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Abstract

The high overall plant-based diet index (PDI) is considered to protect against type 2 diabetes in the general population. However, whether the
PDI affects gestational diabetes mellitus (GDM) risk among pregnant women is still unclear. We evaluated the association between PDI and
GDM risk based on a Chinese large prospective cohort — the Tongji Maternal and Child Health Cohort. Dietary data were collected at
13-28 weeks of pregnancy by a validated semi-quantitative FFQ. The PDI was obtained by assigning plant food groups positive scores while
assigning animal food groups reverse scores. GDM was diagnosed by a 75 g 2-h oral glucose tolerance test at 24-28 weeks of gestation. Logistic
regression models were fitted to estimate OR of GDM, with associated 95 % CI, comparing women in different PDI quartiles. Among the total
2099 participants, 169 (8:1 %) were diagnosed with GDM. The PDI ranged from 21-0 to 52-0 with a median of 36-0 (interquartile range (IQR)
33.0-39-0). After adjusting for social-demographic characteristics and lifestyle factors etc., the participants with the highest quartile of PDI were
associated with 57 % reduced odds of GDM compared with women in the lowest quartile of PDI (adjusted OR 0-43; 95 % CI 0-24, 0-77;
Pror wend =0-005). An IQR increment in PDI was associated with 29 % decreased odds of GDM (adjusted OR 0-71; 95% CI 0-56, 0-90).
Findings suggest that adopting a plant-based diet during pregnancy could reduce GDM risk among Chinese women, which may be valuable
for dietary counselling during pregnancy.
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Gestational diabetes mellitus (GDM) is a common pregnancy
complication in 1% to over 30 % of pregnancies worldwide™.
In mainland China, the prevalence of GDM is estimated at
14-8 % by a meta-analysis involving 79 064 Chinese participants
in 20192, Women with GDM suffer short-term complications
such as preeclampsia and shoulder dystocia, and type 2 diabetes
(T2D), hypertension and CVD in later life®>. Children born to
mothers with GDM are at increased risk of overweight, impaired
glucose tolerance and the metabolic syndrome in later life©©®.
To improve pregnant women and their children’s well-being,
exploring modifiable risk factors to prevent GDM incidents is
of considerable significance.

Epidemiological studies have indicated that diet is one of the
key modifiable factors contributed to GDM risk. Plant foods such
as cereal fibre, fruit and legumes are reported to protect against
GDM® V. On the contrary, potatoes seem to play the opposite
role in some Western populations'!¥. As diet is a complex
combination of various components, dietary patterns rather than
a single food win in considering all these components’ cumula-
tive effect on health outcomes*!>. However, prior studies
about plant-based diets’ health effects have mainly focused on
vegetarians, who tend to avoid some or all animal-original foods
in their dietary choices. Therefore, the overall plant-based diet
index (PDD has been developed to make up for this limitation,

Abbreviations: GDM, gestational diabetes mellitus; IQR, interquartile range; OGTT, oral glucose tolerance test; PDI, overall plant-based diet index; PG, plasma
glucose; T2D, type 2 diabetes; TMCHC, Tongji Maternal and Child Health Cohort.
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making it easy to evaluate the general population’s plant-based
diet. The PDI positively weighs plant foods and negatively
weighs animal foods and measures the plant-based diet on a
continuous scale.

The high PDI has been demonstrated to protect against T2D
in the general population. Prospective cohort studies suggested
that higher PDI was associated with reduced longitudinal insulin
resistance and lower risk of pre-diabetes and T2D"*'7, Since
PDI is associated with the risk of T2D among the general pop-
ulation, we propose the hypothesis that PDI also plays a vital role
in GDM development among pregnant women. However, there
is limited evidence to show the association between PDI and
GDM risk. Only a case—control study from Iran reported the
inverse association between PDI and the risk of GDM"®,
However, it suffers from small sample size and sampling and
informational bias". In the present study, we planned to inves-
tigate the association between PDI and GDM risk based on a
large prospective cohort — Tongji Maternal and Child Health
Cohort (TMCHC). We hoped to figure out whether adopting a
plant-based diet took effect in GDM prevention in
Chinese women.

Methods
Study population

In the present study, pregnant women were part of the partici-
pants in the TMCHC study. TMCHC is a prospective cohort study
conducted among pregnant women and their offspring in
Wuhan, Hubei province, central China. Within 8-16 weeks of
gestation, pregnant women were recruited to the cohort during
their first prenatal care at the participating hospital, between
January 2013 and May 2016, All participants provided written,
informed consent at enrolment. The study was approved by the
Ethics Review Committee of Tongji Medical College, Huazhong
University of Science and Technology (no. 201302), and was reg-
istered at clinicaltrials.gov as NCT03099837.

