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Abstract: Healthy diet is essential to type 2 diabetes mellitus (T2DM) prevention for women with
previous gestational diabetes mellitus (GDM). To evaluate the effect of a lifestyle intervention
program on diet quality for rural women who were previously diagnosed with GDM, we conducted
a randomized controlled study in two counties located in south-central China. A total of 404 eligible
women were allocated into an intervention group and control group. Participants in the intervention
group received 6-month lifestyle intervention including six group seminars and eight telephone
consultations. Dietary data were collected at baseline and 18 months via a 24 h dietary recall, and
dietary quality was measured by two indicators, Chinese Healthy Eating Score (CHEI) and Minimum
Dietary Diversity for Women (MDD-W). Baseline CHEI scores (54.4 vs. 53.5, p = 0.305) and the
proportions of participants who met MDD-W (73.8% vs. 74.5%, p = 0.904) were comparable between
the two groups. The intervention group achieved a higher CHEI score (62.2 vs. 58.9, p = 0.001) and
higher MDD-W proportion (90.6% vs. 81.2%, p = 0.023) at 18 months. Lifestyle intervention was
associated with the change of CHEI (p = 0.049) but not with MDD-W (p = 0.212). In conclusion,
compared with usual care, lifestyle intervention resulted in greater improvement of dietary quality
among rural women with previous GDM.

Keywords: dietary quality; lifestyle intervention; women with previous gestational diabetes mellitus
(GDM); rural areas; randomized controlled study

1. Introduction

Gestational diabetes mellitus (GDM) is a category of diabetes that is initially diagnosed
in the second or third trimester of pregnancy [1,2]. It is an independent risk factor for many
postpartum diseases, especially type 2 diabetes mellitus (T2DM) [3,4]. The 10-year T2DM
cumulative incidence after delivery is 20% to 40% for women with GDM, and the incidence
further increases to 58% when prolonged to 50 years [5,6].

Diet is critical to T2DM development [7-9]. A high-quality diet, featuring adequacy
in food diversity and balance in foods/nutrients, is associated with a decreased risk of
T2DM among people at high risk for T2DM [10,11]. Studies of lifestyle intervention
have been implemented to prevent T2DM via improving diet (alone or with physical
activity) [12-14]. For women with previous GDM, one of the most influential studies is
the Diabetes Prevention Program Outcome Study, in which intensive lifestyle intervention
induced a 35% reduction in T2DM risk during a 10-year follow-up period [15].

Previous studies suggested unsatisfactory diet behavior among women who were
previously diagnosed as GDM, because they faced many obstacles to a healthy lifestyle: for
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example, fragmented medical care, time, and energy stress [16-19]. For women with previ-
ous GDM in rural areas of China, this issue is even more urgent. Swift social restructuring
has brought an urbanized lifestyle (e.g., high-fat food) to rural residents, which in turn,
results in a higher prevalence of chronic diseases including T2DM among them [1,20,21].
Meanwhile, inequal health resources and a low level of health literacy are significant
barriers to a healthy lifestyle in rural areas [22,23]. Our previous study has demonstrated
unsatisfactory diet quality among women with previous GDM in rural regions [24]. Cur-
rently, there is no report relevant to lifestyle intervention for this special population in
China. Therefore, we conducted a randomized controlled trial to probe a proper lifestyle
intervention pattern for women with previous GDM in rural areas and examine its impact
on diet quality, physical activity, and physiological health outcomes. This paper aims to
analyze the effect of lifestyle intervention on diet quality.

2. Materials and Methods
2.1. Study Design

A randomized controlled study was conducted in Youxian county and Yongding
county; both counties are located in south-central China. Data collection and intervention
implementation were conducted in General Hospital of Youxian County and Maternal and
Children’s Hospital of Yongding District between September 2017 and January 2020. This
study was approved by the ethical committee of Xiangya Nursing School of Central South
University (No. 2016034). Detailed information of study protocol, including participants,
lifestyle intervention, and primary and secondary outcomes, was described previously [25].

2.2. Participants

Women were enrolled from Youxian county and Yongding county. Those who met the
following criteria were introduced to this study by trained nurses: (a) adult women with a
history of GDM [1]; (b) at least six weeks after delivery; (c) intending to live in rural areas
for at least 18 months; and (d) having access to telephone. Those who met any one of the
following criteria were excluded from this study: (a) currently pregnant or plan to conceive
in the next 18 months; (b) diagnosed with diabetes before pregnancy or after delivery; and
(c) physical or cognitive disability.

2.3. Randomization

Women were cluster-randomized into intervention group or control group. There are
14 towns in Youxian county and 17 towns in Yongding county. A biostatistician (Wiley.
]) assigned 8 towns in each county to the intervention group via Internet randomiza-
tion protocol (http://stattrek.com/statistics /random-number-generator.aspx (accessed on
10 April 2017)). Women in other towns were allocated to the control group. Study was
open to participants and professionals who conducted intervention, while blinded to
data assessors.

2.4. Lifestyle Intervention

The 6-month lifestyle intervention program was designed according to theory of
planned behavior (TBP) [26], which has been widely applied to change health-related
behavior [27-29]. Women and their family members were invited to join 6 group seminars
(at most 20 people per group, 90 min per session) for the first 10 weeks. In the first
orientation seminar, the trainer introduced the relationship of GDM and postpartum
T2DM and demonstrated the benefit of healthy lifestyle to participants. In the second
seminar, the eating pattern recommended by national dietary guideline was introduced
to the participants [30], and they were encouraged to analyze the barriers to healthy
diet and set goals for dietary adjustment. The third session covered physical activities
plan and barriers. The fourth session focused on stress assessment and management.
The fifth seminar focused on family support. During this session, family members were
encouraged to express their attitude and suggestions concerning participant’s lifestyle
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behavior. The barriers and solutions to healthier family meal/exercise were also discussed.
In the last session, the strategies to maintain healthy lifestyle were introduced. Besides
group seminars, 8 telephone consultations were also provided to review the progress and
assist goal achievement. Five bi-weekly calls were conducted during first 3 months, and
three monthly calls were conducted in the following 3 months.

2.5. Control Group

Participants in the control group received usual care, without group seminars or
telephone consultations.

2.6. Data Collection

Sociodemographic information was collected at baseline. Dietary information, physi-
cal activity, and anthropometric parameters, including weight and body mass index (BMI),
were gathered at 0 and 18 months after baseline.

