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Abstract

Objective: To describe nutrient intakes, characterize dietary patterns and analyse
their associations with sociodemographic characteristics among pregnant women
in Shaanxi, China.

Design: Population-based cross-sectional survey.

Setting: Twenty counties and ten districts in Shaanxi Province of Northwest
China, 2013.

Subjects: Women (n 7462) were recruited using a stratified multistage random
sampling method to report diets during pregnancy, at 0-12 months (median
3 months; 10th-90th percentile, 0-7 months) after delivery.

Results: Pregnant women had higher intakes of fat, niacin and vitamin E than the
nutrient reference values, while most micronutrients such as vitamin A, folate,
Ca and Zn were reportedly low. Women in the highest education, occupation and
household income groups had higher nutrient intakes than those in the lowest
groups. Nutrient intake differences also existed by geographic area, residence and
maternal age at delivery. Three dietary patterns were identified: balanced pattern,
vegetarian pattern and snacks pattern. Participants with high balanced pattern
scores tended to be better educated, wealthier, 25-29 years old at delivery,
working outside and living in urban areas and central Shaanxi. Women with high
scores on the vegetarian pattern and snacks pattern tended to be in low balanced
pattern score groups, and had lower nutrient intakes than those in the high
balanced pattern score groups.

Conclusions: The study suggested that pregnant women in Shaanxi, China had
low intakes of most nutrients such as vitamin A, folate and Ca. Dietary patterns and
most nutrient intakes varied by sociodemographic characteristics. Targeted
programmes are needed to improve dietary intakes and dietary patterns among
sociodemographically disadvantaged groups.
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Maternal nutrition during pregnancy is important for
maternal and child health. Inadequate nutritional status of
pregnant women has been reported to be associated with
adverse birth outcomes'”, poor perinatal survival®,
impaired physical and cognitive development in child-
hood, and nutrition-related metabolic disorders in adult-
hood®™. Poor dietary intakes in pregnancy can
contribute to suboptimal nutritional status and further
influence maternal and child health. Severe protein and

energy shortages are observed to decrease birth weight(()).
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Maternal Fe deficiency can lead to anaemia and increases
the risk of low birth weight and preterm delivery'”.
Ca intake is associated with the reduced risk of
pre-eclampsia and preterm birth®. Fe and Ca deficiencies
may also contribute to maternal deaths®”®. Poor Zn
status during pregnancy has been suggested as a risk
factor for adverse long-term consequences on growth,
immunity and metabolic status of surviving offspring®'®.
Low intake of folate during the periconceptional period is
found to increase the risk of congenital abnormalities
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such as neural tube defects™'?

defects#'¥.

Results from the 2002 Chinese National Nutrition and
Health Survey (NNHS) suggested that maternal diets
during pregnancy were dominated by plant-based foods
and that intakes of nutrients such as Ca, Fe, Zn, vitamin
A, thiamin and riboflavin were often not satisfactory'®.
However, China is reported to have experienced a
nutrition transition during the last few decades''”, with the
intakes of animal-source foods and edible oils increasing
rapidly and the intakes of grains and legumes reducing
markedly!®. Latest information on the dietary intakes and
dietary patterns among Chinese pregnant women is
needed to reflect their nutritional status during the nutri-
tion transition in China. One recent study conducted in
2011 determined the nutrient intake status of pregnant
women in urban China’”. A previous report based on the
2002 NNHS revealed significant differences in dietary
intakes between pregnant women in urban and rural
China™®. However, to our knowledge, no recent study on
maternal dietary intakes during pregnancy in rural China
has been reported. Moreover, limited information on the
nutritional status of pregnant women in western China is
available"”*”. In the present study we aimed to describe
nutrient intakes, characterize dietary patterns and analyse
the associations of nutrient intakes and dietary patterns
with sociodemographic characteristics among pregnant
women in Shaanxi Province of Northwest China.

and congenital heart

Materials and methods

Study setting

The study was conducted in Shaanxi Province of Northwest
China between August and November 2013. This area can
be divided geographically into three regions: northern,
central and southern Shaanxi. The climates of the three
regions vary significantly because of the large span in lati-
tude, with semi-arid temperate, north temperate monsoon
and humid subtropic zones predominantly prevalent from
north to south. Natural resources, history, culture and life-
style also differ greatly among the three regions. The pro-
vince had approximately 37-6 million inhabitants in 2013
and about 30% of them resided in urban areas. Regarding
socio-economic level, Shaanxi is ranked as a developing
area in China with the provincial Gross Domestic Product
amounting to $US 2527 billion in 2013“Y.

Study design and participants

A population-based cross-sectional survey was carried
out to investigate the prevalence of and risk factors for
birth defects and the nutritional status of mothers during
pregnancy in Shaanxi Province, Northwest China. Women
who were pregnant during 2010-2013 and had pregnancy
outcomes before the survey were enrolled. Women were
excluded if they could not answer the survey because of
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limited cognitive capacity. A sample of 30 027 participants
was obtained using a stratified multistage random
sampling method. Twenty counties and ten districts were
randomly selected from the eighty rural counties and
twenty-four urban districts in Shaanxi Province according
to the proportion of rural to urban residents, population
size and fertility rate. In each sampled county, six town-
ships were randomly selected; six villages were randomly
obtained from each selected township; and then thirty
eligible women were randomly selected in each village. In
each sampled district, three streets were randomly
selected; six communities were randomly obtained from
each selected street; and then sixty eligible women were
selected in each community. To obtain relatively accurate
dietary recall, the present analysis included only those
mothers who were pregnant during 2012-2013 and had
infants less than 12 months old when interviewed. A total
of 7750 eligible women were selected into the study. In
addition, we excluded 288 women who reported an
implausible dietary energy intake (greater than 20 920 kJ/d
or less than 2092kJ/d), leaving 7462 women for the final
analysis. The median month after delivery when the
7462 mothers were asked to report diets during pregnancy
was month 3 (10th-90th percentile, month 0-7).

Sociodemographic information

The participants were interviewed face to face by trained
professional staff from Xi'an Jiaotong University Health
Science Center. Sociodemographic information was col-
lected through a standard questionnaire. Maternal age at
delivery was divided into three categories (<25 years,
25-29 years and >30 years), parity into two categories
(1 and >2), maternal educational level into three cate-
gories (primary school or below, junior high school and
senior high school or above) and maternal occupation into
two categories (farmer and others). Per capita annual
household income was categorized into three quartiles
(<6200 Yuan, 6200-11999 Yuan and >12000 Yuan,
where 1 Yuan=$US 0-15 on 7 May 2016).

