Quality
Table 3 shows the association between intuitive eating behaviors during mid-pregnancy and

diet quality in mid and late-pregnancy. According to the crude model, mid-pregnancy intuitive eating
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behavior scores, UPE scores, EPR scores, and RHS scores were significantly related to late-pregnancy
diet quality (P=0.029,0.015,0.032,0.018). There was a significant association between the mid-
pregnancy RHS score and the BFC score (P=0.050,0.031) after adjustment for confounders. There was
a significant association between the total intuitive eating score, the UPE score, and the RHS score in
late pregnancy (P = 0.049, 0.028, and 0.006).

3.4. Association of Depression, Intuitive Eating, and Diet Quality

We further mediated the analysis with 549 pregnant women who provided mid-pregnancy
information to assess the associations between depressive symptoms (EPDS scores), intuitive eating
behaviors, and diet quality. The following Table 4 presents a summary of descriptive statistics and
correlational data. There was a significant negative correlation between depressive symptoms and
stress and the RHS and BFC. UPE and anxiety were significantly correlated. There was a significant
positive correlation between diet quality and the IES-2 total score, RHS, and BFC, and a significant
negative correlation between diet quality and depressive symptoms and anxiety. A significant
correlation was found between depressive symptoms and gestation week among the sociodemographic
variables. There was no association between BMI during pregnancy and variables (IES-2, EPR, UPE,

RHS, BFC, depressive symptoms (EPDS scores), stress, anxiety, diet quality, GWG, and week).

3.4.1. Simple Mediation Analyses

The results of simple mediation analysis are shown in Table 5. A significant positive
association was found between IES-2 and diet quality and a significant negative relationship was found
between depressive symptoms and diet quality when anxiety, stress, and gestational week were taken
into account. There was no association between depressive symptoms (EPDS scores) and IES-2,
however. As the percentile bootstrap confidence interval contained zero, the indirect effect was not

statistically significant.

3.4.2. Multiple Mediation Analyses

Based on previous research, the IES-2 scale is not likely to lead to uniform behavior in
pregnant women (the total score is meaningless), but instead should be divided into four subscales.
This has also been demonstrated by other special groups. As a result, we divided the IES-2 scale into

four subscales and conducted multiple mediation analyses.

The multiple mediation analysis, after controlling for gestational week, anxiety, and stress,
indicated a significant total indirect effect (Table 6). In the relationship between depressive symptoms

during pregnancy and diet quality, RHS and BFC were the primary moderators. Depressive symptoms
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showed a negative correlation with RHS, BFC, and RHS, and BFC showed a positive correlation with
diet quality, yielding a significant specific indirect effect. The confidence interval for the contrast
between the specific indirect effects of EPR and UPE included zero, indicating that the specific indirect
effects of EPR and UPE did not statistically differ from each other. Meanwhile, depressive symptoms
showed a negative correlation with diet quality (Table 7). Therefore, it is an indirect mediation model

and the multiple mediation model explained 14.7% of the variance in the diet quality.

4. Discussion

This study investigated whether eating behaviors during pregnancy are associated with
depressive symptoms and diet quality in pregnant women for the first time. In this study, preliminary
simple mediation analyses indicated there was no relationship between intuitive eating behaviors,
depressive symptoms (EPDS scores), and diet quality. According to previous studies, Daundasekara et
al. concluded that subscales should be used rather than the total scale score to describe pregnant
women's eating behaviors(17). Therefore, we conducted multiple analyses. The results indicated that
the RHS and BFC mediated the relationship between depressive symptoms and diet quality and that
depressive symptoms can directly influence diet quality. The relationship between depressive

symptoms and diet quality was mediated by certain eating behaviors during pregnancy.

In the association between depressive symptoms and dietary intake, our study showed the
opposite results to previous studies, which indicated that depressive symptoms were lower in those
with high fruit and vegetable intake (32-34). But our research shows, the depressed group consumed
more fruits and food groups than the health group but consumed less legumes. There was no difference
between the depressed and health groups regarding the three macronutrient energy supply ratios, but
carbohydrate and protein intake was greater in the depressed group. Furthermore, women who were
classified as depressed in mid-pregnancy had poorer diet quality in the early, mid, and late stages of
pregnancy compared to the health group. Even though the diet quality of the two groups was similar
in the early stages of pregnancy, a significant difference was observed in the late stages. In addition,
intuitive eating behaviors have an impact on the quality of the diet during the second and third
trimesters of pregnancy. As a result, according to previous research, individuals with high levels of
neuroticism are highly likely to engage in binge eating behaviors(35). Although eating disorder
behaviors were not measured in our study. However, based on the diet of the depressed group, we found
that carbohydrates and proteins were significantly higher, while the energy supply ratio of both was

the same. Moreover, the depressed group consumes a greater variety of diets, but scores lower in terms
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of quality. Therefore, we presumed that the depressed group had a higher and unhealthy dietary intake
and was more likely to have binge eating symptoms.

Although studies have shown that people with high fruit intake have less depression, most
studies have not set a maximum fruit intake and have used people with low fruit intake as controls. In
addition, some of the studies did not examine vegetables and fruits separately but combined them into
one option. Though fruit is considered a "healthy food™" in common sense, excessive consumption of
fruit does not constitute a "healthy" diet. The consumption of high glycemic index fruits, in particular,
can result in an increase in blood sugar levels or even the development of gestational diabetes in
pregnant women. WWomen who are pregnant may pay more attention to "healthy" foods than those who
are not pregnant. The general population may select ultra-processed sweets when overeating is
prevalent, while pregnant women may prefer "healthy" sweets like fruit. A study of pregnant women
showed that sweet consumption was more reflective of a tendency to ignore satiety (36). As a result,
we do not believe that it is reasonable to combine vegetables and fruits on this point, as they differ in
this regard. Those who suffer from depression and lose their appetite may also be more inclined to

consume sugary foods rather than fewer vegetables (37, 38).