2.6.1. Dietary Intake

Dietary intake was collected via a 24 h dietary recall administered by trained in-
vestigators. Participants were required to take photos of all the foods and drinks they
consumed in three consecutive days. They recalled the foods and their quantities with the
visual reminder of the photos during the face-to-face interview. The nutrients from foods
were estimated by NutriStar software (Shanghai Zhending Inc., Shanghai, China), which
calculates energy and nutrients according to 2018 Chinese Food Composition Table [31].
Average daily intake of energy and food groups was used to assess dietary quality.

2.6.2. Dietary Quality

Two indicators, the Chinese Healthy Eating Index (CHEI) and Minimum Dietary
Diversity for Women (MDD-W), were applied to evaluate dietary quality [32,33].

CHEI was developed to measure the compliance to the Balanced Dietary Pattern
advocated by Chinese Dietary Guidelines [30]. It has a continuous scoring system, in
which 100 implies full adherence to dietary guidelines and optimal diet quality. There
are 12 adequacy components and 5 moderation components in the index. Adequacy
components include total grains, whole grains and mixed beans, tubers, total vegetables,
dark vegetables, fruits, dairy, soybeans, fish and seafood, seeds and nuts, poultry, and eggs.
Moderation components are red meat, cooking oils, sodium, added sugars, and alcohol.
Scoring of each component was based on its quantity (standard portion/1000 kal). A
maximum point of 5 or 10 was assigned where the intake met the recommendation for each
component. Zero points were allotted for no intake (adequacy component) or severe excess
(moderation component) (Supplementary Table S1). Points between 0 and maximum were
scored proportionately. Total CHEI score was the sum of 17 components’ scores.

MDD-W is a dichotomous indicator aiming to measure the adequacy of micronutrients
for women aged 15 to 49. There are 10 predefined food groups: (1) grains, white roots and
tubers, and plantains; (2) pulses; (3) nuts and seeds; (4) dairy; (5) meat, poultry, and fish; (6)
eggs; (7) dark green leafy vegetables; (8) other vitamin A-rich fruits and vegetables; (9) other
vegetables; and (10) other fruits. A cutoff of >15 g was used to define an amount enough to
count towards food group diversity. Scores of 1 were assigned if women consumed at least
five of the ten food groups. Otherwise, 0 points were allotted.

2.6.3. Anthropometric Parameters

To measure weight and height, participants were required to dress lightly and be
barefooted. Weight was examined by Tanita BC-718 (Tanita, Tokyo, Japan) and recorded
to the nearest 0.1 kg. Height was measured by a calibrated scale and was recorded to the
nearest centimeter. BMI was calculated by dividing the weight by height (in meters squared)
and was categorized into four levels: obese (>28.0 kg/m?), overweight (24.0-27.9 kg/m?),
normal (18.5-23.9 kg/mz), and underweight (<18.5 kg/mz) [34].
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2.6.4. Physical Activity

The International Physical Activity Questionnaire Short Form (IPAQ-SF) was imple-
mented to collect the data of physical activity [35]. The time spent on vigorous activity,
moderate activity, walking, and sitting over a week was reported by participants. Then,
the metabolic equivalent of the task was calculated, and categories of physical activity
(i.e., vigorous, moderate, low) were determined for each participant.

2.6.5. Sociodemographic Information

Sociodemographic data (e.g., age, ethnicity, education, occupation, civil status, family
income, parity) were collected via a self-report questionnaire.

2.7. Outcomes

The primary outcome was the difference in CHEI score and proportion of participants
reaching MDD-W after 18 months between the two groups. The secondary outcomes were
the difference in energy and nutrient (i.e., carbohydrate, protein, fat, calcium, iron, zinc,
vitamin A, thiamine, riboflavin, vitamin C, niacin, folate) intake between the two groups
after 18 months.

2.8. Sample Size

The sample size was estimated based on previous report of CHEI score among Chinese
adults who participated in China Health and Nutrition Survey (CHNS-2011), in which
the mean CHEI score of rural people was 49.3 (9.5) [32]. A total sample size of 400 was
required, assuming a 3-point increase after intervention and 20% drop-out rate, with Type
1 error 0.5 and power of the test 0.8 (GPower 3.1.9.2).

2.9. Statistical Analysis

Baseline continuous variates were described by mean (SD) or median (95% confidence
interval). Categorial data were reported as proportions. CHEI score of the intervention
group and the control group was compared by independent samples t-test. Participants
were deemed to reach MDD-W if five (or more than five) food groups were consumed.
The proportion of participants reaching the MDD-W was compared by chi-squared test.
To explore the effect of lifestyle intervention to CHEI, a generalized linear mixed model
(GLMM) was applied. Group, age, BMI, visit time, ethnicity, education level, occupa-
tional status, family monthly income, and parity were included as fixed effects. Binary
logistical regression model was used to examine the contribution of above-mentioned
factors to MDD-W. The energy and nutrient intake were classified into three categories,
i.e., insufficient, adequate, and excessive. Insufficient intake was defined as less than 90% of
estimated energy requirement (EER) or recommend nutrients intake (RNI) or less than the
lower cutoff of AMDR [26]. Excessive intake was defined as more than 110% of EER/RNI
or the higher cutoff of AMDR. The proportion of women who consumed adequate en-
ergy/nutrient was compared by chi-squared test. Statistical analysis was conducted by
SPSS (version 24), and p value < 0.05 was considered statistically significant.

3. Results
3.1. Participants

A total of 404 women were randomized in our study, and 324 (80.2%) of them com-
pleted follow-up for 18 months (Figure 1). We further excluded 37 participants because
of incomplete dietary information; thus, 287 (intervention group n = 138, control group
n = 149) were included in the final analysis.
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‘ Assessed for eligibility n=1789 ‘

-E Excluded n=1385
é Not meeting including criteria n=807
g Declined to participate n= 355
s ‘ Participants randomized n=404 ‘ No phone contact n=223
£
=
o
E Intervention group n=174 | | Control group n=230 |
%' Follow-up visit n=162 Follow-up visit n=162
% 12 lost follow-up for relocation 68 lost follow-up for relocation (n=21),
= (n=9), and planning to pregnancy lost contact (n=39), and planning to
= (n=3) pregnancy (n=8)
% Included in final analysis n=138 ‘ ‘ Included in final analysis n=149
2
Figure 1. Flowchart of participant recruitment and allocation.
The average age of the participants was 31.8 (range 19-44). The mean duration from
GDM diagnosis to study enrollment was 1.9 years. Nearly half (48.1%) of the participants
were of ethnic minorities. Most of them (78.0%) had an education level of senior high school
or above (>9 years) (China has been implementing nine years of compulsory education
since 1986). Two thirds of participants’ family monthly income surpassed CNY 3000 (equal
to USD 460), which was the intermediate level of rural family income (per capita monthly
income of rural households in Hunan province in 2017 was CNY 1077) [36]. Half of the
women were of normal BMI, 31.0%, and 12.5% were overweight and obese (the prevalence
of overweight and obesity among rural women in China was 49.8% and 15.6%, respectively,
in 2018) [37]. Baseline characteristics were generally comparable between the two groups
(Table 1).
Table 1. Baseline characteristics of participants.
Participants Randomized Participants Included in Final Analysis
(n =404) (n =287)
Variables 5
Intervention Control Intervention Control
n=174 n =230 ¥ n=138 n =149 b
Age (years) 31.7 (5.1) 30.9 (5.1) 0.104 32.1(5.1) 31.6 (5.0) 0.376
Ethnic (%) 0.105 0.980
Han ethnicity 49.7 57.8 51.8 51.7
Other ethnicities 50.3 422 48.2 48.3
Education (%) 0.530 0.712
senior high school or above 787 76.1 79.0 775
(9-12 years)
junior high school or below 213 3.9 1.0 o
(<9 years)
Monthly family income ($) (%) 0.214 0.828
<420 29.7 25.7 31.8 30.6
>420 70.3 74.3 68.2 69.4

