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Taste preference drives food selection, acceptance, or rejection and influences
nutritional status and body mass index. Nevertheless, there are few reports
concerning pregnant women. Mala flavor, characterized by its “numbing” and “spicy”
sensations, is a distinctive taste of Sichuan cuisine, created by the combination of
Chinese prickly ash and chili peppers. We conducted a cohort study in Chongging,
China to analyze the impact of Mala flavor, on excessive gestational weight gain
(GWGQG). The study included 495 pregnant women aged 20-45 years, without
chronic diseases, who conceived naturally and had single pregnancies from May
2021 to November 2022. Demographic information and pregnancy outcomes
were collected during the second trimester and post-delivery, respectively. Food
intake and taste preferences, including fatty, salty, and Mala flavors, were assessed
during the third trimester. Latent Profile Analysis revealed three dietary patterns:
"high-carbohydrate diet” (HCD), "low-carbohydrate diet” (LND), and “moderate
nutrient diet” (MND). Multiple logistic regression indicated that pregnant women
preferring Mala flavor were more likely to follow an HCD and had a higher risk of
excessive GWG. Moreover, those adhering to an HCD were at an increased risk
of excessive GWG. Mediation analysis showed that the preference for Mala flavor
influenced excessive GWG through HCDs, with a significant indirect effect and an
insignificant direct effect. Our study suggests that a preference for Mala flavor is
positively associated with excessive GWG, mediated by HCD patterns. However,
these findings should be approached with caution due to the exploratory nature
of the study.
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1 Introduction

The “Developmental Origins of Health and Disease” theory posits
that early-life nutrition is a key determinant in the development of
chronic conditions such as hypertension, diabetes, and cardiovascular
disease in adulthood (1). Gestational weight gain (GWG) serves as a
direct measure of maternal nutrition and is an independent predictor
of both perinatal and long-term health outcomes for both the mother
and the infant (2). Studies show that inadequate GWG can raise the
risk of infants being small for gestational age and having low birth
weight, while excessive GWG may precipitate conditions like
pregnancy-induced hypertension syndrome, preeclampsia, gestational
diabetes mellitus, large for gestational age, and an increased need for
cesarean section (3-5). Furthermore, excessive GWG can have lasting
health repercussions, predisposing women to diabetes and
cardiovascular diseases later in life and increasing the risk of
childhood obesity in their offspring (6-8).

Nutrition during pregnancy is crucial, as it impacts not only the
mother’s health but also profoundly influences the growth and
development of the fetus (9). A balanced and well-rounded diet is
fundamental to controlling GWG and preventing pregnancy-related
diseases (10). Analyzing dietary patterns, rather than individual foods
or nutrients, provides a more effective approach to evaluating overall
dietary status (11). There are various methods to assess dietary
patterns: Priori methods, are based on existing dietary guidelines or
scientific dietary recommendations and use scores to reflect the degree
of adherence, such as index or score analysis (12, 13). Posteriori
methods, aim to identify factors that explain variations in dietary
patterns or classify individuals into distinct groups. Examples include
factor analysis, cluster analysis, and latent profile analysis (LPA)
(14-16).

The variations in geography, climate, history, customs, and
assessment methods contribute to the diversity in reported dietary
patterns across studies. Consequently, the impact of these patterns on
GWG is a subject of inconsistent findings. A recent Danish study
highlighted the advantages of a high-protein, low-glycemic index diet,
particularly in reducing GWG and associated complications, such as
a decreased rate cesarean deliveries among overweight or obese
women (17). A retrospective study identified a negative association
between GWG and adherence to the Mediterranean dietary pattern,
which is characterized by a high consumption of vegetables, whole
cereals, nuts, fish, and olive oil and a low consumption of refined
cereals, snacks, and desserts (18). Additionally, a prospective cohort
study from central China revealed that a dietary pattern rich in beans
and vegetables is beneficial for managing GWG effectively and for
promoting higher birth weight in newborns (19).

Recent studies have sought to explore the potential correlations
between specific tastes preference, dietary habits, and obesity. A
systematic review, which meticulously examined 19 articles, revealed
a possible association between obesity and taste preferences,
particularly a moderate inclination toward salty, bitter, and fatty
flavors, as well as a heightened preference for sour flavors (20).
However, there remains a significant gap in the literature concerning
the relationship between taste preference and GWG.