It has been shown in our research that negative emotions also influence eating behaviors and
that all three kinds of emotions — depression, anxiety, and stress — influence each other. This is
consistent with previous research (39). Although depression anxiety stress are all negative emotions,
the three are not the same (40). In our study, both depressive symptoms and stress scores were
correlated with RHS and BFC scores, but anxiety scores were only correlated with EPR scores. It has
been demonstrated in previous studies that binge eating is more common in individuals suffering from
depression or anxiety and less common in more stressed individuals (41, 42). This may be due to the
fact that our study measured pregnancy stress. Among pregnant women, stress from pregnancy might
be a contributing factor to the development of depression. Therefore, the consistency of the association
was reflected in this study. In addition, our study did not observe the effects of gestational weight gain,
gestational week, BMI, and eating behaviors, but there was an association between gestational week
and depressive symptoms. The reason for this may be that the weight gain during pregnancy was not
significant. Nevertheless, the gestational week is a reflection of the course of pregnancy. As time passes,
depressive symptoms may become more pronounced as we reach the latter stages of pregnancy. The
risk of prenatal depression increases as the pregnancy progresses and clinically significant depressive
symptoms are common in the mid and late trimester (43). In order to further understand the importance

of observing this part in the latter stages of pregnancy, it is necessary to differentiate between different
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trimesters of pregnancy.

According to our study, depressive symptoms (EPDS scores) is associated with fewer
intuitive eating behaviors and poorer diet quality, as well as fewer intuitive eating behaviors associated
with poorer diet quality. Depressive symptoms have been shown to influence eating behaviors such as
emotional eating and eating disorders (44). Furthermore, they may not be able to follow their self-
imposed hunger to eat or stop eating, which can also be reflected in the RHS scale. However, for
mothers who are unable to reduce their intake of food and tend to reject unhealthy, high-sugar foods,
conflicting eating behaviors may result. Depression during pregnancy and diet may be biologically
related (45). In pregnancy, depression scores have been associated with reductions in dairy products,
sweetened beverages, sugar, and packaged snacks, increased magnesium intake, increased non-core
foods intake, and decreases in core food and fruit intake (4). Due to this, BFC was more evident during
the same time period in studies of pregnant women participating in intuitive eating programs.
Furthermore, our study showed that lower intuitive eating behaviors in mid-pregnancy predicted poorer
diet quality in late pregnancy. Most current studies, however, are cross-sectional and cannot predict

future diet quality because they are limited to contemporaneous data.

Previous studies have focused primarily on depression and diet quality without considering
dietary behaviors within the population (46, 47). Our study demonstrated that, during mid-pregnancy,
pregnant women's RHS and BFC eating behaviors were associated with depressive symptoms (EPDS
scores) and diet quality. The results of a recent study suggest that eating behaviors may mediate the
relationship between satiety and dietary intake and that interventions targeting hunger and satiety may
help prevent binge eating(48). As part of our study, the RHS was a subscale measuring whether
pregnant participants adhered to hunger and satiety during mid- and late pregnancy, with the RHS
demonstrating a significant association with diet quality during this period. During pregnancy, women
undergo significant physical, physiological, and immunological changes, making them more
susceptible to nutritional deficiencies (4). When women are not pregnant, they focus on maintaining a
healthy body image and self-image, and they may be more concerned about their hunger to avoid
nutritional deficiencies. As a result, pregnant women may be more inclined to follow their body hunger.
Other similar studies have focused on the mediating role of positive eating behaviors (49, 50). A recent
study found a similar relationship between intuitive eating and positive thinking, for example in
choosing healthy foods (51). Therefore, our study provides some support for previous mediational
modeling studies that suggest positive-thought eating mediates the association between negative

emotions and eating.
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In addition, nutritional psychiatry is emerging as a very promising field, and numerous
studies have demonstrated that nutrition can improve mental health. As a result, reverse causality may
exist (52, 53). In a study by Namely et al., people who had previously suffered from depression and
sought treatment scored higher on eating patterns, and those unaware of their depression scored lower.
Participants in our study were pregnant women who had never been screened for depressive symptoms
(EPDS scores) and who had not received any psychological assistance before participation. Therefore,
our study falls under the category of assessing the effect of depressive symptoms on eating behavior
and dietary intake without knowing whether a person is depressed. In some studies, the results may not
have been significant because some of the study populations knew they had depressive symptoms
before being observed in their eating behaviors, so they may have altered their eating behaviors
subjectively. This resulted in confounding and did not reflect depression's impact on both. The effects
of nutritional interventions may be bidirectional in the real world. In our opinion, this may not matter,
since improved eating behaviors could reduce the negative effects of depressive symptoms during
pregnancy while improving the quality of the diet during pregnancy and encouraging the development
of healthy children. In addition to traditional nutritional interventions, we believe pregnant women
should be educated about eating behaviors. These two strategies are essential for ensuring good
nutritional status during pregnancy and promoting the health of the mother and child. The approach is

also more economically advantageous from a socio-economic standpoint.

