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Background: During the last 3 decades, China has dramatic changes of the dietary pattern among its citizens, particularly in urban cities.
This study aimed to determine the nutrient intake status and factors associated with nutrient intakes of urban Chinese pregnant women
now-a-day.

Methods: The multistage stratified random sampling method was applied in the cross-sectional study. 479 women in three trimesters of
pregnancy from eight cities of China were recruited. Nutrient intakes were evaluated with one 24 h dietary recall, and compared with the
Chinese Dietary Reference Intakes (DRIs) 2013 for available nutrients.

Results: Most pregnant women had imbalanced macronutrient distribution with excessive energy derived from fat. Intakes of
Vitamin A, B, calcium, magnesium, and selenium were below Chinese Recommended Nutrient Intake (RNI) and Estimated Average
Requirements (EARs) in all trimesters. Most pregnant women took more folic acid in the first trimester with a significant decrease in the
second and third trimester (P < 0.05). Shortfall in iron intake was found in the third trimester whereas some women may be at the risk
of excessive iron intake. Intakes of thiamin met RNI in the first trimester but were below EAR in all trimesters. Trimester phasing was
positively associated with most nutrients (P < 0.05). Prepregnancy body mass index was inversely associated with energy, fat, Vitamin C,
and calcium intake (P < 0.05). Educational level and household income were positively associated with folic acid intake (P < 0.05).
Conclusions: Current prenatal dietary choices of urban pregnant women in China are imbalanced in the nutrient intake when compared with
national DRIs 2013, particularly in intakes of energy derived from fat and micronutrients. Appropriate dietary advice to pregnant women
should promote a balanced diet with emphasis on avoidance of foods of high fat content and incorporation of foods that are good sources
of the key micronutrients that are usually lacking in a regular pregnancy diet. Further research is needed to understand the eating habits
and food patterns that contribute to this imbalanced diet in order to be able to effectively improve prenatal women’s nutrient intake status.
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INTRODUCTION women are relatively higher than those in developing
countries.?’! Previous reports in China have suggested that
the diet of pregnant women is predominantly plant-based.™*!
But vitamin and minerals intake standards are hardly to be

During pregnancy, it is a priority for mothers-to-be to
obtain a balanced profile of nutrition to ensure optimal fetal
growth and mothers’ own health. It is clear that adequate fulfilled,®s) especially calcium, iron, zinc, Vitamin A, B.,
nutrition in the first 1000 days is critical to a child’s healthy and folic acid.*) However, recent reports have it that mor2<=:

growth and development to health and productivity later gyt content foods and other nutrients are consumed during
in life.! Meeting nutritional needs during pregnancy  the past decades in China.

is well-recognized as one of the most critical issues in
public health. In general, pregnant women pay more
attention than nonpregnant women to nutrition and diet.”
In developed countries, nutrient intakes among pregnant

To determine the status of nutrition intake transition
comparing with the past on pregnant women’s diet, there
must be a thorough understanding of the nutritional intake
of pregnant women to date. However, limited information
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or were restricted to limited districts.l® Most importantly, to
our knowledge, no studies have been conducted to compare
the current nutrition status of Chinese pregnant women with
the latest Chinese Dietary Reference Intakes (DRIs) 2013.1!
This study aims to describe nutrient intakes of pregnant
women using data from the Maternal Infant Nutrition
and Growth (MING) study, in which dietary intake data
were collected on pregnant women in different trimesters
of pregnancy from eight cities representing different
geographical and economic profiles. This study, focusing on
intakes from foods, beverages, and supplements, evaluates
the nutrient intake level compared with current dietary
recommendations in China.

MeTtHoDS

Subjects

The MING study, conducted in 2011 and 2012, is a
cross-sectional study designed to investigate the dietary and
nutritional status of pregnant women, lactating mothers,?
and young children aged from birth up to 3 years!'® living in
urban areas of China. The breast milk of lactating mothers
was also collected in various lactation periods, with the
objective to understand the breast milk composition profile
of Chinese lactating mothers.

Pregnant women aged 20—40 years old were recruited in
this study with a multistage stratified random sampling
method. In the first stage, considering the geographical
and economical status, eight cities were chosen for their
geographical location (north, south, central, east, and west)
and status of economic development (first- or second-tier)
in China. Among these eight cities, there are 4 first-tier
cities like Beijing, Shanghai, Chengdu and Guangzhou, and
4 second-tier cities like Shenyang, Lanzhou, Zhengzhou and
Suzhou. In the second stage, two service centers of maternal
and child care (SCMCC) in each city were randomly selected,
with one in an urban area and the other in a suburban area.
In the third stage, the sample was stratified considering
pregnancy stage (first, second, and third trimester) and
selected by systematic sampling method in each of SCMCC,
based on pregnancy registration information, since we
wanted to compare nutrient intakes with the specific nutrient
recommendations at each stage. Target sample size was 480
in total, which was calculated by the cross-sectional study
sample size calculation formula.'y! In eight cities, each
SCMCC contributed 50% sample for a city. Each SCMCC
recruited 30 pregnant women, in which 10 from the first
trimester, 10 from the second trimester and 10 from the third
trimester. To participate in the study, pregnant women needed
to be generally healthy without any history of chronic disease,
alcohol consumption (defined as no more than two drinks per
week) or smoking habits. Pregnant women with gestational
diabetes, hypertension, infectious disease (tuberculosis,
viral hepatitis, and HIV infection), mental disease or recall
deficit that could limit their ability to answer questions and
receiving medical drugs during the period of the study were
also excluded. Final sample size was 479, with 158 women

in the first pregnancy trimester, 160 in the second and 161
in the third trimester. Once recruited, all participants would
be requested to sign a written consent form before being
interviewed. The study was conducted according to the
guidelines in the Declaration of Helsinki. And the protocol
was approved by the Human Research Ethics Committee of
Peking University (Number: IRB0O0001052-11042).

