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Background and Objectives: We aimed to explore the relationship between dietary patterns and gestational dia-
betes mellitus (GDM) during pre-pregnancy six months using principal component analysis (PCA) and the geo-
metric framework for nutrition (GFN). Methods and Study Design: We conducted a case-control study that in-
cluded 210 GDM pregnant women and 210 controls. The dietary intake of all participants was assessed by a vali-
dated semi-quantitative food frequency questionnaire (FFQ). Major dietary patterns were extracted by PCA. A
conditional logistic regression model was used to determine whether specific dietary patterns are associated with
the risk of GDM. Meanwhile, the relationship between dietary patterns and GDM was visualized using GFN. Re-
sults: Four major dietary patterns were identified: “protein-rich pattern,” “plant-based pattern,” “oil-pickles-
desserts pattern,” and “cereals-nuts pattern.” After adjustment for confounders, the “plant-based pattern” was as-
sociated with decreased risk of GDM (Q4 vs. Q1: OR =0.01, 95% CI: 0.00~0.08), whereas no significant associ-
ation was found in other dietary patterns. Moreover, there was no dietary intake of ice cream cones and deep-fried
dough sticks for the population, which would produce fewer patients with GDM. Deep-fried dough sticks had sta-
tistically significant differences in the case and control groups (p < 0.001), while ice cream cones had the oppo-
site result. Conclusions: The “plant-based pattern” may reduce the risk of GDM. Besides, although the “cereals-
nuts pattern” had no association with GDM risk, avoiding the intake of deep-fried dough sticks could decrease

GDM risk.
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INTRODUCTION

Gestational diabetes mellitus (GDM) is a prevalent condi-
tion characterized by the onset of hyperglycemia during
pregnancy. The prevalence of GDM has been increasing
in China, making it a major public health concern.??
GDM has been linked to various adverse health outcomes
for both women and their offspring, including an in-
creased risk of developing cardiometabolic disorders later
in life.*®> A meta-analysis conducted in mainland China
found that the total incidence of GDM in mainland China
was 14.8% between 2010 and 2017.° It has already been
shown that the diet before pregnancy is a modifiable fac-

tor that may influence the risk of developing GDM."*
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Although dietary factors are relevant modifiable risk
factors for GDM, the exact association between dietary
patterns and GDM remains controversial.'® For example,
a study has shown that the Western dietary pattern posi-
tively correlates with the risk of developing GDM.™ In
contrast, another study showed no significant association
between adherence to the Western dietary pattern and the
risk of GDM.? Principal component analysis (PCA) is a
common method for analyzing dietary patterns.’®* It is a
technique used to reduce many correlated variables into a
smaller components,** revealing the underlying structure
within population diets. However, the PCA has a limita-
tion: there is no analysis of the relationship between food,
macronutrients, and disease. Therefore, we adopted a
novel approach of the geometric framework for nutrition
(GFN) to analyze diet and disease, filling the PCA limita-
tion.

GFN is used to examine how mixtures of nutrients (and
other dietary components) influence biological outcomes
like health and disease.’ It utilizes a right-angled mixed
triangle model to integrate nutrients, food, and dietary
patterns, which simulates interactions in nutrients, meals,
diets, dietary patterns, and disease.’®* GFN has been used
by many studies, including the new theories of obesity
based on the “protein leverage hypothesis”,}” diet and
aging,*® cardiovascular metabolism,*® liver,?°?! and Kid-
ney diseases,®® and new approaches to precision medi-
cine.® It is evident from these studies that the nutritional
geometry model demonstrates strengths in analyzing the
relationship between diet and disease risk.

Moreover, insufficient evidence exists on the associa-
tions between dietary patterns before pregnancy and the
risk of GDM. Therefore, the present study aimed to ex-
amine the association between maternal pre-pregnancy
dietary patterns and the risk of developing GDM using
the PCA method and GFN approach. Meanwhile, this
study will contribute a perspective on the relationship
between dietary habits and GDM in Chinese pregnant
women, thereby establishing a new groundwork for pro-
tective strategies in GDM prevention based on dietary
patterns.

METHODS
Study participants
This study was conducted by the Department of Obstet-
rics of the First Affiliated Hospital of Zhengzhou Univer-
sity from December 2020 to December 2021. Cases (n =
210) with GDM pregnant women aged 18~45 years and
singleton pregnancy were included. The diagnostic crite-
ria for GDM: a 75-g oral glucose tolerance test (OGTT)
at 24~28 weeks of gestational age (WkGA), fasting plas-
ma glucose > 5.1 mmol/L and < 7 mmol/L, 1-h plasma
glucose > 10.0 mmol/L, or 2-h plasma glucose >
8.5mmol/L and < 11.1 mmol/L, blood glucose reaches
any one of the above points was used to diagnose GDM.?*
Controls were pregnant women (n = 210) whose OGTT
at 24~28 weeks of pregnancy was in the normal range.
The exclusion criteria were as follows: (1) women with a
history of GDM and a history of pre-gestational diabetes;
(2) hypertensive disorders during pregnancy, including