Dietary intake

Previous studies suggested that maternal dietary intakes
and patterns change little from early to late preg-
nancy®*?* and it is burdensome and expensive to eval-
uate dietary intakes at more than one period during
pregnancy for large epidemiological studies®. Thus, diet
assessment during the whole pregnancy at one time can
be reasonable, convenient and economical for our large
epidemiological survey with multiple dietary exposures
and outcomes of interest. In the present study, a semi-
quantitative FFQ was used to assess dietary intakes of
mothers during the whole pregnancy, at 0-12 months
(median 3 months; 10th-90th percentile, 0-7 months) after
delivery. The FFQ was established according to
the previously validated FFQ designed for pregnant
women in rural western China”?*. In the validity and
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reproducibility study, FFQ were administered at the start
of the third trimester and repeated three months later, and
compared with six repeated 24 h recalls collected between
the FFQ**. The correlation coefficients for most nutrients,
for both reproducibility and validity, were within the range
of 0-40 to 0-80°**. A total of 107 food items were included
in the FFQ, covering eighteen food groups (cereals,
potatoes, legumes, vegetables, fungi, fruits, nuts, meats,
dairy, eggs, fish, ethnic snacks, fast foods, beverages,
liquor, sweets, oils and condiments) based on the China
Food Composition Table®”. The frequency scale of five
food items (vegetable oils, animal oils, salt, sauce and
sugar) was open-ended, and was listed as kilograms per
month and the number of people who regularly consumed
them. The frequency of the other 102 food items was
reported according to eight predefined categories ranging
from never to two or more times per day. The portion sizes
for the 102 food items were recorded with the assistance
of food portion images"**?.

Dietary information in the FFQ was coded, computerized
and transformed into daily energy and nutrient intakes
according to the China Food Composition Tables®>?®. The
recommended nutrient intakes (RND from the latest Chinese
Dietary Reference Intakes 2013*” were used to evaluate
the dietary intakes of the participants during pregnancy.
Since the reference values of some nutrients for women
during the whole pregnancy are not available in the Chinese
Dietary Reference Intakes 2013, the RNI for women during
the three different trimesters of pregnancy were used. The
adequate intake (AD for vitamin E was used instead because
of the unavailability of RNI for it. The RNI of energy for
pregnant women with light physical level during the three
trimesters is 7531, 8786 and 9414 k]/d, respectively®”. The
recommended range for fat among pregnant women is
20-30% of total energy and for carbohydrate is 50-60 % of
total energy®”. The median of the recommended range for
fat and carbohydrate was used as the recommended value.
In addition, dietary intakes among this population were
compared with those in the 2002 NNHS. The design of the
2002 NNHS has been described in detail elsewhere®®.
In brief, the 2002 NNHS was a nationally representative
cross-sectional survey and dietary information was collected
by 24h dietary recall method for three consecutive days.
Dietary intakes during the whole pregnancy were reported
among 171 pregnant women in the 2002 NNHS"*. The
mean daily intakes in the 2002 NNHS were 9888KkJ for
energy, 68 g for protein, 76 g for fat, 352 g for carbohydrate,
483 pg retinol equivalents for vitamin A, 1-1mg for thiamin,
0-8 mg for riboflavin, 98 mg for vitamin C, 50 mg for vitamin E,

367 mg for Ca, 24 mg for Fe and 12mg for Zn"?.

Quality control

The interviewers were trained to standardize the admin-
istration of the questionnaire before the survey. Staff from
the local health bureau and maternal and child health-care
service centre coordinated fieldwork, with the help of
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doctors from the township hospitals and village clinics.
During the investigation, a checking system was
established in which all interviewers checked their own
completed questionnaires, each interviewer checked another
interviewer’s questionnaire and the supervisor checked all
questionnaires. The participants were re-interviewed when
key errors or missing values were identified.

Statistical analyses

A database was established using EpiData software ver-
sion 3.1 and double data entry was conducted. Non-
normal distribution of nutrient intakes was observed
according to the Shapiro-Wilk test even after data trans-
formations; therefore, median values were applied to
describe nutrient intakes. The Wilcoxon signed-rank test
was used to determine whether nutrient intakes were
significantly different from those of pregnant women in
the 2002 NNHS. The Mann-Whitney U test was applied to
compare differences between two groups. The Kruskal—-
Wallis test was applied to compare the differences among
more than two groups. The Wilcoxon two-sample test was
further adopted to compare the differences between two
subgroups of a sociodemographic group, with a
Bonferroni-adjusted P<0-017 (0-05/3) significant for the
three pairwise comparisons.

Dietary patterns based on eighteen food groups in the
China Food Composition Table'®> were derived by prin-
cipal component analysis with orthogonal (varimax)
rotation. The Kaiser—-Meyer—Olkin value and Bartlett’s test
of sphericity were used to evaluate the reliability of prin-
cipal component analysis before identifying the dietary
patterns. The number of dietary patterns was extracted on
the basis of eigenvalues >1-2, the scree plot and the
interpretability of the factors*”. Food groups with abso-
lute factor loadings >0-25 were considered as most highly
related to the identified factors. Factor scores were calcu-
lated for each woman and each dietary pattern by multi-
plying factor loadings with the standardized value for each
food and summing across the food items. Factor scores
indicate the extent to which the woman’s diet conformed
to the respective dietary patterns. The sociodemographic
characteristics and daily nutrient intakes were described
according to quartiles of dietary pattern scores. Categorical
variables were reported as percentages and compared by
the y* test. Continuous variables were reported as median
values and compared by the Kruskal-Wallis test. A two-
tailed P<0-05 was considered statistically significant
unless otherwise specified. Analyses were conducted
using the Stata statistical software package version 12.