Eligibility criteria required individuals from TMCHC to have a
completed FFQ between the 13th and 28th weeks of pregnancy.
The exclusion criteria were as follows: (1) multiple gestations; (2)
an implausible total energy intake (<500 or >3500 kcal/d (<2092
or >14 644 kJ/d)?Y; (3) registered GDM in a previous pregnancy;
(4) registered history of T2D; (5) fasting plasma glucose (PG)
value in this early pregnancy >5-1 mmol/l; (6) data unavailable
on GDM diagnosis and (7) FFQ completed after GDM diagnosis.
Finally, we included 2099 pregnant women in this study (Fig. 1).

Dietary assessment and the overall plant-based diet index

Food intake data were collected using a semi-quantitative FFQ
consisting of sixty-one food items formed based on food nutrient
composition and eating habits of Chinese®”. The intake
frequency and portion size of each food item in the last month
were self-reported. Food models presented a standard portion
size were used to help participants more accurately estimate
the amounts of food consumed. The validity and reliability of
the FFQ have been described previously®?.

Pregnant women who completed FFQ diet assessment in the second trimester: n 2880

Excluded:
Multiple births: 135

Y

Implausible energy intake (<500 or >3500 kcal/d
(<2092 or >14 644 kJ/d)): 40

Singleton pregnancies with valid dietary data: » 2705

Further excluded:
Registered GDM in a previous pregnancy: 3

Registered history of type 2 diabetes: 1

FPG value in this early pregnancy = 5-1 mmal/l: 5
No OGTT or GDM information: 212
FFQ week > OGTT week: 385

Final inclusion in the study: #» 2099

Fig. 1. Flow chart for participant selection from the Tongji Maternal and Child
Health Cohort study. GDM, gestational diabetes mellitus; FPG, fasting plasma
glucose; OGTT, oral glucose tolerance test.

The calculation method of PDI was proposed by Satija
et al. "9 For each plant food group, participants received a score
of 5 if they were above the highest quintile of consumption, a
score of 4 if they were above the second-highest quintile but
below the highest quintile, and so on, with a score of 1 for con-
sumption below the lowest quintile (positive scores). For each
animal food group, participants received a score of 1 if they were
above the highest quintile of consumption, a score of 2 if they
were between the highest and second-highest quintiles, and
so on, with a score of 5 for consumption below the lowest quin-
tile (reverse scores)(l(’).

We used Satija’s method with some modifications to calculate
the PDI among Chinese pregnancies. Considering the dietary dif-
ference between Western countries and China, our calculation
has included slightly different food types. For example, food
items were assembled into sixteen food groups, and the lists
for each food group are displayed in online Supplementary
Table S1. The frequency and portion size of each consumed food
were converted in g/d or ml/d. Then, the grams or millilitres of
foods that belonged to each of the sixteen food groups were
added up. In our population, several food groups were con-
sumed by <20 % of the population, making it difticult to assign
score according to the quintile of consumption (online
Supplementary Table S2). Food groups including juices, tea
and coffee, sugar-sweetened beverages and animal fat were
excluded, but we further adjusted them in the later analyses.
The other twelve food groups were included in the calculation
of PDI. Among them, plant food groups included whole grains,
refined grains, fruits, vegetables, nuts, beans, vegetable oil,
sweets and desserts. Animal food groups included dairy

ssaud Ais1anun abpriquie) Ag auljuo paystiand #€20001ZS L LL000S/£L0L 0 L/Bio 10p//:sdny


http://www.clinicaltrials.gov
https://doi.org/10.1017/S0007114521000234
https://doi.org/10.1017/S0007114521000234
https://doi.org/10.1017/S0007114521000234

o

British Journal of Nutrition

Plant-based diet and gestational diabetes 1521

products, eggs, meat and fish. PDI for each participant was
obtained by summing the twelve food group scores, with the
lowest possible score of 12 to the highest possible score of 60.

Outcome assessment

GDM was diagnosed based on the 75 g 2-h oral glucose tolerance
test (OGTT) results, which included fasting PG and 1-h and 2-h PG
levels. OGTT was performed during 24—28 weeks of gestation by
professional laboratory technicians for each participant.
According to the International Association of Diabetes and
Pregnancy Study Group, GDM was diagnosed if any of the follow-
ing three thresholds were met: 5-1, 10-0 and 8-5 mmol/1 for fasting
PG, 1h PG and 2 h PG, respectively®.