gestational hypertension and pre-eclampsia; (3) artificial
impregnation; (4) endocrine diseases (hyperthyroidism or
hypothyroidism) or other diseases, such as severe heart,
kidney, neurological complications (5) genetic family
history, (6) women who had cognitive disorders such as
mental illnesses, (7) refused to participate, or an incom-
plete questionnaire. Moreover, participants were excluded
if they had improbable energy intakes of < 500 kcal/d and
> 3500 kcal/d (n=1).%° Based on a 1:1 case to control ratio
study formula for individual matching according to age
(x1) and gestational week (+2). The present study report-
ed the data of 420 pregnant women. The adequacy of the
sample size of this study is that hypothesized compliance
with better dietary patterns by approximately 30% of con-
trol participants could reduce the incidence of GDM by
50%,2¢ and we also took into account a 10% non-response
rate and a 90% qualified rate, with 80% statistical power
and 5% significance. The study flowchart is shown in
Figure 1.

This study was approved by the Ethics Committee of
Zhengzhou University Life Science (Ethics Number:
ZZUIRB2020-32), and all the participants signed an in-
formed consent form.

Dietary intake

The dietary intake of participants was recorded by a vali-
dated semiquantitative food frequency questionnaire
(FFQ) six months before pregnancy during hospitaliza-
tion through a face-to-face interview.?” The FFQ con-
tained seventy-nine food items, including seventy-one
food items, five beverage items, and three other items
(soup, water, and edible oil). For each food item, the par-
ticipants were asked to report their consumption frequen-
cy and serve of a given serving of each food item. The
FFQ has been previously shown to be valid and reproduc-
ible for the usual intake of nutrients and major foods by
women in urban Shanghai and the usual consumption of
major nutrients and food groups among Chinese women
in Guangdong.?’

The daily energy, nutrients, and food consumption for
participants was calculated according to the Chinese Food
Composition Tables 2009.2¢ The data obtained this way
was transformed into daily dietary doses and expressed as
g/day or mL/day. To calculate micronutrient density, the
formula: nutrient density = (amount of a nutrient in a giv-
en amount of a food/energy contained in the same amount
of that food) * 1000.

Assessment of nondietary exposures

Basic characteristics of pregnant women who participated
in the study six months before pregnancy were collected.
This information included height, weight, body mass in-
dex (BMI), physical activity, family history of diabetes,
pre-pregnancy BMI, education level, income, and daily
energy intake. Weight and height were measured using a
weight machine by a trained investigator, with minimum
clothes and without shoes, and were reported to the near-
est 0.1 kg. Besides, a physical activity questionnaire was
used to report common activities during the six months
before pregnancy, including type and cumulative duration
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A total of 536 participants
were included

inclusion and exclusion criteria, 1:1
matched age (+1) and gestational weeks
(*2)

A J

excluded pregnant women (n=7)

incomplete questionnaires (n=3)

pre-pregnancy weight (n=2), spicy food frequency (n=1)
genetic history (n=3)

energy intake more than 3500 kcal or less than 500 kcal
(n=1)

A total of 420 participants were include

'

cases(n=210)

) J

controls(n=210)

'

questionnaire: dietary intake, basic
characteristics, physical activity
questionnaire

|

principle components analysis

v

geometric framework for
nutrition

the association between dietary patterns before
pregnancy and gestational diabetes mellitus

Figure 1. Study flowchart

of activity per week or day. The metabolic equivalent
(MET) of tasks of each activity was multiplied by the
frequency and duration of physical activity to calculate
the daily physical activity level in MET hours per day
(MET-h/d).

Statistical analysis

All analyses were performed using SPSS software version
25 (IBM Corporation, USA), and a two-sided p val-
ue <0.05 was considered significant. The normal distribu-
tion of the data was evaluated using a histogram and the
Shapiro-Wilk test, and analysis of variance was per-
formed using the F-test. A paired samples t-test and a
Wilcoxon matched-pairs signed rank test were applied.
Normally distributed continuous variables were presented
as means and standard deviations. If the data did not con-

form to a normal distribution, the data were expressed as
median and quartiles. Categorical variables were com-
pared using the McNemar or McNemar-Bowker test for
paired observations and presented as counts and percent-
ages.

Methods analysis

Dietary patterns were identified through the applied vari-
max rotation to the component matrix to maximize the
variance explained on each component. Dietary patterns
were identified from the reported intakes of individual
foods using PCA, and the factor score for each dietary
pattern was calculated by summing the food intakes of
that group in terms of their factor loading, and each par-
ticipant received a score for each pattern in terms of fac-
tor scores. The participants were divided into quartiles
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based on the dietary pattern scores of the controls. Condi-
tional logistic regression models were used to compute
the odds ratio (OR) and 95% confidence interval (CI)
between dietary pattern scores and the risk of GDM. Lin-
ear trends were tested by entering the within-group medi-
an transformation as continuous parameters in the mod-
els. Raw scoring data were transformed into a z score to
assess participants for the risk of GDM according to each
standard deviation (SD) increase. p values for trend
across the quartile of dietary patterns adherence were
determined. Two models were created: crude model and
adjusted model. Covariates were determined according to
the previous studies, and categorical variables included in
the model as follows: education level (junior high school
and below, senior high school and undergraduate, master
and above), family history of diabetes (yes/no) and in-
come (<3000 RMB, 3001~3999 RMB, 4000~5999 RMB,
>6000 RMB, unknown), while age, gestational week, pre-
pregnancy BMI, physical activity and energy intake were
included in the model as continuous variables. Addition-
ally, covariates were adjusted into the conditional logistic
regression model when there was a significant difference
between the case and control group.