Our limitations are, first, that while we collected diet quality during pregnancy, we did not
measure dietary behaviors in late pregnancy. As a result, even though we observed a correlation
between dietary behaviors in mid-pregnancy and diet quality during late pregnancy, we were not able
to find a correlation between dietary behaviors during late pregnancy and diet quality. As a result of
the special characteristics of pregnancy, pregnant women's dietary behaviors may change more rapidly
than the general population during pregnancy. Consequently, we do not believe that mid-pregnancy
dietary behaviors can replace late-pregnancy dietary behaviors. In addition, we did not measure
emotional eating, binge eating behavior, or personality traits in pregnant women. The results of the
study indicate that people with severe depressive symptoms are highly likely to experience binge eating
disorder symptoms. Eating behaviors influenced by personality traits were not assessed in this study.
We also failed to measure social family support for pregnant women, as this can also affect depression.
Lastly, the limitation of this study is the lack of a clinical diagnosis of depression(54). However, the
EPDS is a widely used screening tool for postpartum depression, having been validated against clinical
interviews in the setting where the present study was carried out, and with good psychometric
properties(54). In the future, we believe that it is possible to conduct prospective studies in the early,
middle, and late phases of pregnancy, as well as during the postpartum period, which will allow us to
observe the changes in dietary behaviors over time. Consequently, it is possible to obtain more
convincing evidence to discuss the effects of depression during pregnancy on eating behavior and
quality, as well as to investigate the bidirectional causal role that nutrition plays in depression. The
effectiveness of traditional interventions can be compared to develop new strategies for pregnancy
interventions in the future.
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5. Conclusion
Individual awareness of depression may influence the causal association between nutrition

and depression. This study highlights the important role of eating behaviors during pregnancy in terms
of the relationship between depression and diet quality and provides preliminary evidence for possible
ways to achieve higher diet quality in pregnant women with depressive symptoms. In particular, for
pregnant women with some depressive tendencies, promoting maternal and offspring health by
encouraging intuitive eating behaviors as a nutritional intervention is a useful and economical strategy.
Future studies of intuitive eating behaviors could be conducted in more pregnant women populations

to gain more insight into the temporal and causal relationships between depression and diet quality.

6. Conflict of Interest
The authors declare that the research was conducted in the absence of any commercial or financial

relationships that could be construed as a potential conflict of interest.

7. Author Contributions

XJ., SW,, J.Z, and G.S. designed the study; J.Z., SW., L.S, and G.S. provided resources and
equipment; X.J., N.W.,, L.S, J.Y., and Z.J. conducted the research; X.J. analyzed data and wrote the
paper; and S.W. had primary responsibility for final content. All authors reviewed the final version. All
authors have read and agreed to the published version of the manuscript.

8. Funding

This study was funded by Jiangsu Danyang Science and Technology Project Key Research and
Development Plan Project (Social Development) (NO. SSF202212), China Health Promotion
Foundation (NO. z093001) and Chinese Nutrition Society (NO. CNS- HPNK2022-140).

9. Acknowledgments
We are grateful for the support of the team from Southeast University and Danyang Maternal and Child
Health Hospital.

69



10. REFERENCES
Deligiannidis KM, Meltzer-Brody S, Gunduz-Bruce H, Doherty J, Jonas J, Li S, et al. Effect of zuranolone vs
placebo in postpartum depression: a randomized clinical trial. Jama Psychiatry (2021) 78(9):951-
59. doi: 10.1001/jamapsychiatry.2021.1559.

Adu-Afarwuah S, Young RR, Lartey A, Okronipa H, Ashorn P, Ashorn U, et al. Supplementation with small-
quantity lipid-based nutrient supplements does not increase child morbidity in a semiurban setting
in ghana: a secondary outcome noninferiority analysis of the international lipid-based nutrient
supplements (ilins)-dyad randomized controlled trial. The Journal of Nutrition (2020) 150(2):382-
93. doi: https://doi.org/10.1093/jn/nxz243.

lannotti L, Tielsch J, Black M, Black R. Iron supplementation in early childhood: health benefits and risks.
Am J Clin Nutr. (2006)(Dec;84(6):1261-76.). doi: 10.1093/ajcn/84.6.1261.

Ma RCW, Lin X, Jia W. Causes of type 2 diabetes in china. The Lancet Diabetes & Endocrinology (2014)
2(12):980-91. doi: 10.1016/S2213-8587(14)70145-7.

Miller V, Webb P, Micha R, Mozaffarian D. Defining diet quality: a synthesis of dietary quality metrics and
their validity for the double burden of malnutrition. Lancet Planet Health (2020) 4(8):e352-70.
doi: 10.1016/S2542-5196(20)30162-5.

Mahmassani HA, Switkowski KM, Scott TM, Johnson EJ, Rifas-Shiman SL, Oken E, et al. Maternal intake
of lutein and zeaxanthin during pregnancy is positively associated with offspring verbal
intelligence and behavior regulation in mid-childhood in the project viva cohort. The Journal of
Nutrition (2021) 151(3):615-27. doi: 10.1093/jn/nxaa348.

Mahmassani HA, Switkowski KM, Scott TM, Johnson EJ, Rifas-Shiman SL, Oken E, et al. Maternal diet
quality during pregnancy and child cognition and behavior in a us cohort. The American Journal of
Clinical Nutrition (2022) 115(1):128-41. doi: 10.1093/ajcn/ngab325.

Tylka TL, Kroon Van Diest AM. The intuitive eating scale-2: item refinement and psychometric evaluation
with college women and men. J Couns Psychol (2013) 60(1):137-53. doi: 10.1037/a0030893.

Daundasekara SS, Beasley AD, O'Connor DP, Sampson M, Hernandez D, Ledoux T. Validation of the
intuitive eating scale for pregnant women. Appetite (2017) 112:201-09. doi:
10.1016/j.appet.2017.02.001.