In Chonggqing, southwest China, the distinctive Mala flavor is a
cornerstone of local cuisine. This flavor, characterized by its
“numbing” and “spicy” qualities, is typically achieved by the addition
of Chinese prickly ash, known for its tingling effect, and chili peppers
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to a variety of dishes including fish, poultry, meat, and soy products
(21). Originating from Sichuan cuisine, the Mala taste has
transcended regional boundaries, becoming a beloved seasoning
across China and gaining international recognition for its unique
sensory experience. However, the impact of this flavor profile on
body weight remains largely unexplored in scientific literature.
Furthermore, research on the connection between diet and GWG in
Chonggqing is scarce, which poses a challenge for the development of
tailored nutritional intervention. In light of these gaps, our study
aims to investigate the correlation between dietary habits, including
taste preferences and dietary patterns, and GWG among pregnant
women in Chongging.

2 Materials and methods
2.1 Study population

This ambispective cohort study was conducted at Chongqing
Kaizhou Maternal and Child Health Hospital. Pregnant women aged
20-45 years who underwent routine prenatal care at the hospital
obstetrics department at 24-27 gestational weeks and were expected
to deliver at the hospital were invited to enroll in the cohort from May
2021 to November 2022. Women who had undergone assisted
reproductive technology (ART; e.g., ovulation induction, in vitro
fertilization, intracytoplasmic sperm injection treatment, or
intrauterine insemination); had chronic medical and surgical diseases
or pregnancy complications; were confirmed to have multiple
pregnancies; or had cognitive impairment, dementia, or severe mental
illness were excluded from this study.

The ethics committee of Chongqing Kaizhou Maternal and Child
Health Hospital approved this study. Written informed consent was
obtained from all participants.

2.2 Measures

The participants were interviewed by trained obstetric nurses
three times: at enrollment (24-27 gestational weeks), during the third
trimester (32-36 gestational weeks), and after the delivery.
Demographic information was collected at the time of enrollment.
Data on dietary status, including taste preference and food intake over
the previous month, were collected at 32-36 gestational weeks.
Pregnancy outcomes were recorded after the delivery. GWG was
calculated by subtracting the pre-pregnancy weight from the weight
at the end of pregnancy. Inadequate or excessive GWG were defined,
respectively, as GWG not meeting or exceeding the recommended
GWG for each pre-pregnancy BMI category by gestational age at
delivery on the basis of the Institute of Medicine guidelines (IOM)
(22). Taste preference—fatty, salty, or Mala flavor—was recorded. The
degree of preference was categorized as no or light, medium, or heavy.
A streamlined and improved version of food frequency questionnaire
(FFQ), building upon the 2014 edition (23), was utilized to collect data
on dietary intake during pregnancy. The FFQ comprises 15 food items
covering nine distinct categories, namely, cereals, vegetables, fruits,
beans, meat, poultry, aquatic products, eggs, and dairy. For each food
item in the FFQ, participants reported the frequency of consumption
and portion size.
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The sufficiency and quality of food consumption were determined
using the Chinese Balanced Dietary Pagoda (CBDP) 2022 version for
pregnant women (Supplementary Figure 1). The CBDPs, established
and updated by the Chinese Nutrition Association, are visual
representations of dietary guidelines for special groups of Chinese
residents, including average adults, children, adolescents and pregnant
women (24). These guidelines are crafted in accordance with
principles of nutritional science and take into account the unique
aspects of the Chinese dietary structure. CBDPs is structured into five
distinct levels, each with a diminishing size from the base to the
pinnacle. This hierarchy corresponds to the recommended daily
consumption levels for five key food groups: cereals, vegetables and
fruits, animal-based foods, legumes and nuts, and finally, cooking oils
and salt.

2.3 Statistical analyses

Participants’ characteristics, taste preferences, and daily food
intakes were presented as mean =+ standard deviation for continuous
variables and as frequencies with proportions for categorical variables.
Differences in variables between groups were evaluated using an
analysis of variance (ANOVA) for continuous variables, and Pearson
Chi-square tests for classification. Owing to low frequency, heavy taste
preference was merged into the medium category for analysis.