Results

Sociodemographic characteristics of the
participants

The characteristics of the participants are shown in
Table 1. About half (52-3%) of the women were from
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central Shaanxi and 76-2% lived in rural areas. The mean
age at delivery was 26-7 (sp 4-6) years, with women aged
25-29 years at delivery accounting for 37-6% of the
sample. Regarding the recent pregnancy with known preg-
nancy outcomes, more than half of the women were at their
first delivery. The majority (90-5%) of participants had
completed 9-year compulsory education (junior high school

Table 1 Sociodemographic characteristics of pregnant women
(n 7462) in Shaanxi Province, Northwest China, 2013

Characteristic n %

Geographic area

Northern Shaanxi 1396 187

Central Shaanxi 3900 52-3

Southern Shaanxi 2166 29
Residence

Rural 5686 762

Urban 1776 238
Maternal age at delivery (years)*

<25 3062 41.0

25-29 2803 376

>30 1539 20-6
Parity*

1 4447 596

>2 3014 40-4
Maternal education*

Primary school or below 690 92

Junior high school 3989 53-5

Senior high school or above 2762 37.0
Maternal occupation

Farmer 5339 715

Others 2123 28-5
Per capita annual household income (Yuan)*

<6200 2130 285

6200-11 999 2044 274

>12000 2176 292

*The number of missing values for maternal age at delivery, parity, maternal
education and per capita annual household income was 58, 1, 21 and 1112,
respectively.
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or above). Most participants (71-5%) had no employment
outside their home and were categorized as farmers.

Status of dietary intakes of energy and nutrients
Daily intakes of fat, Ca and Fe among pregnant women in
Shaanxi, China were higher than those among pregnant
women in the 2002 NNHS, while daily intakes of energy
and other nutrients were lower than those in the 2002
NNHS. The percentage of energy derived from fat was
higher than that among pregnant women in the 2002
NNHS (34 v. 31 %), while the percentages from protein
and carbohydrate were similar to those in the 2002 NNHS.

Intakes of energy, protein and carbohydrate were higher
than the reference values for pregnant women during the
first trimester and close to the reference values of the second
and third trimesters. Fe intake was higher than the nutrient
reference values for women during the first and second
trimesters of pregnancy, and close to the reference value of
the third trimester. Pregnant women in Shaanxi, China had
higher intakes of fat, niacin and vitamin E than the nutrient
reference values for any trimester of pregnancy. The median
percentage of energy from fat (34 %) was higher than the
upper limit of the recommended range for fat (30 %). In fact,
72% of participants had more than 30% energy derived
from fat and only 25 % of participants had the recommended
range of energy derived from fat (20-30 %). However, other
micronutrients such as vitamin A, thiamin, riboflavin, folate,
vitamin C, Ca and Zn had low reported intakes (their intakes
were below 65% of the RNI/AI for all three gestational
periods; Table 2).

Dietary intakes across sociodemographbic groups

Geographic area
Median daily intakes of energy and selected nutrients
across sociodemographic groups are presented in Table 3.

Table 2 Daily energy and nutrient intakes of pregnant women (n 7462) in Shaanxi Province, Northwest China, 2013

First trimester

Second trimester Third trimester

Median daily intake

in Shaanxi RNI* %t RNI* %t RNI* %t
Energy (kJ) 8658 7531 115 8786 99 9414 92
Protein (g) 62 55 113 70 89 85 73
Fat (g) 79 50 157 58 135 63 126
Carbohydrate (g) 301 259 116 302 99 324 93
Vitamin A (ug RE) 272 700 39 770 35 770 35
Thiamin (mg) 0-6 12 54 14 46 1.5 43
Riboflavin (mg) 0-6 1.2 50 1-4 43 1.5 40
Folate (ug) 249 600 42 600 42 600 42
Niacin (mg) 13 12 112 12 112 12 112
Vitamin C (mg) 53 100 53 115 46 115 46
Vitamin E (mg) 39 14 275 14 275 14 275
Ca (mg) 512 800 64 1000 51 1000 51
Fe (mg) 27 20 137 24 114 29 94
Zn (mg) 56 95 59 95 59 95 59
Se (ug) 28 65 43 65 43 65 43

RNI, recommended nutrient intake; RE, retinol equivalent.

*Values presented are RNI except for vitamin E, for which the adequate intake is given; RNI for pregnant women aged 18—49 years with low physical activity

level during each trimester®®”,

tPercentage of the RNI that the median daily intake in the population accounts for.
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Table 3 Median daily intakes of energy and selected nutrients according to sociodemographic group of pregnant women (n 7462) in Shaanxi Province, Northwest China, 2013

Energy (kJ) Protein (g) Fat(g) Carbohydrate (g) Vitamin A (ug RE) Folate (ug) Niacin (mg) Vitamin E (mg) Ca (mg) Fe (mg) Zn (mg)

Geographic area*

Northern Shaanxi 8123 57 70 298 250 232 13 33 434 25 52

Central Shaanxi 9026 67 77 325 289 269 14 40 562 31 59

Southern Shaanxi 8408 56 88 263 258 228 13 41 466 23 54
Residencet

Rural 8529 60 76 299 254 234 13 38 489 27 53

Urban 9153 71 87 308 347 306 16 42 600 30 6-8
Maternal age at delivery (years)t

<25 8425 59 77 295 249 233 13 37 497 26 53

25-29 8849 65 80 308 294 261 14 39 543 28 59

>30 8849 63 79 304 282 255 14 40 503 28 56
Maternal education§

Primary school or below 7829 54 70 284 236 212 12 35 406 25 4.8

Junior high school 8496 59 77 298 251 234 13 38 481 27 52

Senior high school or above 9130 68 84 313 320 285 14 40 585 29 64
Maternal occupationll

Farmer 8528 60 77 298 255 237 13 38 484 27 5.3

Others 9053 67 82 314 325 280 15 40 577 29 63
Per capita annual household income (Yuan){

<6200 8381 58 75 296 250 231 13 37 479 27 5.0

6200-11999 8697 61 78 305 262 243 13 38 503 27 54

>12000 9610 70 85 342 260 302 15 42 615 31 67

RE, retinol equivalent.

*Significant differences were found using the Wilcoxon two-sample test (P<0-:017) in: (i) all selected nutrient intakes for central Shaanxi v. southern Shaanxi; (i) all selected nutrient intakes for central Shaanxi v. northern
Shaanxi; and (iii) intakes of fat, carbohydrate, vitamin E and Fe for southern Shaanxi v. northern Shaanxi.

1Significant differences were found in all selected nutrient intakes except carbohydrate (P=0-24) between the two groups using the Mann—-Whitney U test (P<0-05).

1Significant differences were found using the Wilcoxon two-sample test (P<0-017) in: (i) all selected nutrient intakes for <25 years v. 25-29 years; (i) all selected nutrient intakes except fat (P=0-032), carbohydrate
(P=0-088) and Ca (P=0-107) for <25 years v. >30 years; and (iii) Ca intake for 25-29 years v. >30 years.