Occupation (%) 0.938 0.745
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Table 1. Cont.
Participants Randomized Participants Included in Final Analysis
(n = 404) (n =287)
Variables . .
Intervention Control Intervention Control
n=174 n =230 P n =138 n=149 P
Unemployed 34.3 34.0 33.6 435.5
Employed 65.9 66.0 66.4 64.5
BMI 24.0 (3.6) 23.9 (3.7) 0.756 23.7 (3.4) 24.1 (3.7) 0.424
BMI (%) 0.091 0.026
Underweight 3.5 53 29 5.5
Normal 54.7 45.1 59.6 434
Overweight 26.2 36.7 24.3 38.6
Obesity 15.7 12.8 13.2 124
Parity (%) 0.408 0.385
1 35.1 38.9 415 39.5
2 62.1 58.1 51.0 51.3
>2 2.8 3 75 9.2
3.2. CHEI
The total CHEI score was low in both intervention and control groups (54.4 vs. 53.5,
p = 0.305) at baseline. Two groups scored similarly on 17 components except for tubers (1.8
vs. 1.2, p = 0.008) and soybeans (2.4 vs. 1.8, p = 0.012). After 18 months, the intervention
group achieved a higher CHEI score (62.2 vs. 58.9, p = 0.001). Among the components, the
intervention group scored higher on total vegetables, soybeans, and red meat (p = 0.024,
0.015, 0.025) (Table 2).
Table 2. Change of CHEI score in the intervention group and control group.
Intervention Control p (Intervention vs.
Components/Total CHEI Control at
Baseline Follow-Up Baseline Follow-Up Follow-Up Visit)
total grains 42(0.9) 45 (0.9) 44(0.8) 47(0.6)* 0.116
whole grains and mixed beans 0.3 (0.8) 0.9 (1.7) 0.2 (0.6) 0.7 (1.5)* 0.300
tubers 1.8 (2.0) 1.3(1.9)* 1.2 (1.8) 1.0 (1.6) 0.157
total vegetables 2.5 (1.2) 3.3(1.2)* 2.6 (1.3) 2.9 (1.4)* 0.024
dark vegetables 2.0 (1.6) 2.7 (1.8)* 2.1 (1.6) 24 (1.7) 0.105
fruits 2.3(2.9) 47 (39)* 2.7 (3.2) 45(37)* 0.591
eggs 2.1 (1.9) 29(2.1)* 2.3(2.0) 29 (2.0)* 0.802
soybeans 2.4 (2.0) 2.8(2.2) 1.8 (1.9) 2.2 (2.1) 0.015
dairy 0.4 (1.1) 0.9 (1.6) * 0.6(1.3) 0.8 (1.4) 0.290
seeds and nuts 1.7 (2.3) 09 (1.9)* 1.3(2.2) 0.8(1.8)* 0.635
fish and seafood 2.0 (2.1) 2.7 (2.2)* 1.6 (1.9) 24(22)* 0.273
poultry 1.5(2.2) 24 (24)* 1.4 (2.0) 1.9 (2.4)* 0.081
red meat 3.7 (0.9) 4.3(0.8) * 3.9(0.8) 4.1(0.8)* 0.025
added sugars 5.0 (0.0) 5.0 (0.0) ** 4.9(0.3) 5.0 (0.1) 0.337
cooking oils 9.4 (1.5) 9.1 (1.5) 9.4 (1.6) 9.1 (1.7) 0.997
alcohol 5.0 (0.0) 5.0 (0.0) 5.0 (0.0) 5.0 (0.0) ** 0.300
sodium 8.4 (2.6) 8.7 (2.3) 8.4 (2.6) 8.6 (2.4) 0.557
Total CHEI score 54.4 (7.4) 62.2 (8.9)* 53.5(7.6) 58.9 (8.4)* 0.001

* p < 0.05 between baseline and follow-up within intervention or control group; ** t value was not available because SD from both groups

was 0.

3.3. MDD-W

At baseline, the proportion of participants reaching the MDD-W was 73.8% and
74.5% in the intervention group and the control group (p = 0.904). A similar proportion of
participants consumed 10 food groups except nuts and seeds (26.2% vs. 14.5% p = 0.016)
and other vegetables (85.4% vs. 93.1%, p = 0.037). After 18 months, the proportion of
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participants reaching the MDD-W was 90.6% and 81.2% in the intervention group and the
control group, with a significant difference (p = 0.023). A larger proportion of women in
the intervention group consumed pulses at the follow-up visit (33.3% vs. 19.5%, p = 0.008)
(Table 3).

Table 3. The proportion of participants who consumed MDD-W food groups.

Intervention Control p (Intervention vs.
Proportion Control at
Baseline Follow-Up Baseline Follow-Up Follow-Up Visit)

Grains, white roots, and tubers 99.2 99.3 99.3 100 0.298
Meat, poultry, and fish 55.4 99.3 * 62.1 96.6 * 0.120
Dairy 23.1 31.9 26.2 26.2 0.286
Pulses 23.1 33.3 19.3 19.5 0.008
Nuts and seeds 26.2 9.4* 14.5 9.4 0.994
Dark green leafy vegetables 723 73.9 73.1 69.8 0.439
Other vitamin A-rich fruits and vegetables 30.8 435* 35.2 40.9 0.663
Other vegetables 85.4 94.9 * 93.1 94.6 0.910
Other fruits 48.5 65.2 % 52.4 62.4 0.622
Eggs 61.5 69.6 64.1 71.1 0.770
At least 5 groups 73.8 90.6 74.5 81.2 0.023

* p < 0.05 between baseline and follow-up within intervention or control group.