LPA was used to identify mutually exclusive dietary patterns. The
quartiles of daily food intake were used as exogenous variables. The
optimal number of latent profiles was determined comprehensively by
evaluating the goodness of fit of each model according to Akaike
Information Criteria (AIC), Bayesian Information Criterion (BIC),
and adjusted BIC (aBIC), as well as Entropy, Bootstrap Likelihood
Ratio test (BLRT), and Lo-Mendell-Rubin likelihood ratio test (LMR)
(25). Lower statistical values of AIC, BIC, and aBIC indicated a better
fit. Entropy values range from 0 to 1, where a value closer to 1 indicates
a more accurate classification. If p <0.05 for LMR or BLRT, the
k-category model is superior to the k-1 category model (25).

The association between taste preference, dietary pattern, and
excess GWG was analyzed using a multiple logistic regression model,
and adjustments were conducted for potential confounders that were
selected on the basis of ANOVA. The mediating effect of dietary
patterns on the relationship between taste preference and excess GWG
was examined using mediation analysis.

LPA and mediation analysis were conducted using Mplus version
7.4. The rest of the analyses were performed using SPSS version 21.0.
There was one missing value for BMI, which was replaced with the
average value in the relative analysis.

3 Results
3.1 Demography of the pregnant women

Among the 635 pregnant women screened, 135 were excluded for
intending to deliver at a different hospital (# = 3), undergoing ART
(n =1), having multiple pregnancies (n =2), and having chronic
medical disease (n = 129). Of the remaining 500 pregnant women,
three were lost to follow-up, and two had stillbirths. Therefore, a final
sample of 495 women was analyzed.
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The pregnant women in this study had an average age of 27.8
(+4.4) years, with a mean pre-pregnancy body mass index (BMI) of
21.4 (£ 0.7 kg/m?). More than one-third were first-time pregnancies
(36.0%), and the majority were from agricultural households (73.9%).
Additionally, more than half had a junior high school education or
below (51.3%), and the majority did not hold official employment
roles (71.9%).

The pregnant women gained an average of 14.0 (+4.9) kg
throughout their pregnancy. Of the total participants, 23.4 and 30.3%
had inadequate and excessive GWG, respectively. Table 1 presents the
demographic characteristics of pregnant women according to
GWG. We noted only one significant difference in pre-pregnancy BMI
among the three GWG groups (p < 0.01).

3.2 Dietary status of pregnant women

Most of the pregnant women had medium taste preferences for
fatty, and salty flavors (82.2, and 77.6%, respectively) and had no or
light taste preferences for Mala flavors (73.7%).

Their daily intake of cereals, meat, poultry, and eggs approached
or exceeded the recommended levels. Their intake of vegetables,
beans, and aquatic products fell significantly short, with less than 60%
of the pregnant women meeting the minimum recommended intake
for these food categories (Table 2).

As shown in Figure 1, compared with those with no or light
preference, women with a medium preference for Mala flavors had
higher intakes of cereals, vegetables, fruits, beans, meat, poultry, and
aquatic products. Most food intakes did not differ significantly between
women with different fatty (excepting for fruits, beans, and meat) or
salty (excepting for cereals, meat, and dairy) flavor preferences.

The goodness of fit for the models examined indicated that the
three-latent-profile solution demonstrated the most favorable fit
indicators (Table 3). Class #1, comprising 182 (37%) participants, was
characterized by an extremely high intake of cereals and labeled as
“high carbohydrate die” (HCD). Class #2, including 124 (25%)
participants, exhibited low intake across cereals, vegetables, fruits,
meat, poultry, and aquatic products, and was categorized as “low
nutrient diet” (LND). Class #3, consisting of 189 (38%) participants,
was marked by moderate food intakes and termed “moderate nutrient
diet” (MND) (Figure 2).

Table 4 indicates that women with a medium preference for fatty
or salty flavors had a lower proportion of HCDs and a higher
proportion of LNDs and MNDs. Women with a medium preference
for Mala flavors had a higher proportion of HCDs and a lower
proportion of LNDs.

A flowchart that categorizes the different groups of pregnant
women based on the flavor preference and dietary patterns was shown
in Supplementary Figure 2.