Data collection

All information collected was obtained through face to face
interviews conducted in each site. The interview covered
different types of aspects of pregnancy, including general
information, anthropometry, lifestyle habits, and dietary
information. For the dietary intake assessment, one 24 h
recall, one nutrition supplements questionnaire, and one
food frequency questionnaire (FFQ) were administered.
All interviewers were trained with a standard protocol for
conducting the interviews. Participants were instructed on
how to complete the questionnaires. If dietary information
on the form was not completed, the questionnaire would be
considered invalid.

This study focuses on the nutrient intake assessment from
24 h dietary recall. All foods, beverages, and supplements
consumed on the previous day for each pregnant woman
were recorded. A picture booklet of common foods
consumed in China and typical measuring utensils were used
to help participants to estimate serving sizes.

Analytical methods

Data entry was performed by two researchers on two separate
computers with EpiData3.1 (EpiData Association Odense,
Denmark). Nutrient intakes were calculated based on the
24 h dietary recall data with a food composition database
created for this study combining Chinese Food Composition
Tables (CFCT) 200412 and 200913 (CFCT, National Institute
of Nutrition and Food Safety, China CDC). CFCT covers
information on 36 nutrients for more than 800 foods. In
addition, the database was expanded with another 22 kinds
of food from published literature. The Standard Tables of
Food Composition in Japan 2010 was also referenced
for 246 foods’ content of Vitamin B6, biotin, and folic acid,
which has not been reported in China.

Statistical analyses were performed using Statistical Package
for Social Sciences 16.0 (SPSS version 16.0, SPSS Inc.,
Chicago, IL, USA). Nutrient intakes were assessed by being
compared to DRIs 2013.1 Mean intakes of energy and
nutrients for each pregnancy subgroup (by trimester) were
compared, with the Recommended Nutrient Intake (RNI)
or Adequate Intake (AI) since only 1-day 24 h recall data
was available for our sample. However, the distributions of
nutrient intakes,!"*) Estimated Average Requirement (EAR),
and tolerable upper intake level (UL), are also presented
for reference and discussion. The energy requirements are
expressed in terms of estimated energy requirements (EERs).

Comparisons of group means in three trimesters were
performed using ANOVA F-test. Multiple comparisons
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were carried out among different levels of variables. The
associations of dietary intake of energy and nutrients and
demographic factors such as trimester, age and prepregnancy
body mass index (BMI), education, and household income
were examined by multiple linear regression. All reported
P values were 2-tailed, and a P < 0.05 was considered
statistically significant.

ResuLts

Sample description

The characteristics of the pregnant women [Table 1] revealed
that the average age of them were 27.0 + 3.6 years. Most
of them received senior high school education or above.
Over 90% participants had a household income per capita per
month over RMB 1500 Yuan. Using adjusted prepregnancy
BMI for Chinese, 65.6% of subjects had a normal BMI, 12.5%
were overweight or obese while 21.9% were underweight.

Nutrient intakes

Table 2 describes mean (standard deviation) energy and
nutrient intakes among Chinese pregnant women across
trimesters. Mean energy intake was 2098 + 915 kcal/day
with a wide range of variability and significantly higher in
the third trimester (P < 0.05). Pregnant women consumed
significantly more folic acid in the first trimester than the
second and third trimester (P < 0.01). On the contrary,
significantly less Vitamin A in the first trimester than the
second and third trimester were consumed (P < 0.05). Niacin,
calcium, phosphorus, potassium, and magnesium intake
were significantly higher in the third trimester than the first
trimester (P < 0.05).

Table 1: Demographic characteristics of Chinese
pregnant women in eight cities (n = 479)

Characteristics Results (1)  Percentage (%)
Age at interview (years)
<25 122 25.5
25-29 242 50.5
>30 112 234
Trimester
First 158 33.0
Second 160 334
Third 161 33.6
Education
Junior high school or lower 60 12.5
Senior high school and college 378 78.9
Graduate or higher 34 7.1
Household income per capita
per month (RMB, Yuan)
<1500 55 11.5
1501-3999 245 51.2
>4000 175 36.5
Prepregnancy BMI (kg/m?)
<18.5 105 21.9
18.5-23.9 314 65.6
>24.0 60 12.5

BMI: Body mass index.

The intake distributions of energy, macronutrients, and
micronutrients for participants in the first, second, and third
trimesters are presented in Tables 3-5, respectively. The
proportion of energy derived from protein (14.7%, 15.6%, and
14.7%) and carbohydrate (51.2%, 50.8%, and 52.6%) were
adequate compared with the recommendation (10-15% and
50-65%, respectively),’™ whereas fat contribution (37.0%,
36.8%, and 35.5%) compared with the recommendation
(20-30%)®! was excessive. Mean and median intakes of
Vitamin A, B, calcium, magnesium, and selenium were
below the RNI (mean intake), and EAR (median intake)
defined by the Chinese DRIs 2013.81 Mean intake of folic
acid was below RNI in all trimesters, even though there
was a significant difference between the first trimester and
the others. Iron intake in the third trimester was also below
the RNI and EAR. Thiamin met the defined RNI in the first
trimester but could not reach the EAR in all trimester.