The right-angled mixture triangle depicts the relation-
ship between dietary patterns and GDM using R version
4.2.3.1% By choosing to model macronutrients, we were
able simplify the complex makeup of foods and diets,
which consist of numerous dimensions.'® Dietary patterns
extracted from PCA were visualized by GFN. The de-
tailed operation is as follows. The food groups were pre-
sented in each dietary pattern by calculating the percent-
age of total energy provided by protein, fats, and carbo-
hydrates from the food items. Second, a polygon function
was used to plot dietary patterns according to the food
groups.

Quiality control

First, a pre-survey was conducted before the formal sur-
vey to ensure that the questionnaire was easily understood

Table 1. Demographic data of the studied population

and accepted within the questionnaire. Second, the ques-
tioning and survey methods were standardized for case
and control groups to help respondents recall information
in as much detail as possible and reduce survey bias.
Third, the investigators were all master’s degree students
from the School of Public Health and underwent rigorous
training to ensure that participants understood the ques-
tionnaire content in detail and the potential benefits, mak-
ing it easy to obtain informed consent and reducing re-
porting bias. Fourth, the questioning was used one-to-one,
face-to-face, with the investigator asking and completing
the questionnaire to ensure the accuracy of information
collection. Fifth, the pre-prepared food atlas was used for
better estimation of the food intake consumed each time
by the participants, such as bowls, cups, spoons, slices,
and palms of hand. Finally, the content of the question-
naire was verified at the end of the survey to ensure the
completeness of the data.

RESULTS

The demographics of study participants (Table 1)

There were statistically significant differences in pre-
pregnancy BMI, physical activity, family history of dia-
betes, education, and income in the case group and con-
trol group. At the same time, other variables did not differ
significantly. The case group, in terms of pre-pregnancy
BMI and energy intake were higher compared to the con-
trol group, which had lower gestational week and physi-
cal activity.

The nutrient concentrations and nutrient density of
study participants (Table 2)

All variables, except for carbohydrate, total energy, non-
protein, non-carbohydrate, and vitamin E, other variables
were found to have a statistically significant relationship
between the case group and control group (p < 0.05). In
the case groups, fat (kcal/day), total energy, non-protein,
fat (%E), sodium, copper, and vitamin B-12 consistently
were higher than the control group. However, other vari-

Variables' Cases (n = 210) Controls (n = 210) p-value
Age (year) 31.4+3.99 31.4+4.05 0.359
Gestational week (week) 36.0+3.77 36.1 +3.62 0.320
Pre-pregnancy BMI (kg/m?) 23.4£3.43 22.2+£3.20 <0.001
Physical activity (MET-hour/day) 30.4+3.96 32.3+541 <0.001
Energy intake (kcal/day) 1835 + 430 1817 + 350 0.651
Family history of diabetes <0.001

No 173 (82.4) 200 (95.2)

Yes 37 (17.6) 10 (4.8)
Education (%) 0.023

Junior high school and below 35 (16.7) 36 (17.1)

Senior high school and undergraduate 134 (63.8) 155 (73.8)

Master and above 41 (19.5) 19 (9.0)
Income (%) 0.026

<3000 RMB 84 (40.0) 119 (56.7)

3001~3999 RMB 47 (22.4) 36 (17.1)

4000~5999 RMB 34 (16.2) 20 (9.5)

>6000 RMB 35 (16.7) 24 (11.4)

unknown 10 (4.8) 11 (5.2)

pre-pregnancy BMI: pre-pregnancy body mass index; MET: metabolic equivalent; RMB: renminbi (Chinese yuan)
Paired chi-squared test, categorical variables were compared using the McNemar or McNemar-Bowker test, and continuous variables
were compared using paired samples t-test. p-value < 0.05 was considered significant.
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Table 2. The nutrient concentrations and nutrient density of study participants

