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Abstract

Healthy lifestyle is reported to reduce the prevalence of gestational diabetes mellitus (GDM). The asso-
ciation between Mediterranean diet (MD) and GDM incidence remains unclear in China. Therefore, we
aim to establish a Chinese-habit-based M D recipe and explore its effects on GDM. This study recruited
gestational age women who were planning a pregnancy in the near future with at least one risk factor for
GDM. The participants were randomly allocated into the control and MD groups. They were required
to follow diet interventions at least 6 months prior to pregnancy until delivery. Average dietary intake,
glucose and insulin metabolism in 26-28-week of gestation, and maternal and neonatal outcomes were
analyzed to assess the effects of MD. The clinical outcomes of 580 participants, with 294 in the MD
group and 286 in the control group, were analyzed. It was revealed that the MD group had a high intake
of protein, vitamins, and dietary fibers, whereas low intake of fat, resulting in improved insulin and
glucose metabolism. Meanwhile, women and their newborns in the MD group showed a reduced pro-
portion of complications. The modified MD intervention started before pregnancy shows a preventive

effect against GDM and also benefits the mother and their newborns in other outcomes.
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estational diabetes mellitus (GDM) represents

‘glucose intolerance that begins or is first diag-

nosed during pregnancy’ (1). GDM is mani-
fested in not only glucose intolerance but also insulin
resistance. In recent years, GDM has become one of the
most serious risks for pregnant women, and the preva-
lence of GDM is increasing all over the world. It was
reported that GDM is associated with various obstetric
complications, including hydramnios and preterm deliv-
ery (2), and several adverse outcomes in newborns, such
as congenital malformation and neonatal respiratory dis-
tress syndrome (3). In addition, women with a history of
GDM are at an increased risk of type 2 diabetes mellitus
(T2DM) in later life, and they are also exposed to a high
risk of GDM relapse when they become pregnant again
(4, 5). However, with the thorough liberalization of two-
child policy in China, more Chinese women tend to have
a second child, including those who had GDM before.
To help women release the burden of GDM during their
pregnancy, it is important to establish a new lifestyle,

especially a healthy diet recipe in accordance with tradi-
tional Chinese eating habits.

Nowadays, a Mediterranean-style diet is regarded as a
healthy eating habit, which is wildly adopted in Greece,
Spain, France, and other southern European countries
along the Mediterranean coast. A Mediterranean diet
(MD) refers to high intake of vegetables, fruits, fish, nuts,
and olive oil, while low intake of red meat and sugary
drinks (6). Mounting evidence has demonstrated that
keeping a MD effectively reduces the risk of various
chronic diseases, such as cancer, cardiovascular disease,
and obesity (7-9). Nevertheless, in China with a high
incidence rate of GDM at 21.9%, few studies were con-
ducted on the effectiveness of the MD on GDM before
and during pregnancy.

In this study, we aimed to access whether the MD
has a control effect on GDM among women aged
between 18 and 50 years old with at least one risk factor
for GDM who were planning a pregnancy in the near
future.
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Materials and methods

Study design

This is a retrospective study. The current randomized clin-
ical trial adopted the per-protocol analysis and was con-
ducted to lessen the potential confounding effects (10).
Women were recruited through advertising, telephone
inquiring, and health care consulting. The eligible partic-
ipants with matched physical condition were assigned to
two test groups. This study was approved by Tianjin First
Center Hospital.

Inclusion criteria

Women were eligible to enter the clinical trial if they met
the following three conditions: at high risk for GDM;
planning for pregnancy in the near future; of the child-
bearing age between 18 and 50 years old. If the partici-
pants had at least one of the following risk factors: body
mass index (BMI) exceeds 25 kg/m?; a history of GDM;
any signs of obesity in their family; diagnosis of poly-
cystic ovary syndrome (PCOS) before pregnancy, they
were regarded as high-risk cohorts. All participants were
required to provide a written informed consent before
they were randomly assigned into either the intervention
group or the control group. To ensure objectivity, a ran-
domized assignment was performed by an experienced
clinical staff utilizing computer-generated random num-
bers, and researchers were blind to the allocation results
until they finished the final analyses.