Covariates

A structured questionnaire was used to collect maternal informa-
tion in a face-to-face interview by trained investigators at base-
line enrolment. The questionnaire included information on
maternal age, ethnicity, education level, average personal
income, last date of the menstrual period, family history of dia-
betes, parity and other pre-pregnancy information such as
weight, drinking and smoking status, leisure-time physical activ-
ity and sleep quality. Education level was grouped by the num-
ber of completed schooling years: <12, 13-15 and >16 years.
Average personal income was divided into three groups:
<5000, 5000-9999 and >10 000 China Yuan per month. Pre-
pregnancy BMI (kg/m?) was calculated by pre-pregnancy body
weight (self-reported) and height (measured at enrolment).
Weight gain before GDM diagnosis (kg) was calculated using
a weight at GDM diagnosis minus the pre-pregnancy weight.
Gestational weeks of OGTT (or FFQ) performed were calculated
from the last date of the menstrual period to OGTT (or com-
pleted FFQ). Sleep quality was categorised into either poor sleep
quality (reported insomnia frequently) or good sleep quality
(reported insomnia sometimes, occasionally or never).

Statistical analysis

Continuous variables were described as medians with inter-
quartile ranges (IQR) and compared using Kruskal-Wallis tests
or Wilcoxon rank-sum tests. Categorical variables were
expressed as frequencies and proportions (%) and compared
using y? tests.

Logistic regression models were fitted to estimate OR of GDM,
with associated 95 % CI, comparing women in different PDI quar-
tiles. In model 1, age (years), ethnicity (Han Chinese or other),
education (<12, 13-15 and >16years), income (<5000, 5000
9999 and >10 000 China Yuan/month), pre-pregnancy BMI
(kg/m?), parity (nulliparous or multiparous), family history of dia-
betes (yes or no), smoking status (yes or no), drinking status (yes
or no), exercise (yes or no), sleep quality (poor or good), weight
gain before GDM diagnosis (kg) and total energy intake (kcal/d)
were adjusted. In model 2, consumptions of juices (ml/d), tea and
coffee (ml/d), sugar-sweetened beverages (ml/d) and animal fat
(g/d) were additionally adjusted. PDI was first included in the
models as a categorised variable (as quartiles). The presence of
a linear trend was tested by assigning each quartile of the median

value and modelling this variable as a continuous variable. If the
trend test showed a linear trend between PDI and risk of GDM,
PDI was then included in the model as a continuous variable
(as an increment of IQR). Besides, the potential non-linear rela-
tionship between PDI (as a continuous variable) and risk of
GDM was visually evaluated by cubic-restricted spline function
with three knots, which were located on the 5th, 50th and 95th,
respectively®. We evaluated whether associations between
PDI and GDM risk were modified by age (<30 or >30 years),
pre-pregnancy BMI (<24 or >24 kg/m?), parity (nulliparous or
multiparous), family history of diabetes (yes or no), leisure-time
physical activity (yes or no) or weight gain before GDM diagnosis
(<82 or >8:2 kg) by stratified analyses.

Sensitivity analyses were performed based on model 2 by
evaluating associations between diverse PDI versions and the
risk of GDM. First, to check if the association was driven by
any specific components of the PDI, we repeated our analyses
by excluding each one of the twelve food groups from the
PDI one by one at a time, and additionally adjusting for the
excluded food groups. Second, we excluded less healthy plant
food groups (refined grains, and sweets and desserts) combined
from PDI and adjusted them in the model. Last, we further evalu-
ated the associations between healthful PDI (assigning healthy
plant food groups positive scores while assigning less healthy
plant food groups and animal food groups reverse scores) and
unhealthful PDI (assigning less healthy plant food groups posi-
tive scores while assigning healthy plant food groups and animal
food groups reverse scores) with GDM risk.

All statistical tests were two-sided, and P < 0-05 was consid-
ered statistically significant. SAS version 9.4 (SAS Institute Inc.)
was used for all statistical analyses.

Results
Characteristics of participants

Of the 2880 participants who completed the FFQ diet assessment
in the second trimester, we first excluded those with multiple
births (n 135) or implausible energy intake of <500 or
>3500 kecal/d (<2092 or >14 644 kJ/d) (n 40). We further
excluded those who registered GDM in a previous pregnancy
(n 3), registered history of T2D (n 1), fasting PG value in this
early pregnancy >5-1 mmol/1 (1 5), without OGTT information
(1212) or FFQ completed after GDM diagnosis (72 385). Finally, a
total of 2099 pregnant women were included in the present study
(Fig. 1). The median age was 28-0 (IQR 26-0-30-0) years old. The
median of pre-pregnancy BMI was 20-4 (IQR 18-8-22-2) kg/m?,
and the median of weight gain before GDM diagnosis was 8-2
(IQR 6:1-10-3) kg. Among the 2099 participants, 2051 (97-7 %)
were Han Chinese, 1769 (84-3 %) were nulliparous and 174
(8:3%) had a family history of diabetes. The characteristics of
all participants in the baseline categorised according to PDI quar-
tiles are shown in Table 1. The PDI of included participants
ranged from 21-0 to 52-0 (theoretical range: 12-0-60-0); the
median was 36-0 IQR 33-0-39-0). Those in the higher quartile
of PDI were more likely to be multiparous and do leisure-time
physical activity (< 0-05 for all comparisons). There were no
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Table 1. Baseline characteristics and nutritional characteristics of 2099 participants by the quartile (Q) of overall plant-based diet index (PDI) in the Tongji Maternal and Child Health Cohort study
(Median values and interquartile ranges (IQR); numbers and percentages)