Nutrients’ Cases (n = 210) Controls (n =210) p-value
Macronutrients
Protein (kcal/day) 193+71.6 223 +60.5 <0.001
Fat (kcal/day) 901 + 205 832 + 160 <0.001
Carbohydrate (kcal/day) 756 + 211 783 + 207 0.192
Total energy (kcal/day) 1851 + 435 1837 + 355 0.731
Non-protein (kcal/day) 289 £+ 68.5 288 £ 60.9 0.861
Non-fat (kcal/day) 237 £67.7 251 £63.0 0.028
Non-carbohydrate (kcal/day) 138 (119, 169) 140 (127, 166) 0.426
Protein (%E) 9.86 (8.85, 11.5) 11.9 (10.7, 13.0) <0.001
Fat (%E) 49.1+5.01 45.6 +5.32 <0.001
Carbohydrate (%E) 40.7 £ 4.77 42.4+517 0.001
Fat-soluble vitamins
Vitamin A (ugRE/1000 kcal) 227 (174, 295) 338 (257, 429) <0.001
Retinol (ug/1000 keal) 59.8 (46.4, 83.3) 83.9(59.7, 108) <0.001
Vitamin E (mg/1000 kcal) 21.7+5.75 21.8+5.16 0.805
Vitamin D (1U/1000 kcal) 29.1(21.7, 45.4) 36.5(26.4, 57.3) 0.001
Water-soluble vitamins
Thiamin (mg/1000 kcal) 0.27(0.23, 0.32) 0.34(0.30, 0.39) <0.001
Riboflavin (mg/1000 kcal) 0.42 (0.36, 0.49) 0.54 (0.48, 0.60) <0.001
Niacin (mg/1000 kcal) 6.53 (5.83, 7.43) 7.52 (6.82, 8.37) <0.001
Vitamin C (mg/1000 kcal) 45.9 (34.9, 56.5) 55.7 (46.0, 71.7) <0.001
Vitamin B-6 (mg/1000 kcal) 0.35(0.30, 0.39) 0.40 (0.35, 0.45) <0.001
Vitamin B-12 (ug/1000 kcal) 0.45(0.25, 0.71) 0.31(0.18, 0.53) <0.001
Folate (ug/1000 kcal) 91.5(79.5, 108) 112 (97.2, 126) <0.001
Major minerals
Calcium (mg/1000 kcal) 183 (151, 230) 253 (211, 299) <0.001
Phosphorus (mg/1000 kcal) 384 (343, 445) 481 (437, 541) <0.001
Potassium (mg/1000 kcal) 710 (622, 824) 913 (833, 1032) <0.001
Sodium (mg/1000 kcal) 366 (328, 436) 350 (308, 396) <0.001
Magnesium (mg/1000 kcal) 130 (116, 146) 161 (146, 174) <0.001
Trace minerals
Iron (mg/1000 kcal) 8.12 (7.65, 8.77) 9.53 (8.86, 10.3) <0.001
Zinc (mg/1000 kcal) 3.98 (3.62, 4.47) 4.71 (4.34, 5.14) <0.001
Selenium (mg/1000 kcal) 16.3 (14.3, 18.6) 19.2 (16.7, 21.5) <0.001
Copper (mg/1000 kcal) 2.00(0.99, 3.15) 1.59 (0.88, 2.70) 0.038
Manganese (mg/1000 kcal) 2.36(2.18, 2.64) 2.72 (2.46, 2.96) <0.001
Other nutrients
Soluble fiber (g/1000 kcal) 4.15+0.96 543+1.16 <0.001
Methionine (mg/1000 kcal) 522 (466, 577) 591 (538, 647) <0.001
Total choline (mg/1000 kcal) 111+ 294 139 +33.1 <0.001

TContinuous variables were compared using paired samples t-test and Wilcoxon matched-pairs signed rank test. p-value < 0.05 was con-

sidered significant
ables were the opposite.

Dietary patterns construction based on PCA (Table 3)
We grouped food items into 16 food groups according to
the similarity of foods (Supplementary Table 1). All vari-
ables, except cereals and red meat, reached statistical sig-
nificance (p < 0.05). In the case group, the consumption
of cereals, potatoes, beverages, desserts, pickles, edible
oil, and red meat was consistently higher than in the con-
trol groups. In contrast, the intake of soybean and soy-
bean products, fruits, aquatic products, eggs, nuts, edible
fungi, whole grains and legumes, vegetables, dairy and
dairy products were found to be lower than in the control
group (p < 0.05) (Supplementary Table 2).

The results of the Kaiser-Meyer-Olkin (KMO) test is
0.717, and Bartlett’s test of sphericity was significant (p <
0.001), indicating that factor analysis was appropriate for
these data. The dietary patterns, whether included or not,
used a factor loading threshold of 0.50. Four major die-

tary patterns were extracted based on the eigenvalue crite-
ria (> 1), the scree plot, and the maximum variance meth-
od (Supplementary Figure 1), accounting for 45.0% of the
total variance in the data. These dietary patterns were:
“protein-rich pattern,” “plant-based pattern,” “oil-pickles-
desserts pattern,” and “cereals-nuts pattern.” Each dietary
pattern was named according to the composition of the
predominant food groups. The “protein-rich pattern” con-
sisted of 19.2 % of the variance and contained soybean
and soybean products, aquatic products, dairy and dairy
products, as well as red meat. The “plant-based pattern”
consisted of 10.5 % of the variance and mainly contained
high factor loadings for whole grains and legumes, vege-
tables, and fruits. The “oil-pickles-desserts pattern” con-
sisted of 8.40 % of the variance and included desserts,
pickles, and edible oil. The “cereals-nuts pattern” consist-
ed of 6.91 % of variance and mainly included cereals and
nuts.