3.4. Association of CHEI, MDD-W with Lifestyle Intervention

In GLMM,, lifestyle intervention was found to influence total CHEI score significantly
(p = 0.049) after other factors were included in the analysis, by increasing 1.5 points
compared to non-intervention. Other prominent factors included visit time, age, BMI, and
ethnicity. Lifestyle intervention was not associated with MDD-W status (0 or 1) in the
logistical regression model (p = 0.212); the only significant factor for MDD-W was ethnicity
(r =0.027).

3.5. Energy and Nutrient Intake

Overall baseline energy and nutrient intake were unsatisfactory (Supplementary Table S2).
Nearly 80% of participants consumed excessive fat. Micronutrients were consumed inade-
quately. More than half of the women took calcium, vitamin A, thiamine, riboflavin, vitamin C,
and folate insufficiently from food. There was no significant difference in energy, macronutrient,
and micronutrient intake between the intervention group and the control group.

After 18 months, there was a significant decrease in the consumption of carbohydrates
and fat (p = 0.000, 0.000) in the intervention group. Additionally, in this group, the quantity
of micronutrients generally increased, while the changes were not significant. Compared
with the control group, the intervention group consumed a significantly lower amount
of carbohydrates (223.5 vs. 239.6, p = 0.038) (Supplementary Table S3). The proportion of
participants who consumed adequate energy /nutrient at the follow-up visit between the
two groups was similar (Supplementary Table S4).

4. Discussion

Our study demonstrated the impact of a 6-month lifestyle intervention on diet qual-
ity in women with a history of GDM. Both CHEI and MDD-W have improved more
significantly in the intervention group than in the control group. Previous randomized
controlled studies which applied lifestyle intervention for women with previous GDM
examined the dietary change mainly via individual nutrient/food (e.g., carbohydrate, fat,
vegetable) [38-40]. In MAGDA study, the Australian Recommended Food Score (ARFS)
was used to measure comprehensive dietary quality [41]. In that study, a 6-month lifestyle
intervention did not achieve significant changes in total ARFS at month 12, while that
study only enrolled women within 12 months postpartum. We noticed the dietary behavior
improved moderately in the control group. There were two possible reasons for this phe-
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nomenon. One was the Hawthorne effect: women regulated their lifestyle spontaneously
after they were invited into this study [42]. The other reason was that the participants in
the control group might have misreported their diet by exaggerating or omitting some
foods (e.g., vegetables, red meat).

The dietary improvement observed in our study is potentially beneficial to T2DM
prevention. Although the relationship between CHEI and MDD-W and T2DM risk is not
conclusive, a recent cross-sectional study demonstrated that CHEI score was negatively
related to metabolic syndrome [43,44]. Moreover, numerous studies suggested that eating
behavior change is associated with glycemic improvement and lower T2DM incidence
for women with or without GDM history [12-15,38-40]. From the perspective of food
groups, the major foods that contributed to dietary quality improvement in our study
were vegetables, red meat, and soybean. These three food groups have been confirmed to
have a significant effect on T2DM [8,45-47]. For example, a daily consumption of 300 g of
vegetable induces 9% lower risk of T2DM [8].

In our study, CHEI and MDD-W were applied to measure dietary quality from two
different perspectives. CHEI reflects the adherence to the optimal dietary structure for the
Chinese Balanced Dietary Pattern (BDP). The BDP is advocated by the Chinese Dietary
Guideline and is based on the evidence from a national dietary survey and key health issues
of the Chinese population [48]. A key characteristic of BDP is food variety. Specifically, five
categories of food are encouraged to be consumed on a daily basis, i.e., grains, vegetables
and fruits, animal food, soybeans and nuts, and cooking oil and salt [30]. Those five
categories are embodied in CHEI with 17 food groups. To balance nutrient intake, food
groups are classified into adequacy and moderation components. The baseline CHEI
score is generally low among women in our study and is quite similar to the score in
Chinese adults who participated in CHNS-2011 (mean value 54.6 vs. 52.4) [32]. MDD-W is
used to examine the adequacy of micronutrients, considering that an insufficiency in major
micronutrients among Chinese residents is prevalent. According to a national health survey,
less than half of Chinese residents met the vitamin A, vitamin C, thiamine, riboflavin, and
calcium intake recommendation [49]. Moreover, a decreasing number of Chinese adult
females consumed adequate minerals and vitamins during the past decade [50]. Since
the cutoff quantity for the MDD-W food groups count was the minimum, the baseline
proportion of participants reaching MDD-W was already over 70%, which might partly
explain why the lifestyle intervention was not associated with MDD-W in the logistical
regression analysis.

After the intervention, the consumption of some food groups (e.g., vegetables, soy-
beans, and red meat) improved prominently, while whole grains and dairy were still
consumed in poor quality. Grains are the traditional staple food for the Chinese, while
mainly in refined form, e.g., white rice and noodles. According to the China Health and
Nutrition Survey 1991-2011, the intake of whole grains among Chinese adults stayed at
an extremely low level, 4 g/day in 1997 and 4.6 g/day in 2011 [51]. The low intake of
whole grains is one of the most important risk factors related to the Chinese diabetes
burden [51]. Another food consumed at an extremely low level is dairy. Nutrients in
dairy-like whey proteins, vitamin D, and calcium are beneficial to insulin secretion and
beta-cell function [52,53]. A daily intake of 400 to 600 g dairy would decrease the risk
of T2DM progression by 6% [8]. Scarcity of supply was the major reason for low milk
consumption in China decades ago, while currently, box-packed milk is available at nearly
every grocery store/supermarket in the investigated towns at an affordable price [54].
Although participants in the intervention group have increased the intake of whole grains
and milk substantially, the component food score was still low. To completely change
whole grain and milk consumption habits, which have lasted for generations, we might
need a longer intervention duration, as well as social/community support.

According to the participants and their family members’ feedback at group seminars
and during telephone consultations, the major barriers to a healthy diet among our par-
ticipants included low disease risk perception, limited knowledge of healthy diet, food
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preferences of the family member, personal dietary habits, and time pressure. These bar-
riers are consistent with previous qualitative studies [17-19]. Several elements may be
required in a successful intervention scheme, e.g., exemplifying healthy meals, engaging
family members, and improving perceived behavior control. In our study, the changes in
micronutrients intake was not significant, which reflected a limitation of self-administered
dietary modification. Thus, providing evidence-based daily menus might be crucial to
further improve the dietary quality and clinical outcomes. Another element that might
be considered in an interventional program in China is mobile social platform. Around
10% of participants discontinued our study since they had to work elsewhere. This is
understandable given the high population mobility in China [55,56]. We suppose Wechat
and other social platforms might help to improve retention rate in future studies.