The intervention started immediately when the par-
ticipants were assigned into the test groups. To accu-
rately analyze the effects of improved MD on GDM, a
longer time was needed in this clinical trial since the diet
intervention was a long process. To meet this purpose,
we believed that the participants should receive at least
6 months of intervention before their pregnancy (11).
Therefore, women who become pregnant within 6 months
were excluded. Furthermore, women who had any of the
following items were excluded at the beginning of the trial:
under the age of 18; unmarried; smoking; alcohol drink-
ing; being pregnant at the time of enrollment; suffering
from other types of diseases, such as urolithiasis, kidney
disease, thyroid diseases, or gastrointestinal diseases; HIV,
Hep-B, or Hep-C positive patients; diagnosed with diabe-
tes before randomization assignment. In addition, women
who had taken illegal drugs or other insulin interfering
drugs within 6 months before pregnancy (12) and those
who did not agree to sign the informed consent for certain
reasons were also excluded.

Intervention

The intervention was based on a MD and continued
from randomized assignment to delivery. All the partic-
ipants were requested to take a comprehensive physical
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examination before the randomized assignment, in order
to ensure the balance and accuracy of the assignment.
From the beginning of the intervention, recruited
women were required to take a physical examination
every 4 weeks at the same medical center. Once partici-
pants became pregnant, they were asked to follow physi-
cal examinations at least 1) once in the first 3 months, 2)
once every month in the middle 3 months, 3) once every
2 weeks during 28-36 gestation weeks, and 4) once every
week after 36 weeks, until they completed a safe delivery.

The traditional MD prefers to cook with extra virgin
olive oil and recommends to keep low intake of red meat
and processed meat (13), which is difficult for Chinese
women to follow completely during the intervention. To
solve this problem, we established a nutrition support
team, containing five nutritionists and three obstetricians,
to propose an improved Mediterranean-like diet, which
is better adapted for Chinese women. The nutrition sup-
port team delivered the intervention over a personalized
one-to-one session at the beginning of the intervention.
Since olive oil was not widely accepted in China, partic-
ipants were allowed to use the ordinary rapeseed oil as
a substitute for olive oil, but with an allocated amount
of no more than 0.3 L per week. In addition, given the
fact that Chinese women show a higher potential for mild
anemia and hypotension (14), a moderate consumption
of red meat per day was recommended. Moreover, alcohol
drinking was inappropriate for women during pre-preg-
nancy or pregnancy. Taken together, we formulated an
adapted intervention plan based on the MD, including:
replacing olive oil with rapeseed oil, soybean oil, or pea-
nut oil, and the daily intake was controlled at lower than
30 g; keeping a daily consumption of red meat at 50-70
g; and alcohol drinking was prohibited. The improved
MD recipe was more suitable for Chinese women and
improved the compliance of this trial.

For their thorough understanding of the MD, partici-
pants were requested to join in a training class after being
assigned to test groups. The training class lasted 40-60
min, and all participants were provided with MD guid-
ance when they finished the training. The diet interven-
tion officially started from this face-to-face consulting.
In the middle of the intervention, we followed-up with
the women every few days through phone calls or Wechat
messages to reinforce the dietary goals. Furthermore,
our nutritionists provided the latest information about
the MD and recipe guidance during the trial. When the
participants had any questions or suggestions about the
intervention plan, they could communicate with their
nutritionists or doctors through phone calls or Wechat
at any time.

Participants in the control group received routine nutri-
tion guidance and health care, but no dietary require-
ments. All participants were requested not to adjust their
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daily physical activity, and an exercise time no less than 30
min per day was recommended for both the intervention
group and the control group.

Dietary assessment

We referred to the methodology of calculating MD
scores to assess dietary conditions of the participants
(15). Briefly, daily servings of vegetables, fruits, legumes,
cereals, fish, dairy products, and meat were recorded and
scored. All participants recorded their daily food and
physical activities using a phone app named Nutritional
Calculator. Then, the individual’s daily intake was cal-
culated and averaged using the Nutritionist IV software
(16). The participants’ MD adherence was evaluated once
a month. According to the evaluation reports, we adjusted
the diet recipe of each individual to ensure all the partici-
pants followed an accurate intervention.

Data collection

All the basic information of the recruited women was col-
lected though a computerized questionnaire before they
joined the clinical trial. To safeguard participant privacy,
the information was only accessible to the professional
administrators who performed data analysis. The infor-
mation involved in the questionnaire was listed as follows:

*  Sociodemographic data: age, marital status, number
of children, and level of education.