§Significant differences were found using the Wilcoxon two-sample test (P<0-017) in: (i) all selected nutrient intakes for primary school or below v. senior high school or above; (i) all selected nutrient intakes for junior high
school v. senior high school or above; and (jii) all selected nutrient intakes except niacin (P=0-04) for primary school or below v. junior high school.

lISignificant differences were found in all selected nutrient intakes between the two groups using the Mann—-Whitney U test (P < 0-05).

{Significant differences were found using the Wilcoxon two-sample test (P < 0-017) in: (i) all selected nutrient intakes for <6200 v. >12 000; (ii) all selected nutrient intakes except carbohydrate (P=0-803) for 620011999 v.
>12000; and (iii) all selected nutrients intakes except carbohydrate (P=0-033), vitamin A (P=0-046), folate (P=0-047) and vitamin E (P=0-032) for <6200 v. 620011 999.
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Fig. 1 Food groups contributing to (a) calcium intake and
(b) iron intake among pregnant women (n 7462) in Shaanxi
Province, Northwest China, 2013

Oils, meats, nuts, snacks and legumes contributed 86 % of
total fat intake. Carbohydrate intake was derived mainly
from snacks, vegetables, sweets, cereals and fruits. The
food group contributing most to the intakes of vitamin A,
thiamin, riboflavin, niacin and Zn was meat, followed by
vegetables. About three-quarters of total folate intake was
derived from vegetables, legumes and nuts, and about
90% of total vitamin C intake was from vegetables and
fruits. More than 70 % of total vitamin E was derived from
nuts, oils and legumes. A total of 81% of Ca intake was
derived from the top five food groups shown in Fig. 1(a),
with vegetables accounting for about 30% of total Ca.
Vegetables was also the top food resource of Fe intake,
followed by legumes and meats (Fig. 1(b)).

Dietary patterns

Three dietary patterns were extracted by principal com-
ponent analysis (Table 5). The Kaiser—-Meyer—Olkin value
was 0-800 and the P value of Bartlett’s test of sphericity
was <0-0001. A total of 33-5% of the variability in food
intake was explained by the three patterns, with the first
explaining 18-:3%, the second explaining 8-4% and the
third explaining 6-8 %. The first pattern had high positive
loadings from wvarious foods including meats, fungi,
vegetables, fish, dairy, legumes, eggs, nuts, fast foods and
fruits; this pattern was labelled the ‘balanced pattern’. The
second pattern, which was labelled the ‘vegetarian pat-
tern’, had high positive loadings from plant-based foods
including potatoes, cereals, vegetables, fruits and legumes
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Table 5 Factor loadings for the identified dietary patterns among
pregnant women (n 7462) in Shaanxi Province, Northwest China,
2013

Factor Cumulative variance

Dietary pattern Food group loading* explained (%)
Balanced pattern Meats 0-61 18-3

Fungi 0-61

Vegetables 0:59

Fish 0-58

Dairy 0-56

Legumes 0:55

Eggs 0-50

Nuts 0-46

Fast foods 0-41

Fruits 0-39
Vegetarian pattern  Potatoes 0-60 267

Cereals 043

Vegetables 0-41

Fruits 0-36

Legumes 0-26

Sweets -0-30

Condiments —0-46

Oils -0-49
Snacks pattern Beverages 0-66 335

Sweets 0-56

Ethnic 0-49

snacks
Fast foods 0-32
Potatoes 0-26

Vegetables 0-26

*Food groups are listed by the size of factor loadings, with negative loadings
at the end. Food groups with absolute factor loadings <0-25 are not shown.

and high negative loadings from sweets, condiments and
oils. The third pattern was labelled the ‘snacks pattern’,
with food groups such as beverages, sweets, ethnic
snacks, fast foods, potatoes and vegetables loading highly
on this pattern.

Associations of dietary patterns with
sociodemograpbic characteristics and nutrient
intakes
Sociodemographic characteristics and daily intakes of
energy and nutrients according to quartiles of dietary
patterns scores are organized in Table 6. Pregnant women
with high scores on the balanced pattern were more likely
to live in central Shaanxi, urban areas, be aged 25-29 years
at delivery and be better educated, while those with high
scores on the vegetarian pattern and the snacks pattern
lived in central and southern Shaanxi respectively, rural
areas, were aged <25 years at delivery and less educated.
Pregnant women with high scores on the balanced
pattern were also more likely to be wealthier and work
outside, while participants with high scores on the snacks
pattern were poorer and worked as farmers. No significant
differences were found in the association of vegetarian
pattern scores with maternal occupation and household
income.

Women with higher scores on the balanced pattern had
higher intakes of energy and all selected nutrients. Parti-
cipants with higher scores on the vegetarian pattern had
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Table 6 Sociodemographic characteristics and median daily intakes of energy and nutrients according to quartiles of dietary patterns scores among pregnant women (n 7462) in Shaanxi