LU
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Table 3. Dietary patterns derived from the maximum variance method and their rotated component matrix

Food groups' Protein-rich pattern  Plant-based pattern  Qil-pickles-desserts pattern  Cereals-nuts pattern

Soybean and soybean products 0.640
Aguatic products 0.724
Dairy and dairy products 0.551
Red meat 0.545
Whole grains and legumes —
Vegetables —
Fruits —
Desserts —
Pickles —
Edible oil _
Cereals —
Nuts —
Total variance 19.2%

— 0.600 —
— 0.629 —
— 0.662 —
— — 0.690
— — 0.522
10.5% 8.40% 6.91%

TOnly food groups with absolute factor loadings > 0.50 were retained in each pattern for simplicity.

Analysis of dietary pattern and GDM risk using condi-
tional logistic regression (Table 4)

Q1 represents the lowest quartile, while Q4 represents the
highest quartile. The Q4 group in the “protein-rich pat-
tern” reduced the risk of GDM by 50% compared to the
Q1 group, but it was not statistically significant. The
trend of the dietary pattern becomes closer as the dietary
pattern score increases. The linear trend was found to be
statistically significant (p = 0.017). Furthermore, each SD
increase in the “protein-rich pattern” score was associated
with a 28% reduction in the risk of GDM in the adjusted
model, but it was not statistically significant. For the
“plant-based pattern,” a higher dietary pattern score was
associated with a decreased risk of GDM, and it was sta-
tistically significant. Compared to the Q1 group, the Q4
group showed an almost 100% reduction in the risk of
GDM in the adjusted model. Moreover, the linear trend
was statistically significant (p < 0.001) in the adjusted
model. Additionally, each SD increase in the “plant-based
pattern” score was associated with an 83% reduced risk of
GDM, and it was statistically significant. In the “oil-
pickles-desserts pattern,” compared to the Q1 group, the
Q4 group showed a 7.39-fold relative increase in the risk
of GDM, and it was statistically significant in the crude
model. The linear trend was statistically significant in the
crude model (p < 0.001), whereas this linear trend rela-
tionship disappeared in the adjusted model (p = 0.082). In
addition, each SD increase in the “oil-pickles-desserts
pattern” score was associated with a 1.96-fold risk of
GDM in the adjusted model, and it was statistically sig-
nificant. We did not find any association between the
“cereals-nuts pattern” and GDM risk.

Visualized the association between dietary patterns and
GDM using GFN (Figure 2)

According to the proportion of total energy provided by
protein, we used 10% as a cutoff to identify the case and
control group population. The proportion less than 10%
indicated the majority of the case group population, while
the majority of the control group population was identi-
fied as the proportion greater than or equal to 10%. Most
participants in the control group can be seen clustered
within the polygon (Figure 2a), representing a “protein-
rich pattern.” The food groups for the “protein-rich pat-
tern” were represented by hollow triangles. In this diet,

the closer the triangle was to the origin of the coordinate
axis, the higher the proportion of total energy provided by
carbohydrates. Interestingly, no data points from either
group fell within the polygon (Figure 2b), which repre-
sented a “plant-based pattern.” Hollow diamonds repre-
sented vegetables, fruits, whole grains and legumes. They
were distributed in the lower-left area of the picture. In
addition, according to the proportion of total energy pro-
vided by protein, we used 10% as a cutoff to identify food
species from a “plant-based pattern.” The proportion less
than 10% indicated fruits, while vegetables, whole grains
and legumes were identified as the proportion greater
than or equal to 10%. Additionally, we observed that
some individuals in the case group are distributed within
the polygon for the “oil-pickles-desserts pattern” (Figure
2c). Unfortunately, we did not observe any consistent
distribution pattern in the “oil-pickles-desserts pattern.”
Moreover, we observed that when there was no dietary
intake of ice cream cones for the population, it would
produce fewer patients with GDM. However, no signifi-
cant differences were noticed for ice cream cones in the
case and control groups (p = 0.302) (Supplementary Ta-
ble 2). The distribution of individuals in both the case and
control groups within the region was similar, representing
a “cereals-nuts pattern” (Figure 2d). The “cereals-nuts
pattern” was represented by hollow squares and was pre-
dominantly distributed in the 10% proportion of total en-
ergy provided by protein, with a wide range of the total
energy provided by fat. We observed that when there was
no dietary intake of deep-fried dough sticks for the popu-
lation, it would produce fewer patients with GDM. Deep-
fried dough sticks had statistically significant differences
in the case group and control group (p < 0.001) (Supple-
mentary Table 2).

DISCUSSION

The present study investigated the relationship between
dietary patterns and GDM using two analytical methods.
The PCA method was employed, which identified four
common factors named “protein-rich pattern,” “plant-
based pattern,” “oil-pickles-desserts pattern,” and “cere-
als-nuts pattern” based on the major food groups. After
adjusting for confounding factors, the results from condi-
tional logistic regression showed that each SD increase in
the “plant-based pattern” was associated with an 83%
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Table 4. The relationship between dietary pattern score quartiles and the risk of GDM based on conditional logistic

regression analysis

Dietary patterns

Dietary pattern score guartiles (OR, 95%CI)

Q1 Q2 Q3 Q4

Protein-rich pattern

N (cases/controls) 121/52 26/53 24/53 39/52

Crude model 1 0.17 (0.06, 0.47)™ 0.28(0.10, 0.78)" 0.78(0.28, 2.19)