Factors associated with intake of nutrients

The first model of multiple linear regression included
age, education, household income, prepregnancy BMI,
and trimester. Trimester was positively associated with
most nutrients intakes (P < 0.05), such as energy,
protein, carbohydrate, Vitamin A, niacin, Vitamin C,
calcium, phosphorus, potassium, magnesium, and zinc.
Prepregnancy BMI was inversely associated with energy,
fat, Vitamin C, and calcium intake (P < 0.05). Educational
level and household income were positively associated with
folic acid intake (P < 0.05) [Table 6].

Discussion

This is the first large-scale study to examine the nutrient
intakes of pregnant women compared with Chinese DRIs
2013; this is also the most up-to-date and comprehensive
study integrating nutrient intakes and the association between
demographic factors and dietary intake in a representative
sample of Chinese pregnant women from eight major cities
across the country.

For pregnant women with light physical activity, energy
intake increased over the course of pregnancy and met the
EER. But it was below the EER for pregnant women with
moderate physical activity.® Our study (unpublished data)
indicates that most of the subjects tend to have a low physical
activity pattern, thus energy intake may be adequate to meet
their needs to a large extent. However, the variation of
intakes of energy as well as some energy-related nutrients
was considerable, which were in part related to the level
of physical activity in the individual.'! Differences in the
published reference values from different countries on
energy needs during pregnancy are considered to partially
due to the reason above.l'”'¥ In addition, China has a vast
territory, and people living in the different places may
have different diet pattern, which may contribute to the
variation of energy and energy-related nutrients intakes.
Compared with the earlier data reported from China NNHS
2002 for urban pregnant women (1975.4 kcal/day),!"”’
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Table 2: Energy and nutrient intakes (mean + SD) of women during pregnancy from 24 h recall

Energy and nutrients All subjects First trimester Second trimester Third trimester P*
(n = 479) (n = 158) (n = 160) (n =161)

Energy (kcal) 2098 £ 915 2001 +990 2060 + 773 2219 + 9608 0.034
Percentage of energy from fat (%) 364+ 11.5 37.0+12.1 36.8+11.6 355+ 10.6 0.242
Percentage of energy from carbohydrates (%) 51.5+12.6 51.21+13.0 50.77+13.1 52.57+11.5 0.333
Percentage of energy from protein (%) 15.0+5.0 14.7+4.9 15.6+4.9 14.7+42 0.963
Carbohydrate (g) 268.9 +137.1 2572+ 155.6 258.6 £ 111.6 290.7 + 139.08 0.029
Fat (g) 84.5+46.5 81.5+48.7 85.0 +45.7 86.9+45.1 0.577
Protein (g) 793 +44.4 73.5+423 80.8 +41.3 83.6 +48.8% 0.042
Cholesterol (mg) 514.5+490.9 483.3+343.6 557.9 £ 645.0 501.9 +433.4 0.735
Dietary fiber (g) 14.9+10.6 13.6 £ 10.4 153+9.4 15.8+11.7 0.063
Vitamin A (pug, RAE")? 591.5+878.4 437.5+374.3 662.6 + 988.9" 671.9 +1077.4% 0.017
Retinal (ng) 378.9 +824.5 260.8 +285.7 447.8 £948.3 426.4+1018.1 0.088
Thiamin (mg) 1.2+£09 1.2+1.0 1.2+09 1.2+0.7 0.778
Riboflavin (mg) 1.3£0.9 1.2+09 1.4+1.1 1.4+09 0.323
Niacin (mg) 17.2+10.6 154+9.5 17.7+9.9 18.4+12.1% 0.001
Vitamin B6 (mg) 1.1£0.7 1.1£0.6 1.1£0.6 1.2+0.7 0.162
Biotin (ng) 51.8+52.0 479+525 51.0+37.1 56.4+63.1 0.394
Folic acid (ug DFE) 4259 +317.7 583.4+301.7 346.9 +£245.9! 347.2+339.3l 0.000
Vitamin C (mg) 133.0+£129.2 113.9+93.5 1402 +£131.7 144.4 +£153.28 0.035
Vitamin E (mg a-TE) 145+ 14.0 14.0+15.1 15.6£16.1 14.1+£12.1 0.914
Ca (mg) 734.1 £562.9 633.2+492.4 746.6 + 460.0 820.6 + 693.4! 0.003
P (mg) 1182.7 £ 603.9 1089.5 + 609.8 1189.9 £ 510.2 1272.3 + 669.9% 0.006
K (mg) 2353.3 +£1263.3 2102.1 +£1153.6 2415.2 +1108.9 2535.4 + 1460.1! 0.002
Na (mg) 4496.4 + 6210.1 43349 +2518.1 5147.3 £9739.3 4008.1 +£3747.3 0.638
Mg (mg) 336.3+£193.2 309.3+£199.1 3358 +171.0 363.5+205.3% 0.040
Fe (mg) 27.3+20.1 2624208 26.8+16.7 28.9+22.4 0.234
Zn (mg) 12669 11.7+7.1 127+58 133 £7.6° 0.003
Se (ug) 54.4+35.0 50.2+31.7 57.6+36.1 55.5+36.8 0.179
Cu (mg) 25+2.1 24+20 25+1.5 2.6£2.6 0.478
Mn (mg) 6.0+£59 57+34 6.1+7.6 6.8+10.8 0.070