Linardon J, Tylka TL, Fuller Tyszkiewicz M. Intuitive eating and its psychological correlates: ameta-analysis.
Int J Eat Disord (2021) 54(7):1073-98. doi: 10.1002/eat.23509.

Martin-Wagar CA, Heppner H. Adaptive depends on context: an examination of the intuitive eating scale-2 in

70



an eating disorder sample. Appetite (2023) 180:106349. doi: 10.1016/j.appet.2022.106349.

Becker M, Weinberger T, Chandy A, Schmukler S. Depression during pregnancy and postpartum. Curr
Psychiatry Rep. (2016)(18(3):32.). doi: 10.1007/s11920-016-0664-7.

Dogan BG, Tengilimoglu-Metin MM. Does mindful eating affect the diet quality of adults? Nutrition (2023)
110:112010. doi: 10.1016/j.nut.2023.112010.

Winkens L, van Strien T, Brouwer I, Penninx B, Visser M, L&hteenmadki L. Associations of mindful eating
domains with depressive symptoms and depression in three european countries. J Affect Disord
(2018) 228:26-32. doi: 10.1016/j.jad.2017.11.069.

Cox JL, Holden JM, Sagovsks R. Detection of postnatal depression. Br J Psychiatry (1987)(150):782-86.
Zung W, MD, Durham, NC. A self-rating depression scale. Arch Gen Psychiatry (1965)(12):63-70.

Chen C, Chen H, Huang T. Stressors associated with pregnancy as perceived by pregnant women during
three trimesters. Gaoxiong Yi Xue Ke Xue Za Zhi. (1989) 9(5):505-09.

Ding Y, Xu F, Zhong C, Tong L, Li F, Li Q, et al. Association between chinese dietary guidelines compliance
index for pregnant women and risks of pregnancy complications in the tongji maternal and child
health cohort. Nutrients (2021) 13(3):829. doi: 10.3390/nu13030829.

Hayes AF. Introduction to mediation, moderation, and conditional process analysis: a regression-based
approach: The Guilford Press, New York, NY (2013) (2013).

Cohen J. Quantitative methods in psychology. Psychological Bulletin, 112 (1992), Pp. 155-159 (1992). doi:
10.1038/141613a0.

Ruzanska UA, Warschburger P. Psychometric evaluation of the german version of the intuitive eating scale-2
in a community sample. Appetite (2017) 117:126-34. doi: 10.1016/j.appet.2017.06.018.

Fritz MS, MacKinnon DP. Required sample size to detect the mediated effect. Psychol Sci (2007) 18(3):233-
39. doi: 10.1111/j.1467-9280.2007.01882.x.

Gavin N, Gaynes B, Lohr K, Meltzer-Brody S, Gartlehner G, Swinson T. Perinatal depression: a systematic
review of prevalence and incidence. Obstet Gynecol. (2005)(106(5 Pt 1):1071-1083.). doi:
10.1097/01.A0G.0000183597.31630.db.

Field A. Discovering statistics using ibm spss statistics: (4th ed.), Sage, Los Angeles, London, New Delhi,
Singapore, Washington DC (2013) (2013).

Miocevi¢ M, O'Rourke H, MacKinnon D, Brown H. Statistical properties of four effect-size measures for
mediation models. Behav Res Methods (2018) 50(1):285-301. doi: 10.3758/s13428-017-0870-1.

71



Dharmayani P, Mishra GD, Mihrshahi S. Fruit and vegetable consumption and depression symptoms in
young women: results  from 1973 to 1978 cohort of the australian longitudinal study on women's
health. Eur J Nutr (2022) 61(8):4167-78. doi: 10.1007/s00394-022-02926-8.

Liu X, Yan Y, Li F, Zhang D. Fruit and vegetable consumption and the risk of depression: a meta-analysis.
Nutrition (2016) 32(3):296-302. doi: 10.1016/j.nut.2015.09.009.

Mihrshahi S, Dobson AJ, Mishra GD. Fruit and vegetable consumption and prevalence and incidence of
depressive  symptoms in mid-age women: results from the australian longitudinal study on
women's health. Eur J Clin Nutr (2015) 69(5):585-91. doi: 10.1038/ejcn.2014.222.

Robinson L, Zhang Z, Jia T, Bobou M, Roach A, Campbell I, et al. Association of genetic and phenotypic
assessments with onset of disordered eating behaviors and comorbid mental health problems
among adolescents. Jama Netw Open (2020) 3(12):e2026874. doi:
10.1001/jamanetworkopen.2020.26874.

Lipsky LM, Burger KS, Faith MS, Shearrer GE, Nansel TR. Eating in the absence of hunger is related to
worse diet quality throughout pregnancy. J Acad Nutr Diet (2021) 121(3):501-06. doi:
https://doi.org/10.1016/j.jand.2020.09.037.

Payne ME, Steck SE, George RR, Steffens DC. Fruit, vegetable, and antioxidant intakes are lower in older
adults with  depression. J Acad Nutr Diet (2012) 112(12):2022-27. doi:
10.1016/j.jand.2012.08.026.

Whitaker KM, Sharpe PA, Wilcox S, Hutto BE. Depressive symptoms are associated with dietary intake but
not physical activity among overweight and obese women from disadvantaged neighborhoods.
Nutr Res (2014) 34(4):294-301. doi: 10.1016/j.nutres.2014.01.007.

Fernandez MS, Pilatti A, Pautassi RM. Eating-to-cope motives and uncontrolled eating as mediators between
negative emotional states and food addiction among argentinean young adults. Int J Ment Health
Addict (2022):1-19. doi: 10.1007/s11469-022-00934-7.