3.3 Relationship between taste preference,
dietary pattern, and GWG

In Figure 3, women with a medium preference for Mala flavors
had a higher risk of excessive GWG (adjusted odds ratio [aOR]: 1.80,
95% confidence interval [CI]: 1.13-2.86) compared with those with
no or light preference. Additionally, women with HCDs had a higher
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TABLE 1 Demographic characteristics of pregnant women in Chongqing according to gestational weight gain.

Variations Total population Gestational weight gain, n (%)
Inadequate Adequate Excessive
N 495 116 229 150
Age,y 0.326
~25 136 (27.5) 36 (31.0) 63 (27.5) 37 (24.7)
~30 222 (44.8) 46 (39.7) 111 (48.5) 65 (43.3)
>30 137 (27.7) 34(29.3) 55 (24.0) 46 (32.0)
Pre-pregnancy BMI, kg/m? <0.001
<185 55(11.1) 11 (9.5) 37(16.2) 7 (4.7)
18.5~239 359 (72.5) 80 (69.0) 171 (74.7) 108 (72.0)
>24 81 (16.4) 25 (21.6) 21(9.2) 35(23.3)
Gravidity 0.331
1 178 (36.0) 35(30.2) 86 (37.6) 57 (38.0)
>1 317 (64.0) 81 (69.8) 143 (62.4) 93 (62.0)
Place of residence 0.393
Agricultural 366 (73.9) 91 (78.4) 164 (71.6) 111 (74.0)
Non-Agricultural 129 (26.1) 25 (21.6) 65 (28.4) 39 (26.0)
Educational qualifications 0.611
Junior high school or below 254 (51.3) 60 (51.7) 116 (50.7) 78 (52.0)
Senior high school 141 (28.5) 38 (32.8) 63 (27.5) 40 (26.7)
University and above 100 (20.2) 18 (15.5) 50 (21.8) 32(21.3)
Occupation
Farmer 24 (4.8) 9(7.8) 6(2.6) 9 (6.0) 0.070
Business/working 42 (8.5) 5(4.3) 26 (11.4) 11(7.3)
Teachers/civil servants/staff 55(11.1) 9(7.8) 29 (12.7) 17 (11.3)
Unemployed 356 (71.9) 86 (74.1) 160 (69.9) 110 (73.3)
Others 18 (3.6) 7 (6.0) 8(3.5) 3(2.0)

BMI: body mass index.

TABLE 2 Daily food category intakes of pregnant women in Chongging.

Food categories Recommended dietary intakes Mean + SD
@ Actual dietary intakes (g) Relative intake (%)?

Cereals 225-275 214.4+108.5 95 + 49
Vegetables 400-500 83.4+70.1 21+18

Fruits 200-350 129.0 + 1113 65 + 56

Beans 20 10.5 + 13.6 53+ 68

Meat and Poultry 50-75 439 +47.4 129+ 112

Aquatic products 75-100 128 +17.3 17 +£23

Eggs 50 50.2 +27.0 101 + 54

Dairy 300-500 205.6 +93.2 69 +29

“Relative intake was calculated as a percentage of the minimum recommended intake.
SD, standard deviation.

risk of excessive GWG (aOR: 2.13, 95%CI: 1.27-3.60) compared with ~ (comparative fit index = 1.00, Tucker-Lewis index = 1.04, root mean
those with LNDs. square error of approximation = 0). As shown in Figure 4, the indirect

The mediation analysis demonstrated that the model comprising  effect of Mala taste preference on excessive GWG mediated by HCDs
the independent (excessive GWG), dependent (Mala taste preference), ~ was significant (f =0.138, p = 0.019), while the direct effect was
and mediator (HCD) variables was within the acceptable fit  insignificant (§ = 0. 203, p = 0.136).
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FIGURE 1
Daily food intakes according to different taste preferences, *p < 0.05, **p < 0.01, ***p < 0.001.

TABLE 3 Fit indices for the latent profile analysis of daily food intakes in pregnant women in Chonggqing.

Model AIC BIC aBIC Entropy LMRT p BLRT p Class probability
2-class 12190.396 12308.124 12219.251 0.983 <0.001 <0.001 0.62/0.38
3-class 11602.113 11761.886 11641.274 0.979 0.0268 <0.001 0.37/0.25/0.38
4-class 11160.996 11362.815 11210.462 0.981 0.4624 <0.001 0.22/0.35/0.07/0.36

AIC, Akaike Information Criterion; BIC, Bayesian Information Criterion; aBIC, Adjusted Bayesian Information Criterion; BLRT, Bootstrap Likelihood Ratio Test; LMRT, Lo-Mendell-Rubin.