Province, Northwest China, 2013

Balanced pattern

Vegetarian pattern

Snacks pattern

Q1 Q2 Q3 Q4 P* Q1 Q2 Q3 Q4 P* Q1 Q2 Q3 Q4 P*
Sociodemographic characteristicst
Geographic area (%) <0-001 <0-001 <0-001
Northern Shaanxi 38-5 289 20-0 126 188 289 26-5 25.8 318 26-7 221 194
Central Shaanxi 19-6 253 277 274 45-4 235 189 121 19:2 215 26-2 331
Southern Shaanxi 261 219 233 287 10-6 16-5 30-2 426 151 25.7 313 279
Residence (%) <0-001 <0-001 <0-001
Rural 287 272 24.3 19-8 23.9 24.7 255 25.9 228 258 26-0 253
Urban 13-1 18-0 274 416 28-6 25.8 234 221 319 224 218 239
Maternal age at delivery (years) (%) <0-001 0-007 <0-001
<25 276 26-2 241 22.0 22.9 26-0 24.7 26-4 217 24.8 25.9 275
25-29 216 24.8 255 281 258 238 25.9 24.6 282 24.2 254 222
>30 26-3 229 257 251 271 257 237 235 256 267 22.7 25.0
Maternal education (%) <0-001 0-02 <0-001
Primary school or below 401 264 19-3 141 23-6 210 255 299 197 24.3 284 275
Junior high school 28-2 277 24.0 201 254 255 25.3 238 210 26-2 256 272
Senior high school or above 16-5 209 280 34-6 24.7 252 24.5 257 32.0 235 234 211
Maternal occupation (%) <0-001 093 <0-001
Farmer 279 26-8 239 215 24.8 25.2 25.0 25.0 22.7 25.3 258 26-2
Others 17-8 20-6 278 338 254 24.5 251 25.0 307 24.2 231 22.0
Per capita annual household income (Yuan) (%) <0-001 0.77 0-007
<6200 30-1 261 233 205 24.3 25.0 25.7 25.0 238 276 242 24.5
6200-11999 26-9 272 24.4 216 228 246 254 272 226 251 265 258
>12000 19.2 22-8 274 30-6 236 24.9 25.7 25.8 26-6 239 25.9 237
Median daily dietary intake
Energy (kJ) 6129 7994 9285 11997  <0-001 8269 8023 8504 10021 <0-001 8256 7897 8534 10270 <0-001
Protein (g) 37 54 68 99 <0-001 54 55 62 76 <0-001 64 55 58 71 <0-001
Fat (g) 54 70 86 116 <0-001 95 76 75 73  <0-001 72 70 80 100 <0-001
Carbohydrate (g) 224 291 319 389  <0-001 236 275 310 386  <0-001 290 274 280 394 <0-001
Vitamin A (ug RE) 119 220 318 596  <0-001 203 219 262 414  <0-001 230 223 274 394 <0-001
Folate (ug) 115 205 287 476  <0-001 197 208 248 345 <0-001 228 212 244 327 <0-001
Ca (mg) 252 441 600 875  <0-001 443 469 514 628  <0-001 536 441 467 609 <0-001
Fe (mg) 17 25 29 40 <0-001 22 25 28 37  <0-001 27 25 26 31 <0-001
Zn (mg) 29 4.8 6-4 99 <0-001 4.9 4.9 56 71 <0-001 54 4.8 54 71 <0-001

Q, quartile; RE, retinol equivalent.

*P values for the differences among the groups of dietary pattern scores were derived from the x? test for categorical variables and the Kruskal-Wallis test for continuous variables.

1Values are presented as percentages for these categorical variables.
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higher energy intake, lower fat intake and higher intakes
of other selected nutrients. Significant differences were
also found in energy and nutrient intakes among the four
groups of the snacks pattern. Median daily dietary intakes
in the first quartile group of the snacks pattern were higher
than those in the second quartile group, while the median
intakes gradually increased from the second to the fourth
quartile group. In addition, energy and nutrient intakes
were higher in the third and fourth quartile groups of the
balanced pattern compared with the corresponding
quartile groups of the vegetarian pattern and snacks
pattern (all 2<0-001).

Discussion

In the current population-based cross-sectional study, we
found that pregnant women in Shaanxi, China had higher
intakes of fat, niacin and vitamin E than the RNI, while
most micronutrients such as vitamin A, folate, Ca and Zn
were reportedly lower than the RNI. Three dietary patterns
were identified among the participants: balanced pattern,
vegetarian pattern and snacks pattern. The study
suggested that dietary patterns and most nutrient intakes
varied by sociodemographic groups in the population.
Pregnant women with high scores on the vegetarian
pattern and snacks pattern tended to be in low balanced
pattern score groups and had lower nutrient intakes
compared with those in high balanced pattern score
groups.

Differences in dietary intake recommendations exist
among countries, with some nutrients regarded as ade-
quate and others as inadequate at the same intake
levels®®. The adequate intake levels of some nutrients
among pregnant women in Europe may be classified as
inadequate in China, such as Ca and Zn. Moreover, the
recommended intake levels in China may be lower than
those in the USA, such as the recommended proportion of
fat derived from energy (China ». America: 20-30% v.
20-35%). Possible reasons for the disparities include dis-
tinct genetic backgrounds, dietary habits, disease burdens,
available scientific evidence and the extrapolation meth-
ods adopted when experimental data were insufficient.
Thus, it is important to appropriately use the dietary
reference tools and cautiously interpret when comparing
nutrient intakes across geographic regions.

Our finding of high fat intake (the percentage of energy
from fat, 34 %, was higher than the upper limit of the
recommended range for fat in China, 30 %) was consistent
with previous reports of pregnant women in China"’*",
which may be partially due to the increasing consumption
of oils and animal-source foods during the last decade.
Pregnant women in Western developed countries also
reported fat intakes above recommendations, at 35-0—
37-1% of energy®?. The high fat intake contributed to the
excessive energy derived from fat in our study, suggesting
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the tendency to consume more energy-dense foods
among pregnant women in China. This tendency might
lead to excessive weight gain during pregnancy and
further influence maternal and children’s health, including
the risk of obesity, diabetes, CVD and metabolic
syndrome®*3?_ The increasing intakes of animal-source
foods also contributed to the relatively high intake of
niacin, which was similar to the previous study in
China®V. Vitamin E intake was about 1.75 times higher
than the reference value, but less than the tolerable upper
intake level (700g). The high vitamin E intake may be
explained by the constant consumption of nuts and oils
among this population.

Dietary intake of vitamin A was lower than 40 % of the
RNI among the participants. In fact, more than 70% of
pregnant women in the study had inadequate intake of
vitamin A compared with the estimated average require-
ment from the Chinese Dietary Reference Intakes 2013
(480 g, 530 g and 530 g for the three trimesters of gestation,
respectively), indicating that food-derived vitamin A defi-
ciency was a prominent problem among pregnant women
in Shaanxi, China. A previous study reported that 70 % of
total vitamin A was derived from plant-based foods among
Chinese women"?; however, our study found that meats
accounted for 67-1% of total vitamin A and vegetables
accounted for 19-6 %, suggesting that the dietary habits of
pregnant Chinese women may have changed gradually
over the last decade. The inadequate vitamin A intake may
be due to the low consumption of vitamin A-rich foods
such as fish, animal liver and carrots among the popula-
tion in Shaanxi, China. It is worth noting that folate intake
was insufficient among the participants, which was
supported by the finding of low plasma folate concentra-
tion among women in Shaanxi, China®”. Dietary intake of
folate is also widely reported to be below the recom-
mended level among pregnant women in developed
countries® | indicating the universality of poor dietary
folate intake among pregnant women and the difficulty of
meeting the increased folate demand in pregnancy with
dietary intake®>.