*  Physical condition: body weight, BMI, blood glu-
cose, blood pressure, etc.

*  Medical history of diseases: macrosomia in previous
pregnancies, PCOS, earlier gestational glucose intol-
erance/GDM, family history of diabetes, mild ane-
mia, hypotension, etc.

*  Food consumption and dietary intake information:
dietary preferences and appetite.

Outcome

In this study, the primary outcomes were the occurrence
of women with GDM in 26-28 gestation weeks, the new-
borns’ birth weight, and neonatal Apgar score. GDM
was diagnosed based on the oral glucose tolerance test
(OGTT) in 26-28 gestation weeks (11). Once the OGTT
of participants varied abnormally, appropriate interven-
tion and treatment would be guided by healthcare spe-
cialists. The quantitative insulin check index (QUICKI),
homeostasis model of assessment of insulin resistance
(HOMA-IR), and homeostasis model of assessment of
beta cell function (HOMA-b) were detected to assess
insulin resistance (17). As for the neonatal outcome, the
birthweight of newborns was recorded. The newborn
whose birthweight exceeds 4,000 g was defined as mac-
rosomia, while those less than 2,500 g were defined as
underweight (18).
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Secondary outcome was weight gain during pregnancy,
which was calculated on the last measured weight before
parturition and the weight measured at the beginning of
the gestation. According to the guidelines of Institute
of Medicine, excessive weight gain is defined as follows:
> 18 kg for underweight; > 16 kg for normal weight;
> 11.5 kg for overweight; and >9 kg for obese. The
definition was based on the initial BMI of participants.
Moreover, preterm delivery, natural childbirth or cesar-
ean delivery, preeclampsia after 20 weeks of gestation,
and blood pressure were also considered as secondary
outcomes.

Sample size

Initially, we used a randomized clinical trial calcula-
tion formula to design the sample size, in which the risk
a4 =20.05, risk B =0.2, and a rate of 20% for follow-up
lose. According to a previous study (11), the incidence of
GDM was 40% under usual prenatal care, whereas the
intervention was supposed to reduce the proportion. The
statistical power of the study was 0.8. On the basis of the
assumption, a total of 749 eligible women were recruited
in the clinical trial. Except for 169 dropouts in allocation
and follow-up process, data from 580 participants were
analyzed, with 294 in the MD group and 286 in the con-
trol group.

Statistical analysis

The data were analyzed according to the purpose of
the intervention trial. The statistical analysis in the cur-
rent study was performed utilizing SPSS, version 18
(SPSS Inc., Chicago, IL, USA). Data were expressed as
mean (standard deviation [SD]) unless otherwise stated.
Continuous and nominal data were analyzed by Student
t-test and y>-test, respectively. P < 0.05 was considered as
statistically significant.

Results
The flow chat illustrating the study design is shown in
Fig. 1. A total of 749 women were enrolled into our trial
at the beginning. After assessing their baseline infor-
mation for eligibility, 70 women were excluded, and the
remaining 679 women were randomly assigned into the
intervention (MD group, n = 339) or the control groups
(n = 340). During the course of the study, ~15% of the
participants were withdrawn from each group. The inter-
ference factors included: the participants did not con-
ceive during the study; the participants became pregnant
within 6 months; the participants felt sickness in stomach
because of the diet intervention, etc. (Fig. 1). In the end,
294 participants in the MD group and 286 in the control
group were followed up and included in the analysis.

The baseline characteristics of the participants are
summarized in Table 1. No significant differences were
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Assessed for eligibility(n=749)

Excluded (n=70):
* Not meeting inclusion criteria (n=37)

* Declined to participate (n=12)
* Other reasons (n=21)

Randomized (n=679)

[ UOI}BIO[[Y ] [ JUSWI[OIUL ]

Allocated to MD group (n=339)

Allocated to Control group (n=340)

* Did not conceive during study (n=12) * Did not conceive during study (n=10)
* Discontinued intervention (n=22) * Discontinued intervention (n=25)
- - Moved away (n=4) - Moved away (n=6)
2 - Sickness in stomach (n=2) - Sickness in stomach (n=4)
% - Changed her mind (n=5) - Changed her mind (n=6)
.g - Personal reasons (n=11) - Personal reasons (n=9)
* Pregnant within 6months(n=3) * Pregnant within 6months(n=2)
» Ectopic pregnancy (n=5) * Ectopic pregnancy(n=3)
* Preterm delivery (n=11) * Preterm delivery (n=15)
» Miscarriage (n=7) * Miscarriage (n=16)
> Analysis
8 Dietary intakes of all participants
‘g Maternal outcomes: GDM, HOMA-IR, HOMA-f, QUICKI,
@ Gestational weight gain, Type of delivery, Pre-eclampsia
Neonatal outcomes: Birth weight, Apgar score.