4.5 H
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FIGURE 2

Description of the selected LPA profiles of the daily food intakes. HCD, high carbohydrate dietary; LND, low nutrient dietary; MND, moderate nutrient diet.
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TABLE 4 Dietary patterns of pregnant women in Chongging according to
different taste preference.

Taste HCD LND MND P
preference
Fatty
No or light 41 (46.6) 14 (15.9) 33 (37.5) 0.041
Medium 141 (346) | 110(27.0) | 156 (38.3)
Salty
No or light 54 (48.6) 22(19.8) 35 (31.5) 0.013
Medium 128(333) | 102(26.6) | 154 (40.1)
Mala <0.001
No or light 109 (29.9) | 117(32.1) | 139(38.1)
Medium 73 (56.2) 7 (5.4) 50 (38.5)

HCD, high carbohydrate diet; LND, low nutrient diet; MND, moderate nutrient diet.

4 Discussion

GWG surpassing the recommended levels in approximately half
of pregnancies is often attributed to unhealthy lifestyles and
unbalanced diets (26). Excessive GWG is linked to an increased risk
of adverse maternal and neonatal outcomes (27, 28). Data from China
indicate that 30-50% of women experience excessive GWG (29).
Multiple interventions, including diet, physical activity, and
combinations, have been proposed to address this issue (30). A meta-
analysis showed that dietary interventions are associated with reduced
GWG and exert a more significant effect than physical activity alone
does (31). Strategies for dietary interventions in weight management
should focus on reducing energy intake and consider dietary patterns
related to differences in food accessibility, eating behaviors, taste
preferences, and cultural background (32). A comprehensive
understanding of regional dietary intake elements is crucial for
devising targeted dietary interventions to prevent excessive GWG.

In this study, we evaluated dietary intake and taste preference
among pregnant women in Chonggqing and their impacts on GWG. Our
results showed that food intake during pregnancy was notably
inadequate, except for cereals, meats/poultries, and eggs, with less than
70% of the recommended minimum intake based on the CBDP being
consumed. This is consistent with the 2018 Chonggqing Residents’ Health
Status report (33). An unbalanced diet heavily laden with carbohydrates
has been reported to be associated with weight gain and obesity in Asia
(34). This explains why, despite inadequate dietary intake, there are still
quite a few cases of excessive GWG in Chongging (30.3%). We identified
three dietary patterns: HCD, LND, and MND by using the LPA method,
and found that women adhering to HCD pattern, characterized by a
high intake of cereals, had an increased risk of excessive GWG. Our
findings align with those of a 2022 Danish study, which demonstrated
that a low glycemic index diet was associated with reduced GWG (17).
In a similar vein, a 2019 randomized controlled trial established a link
between healthy eating practices, including lower carbohydrate intake,
and decreased GWG (35). Additionally, a substantial longitudinal study
among Korean adults bolsters our conclusions, showing that a diet rich
in noodle or rice consumption was inversely related to reductions in
waist circumference (36). It is noteworthy that compared to the LND,
adhering to a MND pattern did not significantly increase the risk of
excessive GWG. This suggests that a balanced diet is a more
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advantageous approach to ensure the intake of essential nutrients and to
manage weight gain during pregnancy effectively.

Taste influences nutritional status and health. A systematic review
was carried out in 2023 on the relationship between weight status and
the perception of and preference for four common tastes (sweet, salty,
fatty, bitter, and sour) by reviewing observational and interventional
studies (37). The findings indicated that adults who were overweight
and obese exhibited decreased perceptions of the four tastes and that
preferences for sweetness and fat increased with weight gain (37). There
is no consensus in the literature regarding the effects of food spiciness
on obesity. One 2017 prospective study from China suggests that a high
intake of spicy foods is positively associated with energy intake but
inversely associated with the risk of overweight or obesity (38). A 2023
review of the literature indicated that both pepper extract and capsaicin
have shown promising effects in aiding weight reduction (39). However,
a meta-analysis of cross-sectional studies in the same year showed that
spiciness may adversely affect overweight or obesity (40).