Adjusted model’ 1 0.16 (0.05, 0.52)™ 0.31(0.09, 1.14) 0.50(0.12, 2.06)
Plant-based pattern

N (cases/controls) 138/52 39/53 19/53 14/52

Crude model 1 0.21(0.09, 0.51)™ 0.10(0.03, 0.30)™ 0.06 (0.02, 0.19)™

Adjusted model’ 1 0.10(0.03, 0.34)™ 0.04 (0.01, 0.19)™ 0.01 (0.00, 0.08)™
Oil-pickles-desserts pattern

N (cases/controls) 32/52 20/53 69/53 89/52

Crude model 1 0.78 (0.30, 2.06) 2.16 (0.94, 4.97) 8.39 (3.04, 23.16)™

Adjusted model’ 1 0.49 (0.14, 1.74) 1.05 (0.34, 3.22) 3.02 (0.64, 14.36)
Cereals-nuts pattern

N (cases/controls) 72/52 49/53 44/53 45/52

Crude model 1 1.00 (0.41, 2.45) 0.66 (0.25, 1.75) 0.89(0.33, 2.45)

Adjusted model’ 1 1.48 (0.50, 4.39) 0.91(0.28, 2.92) 0.86 (0.20, 3.79)
Dietary patterns p-trend Per 1 SD
Protein-rich pattern

N (cases/controls)

Crude model 0.001 0.74 (0.50, 1.11)

Adjusted model’ 0.017 0.72 (0.41, 1.25)
Plant-based pattern

N (cases/controls)

Crude model <0.001 0.24 (0.15, 0.39)™"

Adjusted model® <0.001 0.17 (0.09, 0.32)™"
Oil-pickles-desserts pattern

N (cases/controls)

Crude model <0.001 3.81(2.37, 6.11)™

Adjusted model® 0.082 2.96 (1.41, 6.23)™
Cereals-nuts pattern

N (cases/controls)

Crude model 0.836 1.04 (0.71, 1.54)

Adjusted model’ 0.801 1.06 (0.62, 1.81)

TAdjusted model: adjusted for age, gestational week, pre-pregnancy BMI, family history of diabetes, education, income, physical activity,

energy intake.
*p < 0.05; **p < 0.01; ***p < 0.001.

reduction. Conversely, each SD increase in the “oil-
pickles-desserts pattern” showed a 1.96-fold increase in
the risk of GDM. Moreover, the study utilized the GFN to
visualize the association between dietary patterns and
GDM. The results showed that the proportion less than
10% indicated the majority of the case group population,
whereas the majority of the control group population was
identified for the proportion greater than or equal to 10%.
Besides, there was no dietary intake of ice cream cones
for the population, which would produce fewer patients
with GDM for the “oil-pickles-desserts pattern.” Howev-
er, the ice cream cones had no statistically significant
differences between the case and control groups (p =
0.302). There was no dietary intake of deep-fried dough
sticks for the population, it would produce fewer patients
with GDM for the “cereals-nuts pattern.” Deep-fried
dough sticks had statistically significant differences be-
tween the case and control groups (p < 0.001).

We did not observe a significant association between
the risk of GDM and “protein-rich pattern.” The “protein-
rich pattern” in this study was characterized by a high
consumption of soybean and soybean products, aquatic
products, dairy and dairy products, and red meat. Previ-

ous research has shown that dietary protein intake con-
tributes to the development of GDM, particularly red and
processed meat.?*3! A study found that a higher intake of
protein was associated with a higher risk of GDM in
Asian women.®? However, our findings showed that most
of the population included in the “protein-rich pattern”
was the control group, and the majority of the population
in the control group was distributed in the range of 10%
or more protein percentage in a state of balanced protein
intake. Conversely, in the case group, the majority of the
population was distributed in the range of less than 10%,
which was a state of protein deficiency, compared to the
nationally recommended lowest protein level (10%).
When the protein was in a deficiency state, food intake
and food preferences showed adaptive changes that sug-
gested that compensatory mechanisms were induced to
restore adequate protein status,® which meant the intake
of more foods and, consequently, more non-protein ener-
gy (fat and carbohydrate) might lead to poor blood sugar
control. Moreover, a study showed that a minor decrease
in the percentage of protein in the diet would lead to a
significant increase in the percentage of fat and carbohy-
drate intake.r” Another study further demonstrated that
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Figure 2. The four dietary patterns of the PCA were related to GDM. The combination of red circles and plus represents the case group,
and the combination of black boxes and plus represents the control group. Other graphical elements with different shapes represent differ-
ent food types from four dietary patterns. The black solid elements of the picture are mean values in different diets. The four shapes corre-
spond to the four different patterns. The polygons of the figure (a, b, ¢, and d) represent the “protein-rich pattern,” “plant-based pattern,”
“oil-pickles-desserts pattern,” and “cereals-nuts pattern,” respectively. Each polygon is composed of different shapes.