*P for one-way ANOVA; 'RAE: Retinol activity equivalents; ‘The formula of Vitamin A defined in Chinese DRIs 2013; RAE: Retinol + 1/12 total
carotene; *P<0.05 compared with the first trimesters; !P<0.01 compared with the first trimesters. SD: Standard deviation; a-TE: Alpha-tocopherol

equivalents.

mean intake in this study (2093.7 kcal/day) was higher,
which suggested an improvement of energy intake among
Chinese pregnant women over the past 10 years. However,
there seems to be still a gap between energy intakes among
pregnant women in China and some Western countries,
such as USA/Canada (2211.4 + 173.3 kcal/day) and
Europe (2207.3 + 275.8 kcal/day).>"

In addition to an increase in calorie intake over the
last decade, we have also seen a shift in the traditional
macronutrient sources of energy. In line with earlier
surveys in China,">2!l most of the participants in our
study had excessive energy contribution from fat (%TE).
Overconsumption of animal-based foods and/or especially
oil may contribute to high fat intake. This is supported
by our FFQ data (unpublished), which shows that 59.0%
participants consumed more oil than the recommendations
from Dietary Guideline for Chinese Residents (2008).2%
The macronutrient distribution of energy may indicate that
Chinese pregnant women are likely to consume more
energy-dense foods, rather than nutrient-dense alternatives
which could contribute to the increasing rate of overweight
and obesity reported in China,?*! and subsequently increase

the risk of caesarean section” and macrosomia.*! It is also
noteworthy that the intake of protein in the third trimester
was below the RNI (85 g/day) and EAR (75 g/day),
which may imply that some women could be at the risk of
inadequate protein intake. This is relevant in this particular
trimester since protein requirements are increased to supply
adequate protein for the fetus’s growth.

Results in this study highlighted the possibility of inadequate
dietary fiber consumption in urban Chinese pregnant
women. A wealth of information supports the importance
of consuming adequate amounts of dietary fiber from a
variety of plant foods. In this study, the mean intake of
dietary fiber was 14.9 g/day, which accounted for <60%
AT (25-30 g/day).[® This may lead to not only the low intake
of dietary fiber, but also the associated nutrients found in
high fiber foods including Vitamins B, C, and some minerals.
Therefore, a further promotion of consuming dietary fiber
and education around good food sources is needed.

Mean intakes of a number of micronutrients were below the
RNIs, including Vitamin A, Vitamin B,, folic acid, calcium,
magnesium, and selenium. For all of these nutrients, the
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Table 3: Energy and nutrient intakes distribution of Chinese pregnant women in the first trimester (n = 158)

Energy and nutrients DRIs Intake percentiles
EAR* RNI*/AI* uLs 100 25 Median 75 LI

Energy (kcal) - - - 1075.6 1345.9 1794.9 2343.0 3138.0
Fat (g) - - - 345 52.7 70.1 100.4 141.0
Protein (g) 50 - - 354 43.9 62.4 91.7 144.5
Carbohydrate (g) 130 - - 110.4 153.8 239.4 308.7 410.6
Fat (%TE)** - - - 22.0 29.0 37.7 445 52.4
Protein (%TE)** - - - 9.2 11.7 13.9 16.8 21.6
Carbohydrate (%TE)** - - - 35.9 422 50.1 60.2 67.7
Dietary fiber (g) - 25 - 4.5 7.3 10.8 15.9 25.1
Cholesterol (mg) - - - 37.5 197.2 465.3 715.4 938.4
Vitamin A (ug, RAE!)! 480 700 3000 80.6 174.2 328.0 498.2 666.0
Retinal (ug)! - - 3000 16.7 72.5 193.3 326.3 496.7
Thiamin (mg) 1.0 1.2 - 0.4 0.6 0.9 1.3 23
Riboflavin (mg) 1.0 1.2 - 0.4 0.7 1.0 1.4 2.5
Niacin (mg Ne) 10 12 35 6.2 9.1 12.6 20.3 28.4
Vitamin B6 (mg) 1.9 22 60 0.4 0.6 1.0 1.4 2.0
Biotin (ug) - 40 - 16.9 25.3 34.6 50.0 78.7
Folic acid (ug DFE) 520 600 1000 187.0 459.4 569.4 697.0 951.3
Vitamin C (mg) 85 100 2000 19.9 45.5 83.8 167.6 253.0
Vitamin E (mg a-TE) - 14 700 53 7.6 10.6 14.1 20.0
Ca (mg) 650 800 2000 188.2 291.0 498.5 814.8 1311.2
P (mg) 600 720 3500 525.1 682.6 969.1 1331.1 1822.2
K (mg) - 2000 - 873.2 1262.3 1934.4 2637.4 3609.1
Na (mg) - 1500 - 2333.0 2968.7 3939.7 5032.7 6471.7
Mg (mg) 310 370 - 138.6 179.1 272.6 370.7 528.5
Fe (mg) 15 20 40 10.5 14.5 20.0 28.2 52.2
Zn (mg) 7.7 9.5 40 52 6.9 10.1 14.4 19.7
Se (ug) 54 65 400 17.0 29.9 44.0 59.7 90.1
Cu (mg) 0.7 0.9 8 0.9 1.2 1.8 3.0 4.9
Mn (mg) - 4.9 11 2.1 3.0 4.1 6.2 9.9

*EAR: Estimated average requirement; "/RNI: Recommended nutrient intake; *Al: Adequate intake; YUL: Upper intake level; IRAE: Retinol activity
equivalents. "The UL for Vitamin A is based on preformed Vitamin A (retinol). Assessment of the proportion of the population with intakes above
the UL is based on intakes of preformed Vitamin A rather than total RAEs. **%TE: Percentage of total energy. a-TE: Alpha-tocopherol equivalents;