Dietary intake of Ca was found to be notably higher
than the intake reported in the 2002 NNHS, which may be
explained by the increasing consumption of Ca-rich foods
such as dairy and legumes. However, Ca intake was still
below the RNI of any trimester. Zn intake was also below
the RNI. Moreover, plant foods accounted for a relatively
high proportion of total Ca and Zn intakes. The plant foods
including cereal grains, nuts and legumes that were
relatively frequently consumed in the current population
contain high levels of phytate, an inhibitor of Ca and Zn
absorption®®*”. Thus, the bioavailability of Ca and Zn
may be impaired among the population. Fe intake was
higher than the average level in the 2002 NNHS and close
to the RNI of the third trimester, which is different from the
high prevalence of dietary Fe inadequacy during preg-
nancy in developed countries®®*”, However, Fe absorption
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may be poor among the participants because dietary Fe was
derived mainly from plant foods. Plant foods contain only
non-haem Fe, whereas animal-source foods contain both
non-haeme Fe and haem Fe. Non-haem Fe is much less well
absorbed than haem Fe“? with an estimated absorption
rate of 2:8% from the intakes of cereals, legumes and
vegetables"". Vitamin C in plant foods is recognized to
enhance Fe absorption(42); however, the low intake of
vitamin C among the participants may hardly exert much
enhancing effect on Fe absorption.

Previous studies have suggested the association of
dietary intakes with socio-economic status and demo-
graphic group"®*=*” people of higher socio-economic
status (education, occupation or income) tend to report
higher intakes of energy, macronutrients”®® and most
micronutrients such as vitamin A, folate, Ca, Fe and
Zn“>47_Our results also suggested that pregnant women
in the highest education, occupation and household
income groups had significantly higher intakes of all
selected nutrients than those in the lowest groups. More-
over, pregnant women in urban areas reported higher
intakes of most nutrients than those in rural areas, which is
in agreement with the previous study conducted in
China®. The findings may be partially due to the fact that
people with higher socio-economic status or living in
urban areas may have more opportunity to attain nutrition
knowledge and pay more attention to their dietary quality.
In our study, pregnant women with age at delivery of
25-29 years were found to have higher intakes of some
nutrients than those in the lowest and highest age groups.
A potential reason for this is that women who have a baby
at the age of 25-29 years are more concerned about
maternal and child health and then consume foods more
selectively. Pregnant women in the three different geo-
graphic areas of Shaanxi, China also reported significant
differences in some nutrient intakes, with the pregnant
women in central Shaanxi having higher intakes of most
nutrients. These results indicate that targeted programmes
are needed to improve nutritional status among pregnant
women from disadvantaged sociodemographic groups.

Dietary patterns represent a broader picture of food and
nutrient intakes, and reflect overall dietary behaviour
among the study population®. Three dietary patterns
were identified: balanced pattern, vegetarian pattern and
snacks pattern. The results suggested that pregnant
women with high adherence to the balanced pattern
tended to consume more energy and nutrients than those
highly adhering to the vegetarian pattern and snacks pat-
tern. Moreover, participants with high adherence to the
balanced pattern were more likely to be better educated,
wealthier, 25-29 years old at delivery, working outside
and living in urban areas and central Shaanxi, which is
consistent with the results of more energy and nutrient
intakes among these sociodemographic groups. The
balanced pattern identified in our study was comparable
to the prudent pattern reported among pregnant women
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in Guangzhou, China“”, in which the high educational

level was also found to be associated with a high pattern
score. However, the vegetable pattern identified in
Guangzhou was reported to be positively associated with
education and income level(49), which is different from the
results of the vegetarian pattern in our study. The differ-
ence may be partly due to the geographical disparity
between Guangzhou, in southern China, and Shaanxi, in
northern China, with distinct dietary habits identified
among these people®”. Pregnant women with high
adherence to the vegetarian pattern and the snacks pattern
tended to be in the groups with low balanced pattern
scores, and to have lower nutrient intakes compared
with those with high adherence to the balanced pattern.
The findings emphasize the importance of targeted
programmes to improve the dietary patterns among
sociodemographically disadvantaged pregnant women.
Dietary patterns study may have great public health
significance because the overall patterns might be easy
for the public to interpret into daily diets. Further studies
are needed to explore the associations of dietary patterns
with pregnancy outcomes and pregnancy complications
among pregnant women in Shaanxi Province of North-
west China.

To our knowledge, the present study is the first large-
scale nutrition survey in Northwest China. The study was
performed in Shaanxi Province of Northwest China using a
stratified multistage random sampling method according
to the proportion of rural to urban residents, population
size and fertility rate. Thus, the sample represented preg-
nant women in Shaanxi, China and the study results partly
reflected the status of pregnant women in China.
However, some limitations of the current study should be
acknowledged. First, dietary intake was retrospectively
self-reported by the participants. Women in the present
study recalled diet during pregnancy that was 0 to
12 months (median 3 months; 10th-90th percentile
0-7 months) prior to answering the survey. Previous
findings have suggested that pregnancy diet can be
recalled rather well even after several years®>? . Despite
this, we cannot rule out the possible limitation of recall
bias. To minimize bias, we made efforts to help mothers
provide accurate responses during the survey. For one
thing, standard questionnaires and detailed supporting
materials such as food portion images and calendars were
used to collect information. For another, the survey was
tested in a pilot study and interviewers were rigorously
trained according to the detailed guides before the formal
investigation. Second, nutrient intakes were computed on
the basis of the China Food Composition Tables which
have been specifically created according to the food
analyses in China. However, the calculation of nutrient
contents in the food composition tables assumed that the
nutrients in foods were constant among regions in China.
Although multiple food samples were used to analyse
the nutrient compositions, this sampling may not be
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nationwide for all foods®>2®. Third, we did not collect
blood samples from the population; thus, nutritional
biomarkers of the participants such as serum Hb, plasma
folate and homocysteine were not considered. The nutri-
tional biomarkers may help us further understand the
nutritional status of the population and explore the rela-
tionship between dietary patterns and nutritional status.

Conclusion

In conclusion, the present study suggested that pregnant
women in Shaanxi Province of Northwest China had low
intakes of most nutrients such as vitamin A, folate and Ca.
Three dietary patterns were identified in the population:
balanced pattern, vegetarian pattern and snacks pattern.
Dietary patterns and most nutrient intakes varied
by sociodemographic groups among the participants.
Targeted programmes such as nutrition education, food
fortification and multi-micronutrient supplementation are
needed to improve the dietary intakes and dietary patterns
among sociodemographically disadvantaged pregnant
women.