Avalos LA, Caan B, Nance N, Zhu Y, Li D, Quesenberry C, et al. Prenatal depression and diet quality during
pregnancy. J Acad Nutr Diet (2020) 120(6):972-84. doi: 10.1016/j.jand.2019.12.011.

Goyal M, Singh S, Sibinga E, Gould N, Rowland-Seymour A, Sharma R, et al. Meditation programs for
psychological stress and well-being: a systematic review and meta-analysis. Jama Intern Med
(2015)(Mar;174(3):357-68). doi: 10.1001/jamainternmed.2013.13018.

Burgess EE, Turan B, Lokken KL, Morse A, Boggiano MM. Profiling motives behind hedonic eating.
Preliminary validation of the palatable eating motives scale. Appetite (2014) 72:66-72. doi:

72



10.1016/j.appet.2013.09.016.

Macht M, Mueller J. Immediate effects of chocolate on experimentally induced mood states. Appetite (2007)
49(3):667-74. doi: https://doi.org/10.1016/j.appet.2007.05.004.

Sheeba B, Nath A, Metgud CS, Krishna M, Venkatesh S, Vindhya J, et al. Prenatal depression and its
associated risk factors among pregnant women in bangalore: a hospital based prevalence study.
Front Public Health (2019) 7:108. doi: 10.3389/fpubh.2019.00108.

Konttinen H, Ménnisto S, Sarlio-L&hteenkorva S, Silventoinen K, Haukkala A. Emotional eating, depressive
symptoms and self-reported food consumption. A population-based study. Appetite (2010)
54(3):473-79. doi: 10.1016/j.appet.2010.01.014.

Leung BMY, Kaplan BJ. Perinatal depression: prevalence, risks, and the nutrition link—a review of the
literature. Journal of the American Dietetic Association (2009) 109(9):1566-75. doi:
10.1016/j.jada.2009.06.368.

Hutchesson MJ, Gough C, Miller AM, Short CE, Whatnall MC, Ahmed M, et al. Ehealth interventions
targeting nutrition, physical activity, sedentary behavior, or obesity in adults: a scoping review of
systematic reviews. Obes Rev (2021) 22(10). doi: 10.1111/0br.13295.

Paans N, Gibson-Smith D, Bot M, Strien T, Brouwer |, Visser M, et al. Depression and eating styles are
independently associated with dietary intake. Appetite (2019)(134, 103-110). doi:
10.1016/j.appet.2018.12.030.

Jacob R, Provencher V, Panahi S, Tremblay A, Drapeau V. Eating behaviour traits mediate the association
between satiety responsiveness and energy intake among individuals with overweight and obesity.
Appetite (2023) 180:106373. doi: 10.1016/j.appet.2022.106373.

Winkens L, Strien T, Brouwer IA, Penninx B, Visser M. Mindful eating and change in depressive symptoms:
mediation by psychological eating styles. Appetite (2018)(2019;133:204-211.). doi:
doi:10.1016/j.appet.2018.11.0009.

Pina-Camacho L, Jensen SK, Gaysina D, Barker ED. Maternal depression symptoms, unhealthy diet and
child emotional-behavioural dysregulation. Psychol Med (2015) 45(9):1851-60. doi:
10.1017/S0033291714002955.

Winkens L, Elstgeest L, van Strien T, Penninx B, Visser M, Brouwer 1A. Does food intake mediate the
association between mindful eating and change in depressive symptoms? Public Health Nutr
(2020) 23(9):1532-42. doi: 10.1017/S1368980019003732.

Matachowska A, Jezewska-Zychowicz M. Polish adaptation and validation of the intuitive (ies-2) and

73



mindful (mes) eating scales—the relationship of the concepts with healthy and unhealthy food
intake (a cross-sectional study). Nutrients (2022) 14(5):1109. doi: 10.3390/nu14051109.

Jacka FN, Cherbuin N, Anstey KJ, Butterworth P. Does reverse causality explain the relationship between
diet and depression? J Affect Disord (2015) 175:248-50. doi: 10.1016/j.jad.2015.01.007.

Lai CCW, Boag S. The association between gut-health promoting diet and depression: a mediation analysis. J
Affect Disord (2023) 324:136-42. doi: 10.1016/j.jad.2022.12.095.

Santos I, Matijasevich A, Tavares B, Barros A, Botelho I, Lapolli C, et al. Validation of the edinburgh
postnatal depression scale (epds) in a sample of mothers from the 2004 pelotas birth cohort study.
Cad Saude Publica. (2007) 11(23):2577-88. doi: 10.1590/50102-311x2007001100005.

Zhan, Zhao Y, Qu Y, Yue H, Shi Y, Chen'Y, et al. Longitudinal association of maternal dietary patterns with
antenatal depression: evidence from the chinese pregnant women cohort study. J Affect Disord
(2022) 308:587-95. doi: 10.1016/j.jad.2022.04.028.

Brantsaeter AL, Haugen M, Samuelsen SO, Torjusen H, Trogstad L, Alexander J, et al. A dietary pattern
characterized by high intake of vegetables, fruits, and vegetable oils is associated with reduced risk
of preeclampsia in nulliparous pregnant norwegian women. The Journal of Nutrition (2009)
139(6):1162-68. doi: 10.3945/jn.109.104968.

Hofmeyr G, Lawrie T, Atallah A, Torloni M. Calcium supplementation during pregnancy for preventing
hypertensive disorders and related problems. Cochrane Database Syst Rev
(2018)(10(10):CD001059). doi: 10.1002/14651858.