Overall Q1 (21-33) Q2 (34-36) Q3 (37-39) Q4 (40-52)
Characteristics Median IQR n %  Median IQR n %  Median IQR n %  Median IQR n %  Median IQR n % P*
No. of women 2099 601 520 467 511
PDI 360 33.0-39-0 31.0 29.0-32.0 35.0 34-0-36-0 38:0 37-0-39-0 42.0 41.0-44-0 <0-001
Age (years) 28-0 26-0-30-0 28-0 26-0-30-0 28-0 26-0-30-0 28-0 26-0-30-0 28-0 26-0-30-0 0-132
Pre-pregnancy BMI 204 18-8-222 203 18.7-22.0 204 18.9-22-1 20-6 18-8-224 205 19.0-22.5 0-207
(kg/m?)
Weight gain 82 6:1-10-3 82 6:2-10-5 82 6:0-10-4 80 6:0-10-0 83 6-3-10-3 0-694
before GDM
diagnosis (kg)
Ethnicity 0-232
Han Chinese 2051 977 590 982 502 965 458 98-1 501 98-0
Other 48 23 11 1.8 18 35 9 19 10 20
Education (years) 0-658
<12 291 139 91 151 68 13-1 67 143 65 127
13-15 517 246 142 236 133 256 105 225 137 268
>16 1244 59-3 353 587 308 592 285 610 298 58-3
Missing 47 2.2 15 25 1 21 10 21 1 22
Average personal 0-532
income
(CNY/month)
<5000 787 375 230 383 207 39-8 173 370 177 346
5000- 889 424 257 428 209 402 198 424 225 440
>10 000 387 184 98 163 97 187 91 195 101 198
Missing 36 17 16 27 7 18 5 141 8 16
Parity 0-046
Nulliparous 1769 84.3 524 872 439 844 392 839 414 810
Multiparous 330 157 77 12.8 81 156 75 16-1 97 19.0
Family history of 0-604
diabetes
Yes 174 83 56 93 37 71 37 79 44 86
No 1887 899 537 894 476 915 413 884 461 902
Missing 38 18 8 13 7 18 17 36 6 12
Sleep quality 0-458
Poor 49 23 13 22 14 27 14 30 8 16
Good 2050 977 588 97-8 506 97-3 453 970 503 984
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Table 1. (Continued)

Overall Q1 (21-33) Q2 (34-36) Q3 (37-39) Q4 (40-52)
Characteristics Median IQR n %  Median IQR n %  Median IQR n %  Median IQR n %  Median IQR n % P*
Leisure-time physi- 0-042
cal activity
Yes 762 36-3 190 316 196 377 177 379 199 389
No 1337 637 411 684 324 623 290 62-1 312 611
Drinking before 0-155
pregnancy
Yes 260 124 62 10-3 77 148 59 126 62 12-1
No 1839 876 539 897 443 852 408 874 449 879
Smoking before 0-536
pregnancy
Yes 266 127 78 13-0 74 142 53 113 61 119
No 1833 87-3 523 87-0 446 85-8 414 887 450 88-1
Energy (kcal/d)t 1928-8 1635-7-2281-4 1720-0 1464-3-2007-7 19184 1644.9-2229-9 2018-5 1691-1-2395-6 2138-7 1856-7-2524-3 <0-001
Whole grains 150 5.4-34-3 79 2.9-20-0 132 4-6-30-0 179 7-1-36-4 28-6 12.9-52-3 <0-001
(g/d)
Refined grains 200-0 150-0-250-0 170-0  142.9-200-0 200-0 150-0-246-8 200-0 160-4-260-0 225.0 178-2-300-0 <0-001
(g/d)
Fruits (g/d) 365-8 232.9-525-8 2703 162.9-397-1 3583 238-7-535-2 4036 272.5-577-0 443.7  336-4-602-2 <0-001
Vegetables (g/d) 3116 183-3-478-8 2143  118-1-343-0 3125 175.2-461-7 3473 202:4-516-7 4151 280-4-600-6 <0-001
Nuts (g/d) 114 2.9-18-0 71 0-9-16-0 10-3 2.5-18-0 12.0 4.3-20-0 146 5.7-24-0 <0-001
Beans (g/d) 10-0 2:9-20-0 4.3 0-1-11-4 8-6 2-8-17-1 11-8 4.3-21-8 150 8-6-25-7 <0-001
Sweets and 01 0-0-86 0-0 0-0-0-2 01 0-0-5-1 05 0-0-10-5 57 0-1-16-0 <0-001
desserts (g/d)
Vegetable oil 30-0 25.0-35-0 30-0 25.0-30-0 30-0 25.0-32.0 30-0 30-0-35-0 30-0 30-0-35-0 <0-001
(g/d)
Dairy products 1857 76-6—290-9 250-0 147-1-350-0 200-0 91.6—292-9 150-0 57-1-263-9 128-6 54.3-250-0 <0-001
(g/d)
Eggs (g/d) 40-0 22.9-50-0 50-0 40-0-50-0 40-0 28-6-50-0 40-0 22.9-50-0 35.7 17-1-40.0 <0-001
Meat (g/d) 50-0 25.0-75-0 529 28-.7-81-5 50-0 28-6—80-1 471 25.0-72:9 357 19-0-64-3 <0-001
Fish (g/d) 229 7-9-49-8 286 8-6-52-9 25.7 8-6-55-7 25.0 8-6-50-0 186 7-1-35-7 <0-001