DRIs: Dietary reference intakes.

median intakes generally also fell below the EARs during
all gestational periods, which further demonstrate the risk
of inadequate intake in this population of pregnant women.
The inadequacy of micronutrient intakes is commonly seen
in developing countries,***?7 in contrast to generally Al
seen in developed countries.?®*! Vitamin A deficiency,
in particular, remains a public health issue in developing
countries.B% In line with NNHS 2002, our study showed
a low intake of Vitamin A among Chinese urban women.
This may be explained by a limited consumption of good
sources of Vitamin A, such as eggs and dairy products.
Results from the FFQ (unpublished) suggested that over 50%
of participants consumed a smaller quantity of eggs than the
recommendation (50 g/day)®? for pregnant women while a
large majority of participants (83%) consumed less dairy
foods than the recommendation.”

This situation may also explain the insufficient intake of
calcium in all trimesters shown in this study. However,
median intake from our study was much higher than the
previous Chinese studies.['! Calcium supplements may

contribute to the increase, for there were 6.3%, 16.8%, and
21% calcium supplement users in respective trimesters. It is
suggested that calcium supplements may reduce the risk of
preeclampsia and hypertensive disorder especially in women
with low calcium intake.'32 Together with the consumption
of calcium-rich foods, such as milk, milk products, soy and
soy products, achieving an adequate amount of calcium
may prevent pregnant mothers from calcium deficiency
symptoms.

Iron intake of the third trimester was below RNI and EAR,
which suggests a risk of inadequate intake. This finding was
consistent with Lai et al.’s study™ and China NNHS 2002.0'*1
On the other hand, we found in the study some subjects had
an intake above UL and could be at the risk of excessive iron
intake. Iron supplements would account for this increased
intake for 10.2% participants used such supplements. This
observation is relevant since generally it is suggested to
complement diet with iron supplements regularly from the
first prenatal visit.** Researchers from Finland suggested
supplying iron twice a week would have similar benefits to
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Table 4: Energy and nutrient intakes distribution of Chinese pregnant women in the second trimester (n = 160)

Energy and nutrients DRIs Intake percentiles
EAR* RNI*/AI* uLs 10t 25 Median 75" gQ

Energy (kcal) - - - 1213.1 1505.1 1946 2418.7 3137.6
Fat (g) - - - 39.6 522 76.3 109.0 137.3
Protein (g) 60 - - 39.3 50.2 69.8 99.4 141.3
Carbohydrate (g) 130 - - 133.1 183.1 241.8 312.5 416.3
Fat (%TE)** - - - 20.9 28.6 36.4 44.8 53.6
Protein (%TE)** - - - 10.7 12.4 14.2 17.9 222
Carbohydrate (%TE)** - - - 33.2 415 50.9 59.6 69.3
Dietary fiber (g) - 25 - 6.6 8.2 13.2 19.7 27.3
Cholesterol (mg) - - - 82.2 192.6 438.9 709.5 1201.7
Vitamin A (ug, RAEN! 530 770 3000 127.5 197.1 343.3 589.9 1024.7
Retinal (ug)! - - 3000 26.5 87.5 199.5 363.0 745.0
Thiamin (mg) 1.1 1.4 - 0.5 0.7 1.0 1.5 22
Riboflavin (mg) 1.1 1.4 - 0.5 0.8 1.2 1.7 2.8
Niacin (mg NE) 10.0 12.0 35 7.3 10.7 15.5 22.0 32.8
Vitamin B, (mg) 1.9 22 60 0.5 0.7 1.1 1.5 1.9
Biotin (ug) - 40 - 22.0 28.0 40.2 58.8 92.2
Folic acid (ug DFE) 520 600 1000 94.3 147.5 264.1 490.1 713.1
Vitamin C (mg) 95 115 2000 23.8 64.9 111.7 187.7 262.3
Vitamin E (mg a-TE) - 14 700 4.9 7.9 11.9 19.6 273
Ca (mg) 810 1000 2000 236.9 392.4 659.3 1007.3 1314.2
P (mg) 600 720 3500 578.2 809.3 1086.2 1447.2 2027.0
K (mg) - 2000 - 1110.1 1567.6 2263.3 3209.6 3774.2
Na (mg) - 1500 - 984.1 2729.3 3888.1 5005.4 7056.6
Mg (mg) 310 370 - 141.8 209.5 305.5 399.2 602.2
Fe (mg) 19.0 24.0 40 11.9 15.7 21.7 32.2 50.0
Zn (mg) 7.7 9.5 40 5.8 8.2 11.6 15.9 21.3
Se (ug) 54 65 400 24.6 32.7 48.1 70.9 102.0
Cu (mg) 0.7 0.9 8 1.0 1.4 2.0 34 4.7
Mn (mg) - 4.9 11 2.2 3.2 5.0 7.0 8.5

*EAR: Estimated average requirement; "RNI: Recommended nutrient intake; *Al: Adequate intake; UL: Upper intake level. 'RAE: Retinol activity
equivalents. "The UL for Vitamin A is based on preformed Vitamin A (retinol). Assessment of the proportion of the population with intakes above
the UL is based on intakes of preformed Vitamin A rather than total RAEs. **%TE: Percentage of total energy; DRIs: Dietary reference intakes;

a-TE: Alpha-tocopherol equivalents.

daily supplementation, yet, the risk of over consumption
can be reduced.¥

The trend of folic acid intake drastically decreased from
the second trimester. This highest intake in the first
trimester could be mostly explained by the contribution
of supplements since 118 (74.7%) pregnant women in this
trimester reported to take folic acid supplements. Despite
this, the mean intake in each trimester was below the
RNI, thus it would be important to guarantee folic acid
supplements intake in addition to a large quantity of folic acid
dense food sources, like green leafy vegetables, whole-grain
products, and legume.