Our study has several limitations. Since the follow-up period of this study was
18 months, the baseline and follow-up data were collected in different seasons. Thus,
food consumption change might be affected due to seasonal dietary habits: for example,
seeds and nuts. Secondly, the dietary behavior of the control group might be influenced
by the Hawthorne effect; thus, the difference of effect between the two groups could be
underestimated. Moreover, the data accuracy might be undermined by memory lapses
and incorrect quantification in the 24 h dietary recall, although we collected the dietary
information with the help of an interviewer and photo images [57,58]. Fourthly, this study
was conducted within a restricted region and restricted population; whether it could be
generalized to other regions or people without GDM needs further study. Lastly, this study
focuses on diet quality; the physiological health outcome is not reported here, and it would
need to be reported in other studies.

5. Conclusions

This randomized controlled study demonstrated that for women with previous GDM in
rural areas of China, a 6-month lifestyle intervention achieved greater diet quality improve-
ment compared with usual care, which was potentially beneficial to T2DM prevention.

Supplementary Materials: The following are available online at https:/ /www.mdpi.com/article/
10.3390/nu13082642/s1, Table S1: CHEI scoring system. Table S2: Baseline energy/nutrient intake.
Table S3: Change of energy/nutrient intake in the intervention group and control group. Table S4:
The proportion of women who consumed adequate energy/nutrient at baseline and follow-up visit.

Author Contributions: ].G. was the project leader and responsible for funding acquisition. J.G. and
Q.L. were responsible for project supervision and administration. M.L., Y.X., C.X. and C.Y. trained
the investigational nurse and volunteers. Y.X., C.X. and C.Y. were responsible for data collection and
curation. M.L. and ].S. analyzed the data. M.L. wrote the first draft. Q.L. conducted draft review and
editing. All authors have read and agreed to the published version of the manuscript.

Funding: This research was funded by the China Medical Board (Grant Number: 16-256) and the
Innovation-Driven Project of Central South University (Grant Number: 2018CX037).

Institutional Review Board Statement: The study was conducted according to the guidelines of the
Declaration of Helsinki and approved by the ethical committee of Xiangya Nursing School of Central
South University (No. 2016034).

Informed Consent Statement: Informed consent was obtained from all subjects involved in the study.
Data Availability Statement: Not applicable.

Acknowledgments: The authors would like to thank all participants for their time and cooperation,
as well as the volunteers who helped with data collection.

Conflicts of Interest: The authors declare no conflict of interest.


https://www.mdpi.com/article/10.3390/nu13082642/s1
https://www.mdpi.com/article/10.3390/nu13082642/s1

Nutrients 2021, 13, 2642 10 of 12

References

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

Chinese Diabetes Society. Standars of Care for Type 2 Diabetes in China. Chin. J. Diabetes Mellitus 2018, 20, 4-67. [CrossRef]
American Diabetes Association. Standards of Medical Care in Diabetes—2019; Volume 42, pp. S1-S193. Available online: https:
/ / care.diabetesjournals.org/content/diacare/suppl/2018/12/17 /42.Supplement_1.DC1/DC_42_S1_2019_UPDATED.pdf (ac-
cessed on 29 July 2021).

Huvinen, E.; Eriksson, J.G.; Koivusalo, S.B.; Grotenfelt, N.; Tiitinen, A.; Stach-Lempinen, B.; Rono, K. Heterogeneity of gestational
diabetes (GDM) and long-term risk of diabetes and metabolic syndrome: Findings from the RADIEL study follow-up. Acta
Diabetol. 2018, 55, 493-501. [CrossRef] [PubMed]

Vounzoulaki, E.; Khunti, K.; Abner, S.C.; Tan, B.K,; Davies, M.].; Gillies, C.L. Progression to type 2 diabetes in women with a
known history of gestational diabetes: Systematic review and meta-analysis. BMJ 2020, 369, m1361. [CrossRef]

Lauenborg, J.; Hansen, T.; Jensen, D.M.; Vestergaard, H.; Molsted-Pedersen, L.; Hornnes, P.; Locht, H.; Pedersen, O.; Damm, P.
Increasing incidence of diabetes after gestational diabetes: A long-term follow-up in a Danish population. Diabetes Care 2004, 27,
1194-1199. [CrossRef] [PubMed]

Li, Z.; Cheng, Y.; Wang, D.; Chen, H.; Chen, H.; Ming, WK_; Wang, Z. Incidence Rate of Type 2 Diabetes Mellitus after Gestational
Diabetes Mellitus: A Systematic Review and Meta-Analysis of 170,139 Women. J. Diabetes Res. 2020, 2020, 3076463. [CrossRef]
[PubMed]

D’Arcy, E.; Rayner, J.; Hodge, A.; Ross, L.].; Schoenaker, D. The Role of Diet in the Prevention of Diabetes among Women with
Prior Gestational Diabetes: A Systematic Review of Intervention and Observational Studies. J. Acad. Nutr. Diet. 2020, 120, 69-85 e67.
[CrossRef]

Schwingshackl, L.; Hoffmann, G.; Lampousi, A.M.; Knuppel, S.; Igbal, K.; Schwedhelm, C.; Bechthold, A.; Schlesinger, S.;
Boeing, H. Food groups and risk of type 2 diabetes mellitus: A systematic review and meta-analysis of prospective studies. Eur. J.
Epidemiol. 2017, 32, 363-375. [CrossRef]

Ojo, O. Dietary Intake and Type 2 Diabetes. Nutrients 2019, 11, 2177. [CrossRef]

Tobias, D.K.; Hu, EB.; Chavarro, J.; Rosner, B.; Mozaffarian, D.; Zhang, C. Healthful dietary patterns and type 2 diabetes mellitus
risk among women with a history of gestational diabetes mellitus. Arch. Intern. Med. 2012, 172, 1566-1572. [CrossRef]
Gholizadeh, F; Moludi, J.; Lotfi Yagin, N.; Alizadeh, M.; Mostafa Nachvak, S.; Abdollahzad, H.; Mirzaei, K.; Mostafazadeh, M.
The relation of Dietary diversity score and food insecurity to metabolic syndrome features and glucose level among pre-diabetes
subjects. Prim. Care Diabetes 2018, 12, 338-344. [CrossRef]

Li, G.; Zhang, P; Wang, J.; Gregg, EEW.; Yang, W.; Gong, Q.; Li, H.; Li, H; Jiang, Y.; An, Y,; et al. The long-term effect of lifestyle
interventions to prevent diabetes in the China Da Qing Diabetes Prevention Study: A 20-year follow-up study. Lancet 2008, 371,
1783-1789. [CrossRef]