Fig 1. Flow diagram of the study design: participant selection, allocation, and follow-up. MD group, Mediterranean Diet group.

observed between the two groups in baseline character-
istics, in terms of age [29.5(4.6) years in the MD group
and 30.3(4.5) years in the control group] and BMI before
pregnancy [27.4(4.4) kg/m? in the MD group and 27.5(3.7)
kg/m?in the control group], or BMI after randomization
[overweight 135(45.9%) and obese 12(4.1%) in the MD
group, and overweight 137(47.9%) and obese 10(3.5%)
in the control group]. In addition, the percentage of
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primiparous [43.2% in the MD group and 39.5% in the
control group], proportion of macrosomia in previous
pregnancies [4.1% in the MD group and 3.8% in the con-
trol group], earlier GDM [36 in the MD group and 34 in
the control group], family history of diabetes [111 in the
MD group and 107 in the control group], and PCOS [nine
in the MD group and eight in the control group] as well as
other sociodemographic data were also statistically same
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Table 1. Baseline characteristics of the participants

Modified Mediterranean diet for gestational diabetes

Characteristics MD group Control group P
(n =294) (n=1286)
Age (years) 29.5 (4.6) 30.3 (4.5) 0.495
Primiparous, n (%) 127 (43.2) 113 (39.5) 0.586
Education, n (%) 0.354
High school or higher 81 (27.6) 74 (25.9)
Secondary 134 (45.6) 126 (44.1)
Primary school or lower 79 (26.8) 86 (30.0)
BMI after randomization, n (%) 0.457
Overweight (BMI > 25 kg/m?) 135 (45.9) 137 (47.9)
Obese (BMI > 30 kg/m?) 12 (4.1) 10 (3.5)
BMI before pregnancy 27.4 (4.4) 275 (3.7) 0.270
Macrosomia in previous pregnancies, n (%) 12 (4.1) I'1(3.8) 0.299
Earlier gestational glucose intolerance/GDM, n (%) 36 (12.2) 34(11.9) 0.232
Family history of diabetes, n (%) 111 (37.8) 107 (37.4) 0.256
PCOS, n (%) 9@3.1) 8 (2.8) 0.358

Data are expressed as mean (SD), unless otherwise indicated. We analyzed continuous and nominal data with Student

t-test and y-test, respectively.

between all participants in the two groups. The time to
pregnancy was 8.9(2.8) and 8.7(3.2) weeks for the MD
group and the control group, respectively. No significant
difference was observed.

Nutritional differences in daily intakes between MD and

routine diet

Average dietary intakes of participants in the MD group
and the control group are shown in Table 2. During the
intervention, participants in the MD group were required
to consume high intakes of vegetables, fruits, legumes, cere-
als, and fish, and low intake of processed meat and food
rich in animal fat. Meanwhile, participants in the control
group kept their normal eating habits that are common
for Chinese: they took more red meat and refined grain
in daily life. Table 2 shows that in comparison with the
control group, participants in the MD group consumed
more vegetables [558.25(147.69) g/day vs. 449.43(132.63)
g/day, P =0.008], legumes [443.61(257.44) g/day wvs.
435.47(249.81) g/day, P = 0.032], fish [60.74(23.59) g/day
vs. 41.75(26.28) g/day, P < 0.001], and dairy products
[468.43(176.72) g/day vs. 316.25(189.69) g/day, P < 0.001].
On the contrary, the participants’ average consumption of
meat and derivatives in the control group was significantly
higher than that in the MD group [65.35(27.42) g/day vs.
57.92(24.66) g/day, P < 0.001]. In terms of nutritional
components, a MD is rich in dietary fibers and protein,
but low in fat and energy. Therefore, participants in the
MD group had significantly higher protein [15.32(3.19) vs.
12.71(3.27) (% of total energy), P < 0.001], dietary fibers
[29.73(8.93) (g/d) vs. 24.61(8.62) (g/d), P =10.016], and
B, [29.73(8.93) (g/d) vs. 24.61(8.62) (ug/d), P =0.016)],
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whereas lower level of energy [1961.84(124.93) (kcal/d) vs.
2042.63(116.67) (kcal/d), P = 0.018] and fat [20.45(7.44)
vs. 23.62(6.53) (% of total energy), P = 0.006].