when the percent protein of total energy in the diet in-
creased, dietary protein intake remained relatively more
stable, whereas the non-protein had the opposite trend.3*
In other words, if we can ensure that the protein intake in
the diet is adequate and balanced, avoiding excessive in-
take of non-protein in the diet could improve the abnor-
mality of blood glucose caused by diet. The “protein-rich
pattern” appears to have a preventive effect on the devel-
opment of GDM risk from this point of view. However,
conditional logistic regression analysis findings demon-
strated that the “protein-rich pattern” was not associated
with a risk of GDM. We supposed that the branched-
chain amino acids from proteins of animal origin and cer-
tain amino acids rich in proteins of plant origin, such as
arginine, had diverse effects mechanisms, leading to po-
tentially affecting diabetes-related metabolic pathways or
potentially promoting the body’s insulin metabolism,
which might have produced the reason for a part of the
results differences.>3°

In a “plant-based pattern,” the consumption of whole
grains and legumes, vegetables, and fruits which are rich
in carbohydrates. The proportion of total energy provided
by protein is less than 10%, which indicates fruits, while
vegetables, whole grains, and legumes were identified as
the proportion greater than or equal to 10%. It did not
significantly increase serum glucose levels due to the
inclusion of low glycemic index foods. Foods with a low
glycemic index slowly release glucose and do not cause a
significant increase in blood glucose levels.* In addition,
fruits and vegetables provide fiber, micronutrients, and
antioxidants, further highlighting the benefits of including
them in the diet.” Therefore, the dietary pattern is regard-
ed as a protective factor for GDM. The closer the dietary
pattern that includes vegetables and fruits is considered a
protective factor against GDM, which supports previous
findings. Another study also showed that the “fruits and
dairy products” dietary pattern may decrease GDM risk.?
This may be because the micronutrients in leafy green
vegetables, fruit, and milk may have a significant protec-
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tive effect against the development of GDM.*! These re-
sults were consistent with our findings.

We also did not observe a significant association be-
tween the risk of GDM and the “oil-pickles-desserts pat-
tern,” and the “cereals-nuts pattern.” Although women
who consumed diets high in sugar and fats are at a higher
risk of developing GDM,%# whereas the “oil-pickles-
desserts pattern” showed no association for GDM. This
dietary pattern was similar to the Western dietary pattern,
which comprised a high consumption of sugar-sweetened
beverages, salty snacks, biscuits, and saturated oils.*?
However, a prospective study of pregnant Malaysian
women found that a significant association between a diet
which is high in sugar, spreads and creamers, spices, and
condiments and GDM risk was found only among obese
women and significantly associated with a reduced risk of
GDM among women with high adherence.*® For the “ce-
reals-nuts pattern,” our findings showed that the propor-
tion of the case group in this diet was similar to the con-
trol group population in the “cereals-nuts pattern.” The
results were consistent with the findings of conditional
logistic regression analysis, which showed no association
with GDM risk. However, a study revealed that a higher
intake of vegetable protein, specifically nuts, was associ-
ated with a significantly lower GDM risk.3! This may be
attributed to the dietary fibers in nuts, which can slow
gastric depletion and glucose absorption, thus impacting
the risk of developing gestational diabetes. Moreover,
there was no dietary intake of deep-fried dough sticks for
the population, which would produce fewer patients with
GDM for the “cereals-nuts pattern,” and deep-fried dough
sticks had statistically significant differences in the case
group and control group. A large prospective cohort study
showed a significant and positive association between
pre-pregnancy fried food consumption and the risk of
GDM.** Another study also indicated that higher pre-
pregnancy consumption of fried food was associated with
an increased risk of GDM.*® In addition, we found that
the “cereals-nuts pattern” maintained a stable protein con-
tent. Most foods had a protein content of approximately
10%, while the intake of carbohydrates and fats varied
significantly. This pattern aligns with the protein leverage
hypothesis, which suggests that in nutritionally imbal-
anced diets, individuals prioritize protein consumption
over carbohydrates and fats.!” The lack of association
between the “cereals-nuts pattern” and GDM may be ex-
plained by the complementary relationship between high-
carbohydrate and low-fat diets, as well as high-fat foods,
which help regulate excessive intake of both fats and car-
bohydrates.

The current study has several significant strengths.
First, we introduced a new model-based GFN to visualize
the association between dietary patterns and disease. This
framework allows us to examine the relationship between
individual food intake and overall dietary patterns and
disease outcomes. Second, compared with the PCA meth-
od of analyzing dietary patterns, GFN better explained the
relationship between dietary patterns and disease by pre-
senting a more objective and concise picture, avoiding the
variability of results due to subjectivity during the meth-
odological analysis. Third, the PCA is combined with the
GFN to analyze dietary patterns. Dietary patterns in PCA

were visualized by GFN to analyze the association among
nutrients, food, and dietary patterns, which better explains
the relationship between diet and disease.