Karimipour Z, Sharifi N, Seydkhani H, Sayadi H, Jalilian M. Lifestyle intervention for gestational diabetes
prevention in rural woman of shoush city. Journal of Education and Health Promotion, (2021)
1(10):172. doi: 10.4103/jehp.jehp_1072_20.

74



Table 1 Baseline characteristics of the study sample of pregnant women (n = 549).

Total EPDS score © EPDS score P-value
<13(n=515) ©>13(n=30)

mean [SD]or  mean [SD]or  mean [SD] or

% (n) % (n) % (n)
Age (years) 30[4.81] 31[4.72] 29[4.93] 0.451
Height(m) 160[14.28] 159.15[14.65]  160.36[4.19] 0.652
Weight before pregnancy (kg) 59.49[12.83] 59.58[12.9] 55.25[7.13] 0.112
Weight in mid-pregnancy (kg) 64.46[10.97] 64.65[10.88] 61.41[13.08] 0.193
Gestation week in early 11.35[2.08] / / /
pregnancy (w)®
Gestation week in mid- 24.19[2.2] 24.12[1.94] 25.4[1.99] <0.001
pregnancy(w)
Education (%0) 0.677
Vocational high school and below 35(6.4%) 34(6.6%) 1(3.3%)
College and secondary school 483(88.8%) 455(88.3%) 28(93.3%)
Undergraduate and above 26(4.8%) 25(4.8%) 1(3.3%)
Monthly disposable household 0.741
income (%)
More than 10000 CNY 87(15.9%) 84(16.3%) 3(10%)
7000-10000 CNY 102(18.7%) 93(18.1%) 9(30%)
3000-7000 CNY 325(59.1%) 310(60.1%) 15(50%)
Less than 3,000 CNY 29(5.3%) 26(86.6%) 3(10%)
Work (%) 0.960
No 198(35.8%) 186(36.11%) 12(40%)
Yes 351(63.9%) 333(64.6%) 18(60%)
Smoking (%0) 0.061
No, and no second-hand smoke 497(90.5%) 468(90.8%) 29(96.6%)
No, and have second-hand smoke 46(9%) 46(8.9%) 0(0.0%)
Used to smoke, but now quit 3(0.5%) 2(0.38%) 1(3.33%)
Physical activity (%) 0.461
No 327(59.56%) 312(60.5%) 15(50%)
Exercise all the time before 82(14.93%) 76(14.75%) 6(20%)
pregnancy
Start exercising in early pregnancy  33(9.45%) 26(5.0%) 5(16.6%)
Start exercising in mid-pregnancy 107(19.48%) 103(20%) 4((13.3%)
Body mass index before 24.48[9.74] 24.54[9.83] 21.78[2.64] 0.127
pregnancy (kg/m?)
Body mass index in mid- 24.60[4.83] 25.29[4.81] 23.84[5.05] 0.577
pregnancy (kg/m?)
Folic acid intake status (%0) 0.553
No 24(4.4%) 22(4.3%) 2(3.3%)
Yes 525(95.6%) 497(96.5%) 28(93.3%)
Other nutrient intake (%) 2 0.730
No 238(43%) 226(43.8%) 12(40%)
Yes 311(57%) 293(56.8%) 18(60%)
Constipation (%0) 0.590
No 232(42.5%) 220(42.7%) 12(40%)
1-3 times per week 266(48.2%) 252(48.9%) 14(46.6%)
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4-6 times per week

Every time

Sleeping rhythm (%)
Irregularly, with night shifts
Irregularly, sleeping at home at will

Regularly

Depressive score in early
pregnancy, EPDS score®
Depressive symptoms in early
pregnancy, EPDS score®
Depressive score in mid-
pregnancy, EPDS score
Depressive symptoms in mid-
pregnancy, EPDS score

Anxiety score in mid-pregnancy,

SAS score

Anxiety symptoms in mid-
pregnancy, SAS score

Stress symptoms in mid-
pregnancy, PPS score

Diet quality in early pregnancy,
CDGCI-PW score®

Diet quality in mid-pregnancy,
CDGCI-PW score

Diet quality in late pregnancy,
CDGCI-PW score ®

Intuitive Eating Scale-2 score in
mid-pregnancy

UPE
EPR
RHS
BFC

35(6.4%)
16(2.9%)

16(2.9%)

191(35%)
342(62.1%)

5.00[5.15]
17(6.9%)
5.10[4.53]
30(5.5%)
23.73[6.98]
1(0.2%)
23.03[8.45]
46.90[17.65]
46.81[14.24]
67.86[9.77]
3.46[0.52]
3.24[0.54]
3.11[0.43]

3.71[0.58]
3.80[0.57]

32(6.2%)
15(2.9%)

14(2.7%)
172(33.3%)

333(64.0% )
/

/
4.46[3.73]
/
23.35[6.78]
0
22.48[7.9]
/
42.86[14.68]
/
3.48[0.49]
3.25[0.53]
3.13[0.38]

3.73[0.52]
3.81[0.56]

3(10%)
1(3.3%)

2(6.7%)

19(63.3%)
9(30%)

/

/
16.07[2.62]
/
30.20[7.36]
1
30.20[7.73]
/
37.47[12.92]
/
3.33[0.57]
3.17[0.64]
3.10[0.43]

3.43[0.57]
3.60[0.65]

0.060

<0.001

<0.001

/

<0.001

0.044

0.068

0.047
0.074
0.005
0.046

Notes. SD = standard deviation; EPDS= Edinburgh Post-natal Depression Scale; PPS =Pregnancy
Stress Scale; SAS=Self-rating Anxiety Scale; CDGCI-PW=Dietary Guidelines Adherence Index for