Glucose and insulin metabolism of the participants

Glucose and insulin metabolism of the participants were
assessed by fasting blood glucose (FBG), HOMA-IR,
HOMA-B, and QUIKI (Table 3). All the evaluated indi-
cators were detected at both baseline and 26-28 weeks
of gestation, in order to demonstrate the variation of
glucose intolerance and insulin resistance as well as to
diagnose GDM. From baseline to 26-28 gestational
weeks, the FBG level of participants in the MD group
remained unchanged [97.25(9.97) (mg/dL) vs. 95.46(9.12)
(mg/dL), P = 0.153], whereas it significantly increased in
the control group [94.09(7.23) (mg/dL) vs. 106.37(8.29)
(mg/dL), P =0.022]. Thus, a big difference in the FBG
level was observed between the MD group and the con-
trol group [95.46(9.12) (mg/dL) vs. 106.37(8.29) (mg/dL),
P =0.032] after intervention. In addition, HOMA-IR
[2.7(1.7) vs. 2.5(1.3), P = 0.232] and HOMA-B [46.7(17.4)
vs. 47.4(15.3), P=0.114] remain at the same level
in the MD group, while slight increased levels were
observed in the control group {HOMA-IR [12.9(6.2) vs.
15.9(6.9), P = 0.012], HOMA-B [46.3(18.2) vs. 55.1(19.7),
P =0.017]}. The insulin [12.6(4.3) (WIU/mL) vs. 15.9(6.9),
P=0.011], HOMA-IR [2.5(1.3) vs. 3.3(2.1), P =0.012],
and HOMA-B [47.4(15.3) vs. 55.1(19.7), P =0.021]
were also significantly different between the MD group
and the control group during gestational 26-28 weeks.
Moreover, the QUICKI score was improved in the MD
group [0.47(0.16) vs. 0.49(0.15), P = 0.042], whereas it was

5


http://dx.doi.org/10.37175/stemedicine.v3i3.129

Sha Xiao et al.

Table 2. Dietary intakes of participants

Average dietary intakes MD group Control group P
(n =294) (n =286)

Vegetables (g/day) 558.25 (147.69) 449.43 (132.63) 0.008
Fruits (g/day) 443.61 (257.44) 435.47 (249.81) 0.107
Legumes (g/day) 12.29 (7.72) I1.17 (6.89) 0.032
Cereals (g/day) 246.58 (101.74) 252.72 (112.53) 0.095
Fish (g/day) 60.74 (23.59) 41.75 (26.28) <0.001
Dairy products (g/day) 468.43 (176.72) 316.25 (189.69) <0.001
Meat and derivatives (g/day) 57.92 (24.66) 65.35 (27.42) <0.001
Energy (kcal/d) 1961.84 (124.93)  2042.63 (116.67) 0.018
Carbohydrate (% of total energy) 54.89 (8.47) 58.94 (7.93) 0.197
Protein (% of total energy) 15.32 (3.19) 12.71 (3.27) <0.001
Fat (% of total energy) 20.45 (7.44) 23.62 (6.53) 0.006
Iron (mg/d) 13.64 (3.32) 12.81 (3.07) 0.064
B, (ug/d) 5.45 (3.66) 4.63 (4.13) 0.043
Dietary fiber (g/d) 29.73 (8.93) 24.61 (8.62) 0.016

Data are expressed as mean (SD). Student’s t-test was used to analyze the normally distributed
data, whereas a Mann—Whitney U-test was used to analyze the non-normally distributed data.