Acknowledgements

Acknowledgements: The authors are grateful to all mothers
who participated in this study, all staff who coordinated
fieldwork and all investigators who contributed to data
collection. Financial support: This work was supported by
the National Natural Science Foundation of China (grant
number 81230016). The National Natural Science Foun-
dation of China had no role in the design, analysis
or writing of this article. Conflict of interest: None.
Authorship: ].Y., S.D., Y.C.,, L.Z. and H.Y. conceived and
designed the study; J.Y., S.D., Y.C, L.Z, HQ., BM,, Y],
P.Q., Q.W, Q.L, Y.K. and Y.S. collected and cleared the
data; J.Y., H.Q., BM. and YJ. analysed and interpreted
the data; J.Y., S.D., Y.C. and H.Y. drafted and revised the
manuscript. All authors read and approved the final
version of the manuscript. Ethics of buman subject
participation: This study was conducted according to the
guidelines laid down in the Declaration of Helsinki and all
procedures involving human subjects were approved by
the Xi'an Jiaotong University Health Science Center
(number 2012008). Written informed consent was
obtained from all subjects.

References

1. Abu-Saad K & Fraser D (2010) Maternal nutrition and birth
outcomes. Epidemiol Rev 32, 5-25.

2. Rush D (2001) Maternal nutrition and perinatal survival.
J Health Popul Nutr 19, issue 3, S217-S264.

3. Black RE, Victora CG, Walker SP et al. (2013) Maternal and
child undernutrition and overweight in low-income and
middle-income countries. Lancet 382, 427-451.

https://doi.org/10.1017/51368980016002159 Published online by Cambridge University Press

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

J Yang et al.

Victora CG, Adair L, Fall C et al. (2008) Maternal and child
undernutrition: consequences for adult health and human
capital. Lancet 371, 340-357.

Ahmed F & Tseng M (2013) Diet and nutritional status
during pregnancy. Public Health Nutr 16, 1337-1339.
Lumey LH (1992) Decreased birthweights in infants after
maternal i utero exposure to the Dutch famine of 1944-
1945. Paediatr Perinat Epidemiol 6, 240-253.

Scholl TO & Hediger ML (1994) Anemia and iron-deficiency
anemia: compilation of data on pregnancy outcome. Am J
Clin Nutr 59, 2 Suppl., 492S-500S.

Hofmeyr GJ, Lawrie TA, Atallah AN et al. (2014) Calcium
supplementation during pregnancy for preventing hyper-
tensive disorders and related problems. Cochrane Database
Syst Rev 6, CD001059.

Chaffee BW & King JC (2012) Effect of zinc supplementation
on pregnancy and infant outcomes: a systematic review.
Paediatr Perinat Epidemiol 26, Suppl. 1, 118-137.

King JC (2000) Determinants of maternal zinc status during
pregnancy. Am J Clin Nutr 71, 5 Suppl., 13345-1343S.
De-Regil Luz M, Fernandez-Gaxiola AC, Dowswell T et al.
(2010) Effects and safety of periconceptional folate sup-
plementation for preventing birth defects. Cochrane Data-
base Syst Rev issue 10, CD007950.

van Beynum IM, Kapusta L, Bakker MK et al. (2010) Pro-
tective effect of periconceptional folic acid supplements on
the risk of congenital heart defects: a registry-based case—
control study in the northern Netherlands. Eur Heart J 31,
464-471.

Ionescu-Ittu R, Marelli AJ, Mackie AS et al. (2009) Pre-
valence of severe congenital heart disease after folic acid
fortification of grain products: time trend analysis in
Quebec, Canada. BMJ 338, b1673.

Yin S (2008) Nutrition and Health Status of Chinese Women
(Child-Bearing Age, Pregnancy & Lactation — The 2002
National and Nutrition Health Survey). Beijing: People’s
Medical Publishing House.

Popkin BM (2014) Synthesis and implications: China’s
nutrition transition in the context of changes across other
low- and middle-income countries. Obes Rev 15, Suppl. 1,
60-67.

Zhai FY, Du SF, Wang ZH et al. (2014) Dynamics of the
Chinese diet and the role of urbanicity, 1991-2011. Obes Rev
15, Suppl. 1, 16-26.

Liu FL, Zhang YM, Pares GV et al. (2015) Nutrient intakes of
pregnant women and their associated factors in eight cities
of China: a cross-sectional study. Chin Med J (Engl) 128,
1778-1786.

Lai J, Yin S, Ma G et al. (2007) The nutrition and health
survey of pregnant women in China. Ying Yang Xue Bao
29, 4-8.

Cheng Y, Dibley MJ, Zhang X et al. (2009) Assessment of
dietary intake among pregnant women in a rural area of
western China. BMC Public Health 9, 222.

Dang S, Yan H, Zeng L et al. (2014) The status of vitamin B,
and folate among Chinese women: a population-based
cross-sectional study in northwest China. PLoS One 9,
e112586.

National Bureau of Statistics of China (2013) Statistical
Yearbook of Shaanxi 2013. Beijing: China Statistics Press.
Crozier SR, Robinson SM, Godfrey KM et al. (2009)
Women’s dietary patterns change little from before to
during pregnancy. J Nutr 139, 1956-1963.

Rifas-Shiman SL, Rich-Edwards JW, Willett WC et al. (2006)
Changes in dietary intake from the first to the second tri-
mester of pregnancy. Paediatr Perinat Epidemiol 20, 35-42.
Cheng Y, Yan H, Dibley MJ et al. (2008) Validity and
reproducibility of a semi-quantitative food frequency ques-
tionnaire for use among pregnant women in rural China.
Asia Pac J Clin Nutr 17, 166-177.


https://doi.org/10.1017/S1368980016002159

Dietary intakes and dietary patterns

25.

20.

27.

28.

29.

30.

31.

32.

33.

34.

36.

37.

38.

39.

Institute of Nutrition and Food Safety, China Center for
Disease Control and Prevention (2009) China Food
Composition Book 1, 2nd ed. Beijing: Peking University
Medical Press.

Institute of Nutrition and Food Safety, China Center for
Disease Control and Prevention (2005) China Food
Composition Book 2. Beijing: Peking University Medical Press.
Chinese Nutrition Society (2014) Chinese Dietary Reference
Intakes 2013. Beijing: Science Press.

Ma G, LiY, Jin Y et al. (2007) Phytate intake and molar ratios
of phytate to zinc, iron and calcium in the diets of people
in China. EurJ Clin Nutr 61, 368-374.

Schulze MB, Hoffmann K, Kroke A et al. (2003) An
approach to construct simplified measures of dietary
patterns from exploratory factor analysis. Br J Nutr 89,
409-419.