GDM, gestational diabetes mellitus; CNY, China Yuan.

* Based on the Kruskal-Wallis test for continuous data and 4 tests for categorical data.

1 To convert kcal to kJ, multiply by 4-184.
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significant differences in other characteristics (P> 0-05 for all
comparisons).

Among the 2099 participants, 169 (8-1%) were diagnosed
with GDM. The comparisons of characteristics between GDM
and non-GDM pregnant women are shown in online
Supplementary Table S3. Women with GDM tended to be mul-
tiparous and not exercise in leisure-time than those without
GDM (P <0-05 for all comparisons). Moreover, women with
GDM had higher pre-pregnancy BMI, more weight gain before
GDM diagnosis, older age and a higher proportion of family his-
tory of diabetes at enrolment than the remaining participants
(P<0-01 for all comparisons). There were no significant
differences in other characteristics between women with GDM
and women without GDM (P> 0-05 for all comparisons).

Nutritional characteristics

The median consumption (g/d) of each component food group
was as follows: whole grains: 15-0 (IQR 5-4-34-3); refined grains:
200-0 (IQR 150-0-250-0); fruits: 365-8 UQR 232-9-525-8); vegeta-
bles: 311-6 (IQR 183:3-478-8); nuts: 11-4 (IQR 2-9-18-0); beans:
10-0 (IQR 2:9-20-0); sweets and desserts 0-1 (IQR 0-0-8-6);
vegetable oil: 30-0 (OQR 25-0-35-0); dairy products: 185-7
(IQR 76-6-2909); eggs: 40-0 (IQR 22:9-50-0); meat: 50-0
(IQR 25-0-75-0); fish: 229 (IQR 7-9-49-8). Those in the highest
quartile of PDI consumed higher intake of total energy and plant
foods but lower intake of animal foods compared with those in
the lowest quartile (P < 0-001 for all comparisons) (Table 1). The
consumption difference of each component food group
between the highest and lowest quartiles of PDI (Q4 v. Q1)
was as follows: whole grains: 28-:6 v. 7-9 (g/d); refined grains:
2250 v. 170-0 (g/d); fruits: 443-7 v. 270-3 (g/d); vegetables:
415-1 v. 214-3 (g/d); nuts: 14-6 v. 7-1 (g/d); beans: 150 v. 4-3
(g/d); sweets and desserts 5-7 v. 0-0 (g/d); vegetable oil: 30-0
v. 30-0 (g/d); dairy products: 128-6 v. 250-0 (g/d); eggs: 35-7 v.
50-0 (g/d); meat: 357 v. 52:9 (g/d); fish: 18:6 v. 28:6 (g/d)
(P < 0-001 for all comparisons).