Table 3. Glucose and insulin metabolism of the participants at baseline and gestational 26-28 weeks

Glucose metabolism MD group (n = 294)

Control group (n = 286) P-value between

group

Baseline 26-28 weeks Baseline 26-28 weeks P
Fasting blood glucose (mg/dL)  97.25 (9.97) 95.46 (9.12) 0.153 94.09 (7.23)  106.37 (8.29) 0.022 0.032
Insulin (pIU/mL) 13.1 (5.9) 12.6 (4.3) 0.089 12.9 (6.2) 15.9 (6.9) 0.012 0.011
HOMA-IR 2.7 (1.7) 2.5(1.3) 0.232 2.5(1.9) 33 2.1 0.008 0.012
HOMA-B 46.7 (17.4) 47.4 (15.3) 0.114 46.3 (18.2) 55.1 (19.7) 0.017 0.021
QUICKI 0.47 (0.16) 0.49 (0.15) 0.042 0.48 (0.17) 0.36 (0.18) 0.021 0.014

Data are expressed as mean (SD). Student’s t-test was used to analyze the normally distributed data, whereas a Mann—Whitney U-test was used to

analyze the non-normally distributed data.

decreased in the control group [0.48(0.17) vs. 0.36(0.18),
P =0.021]. The QUICKI score was greatly increased in
the intervention group compared with the control group
[0.49(0.15) vs. 0.36(0.18), P = 0.014]. These data indicated
that the diet intervention had a positive effect on glucose
and insulin metabolism for pregnant women.

Other maternal and neonatal outcomes

Besides glucose and insulin metabolism, we also analyzed
other maternal physical symptoms and neonatal out-
comes. The final results are summarized in Table 4. Both
the proportions of women with GDM [24.8% vs. 33.9%,
P =0.013] and the proportion of participants with exces-
sive gestational weight gain [26.9% vs. 37.1%, P = 0.044]
were markedly decreased in the MD group. Nevertheless,
the type of delivery, the percentage of preeclampsia [3.7%
vs. 31%, P = 0.297], and the preterm delivery proportion
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[6.1% vs. 7%, P =0.179] showed no differences between
the two groups.

Among the newborns, the average birthweight in the
two groups stayed in a comparable level, whereas the pro-
portion of macrosomia was lower in the MD group than in
the control group [3.4% vs. 4.2%, P = 0.038]. Meanwhile,
the 5-min Apgar score was significantly higher in the MD
group [9.6(0.7) vs. 9.2(0.6), P =0.021]. In addition, the
1-min Apgar score [9.5(0.6) vs. 9.4(0.5), P =0.238] and
the percentage of underweight newborn [6.1% vs. 8.0%,
0.147] did not differ in the two groups.

The change of living habits is a long process. So, the
effect of intervention duration on maternal and neonatal
outcomes was also assessed. The mean duration of inter-
vention is 13.5 + 8.9 months before pregnancy for partici-
pants in the intervention group. They were further divided
into two subgroups by the duration of intervention: <1
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Table 4. Maternal and neonatal outcomes of the study

Outcomes MD group (n =294) Control group (n = 286) P
Maternal
GDM, n (%) 73 (24.8) 97 (33.9) 0.013
Gestational weight gain, kg 11.9 3.7) 13.7 (4.6) 0.058
Excessive gestational weight gain, n (%) 79 (26.9) 106 (37.1) 0.044
Preterm delivery, < 37 weeks, n (%) 18 (6.1) 20 (7.0) 0.179
Type of delivery, n (%) 0.211
Normal 172 (58.5) 171 (59.8)
Instrumental 39 (13.3) 42 (14.7)
Cesarean 83 (28.2) 73 (25.5)
Preeclampsia, n (%) I (3.7) 9 (3.1 0.297
Neonatal
Birthweight, g 3,149 (374) 3,285 (391) 0.067
Adequate 2,500—4,000, n (%) 266 (90.4) 251 (87.8) 0.107
Low < 2,500, n (%) 18 (6.1) 23 (8.0) 0.147
Macrosomia > 4,000, n (%) 10 (3.4) 12 (4.2) 0.031
|-min Apgar 9.5 (0.6) 9.4 (0.5) 0.238
5-min Apgar 9.6 (0.7) 9.2 (0.6) 0.021

Data are expressed as mean (SD), unless otherwise indicated. We analyzed continuous and nominal data with Student
t-test and y2-test, respectively.