Pregnant Women during Pregnancy; IES2: Intuitive Eating Scale-2; EPR: Eating for Physical Rather

than Emotional Reasons; UPE: Unconditional Permission to Eat; RHS: Reliance on Hunger and

Satiety Cues; BFC: Body-Food Choice Congruence;

2 did not take any other nutritional supplements besides folic acid

bn = 246 due to missing values.

based on mid-pregnancy EPDS score.
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Table 2 Associations Between Depressive Symptoms and Eating Status, Intuitive Eating Behaviors

Health group (n=229) Depression group 3(n=17)  P-value
Number of species
Daily Ingredients 14.31(5.91) 21(9.35) 0.020
Grains 2.82(1.76) 3.8(1.92) 0.233
Vegetables and fruits 4.3(1.97) 6(2.34) 0.067
Meat, fish and seafood 2.63(1.22) 2.8(1.30) 0.790
Dairy, legumes, and nuts  1.48(1.03) 1.60(1.51) 0.801
Food intake(g)
Grains 301.99(183.37) 384.26(200.18) 0.335
Potatoes 63.18(54.83) 103.5(65.32) 0.243
Vegetables and 200.46(153.54) 194.88(277.71) 0.940
mushrooms
Fruits 214.11(115.86) 389(169.80) 0.006
Livestock and poultry 120.39(113.68) 257.76(95.34) 0.043
meat
Egg 82.97(41.40) 76.02(32.83) 0.716
Soybeans and nuts 89(1.5) 7.75(8.9) 0.000
Aguatic products 86.78(68.31) 167.4(215.8) 0.183
Milk and dairy products  233.77(89.31) 313.87(134.11) 0.107
Fast food 81.16(78.97) 92.2(70.42) 0.848
Intake of energy-
supporting nutrients
Carbohydrates as a 54.07(8.86) 58.23(11.08) 0.317
percentage of total
energy
Protein as a percentage 17.90(3.20) 18.40(4.71) 0.748
of total energy
Fat as a percentage of 28.01(7.98) 23.36(10.37) 0.216
total energy
Carbohydrate intake 218.55(68.74) 313.62(113.80) 0.005
Protein intake 69.93(21.06) 95.46(42.20) 0.016
Fat intake 50.28(22.89) 52.33(28.5) 0.848
IES-2 score in mid- 16.86(2.19) 16.64(2.06) 0.610
pregnancy
UPE 20.12(1.87) 20.14(2.03) 0.977
EPR 24.18(3.63) 25.57(2.50) 0.321
RHS 11.52(1.63) 10.14(1.57) 0.032
BFC 11.63(1.64) 10.71(2.14) 0.166
Quality of diet
(CDGCI-PW score)
Early Pregnancy 48.05(19.94) 47.50(20.31) 0.947
Mid-Pregnancy 52.19(14.70) 41.43(11.97) 0.050
Late Pregnancy 69.67(9.85) 57.00(10.65) 0.006

Notes. SD = standard deviation; CDGCI-PW=Dietary Guidelines Adherence Index for Pregnant Women
during Pregnancy; IES-2: Intuitive Eating Scale-2; EPR: Eating for Physical Rather than Emotional

Reasons; UPE: Unconditional Permission to Eat; RHS: Reliance on Hunger and Satiety Cues; BFC: Body-

Food Choice Congruence;

2 Depression=EPDS score>13
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Table 3 Association of intuitive eating behaviors in mid-pregnancy with diet quality in mid and late-

pregnancy
Crude model @ Adjusted model °
Beta t p Beta t p 95%CI
Mid-pregnancy intuitive eating behaviors and mid-pregnancy diet quality
IES-2 -0.302 -0.625 0.533 -0.618 -1.111 0.269 -1.918 0.541
UPE -0.002 -0.012 0.991 0.167 0.769 0.443 -1.931 4.377
EPR 0.243 0.811 0.419 0.322 0.941 0.349 -1.303 3.655
RHS 0.306 1.938 0.055 0.315 1.864 0.050 0.168 5.380
BFC 0.244 1.437 0.153 0.405 2.187 0.031 0.312 6.415
Mid-pregnancy intuitive eating behaviors and late-pregnancy diet quality
IES-2 -1.190 -2.218 0.029 -1.243 -1.935 0.049 -2.007 -0.027
UPE 0.504 2.462 0.015 0.546 2.238 0.028 0.330 5.576
EPR 0.723 2.175 0.032 0.686 1.738 0.086 -0.260 3.868
RHS 0.448 2.403 0.018 0.460 2.777 0.006 0.801 4.788
BFC 0.214 1.164 0.247 0.272 1.291 0.200 -0.875 4.121

Notes. IES2: Intuitive Eating Scale-2; EPR: Eating for Physical Rather than Emotional Reasons; UPE:
Unconditional Permission to Eat; RHS: Reliance on Hunger and Satiety Cues; BFC: Body-Food Choice

Congruence;

2 Crude model did not adjust for any confounding factors. ® Adjusted model adjusted for age, week,
education, prenatal BMI, mid-pregnancy BMI, folic acid intake status, constipation, sleeping rhythm,

sleeping quality, smoke, anxiety, and stress.
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Figurel. Analysis of Two Models

FIGURET1. Analysis of two models

M(IES-2)

X(depression)

<

a)Simle mediation model

Y(diet quality)

b) Multiple mediation analyses

Y(diet quality)