The association between the overall plant-based diet
index and risk of gestational diabetes mellitus

In the crude logistic regression model, a higher PDI quartile was sig-
nificantly associated with decreased odds of GDM (OR for the high-
est quartile 0-54; 95 % CI 0-34, 0-87; Pior rena = 0-011) (Table 2). After
adjusting for social-demographic characteristics, lifestyle factors and
energy in model 1, the OR was 0-43 (95 % CI 0-24, 0-75), with P for
trend 0-004 across the PDI quartiles (Table 2). The associations
remained significant and similar in magnitude after accounting for
the consumption of juices, tea and coffee, sugar-sweetened bever-
ages and animal fat in model 2 (OR for the highest quartile 0-43;
95 % CI 0-24, 0-77; Pior wend = 0-005) (Table 2). For each IQR incre-
ment in PDI, the OR for GDM were 0-79 (95 % CI 0-65, 0-96) in crude
model, 0-71 (95 % CI 0-56, 0-90) in model 1 and 0-71 (95 % CI 0-56,
0-90) in model 2. We observed no effect modification by age, pre-
pregnancy BMI, parity, family history of diabetes, leisure-time physi-
cal activity or weight gain before GDM diagnosis (P> 0-05 for all
interaction terms) (Table 3). In the continuous analysis, there was
an approximately linear inverse relationship between PDI and risk
of GDM (Fig. 2), after adjusted for covariates (P for overall association

=0-019, P for non-linearity = 0-539). Associations between PDI and
GDM risk were robust in sensitivity analyses. The estimates did not
substantially change with the exclusion of each one of twelve food
groups from PDI one by one at a time. The estimate also remained
similar after excluding less healthy plant food groups (refined grains,
and sweets and desserts) (OR 0-70; 95% CI 0-54, 0-90) (online
Supplementary Table S4). Per IQR increment of healthful PDI was
reversely related to the risk of GDM (adjusted OR 0-76; 95 % CI
0-60, 0-97) (online Supplementary Table S5). There was no significant
association between per IQR increment of unhealthful PDI and GDM
risk (adjusted OR 0-89; 95 % CI 0-68, 1-17) (online Supplementary
Table S5).

Discussion

In the present population-based cohort study, we found that
higher PDI was associated with a lower risk of GDM in
Chinese women. An IQR increment in PDI decreased the odds
of GDM by 29 %. Moreover, women having the highest quartile
of PDI had a 57 % decreased odds of GDM compared with those
in the lowest quartile. To our knowledge, this is the first prospec-
tive cohort study to evaluate the association of maternal PDI dur-
ing pregnancy and GDM risk in Chinese women.

We have addressed other conventional risk factors for GDM
when evaluating the health effects of PDI. First, we excluded par-
ticipants who had a previous history of GDM or T2D, for they
may suffer from increased risk of developing GDM and have
accepted dietary interventions®. Second, after adjusting the
covariates such as social-demographic characteristics, lifestyle
factors and nutrition consumption information in the regression
models, the reverse association between PDI and GDM risk
remained statistically significant. Moreover, when conducting
stratified analyses with interaction items by age, pre-pregnancy
BMI, parity, family history of diabetes, leisure-time physical
activity and weight gain before GDM diagnosis, we observed
no modification effects of these factors on the association
between PDI and risk of GDM.

Our findings support the protective role of the plant-based
diet on GDM risk. Behzad et al. found that higher PDI was asso-
ciated with a lower risk of GDM in Iranian pregnant women®.
We observed similar findings in our sample of Chinese women,
which was in accordance with the existing evidence that the veg-
etable pattern was associated with a decreased risk of GDM in
Chinese population®. Moreover, we found that the protective
role was not mainly driven by a specific food group as the esti-
mates remained similar when excluding each one of twelve food
groups one by one at a time, which supports the importance of
evaluating the overall plant-based diet. To figure out whether
these less healthy plant food groups contributed to the observed
associations, we further excluded the less healthy food groups
from PDI and adjusted them in the model and the results were
robust. We also observed a significant inverse association
between healthful PDI and GDM risk. These findings indicate
that the beneficial associations were mainly driven by increasing
intakes of healthy plant foods and decreasing animal foods
intakes. Due to the limited consumption of less healthy plant
foods in our population, we did not observe a statistically
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Table 2. Associations of overall plant-based diet index (PDI) with gestational diabetes mellitus (GDM) risk in the Tongji Maternal and Child Health Cohort
study
(Odds ratios and 95 % confidence intervals; numbers and percentages)

Prevalence of

GDM Crude model* Model 11 Model 2}
PDI % n OR 95 % ClI OR 95 % ClI OR 95 % ClI
Per IQR§ 0-79 0-65, 0-96 0-71 0-56, 0-90 0-71 0-56, 0-90
PDI quartile
Q1 (21-33) 93 601 1.00 1.00 1.00

Q2 (34-36) 94 520 1-01 0-68, 1-52 0-86 0-55, 1-35 0-87 0-55, 1-36

Q3 (37-39) 79 467 0-84 0-54, 1-29 0-76 047, 1.23 0-76 047, 1-23

Q4 (40-52) 5.3 511 0-54 0-34, 0-87 043 0-24, 0-75 043 0-24, 0-77

Pror trendll 0-011 0-004 0-005

IQR, interquartile range; Q1-Q4, quartiles 1—4; CNY, China Yuan.