Table 5. The occurrence of GDM and pregnancy outcomes

Outcomes < | years (n = 173) > | years (n = 121) P
Maternal
GDM, n (%) 44 (25.4) 29 (24.0) 0.054
Gestational weight gain, kg 14.1 (4.4) 10.7 (3.5) 0.018
Excessive gestational weight gain, n (%) 61 (35.3) 18 (14.9) 0.014
Preterm delivery, < 37 weeks, n (%) 10 (5.8) 8 (6.6) 0.270
Type of delivery, n (%) 0.351
Normal 98 (56.6) 74 (61.2)
Instrumental 25 (14.5) 14 (11.6)
Cesarean 50 (28.9) 33 (27.3)
Preeclampsia, n (%) 7 (4.0) 4(3.3) 0.249
Neonatal
Birthweight, g 3,087 (402) 3,194 (397) 0.247
Adequate 2,500—4,000, n (%) 155 (89.6) 111 (91.7) 0.501
Low < 2,500, n (%) 11 (6.4) 7 (5.8) 0.243
Macrosomia > 4,000, n (%) 7 (4.0) 3 (2.5 0.045
I-min Apgar 9.6 (0.6) 9.4 (0.6) 0.334
5-min Apgar 9.8 (0.5) 9.9 (0.6) 0.312
Outcomes < | years (n=173) > | years (n = 121) P

Data are expressed as mean (SD), unless otherwise indicated. We analyzed continuous and nominal data using Student
t-test and y-test, respectively.

years and > 1 years. The difference in occurrence of GDM vs. 14.9%, P = 0.014] and the proportion of macrosomia
and pregnancy outcomes between these two subgroups [4.0% vs. 2.5%, P = 0.045] seemed to be most tightly asso-
were analyzed (Table 5). Gestational weight gain [35.3% ciated with the duration of intervention.
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Discussion

In recent years, the incidence of GDM is rising steadily.
GDM was reported to be a risk factor for T2DM and
is also associated with various adverse outcomes, caus-
ing long-term sufferings for both the mothers and their
newborns. However, there has been increasing evidence
that suggests that healthy lifestyle intervention has the
potential to benefit the women with GDM and/or T2DM.
For instance, the American National Institutes of Health
proposed the Diabetes Prevention Program (19), which
means an individualized intervention of eating and phys-
ical activity, leading to a 50% decrease in diabetes inci-
dence in the prediabetes cohorts. Similarly, GDM women
followed 1 month of DASH (Dietary Approaches to
Stop Hypertension) diet, which showed improved preg-
nancy outcomes (20). Besides, women in western coun-
tries who complied with a healthy diet before pregnancy,
such as MD, exhibited an ameliorative glucose tolerance
and lower incidence of GDM during their pregnancy.
In order to demonstrate the effect of a healthy diet on
GDM among Chinese women, in this study, we provided
an improved MD in accordance with traditional Chinese
eating habits and conducted an intervention trial before
and during women’s pregnancy.

The typical MD emphasizes on high intakes of fruits,
vegetables, whole grains, legumes, nuts, and olive oil;
moderate intake of fish and dairy products; low consump-
tion of healthy fats, such as poultry; and limited intake of
red meat. Also, there are other important components in
traditional MD, including a glass of red wine and keeping
proper physical activity. From the perspective of nutri-
tion, the MD is rich in mono- and poly-unsaturated fatty
acids, protein, vitamins, and dietary fibers (21), which
are beneficial for preventing many metabolic and chronic
diseases. For example, Thaminda et al. (22) and Asemi
(23) found that the MD protected against vascular and
coronary heart diseases. Moreover, Letenneur et al. (24)
found that MD had a potential to decrease the risk of
Alzheimer’s disease and cognitive decline. Artal et al. (25)
confirmed that the low-energy and low-fat diet resulted
in a dramatic reduction in the risk of T2DM and obesity.

Nevertheless, it is difficult for Chinese people, espe-
cially pregnant and pre-pregnant women, to entirely
follow the typical MD. Because the traditional Chinese
diet is composed in a large proportion of refined grains
and red meat, which is quite different from the MD. And
women who become pregnant or prepare to be pregnant
should not drink alcohol. According to this situation,
to better investigate whether MD intervention benefits
GDM outcomes among Chinese women, we proposed a
Chinese-habit-based Mediterranean-like diet in our cur-
rent clinical study. We replaced olive oil with rapeseed oil
and added an appropriate consumption of red meat in
the daily intake, due to Chinese women’s high incidence
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of mild anemia and hypotension during their gestation.
In addition, all the participants were recommended to
take proper physical exercise every day. Meanwhile, other
elements of MD remained unchanged except for alcohol
consumption.