M1(UPE)
b1
M2(EPR) b2
=
X(depression)
b3
M3(RHS)
b4
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Table4. The Intercorrelations Between Model Variables

1 2 3 4 5 6 7 8 9 10 11 12
1.IES-2 1
2. EPR 082 1
7**
3. UPE 050 033 1
8" 0~
4. RHS 054 014 001 1
2" a 2
5. BFC 063 027 0.06 049 1
2" 0~ 7 -
6. Depression - 0.07 004 - - 1
004 5 6 0.208 0.138
6 *k *k
7. Stress - 0.05 004 - -104" 0490 1
003 7 1 0.171 *
7 *k
8. Anxiety 0.04 008 - - 0.031 0.321 050 1
5 6" 0.01 0.041 o 9™
5
9. Dietquality 0.22 0.07 0.03 0.266 0.287 - - 013 1
3" 8 2 o - 0.145 0.08 9"
Kk 0
10.GWG 0.06 007 0.00 0.058 0.001 0.077 013 0.09 - 1
7 8 6 9 0 0.04
6
11. Week - - - - - 0.109 0.07 0.02 - 006 1
0.03 0.00 0.00 0.070 0.046 ~ 6 9 004 4
7 2 4 2
12. BMI (mid- - - 0.00 - - - - - - 012 - 1
pregnancy) 004 002 7 0.079 0.036 0.049 0.04 0.04 001 O 0.02
7 4 1 2 4 6

Notes. IES2: Intuitive Eating Scale-2; EPR: Eating for Physical Rather than Emotional Reasons;
UPE: Unconditional Permission to Eat; RHS: Reliance on Hunger and Satiety Cues; BFC: Body-
Food Choice Congruence; GWG: Gestational weight gain; BMI: body mass index Note. xx
Correlation is significant at the 0.01 level (2-tailed); = Correlation is significant at the 0.05 level (2-
tailed).
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Table5. Results for the Pathways and Model Summary Information in the Simple

IES2(M) DQ(Y)

coeff coeff t p
Depression(X) a -0.053 -0.847 0.397 ¢’ -0.482 -3.269 0.001
IES(M) / b 0.496 4913 <0.001
Cov(week) -0.089 -0.714 0.475 -0.116 -0.394 0.693
Cov(stress) -0.040 -1.083 0.279 -0.199 -2.280 0.023
Cov(anxiety) 0.073 1.778 0.075 0.487 5.034 <0.001

R? 0.009 R? 0.110

F 1.251 F 13.374

Abbreviations: IES2: Intuitive Eating Scale-2; DQ=Diet quality.

Table6. Indirect effects of depression on diet quality through the facets of intuitive eating

95% Percentile confidence interval

Mediator Parameter estimate ~ SE Lower Upper
Total -0.144 0.053 -0.255 -0.045
UPE -0.004 0.010 -0.011 0.032
EPR -0.001 0.010 -0.024 0.020
RHS -0.076 0.035 -0.157 -0.020
BFC -0.070 0.035 -0.151 -0.010

Notes. EPR: Eating for Physical Rather than Emotional Reasons; UPE: Unconditional Permission to Eat; RHS:
Reliance on Hunger and Satiety Cues; BFC: Body-Food Choice Congruence;
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Table7. Results for the pathways and model summary information in the multiple mediation model to explain

diet quality.
M1(UPE) M2(EPR) M3(RHS) M4(BFC) Y(DQ)
Ante co S p co S p co SE p co SE p co SE p
ceden eff E eff E eff eff eff
t
X(de a 0. 0. 0. a 0. 0 0 a - 0. 0. a - 0. 0 ¢ - 0. 0.
pressi 1 01 01 42 , 04 03 25 3 00 01 00 4 0 01 01 " O 15 00
on) 4 7 3 3 8 7 63 84 1 04 8 1 5 0 1
6 7 9
My (U rr rr / I / / /b 0. 0 O
PE) 1 28 37 43
8 0 7
M2(E A rr / I / / /b - 0. O
PR) 2 0. 17 85
03 9 5
3
Ma(R A rr / I / / /b 1. 0. O
HS) 3 19 38 00
7 4 2
Ma(B A rr / I / / /b 1. 0. O
FC) 4+ 50 39 00
4 1 1
cov( - 0. O - 0 O - 0. 0 - 0 - - 0. 0
week 0. 03 81 0. 07 82 0.0 03 28 0. 03 O 0. 29 79
) 00 5 4 01 6 05 39 69 8 02 7 66 07 1 6
8 7 3 5 3 5
cov(s 0. 0. 0O - 0 O - 0. 0 - 0. 0 - 0. 0
tress) 00 01 37 0. 02 90 00 01 01 0. 01 05 0. 08 06
9 1 1 00 3 75 25 09 9 02 1 2 15 6 6
2 7 2 9
cov(a - 0. 0O 0. 0 O 00 0 O 0. 0. O 0. 0. <0
nxiet 0. 01 29 03 02 15 19 01 11 03 01 o1 45 09 .0
y) 01 1 5 5 5 54 21 5 1 2 2 9 5 01
2
RZ 0. RZ 0. RZ 0. RZ 0. RZ 0.
00 01 05 03 14
5 9 59 3 8
F 0. F 1. F 8. F 4 F 11
63 35 01 63 6
1 7 23 6 01
P 0 P 0 P <0 P <0 P <0
64 24 0 0 0
1 7 01 01 01
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Notes. EPR: Eating for Physical Rather than Emotional Reasons; UPE: Unconditional Permission to Eat; RHS:
Reliance on Hunger and Satiety Cues; BFC: Body-Food Choice Congruence;
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