Knowler, W.C.; Fowler, S.E.; Hamman, R.E; Christophi, C.A.; Hoffman, H.J.; Brenneman, A.T.; Brown-Friday, ].O.; Goldberg, R.;
Venditti, E.; et al.; Diabetes Prevention Program Research Group. 10-year follow-up of diabetes incidence and weight loss in the
Diabetes Prevention Program Outcomes Study. Lancet 2009, 374, 1677-1686. [CrossRef] [PubMed]

Hemmingsen, B.; Gimenez-Perez, G.; Mauricio, D.; Roque, LEM.; Metzendorf, M.L; Richter, B. Diet, physical activity or both for
prevention or delay of type 2 diabetes mellitus and its associated complications in people at increased risk of developing type 2
diabetes mellitus. Cochrane Database Syst. Rev. 2017, 12, CD003054. [CrossRef]

Aroda, V.R.; Christophi, C.A.; Edelstein, S.L.; Zhang, P.; Herman, W.H.; Barrett-Connor, E.; Delahanty, L.M.; Montez, M.G.;
Ackermann, R.T.; Zhuo, X; et al. The effect of lifestyle intervention and metformin on preventing or delaying diabetes among
women with and without gestational diabetes: The Diabetes Prevention Program outcomes study 10-year follow-up. J. Clin.
Endocrinol. Metab. 2015, 100, 1646-1653. [CrossRef]

Koning, S.H.; Lutgers, H.L.; Hoogenberg, K.; Trompert, C.A.; van den Berg, P.P.; Wolffenbuttel, B.H. Postpartum glucose follow-up
and lifestyle management after gestational diabetes mellitus: General practitioner and patient perspectives. J. Diabetes Metab.
Disord. 2016, 15, 56. [CrossRef]

Parsons, ].; Sparrow, K.; Ismail, K.; Hunt, K.; Rogers, H.; Forbes, A. A qualitative study exploring women'’s health behaviours
after a pregnancy with gestational diabetes to inform the development of a diabetes prevention strategy. Diabet. Med. 2019, 36,
203-213. [CrossRef]

Sundarapperuma, T.D.; Wijesinghe, C.J.; Hettiarachchi, P.; Wasalathanthri, S. Perceptions on Diet and Dietary Modifications
during Postpartum Period Aiming at Attenuating Progression of GDM to DM: A Qualitative Study of Mothers and Health Care
Workers. . Diabetes Res. 2018, 2018, 6459364. [CrossRef] [PubMed]

Hjelm, K.; Bard, K.; Apelqvist, ]. A qualitative study of developing beliefs about health, illness and healthcare in migrant African
women with gestational diabetes living in Sweden. BMC Womens Health 2018, 18, 34. [CrossRef] [PubMed]

Zhang, N.; Du, S.M.; Ma, G.S. Current lifestyle factors that increase risk of T2DM in China. Eur. J. Clin. Nutr. 2017, 71, 832-838.
[CrossRef]

Shen, X.; Fang, A.; He, ].; Liu, Z.; Guo, M.; Gao, R.; Li, K. Trends in dietary fat and fatty acid intakes and related food sources
among Chinese adults: A longitudinal study from the China Health and Nutrition Survey (1997-2011). Public Health Nutr. 2017,
20, 2927-2936. [CrossRef] [PubMed]

Song, S.; Yuan, B.; Zhang, L.; Cheng, G.; Zhu, W.; Hou, Z.; He, L.; Ma, X.; Meng, Q. Increased Inequalities in Health Resource and
Access to Health Care in Rural China. Int. ]. Environ. Res. Public Health 2018, 16, 49. [CrossRef] [PubMed]


http://doi.org/10.3760/cma.j.issn.1674-5809.2018.01.003
https://care.diabetesjournals.org/content/diacare/suppl/2018/12/17/42.Supplement_1.DC1/DC_42_S1_2019_UPDATED.pdf
https://care.diabetesjournals.org/content/diacare/suppl/2018/12/17/42.Supplement_1.DC1/DC_42_S1_2019_UPDATED.pdf
http://doi.org/10.1007/s00592-018-1118-y
http://www.ncbi.nlm.nih.gov/pubmed/29460080
http://doi.org/10.1136/bmj.m1361
http://doi.org/10.2337/diacare.27.5.1194
http://www.ncbi.nlm.nih.gov/pubmed/15111544
http://doi.org/10.1155/2020/3076463
http://www.ncbi.nlm.nih.gov/pubmed/32405502
http://doi.org/10.1016/j.jand.2019.07.021
http://doi.org/10.1007/s10654-017-0246-y
http://doi.org/10.3390/nu11092177
http://doi.org/10.1001/archinternmed.2012.3747
http://doi.org/10.1016/j.pcd.2018.03.003
http://doi.org/10.1016/S0140-6736(08)60766-7
http://doi.org/10.1016/S0140-6736(09)61457-4
http://www.ncbi.nlm.nih.gov/pubmed/19878986
http://doi.org/10.1002/14651858.CD003054.pub4
http://doi.org/10.1210/jc.2014-3761
http://doi.org/10.1186/s40200-016-0282-2
http://doi.org/10.1111/dme.13794
http://doi.org/10.1155/2018/6459364
http://www.ncbi.nlm.nih.gov/pubmed/30225269
http://doi.org/10.1186/s12905-018-0518-z
http://www.ncbi.nlm.nih.gov/pubmed/29402265
http://doi.org/10.1038/ejcn.2017.41
http://doi.org/10.1017/S1368980017001781
http://www.ncbi.nlm.nih.gov/pubmed/28789722
http://doi.org/10.3390/ijerph16010049
http://www.ncbi.nlm.nih.gov/pubmed/30585243

Nutrients 2021, 13, 2642 11 of 12

23.

24.

25.

26.
27.

28.

29.

30.

31.

32.