* Logistic regression model was adopted and without adjusting for other variables.

T Multiple logistic regression model was adopted and adjusted for age (years), ethnicity (Han Chinese or other), education (<12, 13-15 and >16 years), income (<5000, 5000-9999
and >10 000 CNY/month), pre-pregnancy BMI (kg/m?), parity (nulliparous or multiparous), family history of diabetes (yes or no), smoking status (yes or no), drinking status (yes or
no), exercise (yes or no), sleep quality (poor or good), weight gain before GDM diagnosis (kg) and energy (kcal/d).

1 Multiple logistic regression model was adopted and adjusted for age (years), ethnicity (Han Chinese or other), education (<12, 13—-15 and >16 years), income (<5000, 5000-9999
and >10 000 CNY/month), pre-pregnancy BMI (kg/m?), parity (nulliparous or multiparous), family history of diabetes (yes or no), smoking status (yes or no), drinking status (yes or
no), exercise (yes or no), sleep quality (poor or good), weight gain before GDM diagnosis (kg), energy (kcal/d), juices (ml/d), tea and coffee (ml/d), sugar-sweetened beverages (ml/d)
and animal fat (g/d).

§ IQR of PDI was 6 points.

|l Tests for trend based on logistic regression by assigning each quartile of the median value and modelling this variable as a continuous variable.

Table 3. Stratified analyses for gestational diabetes mellitus (GDM) risk in relation to per interquartile range (IQR) increase of overall plant-based diet index
(PDI) in the Tongji Maternal and Child Health Cohort study*
(Odds ratios and 95 % confidence intervals; numbers and percentages)

Prevalence of

GDM Model 11 Model 2%
PDI % n OR 95 % ClI P OR 95 % CI P Pinteraction
Age (years) 0-388
<30 6-6 1498 0-77 0-58, 1-03 0-078 0-77 0-57, 1-03 0-073
>30 117 601 0-60 0-41, 0-90 0-013 0-62 0-42, 0-93 0-022
Pre-pregnancy BMI (kg/m?) 0-254
<24 72 1864 074 0-58, 0-96 0-021 074 0-57, 0-96 0-022
>24 14.5 235 0-57 0-32, 1-03 0-064 0-63 0-33, 1-22 0-170
Parity 0-651
Nulliparous 75 1769 0-73 0-56, 0-95 0-020 0-72 0-56, 0-94 0-017
Multiparous 112 330 0-71 043,117 0177 074 043, 1-.28 0-278
Family history of diabetes 0-199
Yes 14.9 174 0-53 0-29, 0-95 0-033 0-53 0-29, 0-98 0-041
No 73 1887 077 0-60, 1-00 0-049 0-78 0-60, 1-01 0-057
Leisure-time physical activity 0-086
Yes 9-8 762 0-53 0-36, 0-77 0-001 0-54 0-37,0-79 0-002
No 70 1337 0-88 0-65, 1-19 0-388 0-86 0-64, 117 0-343
Weight gain before GDM diagnosis (kg) 0-390
<82 6.7 1174 0-67 0-49, 0-92 0-012 0-68 0-50, 0-93 0-016
>8-2 9.7 925 0-79 0-58, 1-09 0-147 0-79 0-58, 1-09 0-147

CNY, China Yuan.

*1QR of PDI was 6 points.

1 Multiple logistic regression model was adopted and adjusted for age (years), ethnicity (Han Chinese or other), education (<12, 13—-15 and >16 years), income (<5000, 5000-9999
and >10 000 CNY/month), pre-pregnancy BMI (kg/m?), parity (nulliparous or multiparous), family history of diabetes (yes or no), smoking status (yes or no), drinking status (yes or
no), exercise (yes or no), sleep quality (poor or good), weight gain before GDM diagnosis (kg) and energy (kcal/d), except for the corresponding stratification variable.

1 Multiple logistic regression model was adopted and adjusted for age (years), ethnicity (Han Chinese or other), education (<12, 13—15 and >16 years), income (<5000, 5000-9999
and >10 000 CNY/month), pre-pregnancy BMI (kg/m?), parity (nulliparous or multiparous), family history of diabetes (yes or no), smoking status (yes or no), drinking status (yes or
no), exercise (yes or no), sleep quality (poor or good), weight gain before GDM diagnosis (kg), energy (kcal/d), juices (ml/d), tea and coffee (ml/d), sugar-sweetened beverages (ml/d)
and animal fat (g/d), except for the corresponding stratification variable.