However, there are also limitations to mention. First,
due to the observational nature of our study, we cannot
establish a causal relationship between pre-pregnancy
dietary patterns and the risk for GDM.*? Second, the cur-
rent study used self-reported FFQ data to measure dietary
intake. In addition, the time range is too broad (first six
months of pregnancy), which may bias the results.
Whereas dietary data is strengthened by the similarities
between the daily mean energy intake reported in our
study (case group: 1850 kcal/day; control group: 1837
kcal/day) and that reported in a representative sample of
pregnant women among Chinese women (light physical
activity level in women: 1800 kcal/day) in 2017.4¢ The
distributions of macronutrients were also similar to the
nationwide population data before pregnancy.*® Third,
there may be several other confounding factors that have
an impact on the results, such as changes in weight during
pregnancy. Therefore, we will emphasize the effect of
this indicator on the results in future studies.

Conclusion

Our research findings suggest that the “plant-based pat-
tern” before pregnancy can reduce the probability of de-
veloping GDM. Moreover, since most cases are in a pro-
tein-deficient state, the “protein-rich pattern” may restore
a protein-sufficient state. The finding suggests the im-
portance of ensuring adequate protein intake in our diets.
Although we found no significant association between
“cereals-nuts pattern” and GDM risk, when there is no
dietary intake of deep-fried dough sticks for the popula-
tion, it could decrease the risk of GDM. We aim to further
explore the relationship between preconception diet and
GDM based on the GFN using a larger sample size in
future studies.
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Supplementary Tables and Figures

Supplementary Table 1. Categorization of food groups in dietary pattern analysis

Food category

Food items

Cereals

Whole grains and legumes
Potatoes
Soybean and soybean products

Vegetables

Fruits

Red meat

Aguatic products

Eggs

Dairy and dairy products
Beverages

Nuts

Edible fungi

Desserts

Edible oil

Pickles

Rice, porridge, noodles, whole wheat bread*, steamed cake, white bread, meat bun, deep-fried
dough sticks and dumplings, etc.

Mung bean and corn, etc.

Potato and sweet potato, etc.

Soybean, tofu, soy milk, dried bean curd, bean curd puff, dried bean curd, bean cream skim,
jellied bean curd, etc.

Cabbage, broccoli, cauliflower, pakchio, lettuce, spinach, Chinese cabbage, onion, green onion,
garlic, dark green leafy vegetables, bean seedling, asparagus, eggplant, white gourd, cucumber,
towel gourd, pumpkin, white turnip, carrot, tomato, yard-long bean, green beans, lentil, bean
sprouts, etc.

Oranges, pomelo, citrus, apples, pears, watermelon, cantaloupe, melon, grapes,

banana, longan, lychee, pitaya, durian, etc.

Pork, beef, mutton, organ meat (e.g., liver, kidney, brain, intestines), poultry meat (e.g., chick-
en, duck meat, goose meat, chicken feet), processed meat products (e.g., cured meat, sausages,
ham, lunch meat), etc.

Freshwater fish, seawater fish (e.g., hairtail, yellow croaker), mollusks (e.g., squid) crustaceans,
etc.

Eggs, duck eggs, goose eggs, quail eggs, etc.

Whole milk, skim milk, whole milk powder, skimmed milk powder yoghurt, milk tea, cheese.
Carbonated beverages, fruit juice and fruit drink, tea beverages, etc.

Peanuts, cashews, walnuts, pistachios, melon seeds, etc.

Mushrooms, agaric, kelp, etc.

Carrot cake, cake, biscuit, ice cream cones

Peanut oil, rapeseed oil, corn oil, blending oil, olive oil, etc.

Salty vegetables, tuber mustard, sauerkraut, etc.

'Since the primary ingredient of whole wheat bread in the market is wheat flour, we classify it as a grain product based on practical con-
siderations. However, it is fundamentally part of the whole grain category

Supplementary Table 2. Daily different food intake daily

Food groups' Cases (n = 210) Controls (n =210) p-value
Cereals 614 + 252 608 + 220 0.781
Deep-fried dough sticks 8.00(0.00, 17.1) 4.00(0.00, 12.0) <0.001
Potatoes 50.3+29.0 43.8+30.8 0.032
Soybean and soybean products 58.2 +61.8 84.0 + 68.2 <0.001
Fruits 118+ 79.4 156 + 73.7 <0.001
Agquatic products 6.55 + 8.68 116121 <0.001
Eggs 31.9+18.2 38.9+16.4 <0.001
Nuts 2.31+6.22 4.46 +8.86 0.006
Beverages 55.3+84.4 37.1+81.1 0.031
Desserts 12.9+14.7 6.76 £14.8 <0.001
Ice cream cones 0.00 (0.00, 0.00) 0.00 (0.00, 0.00) 0.302
Edible fungi 10.6 £ 13.2 16.1+15.4 <0.001
Pickles 0.85+2.27 0.26 £0.95 0.001
Edible oil 66.9+11.3 60.9+12.2 <0.001
Red meat 67.8+43.5 66.7 £ 40.7 0.794
Whole grains and legumes 0.00 (0.00, 13.8) 28.7 (6.67, 65.9) <0.001
Vegetables 186 (141, 227) 241 (189, 312) <0.001
Dairy and dairy products 56.3 (5.33, 117) 100 (40.0, 167) <0.001

TContinuous variables were compared using paired samples t-test and Wilcoxon matched-pairs signed rank test.
p-value < 0.05 was considered significant
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Supplementary Figure 1. The scree plot.
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