Finally, high sodium consumption was confirmed to
remain a public health issue. Mean intake of sodium
in this study (4500 mg/d) was greatly above the Al for
sodium (1500 mg/d). In addition to this result, equivalent of
11.5 g/day of salt consumption is very similar to the value
reported in the intermap study®! of 12 g/day in women,
which suggest that there are no relevant changes in sodium
intake spite of pregnancy. It is also similar to what has been

reported at the China NNHS 2002 (12.5 g/day)!”! which
suggests that in spite of the public health efforts, high sodium
consumption remains stable in urban China.

A large number of western studies have indicated a
positive association between socioeconomic status and diet
quality.?3 In our study, it was also found that education,
household income, prepregnancy BMI, and trimester
phasing were significantly associated with some of the
nutrient intakes. Pregnant women who consumed relative
higher folic acid were more likely to have acquired higher
education levels and greater household income, which
were consistent with other reports.**%! Pregnant women
with a higher prepregnancy BMI consumed significantly
less energy, fat, Vitamin C, and calcium during pregnancy
than women with a lower prepregnancy BMI contradicting
with previous reports from China,® but consistent with a
German study.P” It was evident that food intake patterns
were less often positively associated with BMI in women.[#
A possible reason would be that pregnant women with higher
prepregnancy BMI were educated by prenatal physicians
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Table 5: Energy and nutrient intakes distribution of Chinese pregnant women in the third trimester (n = 161)

Energy and nutrients DRIs Intake percentiles
EAR* RNI*/AI* uLs 10t 25 Median 75" gQ

Energy (kcal) - - - 1306.0 1564.2 2043.8 2564.6 3520.6
Fat (g) - - - 43.8 54.0 80.8 107.7 134.3
Protein (g) 75 - - 375 49.5 72.7 105.2 142.6
Carbohydrate (g) 130 - - 142.5 195.1 266.9 341.6 481.1
Fat (%TE)** - - - 22.4 27.7 35.1 433 50.3
Protein (%TE)** - - - 10.3 11.7 14.0 17.0 20.7
Carbohydrate (%TE)** - - - 37.8 44.8 51.6 61.2 67.2
Dietary fiber (g) - 25 - 5.2 8.2 13.6 19.8 27.6
Cholesterol (mg) - - - 60.9 159.4 399.9 707.3 1028.2
Vitamin A (ug, RAEN! 530 770 3000 90.2 203.7 353.6 625.6 973.5
Retinal (ug)! - - 3000 26.3 79.0 201.9 362.4 577.8
Thiamin (mg) 1.2 1.5 - 0.5 0.7 1.0 1.4 2.1
Riboflavin (mg) 1.2 1.5 - 0.5 0.8 1.2 1.7 2.4
Niacin (mg NE) 10 12 35 7.8 10.8 14.8 21.6 33.8
Vitamin B, (mg) 1.9 22 60 0.4 0.7 1.1 1.5 22
Biotin (ug) - 40 - 18.2 28.2 39.5 60.8 104.6
Folic acid (ug DFE) 520 600 1000 91.9 143.2 269.3 431.5 670.1
Vitamin C (mg) 95 115 2000 30.7 64.3 111.6 178 256.9
Vitamin E (mg a-TE) - 14 700 6.3 8.3 11.2 15.7 24.7
Ca (mg) 810 1000 2000 233.6 417.7 710.5 1008.8 1319.6
P (mg) 600 720 3500 582.2 858.0 1105.9 1572.1 2080.9
K (mg) - 2000 - 1133.0 1506.0 2312.4 3268.1 4081
Na (mg) - 1500 - 918.5 2544.8 3707.4 4748.9 6392.5
Mg (mg) 310 370 - 166.0 227.8 322.7 445.1 586.8
Fe (mg) 22 29 40 11.8 16.1 21.6 33.7 53.7
Zn (mg) 7.7 9.5 40 6.5 8.3 11.6 16 24.4
Se (ug) 54 65 400 20.0 30.5 51.0 66.3 97.5
Cu (mg) 0.7 0.9 8 0.9 1.4 2.1 2.9 4.4
Mn (mg) - 4.9 11 2.5 3.6 5.3 6.9 10.9

*EAR: Estimated average requirement; "/RNI: Recommended nutrient intake; *Al: Adequate intake; SUL: Upper intake level. IRAE: Retinol activity
equivalents; "The UL for Vitamin A is based on preformed Vitamin A (retinol). Assessment of the proportion of the population with intakes above the
UL is based on intakes of preformed Vitamin A rather than total RAEs. **%TE: Percentage of total energy; DRIs: Dietary reference intakes.