33.
34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

Wang, W.; Zhang, Y.; Lin, B.; Mei, Y; Ping, Z.; Zhang, Z. The Urban-Rural Disparity in the Status and Risk Factors of Health
Literacy: A Cross-Sectional Survey in Central China. Int. ]. Environ. Res. Public Health 2020, 17, 3848. [CrossRef] [PubMed]

Li, M,; Shi, J.; Luo, J.; Long, Q.; Yang, Q.; OuYang, Y.; Liu, H.; Lin, Q.; Guo, J. Diet Quality among Women with Previous
Gestational Diabetes Mellitus in Rural Areas of Hunan Province. Int. |. Environ. Res. Public Health 2020, 17, 5942. [CrossRef]
[PubMed]

Guo, J.; Tang, Y.; Wiley, J.; Whittemore, R.; Chen, ].L. Effectiveness of a diabetes prevention program for rural women with prior
gestational diabetes mellitus: Study protocol of a multi-site randomized clinical trial. BMIC Public Health 2018, 18, 809. [CrossRef]
Ajzen, 1. The Theory of Planned behavior. Organ. Behav. Hum. Decis. Process. 1991, 50, 179-211. [CrossRef]

Maleki, F.; Hosseini Nodeh, Z.; Rahnavard, Z.; Arab, M. Effectiveness of training on preventative nutritional behaviors for type-2
diabetes among the female adolescents: Examination of theory of planned behavior. Med. |. Islam Repub. Iran. 2016, 30, 349.
Harrington, M.R.; Ickes, M.; Bradley, K.; Noland, M. The Theory of Planned Behavior and the USDA Summer Food Service
Program. J. Nutr. Educ. Behav. 2020, 52, 944-951. [CrossRef]

Stolte, E.; Hopman-Rock, M.; Aartsen, M.].; van Tilburg, T.G.; Chorus, A. The Theory of Planned Behavior and Physical Activity
Change: Outcomes of the Aging Well and Healthily Intervention Program for Older Adults. J. Aging Phys. Act. 2017, 25, 438-445.
[CrossRef]

Yang, Y.X.; Wang, X.L.; Leong, PM.; Zhang, HM.; Yang, X.G.; Kong, L.Z.; Zhai, EY,; Cheng, Y.Y.; Guo, ].S.; Su, Y.X. New Chinese
dietary guidelines: Healthy eating patterns and food-based dietary recommendations. Asia Pac. J. Clin. Nutr. 2018, 27, 908-913.
[CrossRef]

National Insititue for Nutrition and Health. China Food Composition Tables Standard Edition; Peking University Medical Press:
Beijing, China, 2018.

Yuan, Y.Q; Li, F; Dong, RH.; Chen, ].S.; He, G.S.; Li, S.G.; Chen, B. The Development of a Chinese Healthy Eating Index and Its
Application in the General Population. Nutrients 2017, 9, 977. [CrossRef] [PubMed]

FAO. FHI Minumun Dietary Diversity for Women: A Guide for Measurement; FAO: Rome, Italy, 2016.

Department of Disease Control Ministry of Health, PR.C. The guidelines for prevention and control of overweight and obesity in
Chinese adults. Biomed. Environ. Sci. 2004, 17, 1-36.

Lee, P.H.; Macfarlane, D.J.; Lam, T.H.; Stewart, S.M. Validity of the International Physical Activity Questionnaire Short Form
(IPAQ-SF): A systematic review. Int. J. Behav. Nutr. Phys. Act. 2011, 8, 115. [CrossRef]

Per Capita Annual Income of Rural Households by Source. 2018. Available online: http://222.240.193.190/18tjnj/indexch.htm
(accessed on 12 December 2018).

Wang, L.; Zhou, B.; Zhao, Z.; Yang, L.; Zhang, M.; Jiang, Y,; Li, Y.; Zhou, M.; Wang, L.; Huang, Z.; et al. Body-mass index and
obesity in urban and rural China: Findings from consecutive nationally representative surveys during 2004-18. Lancet 2021, 398,
53-63. [CrossRef]

Holmes, V.A,; Draffin, C.R.; Patterson, C.C.; Francis, L.; Irwin, J.; McConnell, M.; Farrell, B.; Brennan, S.F.; McSorley, O.;
Wotherspoon, A.C.; et al. Postnatal Lifestyle Intervention for Overweight Women With Previous Gestational Diabetes: A
Randomized Controlled Trial. J. Clin. Endocrinol. Metab. 2018, 103, 2478-2487. [CrossRef] [PubMed]

Peacock, A.S.; Bogossian, EE.; Wilkinson, S.A.; Gibbons, K.S.; Kim, C.; McIntyre, H.D. A Randomised Controlled Trial to Delay
or Prevent Type 2 Diabetes after Gestational Diabetes: Walking for Exercise and Nutrition to Prevent Diabetes for You. Int. |.
Endocrinol. 2015, 2015, 423717. [CrossRef] [PubMed]

Hu, G.; Tian, H.; Zhang, F,; Liu, H.; Zhang, C.; Zhang, S.; Wang, L.; Liu, G.; Yu, Z.; Yang, X,; et al. Tianjin Gestational Diabetes
Mellitus Prevention Program: Study design, methods, and 1-year interim report on the feasibility of lifestyle intervention program.
Diabetes Res. Clin. Pract. 2012, 98, 508-517. [CrossRef]

O'Reilly, S.; Versace, V.; Mohebbi, M.; Lim, S.; Janus, E.; Dunbar, ]. The effect of a diabetes prevention program on dietary quality
in women with previous gestational diabetes. BMC Womens Health 2019, 19, 88. [CrossRef] [PubMed]

Sedgwick, P.; Greenwood, N. Understanding the Hawthorne effect. BM]J 2015, 351, h4672. [CrossRef]

He, FY,; You, L.L.; Liang, P.; Chen, C.G. Association between Chinese Healthy Eating Index (CHEI) and metabolic syndrome
(MetS) in middle-aged and elderly Chinese adults: A cross-sectional study. In Proceedings of the 14th China Nutrition Science
Congress, Nanjing, China, 20 September 2019.

Gicevic, S.; Gaskins, A.].; Fung, T.T.; Rosner, B.; Tobias, D.K.; Isanaka, S.; Willett, W.C. Evaluating pre-pregnancy dietary diversity
vs. dietary quality scores as predictors of gestational diabetes and hypertensive disorders of pregnancy. PLoS ONE 2018, 13,
€0195103. [CrossRef] [PubMed]

Boeing, H.; Bechthold, A.; Bub, A.; Ellinger, S.; Haller, D.; Kroke, A.; Leschik-Bonnet, E.; Muller, M.].; Oberritter, H.; Schulze, M.;
et al. Critical review: Vegetables and fruit in the prevention of chronic diseases. Eur. J. Nutr. 2012, 51, 637-663. [CrossRef]

Du, H.; Guo, Y,; Bennett, D.A.; Bragg, F; Bian, Z.; Chadni, M.; Yu, C.; Chen, Y,; Tan, Y.; Millwood, I.Y.; et al. Red meat, poultry and
fish consumption and risk of diabetes: A 9 year prospective cohort study of the China Kadoorie Biobank. Diabetologia 2020, 63,
767-779. [CrossRef]