significant effect of unhealthful PDI on GDM risk. Further studies
in other populations are needed to confirm these findings.
Although there are very few studies on the association
between a plant-based diet and GDM risk, numerous epidemi-
ology studies have revealed the protective effect of a plant-based
diet on the development of T2D?”?%_ Our findings also indicate

that PDI seems to play a similar role in GDM as that in T2D. Qian
et al. performed restricted cubic splines regression and found a
significant inverse association between plant-based indices and
T2D risk®. We found the same inverse association between
PDI and GDM risk. There are some similarities in pathogenesis
and genetic background between GDM and T2D%%3D GDM is
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Fig. 2. Restricted cubic spline analyses illustrating the shapes of multivariable association between overall plant-based diet index (PDI) and gestational diabetes mellitus
(GDM) in the Tongji Maternal and Child Health Cohort study. Adjusted for age (years), ethnicity (Han Chinese or other), education (<12, 13—15 and >16 years), income
(<5000, 5000-9999 and >10 000 China Yuan (CNY)/month), pre-pregnancy BMI (kg/m?), parity (nulliparous or multiparous), family history of diabetes (yes or no),
smoking status (yes or no), drinking status (yes or no), exercise (yes or no), sleep quality (poor or good), weight gain before GDM diagnosis (kg), energy (kcal/d), juices
(ml/d), tea and coffee (ml/d), sugar-sweetened beverages (ml/d) and animal fat (g/d). The reference value for PDI was chosen to the median value, that is, 36. —,

Estimation; ----, lower confidence limit; ——-, upper confidence limit; = « «, knots.

considered as a forerunner of T2D, and women with a history of
GDM appear to have a nearly 10-fold higher risk of developing
T2D than those with a normoglycaemic pregnancy®3». Women
with GDM should be a target group for interventions aimed at
preventing T2D®?. Therefore, adopting a plant-based diet is
of significant benefit for pregnant women, as they can achieve
not only lower risk of GDM during pregnancy period but also
a lower risk of developing T2D in later life.

There are possible biological mechanisms that may support our
findings. A plant-based diet tends to be rich in dietary fibres, anti-
oxidants and micronutrients. Considerable experimental evidence
has demonstrated that viscous dietary fibres’ addition slows gastric
emptying rates, digestion and glucose absorption to benefit imme-
diate postprandial glucose metabolism®>. Microbiota-generated
fibre-derived SCFA are known to reduce hepatic glucose output,
improve lipid homoeostasis and influence gut microbiota®37,
Antioxidants such as polyphenols, naringenin, vitamin C are shown
to improve insulin sensitivity, inflammation and oxidative stress
associated with GDM®%?, The supplementations of micronu-
trients such as Mg and Se improve glucose parameters in people
with diabetes and improve insulin-sensitivity parameters in those
at high risk of diabetes“!#?, Simultaneously, a plant-based diet usu-
ally has less saturated fat and animal protein, which may adversely
affect insulin sensitivity and risk of pre-diabetes“®. All of these

biological mechanisms may help explain why adopting a plant-
based diet could lower the risk of GDM.

Although our findings are from a prospective cohort study,
several limitations need to be acknowledged when interpreting
our findings. First, information on dietary food intake was
self-report, which may lead to inevitable measurement errors.
However, our FFQ has been shown to have acceptable repro-
ducibility and reasonable validity in assessing most food and
nutrient intakes among pregnant women‘®?. Second, several
food groups were excluded from PDI calculation due to low
consumption in the studied population. To estimate these food
groups’ effect, we adjusted the consumption of these food
groups as continuous variables in our models and the associa-
tions between PDI and GDM risk remained robust. Third, the
prevalence of GDM in this study was lower than the overall
prevalence in China (81 % v. 14-8 %), Previous studies have
suggested that women with older age, higher pre-pregnancy
BMI and a family history of diabetes are more likely to develop
GDM“%519 However, participants in our cohort were younger,
had lower pre-pregnancy BMI and less family history of diabe-
tes than that in other populations in China“%®. These could
lead to the low GDM prevalence in our study. Therefore, the
generalisability of our findings to general population may be
limited. Finally, each participant’s PDI was calculated based
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on the quintiles of food intake in the studied population. Thus,
the use of sample-based scores makes it unable to infer whether
there is an absolute level of a specific food group concerning
GDM risk. Further research should be undertaken to investigate
the optimal thresholds of intake of these foods in the context of
an overall plant-based diet.

In conclusion, the results of this large prospective cohort
study support the hypothesis that higher PDI is associated with
a reduced risk of GDM in Chinese. Our findings suggest that
adopting a plant-based diet during mid-pregnancy may be pro-
tective against GDM among the Chinese population. Further
research is needed to clarify the associations between plant-
based diets and the risk of GDM in other Asian populations.
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