Table 6: Multiple linear regression between energy and nutrients and pregnant women’s demographic characteristics

Energy and Trimester Prepregnancy BMI Household income Education
nutrients y; 95% CI V; 95% CI V; 95% CI y; 95% CI
Energy (kcal) 11557  14.463,216.678 —169.894  —312.396,-27.391

Protein (g) 5204 0.303,10.106

Fat (g) 8512  —15.752,-1.271

Carbohydrate (g) 18.627 3.497, 33.757

Vitamin A (ug, RAE)  118.942  20.489, 217.395

Niacin (mg NE) 1.593 0.413,2.774

Folic acid (ug DFE) 57.147 11.414,102.88  87.321  20.263, 154.379
Vitamin C (mg) 15.077  0.752,29.402 —23.469 —44.14,-2.798

Ca (mg) 94.846  32.904,156.789  —101.168  —188.471,-13.865

P (mg) 93.52  26.736, 160.304

K (mg) 220.971  81.15,360.793

Mg (mg) 28.597  7.319,49.876

Zn (mg) 0.878 0.112, 1.644

[: Regression coefficient; CI: Confidence interval; BMI: Body mass index; RAE: Retinol activity equivalents.

to cautiously prevent excessive gestational weight gain BMI of >25 kg/m? were more likely to underreport their
through diet control in order to have an easier delivery. energy intake during early pregnancy (12-20 weeks)
However, an Irish study reported pregnant women with a  comparing with that of a BMI <25 kg/m? (odds ratio: 4.4,
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95% confidence interval: 2.5-7.7).5 A causal association
needs to be explored by further research.

The subjects of this study were recruited from eight major
cities located in different regions of China including the most
developed cities. Therefore, the results should reasonably
reflect the contemporary diet of pregnant women in urban
China. A major limitation of this study is that the information
on food was collected using a single 24-h dietary recall.
Although 1-day 24-h dietary recall is sufficient to provide
estimates of the average nutrient intakes of a large sample
and to characterize the intakes to a certain extent,*’! there
are random errors due to day-to-day variation in individual
diets which could lead to over or underestimation. The most
appropriate way to estimate the prevalence of inadequate
intakes of a population is to obtain the usual intakes of
the population and use EAR cut-point method based on
the distribution of intakes.*!! While we have identified a
few significant issues with nutrient intakes in the diets, it
is not possible to conclude with certainty that the other
nutrients are consumed in adequate amounts, due to this
limitation of using 1-day of intake. Secondly, similar to
most epidemiological nutritional surveys, the reliability of
food intake data based on self-reported information may
have some limitations. Although investigators explained
food portion sizes, participants still may not have been able
to estimate them accurately enough. And this may lead to
some inaccurate results. Finally, the cross-sectional nature
of the study hampers the drawing of conclusions on any
causal inferences between socioeconomic level, gestational
situation, and dietary intakes.

In conclusion, current nutrient intake of urban pregnant
women in China is imbalanced when compared with
national DRIs. Intake of energy derived from fat is
excessive. Mean and median intakes of Vitamin A, B,
calcium, magnesium, and selenium are below Chinese
RNI and EAR in all three trimesters. Adequate folic acid
intake has been fulfilled for most pregnant women in the
first trimester but significantly decreases in the second and
third trimester. The shortfall in iron intake was found in
the third trimester while some women may be at the risk of
over consumption. Intakes of thiamin met RNI in the first
trimester but were below EAR in all trimesters. Based on
a single day dietary recall, we cannot determine that these
nutrients are inadequate; however, if pregnant women
expose themselves to a long-term nutrient imbalance, the
risk of malnutrition may increase and they may compromise
the health of their fetus and their own. Further research
in rural areas and a longer period of dietary assessment
to determine usual nutrient intakes would be relevant to
confirm the situation among pregnant women in China.
Researchers, healthcare providers, and public authorities
need to collaborate to place great emphasis on promoting
the DRI guidelines more effectively with the public and
nutrition research with particular focus on food habits and
how they can be influenced to achieve a more nutrient
adequate diet for pregnant women.

ACKNOWLEDGMENTS

Gratitude is from the authors to the participants who have
volunteered for this study. Wen-Jun Li (Nestle Nutrition Institute,
China), and Jun-Kuan Wang (Nestle Research Center) for their
advice in the study design definition, and Qiao-Ji Li (Nestle
Research Center) for study monitoring and documentation support.
The authors also extend gratitude to the School of Public Health
of Peking University’s project staff for their efforts in high-quality
dietary data collection. The authors finally would like to thank
Ignatius M.Y. Szeto, Kai Yu, and Liya Denney for comments on
an earlier draft.

REFERENCES

1. Victora CG, Adair L, Fall C, Hallal PC, Martorell R, Richter L, et al.
Maternal and child undernutrition: Consequences for adult health and
human capital. Lancet 2008;371:340-57.

2. Stephenson T, Symonds ME. Maternal nutrition as a determinant of
birth weight. Arch Dis Child Fetal Neonatal Ed 2002;86:F4-6.

3. Sukchan P, Liabsuetrakul T, Chongsuvivatwong V, Songwathana P,
Sornsrivichai V, Kuning M. Inadequacy of nutrients intake among
pregnant women in the deep south of Thailand. BMC Public Health
2010;10:572.

4. Lail,Yin S, Ma G, Piao J, Yong X. The nutrition and health survey of
pregnant women in China. Acta Nutrimenta Sin 2007;29:4-8.

5. Wang LD. Report of the Chinese National Nutrition and Health
Survey-2002 Summary. Beijing: People’s Medical Publishing House;
2005.

6. Cheng, Dibley MJ, Zhang X, Zeng L, Yan H. Assessment of dietary
intake among pregnant women in a rural area of western China. BMC
Public Health 2009;9:222.