Regarding taste preference during pregnancy, only sugar
consumption has been reported in 2019 to contribute to increased
GWG and the development of pregnancy complications (41). In the
present study, we investigated three taste preferences of pregnant
women, namely, fatty, salty, spicy, and Mala flavors, and found that
pregnant women who preferred the Mala flavor (but not fatty or salty
flavor) had a higher risk of excessive GWG, compared with those who
did not. Further analysis showed that the positive effect of consuming
foods with a Mala flavor on excessive GWG was mediated by HCD
patterns. Unlike the straightforward spiciness found in other regional
Chinese cuisines, Sichuan cuisine is distinguished by a unique numbing
sensation in its Mala flavor, which is derived from Chinese prickly ash.
The numbing compounds in Chinese prickly ash, known as sanshool-
based amides, activate sensory neurons in the mouth by targeting
TRPV1, a chemically sensitive member of the transient receptor
potential (TRP) channels (42, 43). This activation can influence
appetite by modulating appetite hormone levels or by regulating
gastrointestinal vagal afferent signaling (44). Mala sauce is a staple in
Sichuan cooking, used extensively in dishes made with poultry,
livestock, fresh fish, beans, and bean products, such as Boiled Meat
Slices, Mapo Tofu, Spicy Beef Shreds, Spicy Chicken Slices, and more.
Consequently, as our research indicates, the appetite-stimulating effect
of Mala flavors lead to increased food intake among pregnant women
who prefer this taste, particularly in cereals, and accordingly, a
heightened risk of excessive GWG, which is mediated by HCD pattern.

Our study provides an innovative analysis of the effect of
preference for the unique Mala taste of Sichuan cuisine on
GWG. However, this study has some limitations. First, our FFQ only
dealt with food categories, not specific foods, therefore, it was not
possible to assess energy and nutrient intake. However, it was effective
for collecting the frequency and amount of food category intake and
analyzing dietary patterns. Second, the reliability and validity of the
FFQ were not evaluated. Nonetheless, this version of the FFQ was an
enhancement of the 2014 edition, which had demonstrated good
reproducibility and correlations with 24 h dietary recall 2014 (23).
And the results of food category intake in our study were consistent
with those of the Chongqing Residents’ Health Status Report, which
reflects the validity of the FFQ to some extent. Moreover, the FFQ
showed good reproducibility. The Spearman and intra-class
correlation coefficients between the two FFQ measurements 3 months
apart ranged from 0.22 to 0.66 and from 0.22 to 0.60, respectively
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(A) The effects of taste preference on excessive gestational weight gain. (B) The effects of dietary pattern on excessive GWG. *Adjusted for pre-
pregnancy BMI and other taste preferences. PAdjusted for pre-pregnancy BMI. GWG, gestational weight gain; HCD, high carbohydrate dietary; LND,
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Mediating effect of Mala taste preference on excessive GWG. GWG: Gestational weight gain.

Excessive GWG

(Supplementary Table 1). The proportion of women classified into the
same or adjacent quartiles by both FFQ measurements ranged from
72 to 85%, whereas the rate of misclassification into opposite quartiles
was <9% (Supplementary Table 2). Third, we did not adjust for food
intake when analyzing the relationship between taste preferences and
GWG, which could potentially introduce bias into the results.
However, in the subsequent mediation analysis, dietary patterns
extracted on the basis of food category intake were included and
adjusted in the model. Another significant limitation is the absence
of external validation for our results, which means we cannot confirm
the applicability of our findings to other populations. Consequently,
it is imperative to approach the interpretation of our findings
with caution.

5 Conclusion

The current study conducted a thorough evaluation of the
dietary intake and taste preferences on GWG in the Southwest
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China region. Our results indicate that a preference for the Mala
flavor, a distinctive characteristic of Sichuan cuisine, is positively
associated with GWG, with this relationship being mediated by
HCD patterns that feature high glycemic indexes cereals. It is
recommended that pregnant women in the Chongqing region
consider adjusting their preference for Mala flavors and reducing
their consumption of high glycemic index cereals to manage GWG
effectively and keep it within a healthy range. However, giving the
exploratory nature of this study, caution is advised in interpreting
these results. Future research with larger sample sizes is essential
to validate our findings and to elucidate the underlying
mechanisms, potentially incorporating relevant biomarkers into
the analysis.
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