Sathyapalan, T.; Rigby, A.S.; Bhasin, S.; Thatcher, N.J.; Kilpatrick, E.S.; Atkin, S.L. Effect of Soy in Men With Type 2 Diabetes
Mellitus and Subclinical Hypogonadism: A Randomized Controlled Study. . Clin. Endocrinol. Metab. 2017, 102, 425-433.
[CrossRef]


http://doi.org/10.3390/ijerph17113848
http://www.ncbi.nlm.nih.gov/pubmed/32485790
http://doi.org/10.3390/ijerph17165942
http://www.ncbi.nlm.nih.gov/pubmed/32824308
http://doi.org/10.1186/s12889-018-5725-x
http://doi.org/10.1016/0749-5978(91)90020-T
http://doi.org/10.1016/j.jneb.2020.07.010
http://doi.org/10.1123/japa.2016-0182
http://doi.org/10.6133/apjcn.072018.03
http://doi.org/10.3390/nu9090977
http://www.ncbi.nlm.nih.gov/pubmed/28872591
http://doi.org/10.1186/1479-5868-8-115
http://222.240.193.190/18tjnj/indexch.htm
http://doi.org/10.1016/S0140-6736(21)00798-4
http://doi.org/10.1210/jc.2017-02654
http://www.ncbi.nlm.nih.gov/pubmed/29762737
http://doi.org/10.1155/2015/423717
http://www.ncbi.nlm.nih.gov/pubmed/26089886
http://doi.org/10.1016/j.diabres.2012.09.015
http://doi.org/10.1186/s12905-019-0788-0
http://www.ncbi.nlm.nih.gov/pubmed/31269928
http://doi.org/10.1136/bmj.h4672
http://doi.org/10.1371/journal.pone.0195103
http://www.ncbi.nlm.nih.gov/pubmed/29614105
http://doi.org/10.1007/s00394-012-0380-y
http://doi.org/10.1007/s00125-020-05091-x
http://doi.org/10.1210/jc.2016-2875

Nutrients 2021, 13, 2642 12 of 12

48.

49.

50.

51.

52.

53.

54.

55.

56.
57.

58.

Zhao, L.; Ma, G.; Piao, J.; Zhang, J.; Yu, D.; He, Y;; Huo, J.; Hu, X,; Yang, Z.; Yang, X. Scheme of the 2010-2012 Chinese nutrition
and health surveillance. Zhonghua Yu Fang Yi Xue Za Zhi 2016, 50, 204—207. [CrossRef] [PubMed]

Huang, L.; Wang, Z.; Wang, H.; Zhao, L.; Jiang, H.; Zhang, B.; Ding, G. Nutrition transition and related health challenges over
decades in China. Eur. J. Clin. Nutr. 2021, 75, 247-252. [CrossRef] [PubMed]

Du, W.,; Wang, H.; Chen, S.; Su, C.; Zhang, H.; Zhang, B. Trend of dietary nutrient intake among adult females in 9 provinces in
China, 2000-2011. Zhonghua Liu Xing Bing Xue Za Zhi 2015, 36, 715-719.

Li, Y.; Wang, D.D.; Ley, S.H.; Vasanti, M.; Howard, A.G.; He, Y.; Hu, F.B. Time Trends of Dietary and Lifestyle Factors and Their
Potential Impact on Diabetes Burden in China. Diabetes Care 2017, 40, 1685-1694. [CrossRef]

Jakubowicz, D.; Froy, O. Biochemical and metabolic mechanisms by which dietary whey protein may combat obesity and Type 2
diabetes. J. Nutr. Biochem. 2013, 24, 1-5. [CrossRef] [PubMed]

Comerford, K.B.; Pasin, G. Emerging Evidence for the Importance of Dietary Protein Source on Glucoregulatory Markers and
Type 2 Diabetes: Different Effects of Dairy, Meat, Fish, Egg, and Plant Protein Foods. Nutrients 2016, 8, 446. [CrossRef]

Wang, Y.; Li, S. Worldwide trends in dairy production and consumption and calcium intake: Is promoting consumption of dairy
products a sustainable solution for inadequate calcium intake? Food Nutr. Bull. 2008, 29, 172-185. [CrossRef] [PubMed]

Hao, L.; Liang, Y. The Spatial and Career Mobility of China’s Urban and Rural Labor Force. Manag. Organ. Rev. 2016, 12, 135-158.
[CrossRef] [PubMed]

Peng, X. China’s demographic history and future challenges. Science 2011, 333, 581-587. [CrossRef] [PubMed]

Gibson, R.S.; Charrondiere, U.R.; Bell, W. Measurement Errors in Dietary Assessment Using Self-Reported 24-Hour Recalls in
Low-Income Countries and Strategies for Their Prevention. Adv. Nutr. Int. Rev. J. 2017, 8, 980-991. [CrossRef] [PubMed]
Alemayehu, A.A.; Abebe, Y.; Gibson, R.S. A 24-h recall does not provide a valid estimate of absolute nutrient intakes for rural
women in southern Ethiopia. Nutrition 2011, 27, 919-924. [CrossRef] [PubMed]


http://doi.org/10.3760/cma.j.issn.0253-9624.2016.03.002
http://www.ncbi.nlm.nih.gov/pubmed/26957234
http://doi.org/10.1038/s41430-020-0674-8
http://www.ncbi.nlm.nih.gov/pubmed/32620907
http://doi.org/10.2337/dc17-0571
http://doi.org/10.1016/j.jnutbio.2012.07.008
http://www.ncbi.nlm.nih.gov/pubmed/22995389
http://doi.org/10.3390/nu8080446
http://doi.org/10.1177/156482650802900303
http://www.ncbi.nlm.nih.gov/pubmed/18947030
http://doi.org/10.1017/mor.2015.35
http://www.ncbi.nlm.nih.gov/pubmed/29129981
http://doi.org/10.1126/science.1209396
http://www.ncbi.nlm.nih.gov/pubmed/21798939
http://doi.org/10.3945/an.117.016980
http://www.ncbi.nlm.nih.gov/pubmed/29141979
http://doi.org/10.1016/j.nut.2010.10.015
http://www.ncbi.nlm.nih.gov/pubmed/21295444

	Introduction 
	Materials and Methods 
	Study Design 
	Participants 
	Randomization 
	Lifestyle Intervention 
	Control Group 
	Data Collection 
	Dietary Intake 
	Dietary Quality 
	Anthropometric Parameters 
	Physical Activity 
	Sociodemographic Information 

	Outcomes 
	Sample Size 
	Statistical Analysis 

	Results 
	Participants 
	CHEI 
	MDD-W 
	Association of CHEI, MDD-W with Lifestyle Intervention 
	Energy and Nutrient Intake 

	Discussion 
	Conclusions 
	References