In the present trial, we analyzed clinical outcomes of
580 participants: 294 in the MD group and 286 in the
control group. At the beginning of the diet intervention,
no significant differences in baseline characteristics were
observed between the two groups, including the levels of
glucose intolerance and insulin resistance (Tables 1, 3).
During the intervention, the MD group consumed more
vegetable, legumes, fish, and dairy products, whereas less
meat and derivatives. That helped participants obtain bet-
ter protein, vitamins, and dietary fibers but less fat (Table
2). As a result, when the participants entered their 26-28
weeks of gestation, the MD group showed improved
insulin and glucose metabolism. But participants in the
control group exhibited a worse glucose intolerance and
insulin resistance, which associated with an increased inci-
dence of GDM (Tables 3, 4). These data indicated that our
Mediterranean-like diet intervention started before preg-
nancy, which exhibited a preventive effect against GDM.
Our results were consistent with an earlier study, which
suggested that high adherence to the MD was related to
declined GDM incidence in a dose- and time-dependent
manner (26).

Besides diabetic symptoms, we also evaluated other
maternal outcomes and neonatal complications. As
expected, women in the MD group had fewer cases of
excessive gestational weight gain, and their newborns
showed reduced proportion of macrosomia as well as
higher 5-min Apgar score (Table 4). These data implied
that the MD intervention improved not only the physi-
cal condition of gravidae but also that of their new-
borns. Consistently, Rogozinska et al. observed that MD
intervention and physical activity lessened the caesarean
section rates (27). The study of He and coworkers sug-
gested that women who followed MD presented better
postpartum recovery and declined incidence of neonatal
complications (28). Therefore, we conclude that our MD
intervention strongly ameliorates GDM among Chinese
women, which also benefits both the mothers and their
newborns in other pregnancy outcomes.

We used average daily nutritional intake to estimate
adherence to the MD, while other studies used differ-
ent methods, such as Trichopoulou index and 24 h diet
score (29). Several studies demonstrated the effect of
MD in women without GDM in their previous pregnan-
cies (30, 31). Whereas in our study, we recruited women
with a history of GDM into both the intervention and
control group and then analyzed the GDM-preventing
potential of MD. As for evaluating the diet quality, some
study tended to separate the effects of each nutrient (32).
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However, when assessing the results of a diet interven-
tion, we should give priority to the synergistic effects of
all the components. We, therefore, conclude that our MD
intervention has a positive effect on GDM improvement,
although a few dietary components differed between
the two groups. In the future study, it is worth studying
whether the Chinese-habit-based MD also has beneficial
effects on T2DM, which may provide a new reference for
clinical treatment of T2DM.

A common limitation of long-term clinical trials is
participant-loss during the follow-up. To solve this prob-
lem, participants were encouraged to record their daily
intake and physical activity using a phone app named
Nutritional Calculator, and professional administrators
collected the participants’ information every day from the
cloud data. Furthermore, we used Wechat to keep con-
stant contact with the participants and reminded them to
keep recording, which facilitated the interaction between
researchers and the participants. Since we expected an
attrition rate of 20%, it was rational that our overall fol-
low-up rate was 85%. However, another possible limita-
tion is the deviation from MD. Although we adjusted the
participants’ MD recipe every month according to their
records, women still tend to have their own preference for
what they should consume. This was the major cause for
inaccurate intervention, leading to biased dietary intake.
Moreover, although we found a significant decline in
some maternal outcomes, the type of delivery, the rates of
preterm delivery, and preeclampsia were not influenced by
MD intervention. Finally, a further modification should
be done in traditional MD diet before the intervention
can be utilized to other diseases.

Conclusion

In conclusion, a Mediterranean-like diet before and
during pregnancy had a preventive effect on the GDM
development, also improved several maternal and neona-
tal outcomes. For controlling the development of GDM,
adherence to a Mediterranean-like diet prior to pregnancy
should be promoted among all Chinese women.
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