Blumfield ML, Hure AJ, Macdonald-Wicks L et al. (2013)
A systematic review and meta-analysis of micronutrient
intakes during pregnancy in developed countries. Nutr Rev
71, 118-132.

Wang J, Zhao L, Piao J et al. (2011) Nutrition and health
status of pregnant women in 8 provinces in China. Wei
Sheng Yan Jiu 40, 201-203.

Blumfield ML, Hure AJ, Macdonald-Wicks L et al. (2012)
Systematic review and meta-analysis of energy and macro-
nutrient intakes during pregnancy in developed countries.
Nutr Rev 70, 322-336.

Crozier SR, Inskip HM, Godfrey KM et al. (2010) Weight
gain in pregnancy and childhood body composition: find-
ings from the Southampton Women’s Survey. Am J Clin
Nutr 91, 1745-1751.

Gilmore LA, Klempel-Donchenko M & Redman LM (2015)
Pregnancy as a window to future health: excessive gestational
weight gain and obesity. Semin Perinatol 39, 296-303.

Lee SE, Talegawkar SA, Merialdi M et al. (2013) Dietary
intakes of women during pregnancy in low- and middle-
income countries. Public Health Nutr 16, 1340-1353.
Weaver CM, Proulx WR & Heaney R (1999) Choices for
achieving adequate dietary calcium with a vegetarian diet.
Am J Clin Nutr 70, 3 Suppl., 5435-548S.

Hunt JR (2002) Moving toward a plant-based diet: are iron
and zinc at risk? Nutr Rev 60, 127-134.

Pinto E, Barros H & dos Santos Silva I (2009) Dietary intake
and nutritional adequacy prior to conception and during
pregnancy: a follow-up study in the north of Portugal.
Public Health Nutr 12, 922-931.

Turner RE, Langkamp-Henken B, Littell RC et al. (2003)
Comparing nutrient intake from food to the estimated

https://doi.org/10.1017/51368980016002159 Published online by Cambridge University Press

40.

41.

42.

43.

44.

45.

46.

47.

48.

49.

293

average requirements shows middle- to upper-income
pregnant women lack iron and possibly magnesium. J Am
Diet Assoc 103, 461-4606.

Hurrell R & Egli I (2010) Iron bioavailability and dietary
reference values. Am J Clin Nutr 91, isue 5, 1461S-1467S.
Thankachan P, Muthayya S, Walczyk T et al. (2007) An
analysis of the etiology of anemia and iron deficiency
in young women of low socioeconomic status in Bangalore,
India. Food Nutr Bull 28, 328-336.

Cook JD & Monsen ER (1977) Vitamin C, the common cold,
and iron absorption. Am J Clin Nutr 30, 235-241.

Smith AM & Baghurst KI (1992) Public health implications of
dietary differences between social status and occupational
category groups. | Epidemiol Community Health 46,
409-416.

Smith AM & Smith C (1994) Dietary intake and lifestyle
patterns: correlates with socio-economic, demographic and
environmental factors. J Hum Nutr Diet 7, 283-294.

Junior EV, Cesar CL, Fisberg RM et al. (2011
Socio-economic variables influence the prevalence of
inadequate nutrient intake in Brazilian adolescents: results
from a population-based survey. Public Health Nutr 14,
1533-1538.

Larranaga I, Santa-Marina L, Begiristain H et al. (2013)
Socio-economic inequalities in health, habits and self-care
during pregnancy in Spain. Matern Child Health ] 17,
1315-1324.

Novakovic R, Cavelaars A, Geelen A et al. (2014) Socio-
economic determinants of micronutrient intake and status
in Europe: a systematic review. Public Health Nutr 17,
1031-1045.

Hu FB (2002) Dietary pattern analysis: a new direction in
nutritional epidemiology. Curr Opin Lipidol 13, 3-9.

He JR, Yuan MY, Chen NN et al. (2015) Maternal
dietary patterns and gestational diabetes mellitus: a large
prospective cohort study in China. Br J Nutr 113,
1292-1300.

Zhang JG, Wang ZH, Wang HJ et al. (2015) Dietary patterns
and their associations with general obesity and abdominal
obesity among young Chinese women. Eur J Clin Nutr 69,
1009-1014.

Bunin GR, Gyllstrom ME, Brown JE et al. (2001) Recall of
diet during a past pregnancy. Am J Epidemiol 154,
1136-1142.

Bosco JL, Tseng M, Spector LG et al. (2010) Reproducibility
of reported nutrient intake and supplement use during a
past pregnancy: a report from the Children’s Oncology
Group. Paediatr Perinat Epidemiol 24, 93-101.


https://doi.org/10.1017/S1368980016002159

	Dietary intakes and dietary patterns among pregnant women in Northwest China
	Materials and methods
	Study setting
	Study design and participants
	Sociodemographic information
	Dietary intake
	Quality control
	Statistical analyses

	Results
	Sociodemographic characteristics of the participants
	Status of dietary intakes of energy and nutrients
	Dietary intakes across sociodemographic groups
	Geographic area


	Table 1Sociodemographic characteristics of pregnant women (n 7462) in Shaanxi Province, Northwest China,�2013
	Table 2Daily energy and nutrient intakes of pregnant women (n 7462) in Shaanxi Province, Northwest China,�2013
	Table 3Median daily intakes of energy and selected nutrients according to sociodemographic group of pregnant women (n 7462) in Shaanxi Province, Northwest China,�2013
	Outline placeholder
	Residence
	Maternal age at delivery
	Maternal education
	Maternal occupation
	Household income

	Food groups contributing to nutrient intakes

	Table 4The top five food groups contributing to energy and selected nutrient intakes among pregnant women (n 7462) in Shaanxi Province, Northwest China,�2013
	Dietary patterns
	Associations of dietary patterns with sociodemographic characteristics and nutrient intakes

	Fig. 1Food groups contributing to (a) calcium intake and (b) iron intake among pregnant women (n 7462) in Shaanxi Province, Northwest China,�2013
	Table 5Factor loadings for the identified dietary patterns among pregnant women (n 7462) in Shaanxi Province, Northwest China, 2013
	Table 6Sociodemographic characteristics and median daily intakes of energy and nutrients according to quartiles of dietary patterns scores among pregnant women (n 7462) in Shaanxi Province, Northwest China,�2013
	Discussion
	Conclusion
	Acknowledgements
	ACKNOWLEDGEMENTS
	References