7. Wang L, Zhong S, Ning Y. Dietary survey and nutritional evaluation
of 169 third trimester of pregnant women. JPMT 2006;13:2481-3.

8. Chinese Nutrition Society. Chinese Dietary Reference Intakes
Handbook (2013). 1% ed. Beijing: China Standards Press; 2014.

9. Ma D, Szeto IM, Yu K, Ning Y, Li W, Wang J, et al. Association
between gestational weight gain according to prepregnancy body
mass index and short postpartum weight retention in postpartum
women. Clin Nutr 2015;34:291-5.

10. Liu FL, Ning YB, Ma DF, Zheng YD, Yang XG, Li WI, et al.
Prevalence of self-reported allergy, food hypersensitivity and food
intolerance and their influencing factors in 0-36 months old infants in
8 cities in China (in Chinese). Chin J Pediatr 2013;51:801-6.

11. Li L. Epidemiology. 6™ ed. Beijing: People’s Medical Publishing
House; 2010.

12. National Institute for Nutrition and Food Safety of Chinese Center
for Disease Control and Prevention. Chinese Food Composition
Table 2004. Beijing: Pecking University Medical Press; 2005.

13. National Institute for Nutrition and Food Safety of Chinese Center
for Disease Control and Prevention. Chinese Food Composition
Table 2009. 2 ed. Beijing: Pecking University Medical Press; 2009.

14. The Council for Science and Technology, Ministry of Education CSSA.
Standard Tables of Food Composition in Japan. Japan; 2010.

15. Institute of Medicine. Dietary Reference Intakes: Applications in
Dietary Assessment. Washington, D.C.: The National Academies;
2000.

16. Koletzko B, Bauer CP, Bung P, Cremer M, Flothkétter M, Hellmers C,
et al. German national consensus recommendations on nutrition and
lifestyle in pregnancy by the ‘Healthy Start-Young Family Network’.
Ann Nutr Metab 2013;63:311-22.

17. Butte NF. Energy requirements during pregnancy and consequences
of deviations from requirement on fetal outcome. Nestle Nutr
Workshop Ser Pediatr Program 2005;55:49-67.

18. Human energy requirements: Report of a joint FAO/WHO/UNU
expert consultation. Food Nutr Bull 2005;26:166.

19. Yin S. Chinese women’s nutrition and health (women of childbearing
age, pregnant women and lactating mother): Chinese Nutrition and
Health Survey in 2002. Beijing: People’s Medical Publishing House;
2008.

.Chinese Medical Journal | July 5,2015 | Volume 128 | Issue 13




20.

21.

22.

23.
24.

25.
26.

27.
28.
29.

30.

31.

32.

33.

Blumfield ML, Hure AJ, Macdonald-Wicks L, Smith R, Collins CE.
Systematic review and meta-analysis of energy and macronutrient
intakes during pregnancy in developed countries. Nutr Rev
2012;70:322-36.

Wang J, Zhao L, Piao J, Zhang J, Yang X, Yin S. Nutrition and health
status of pregnant women in 8 provinces in China (in Chinese). ] Hyg
Res 2011;40:201-3.

Chinese Nutrition Society. Dietary guideline for Chinese residents.
Tibet: The Tibet People’s Publishing House; 2008.

General Administration of Sport of China. Report on National
Physical Fitness Surveillance. Beijing: People’s Sports Publishing
House of China; 2010.

Shao X, Xue Y, Ning Y, Zhao A, Yang T, Ma D, et al. The impact
of social factors on healthy lactating women’s delivery modes and
relevant countermeasures. Guide China Med 2013;28:5-7.

Ye P, Zhu J, Yang Z. Maternal obesity and risk of macrosomia: A
meta-analysis. Prog Mod Biomed 2009;9:2872-5.

Darnton-Hill I, Mkparu UC. Micronutrients in pregnancy in low- and
middle-income countries. Nutrients 2015;7:1744-68.

Lee SE, Talegawkar SA, Merialdi M, Caulfield LE. Dietary intakes
of women during pregnancy in low- and middle-income countries.
Public Health Nutr 2013;16:1340-53.

McGowan CA, McAuliffe FM. Maternal dietary patterns and
associated nutrient intakes during each trimester of pregnancy. Public
Health Nutr 2013;16:97-107.

Blumfield ML, Hure AJ, Macdonald-Wicks L, Smith R, Collins CE.
A systematic review and meta-analysis of micronutrient intakes
during pregnancy in developed countries. Nutr Rev 2013;71:118-32.
McGuire S. WHO Guideline: Vitamin A supplementation in
pregnant women. Geneva: WHO, 2011; WHO Guideline: Vitamin A
supplementation in postpartum women. Geneva: WHO, 2011. Adv
Nutr 2012;3:215-6.

Hofmeyr GJ, Duley L, Atallah A. Dietary calcium supplementation
for prevention of pre-eclampsia and related problems: A systematic
review and commentary. BJOG 2007;114:933-43.

Hofmeyr GJ, Lawrie TA, Atallah AN, Duley L. Calcium
supplementation during pregnancy for preventing hypertensive
disorders and related problems. Cochrane Database Syst Rev
2010;8:CD001059.

Recommendations to prevent and control iron deficiency in the

34.

35.

36.

37.

38.

39.

40.

41.

United States. Centers for Disease Control and Prevention. MMWR
Recomm Rep 1998;47:1-29.

Milman N, Bergholt T, Eriksen L, Byg KE, Graudal N, Pedersen P,
et al. Tron prophylaxis during pregnancy — How much iron is
needed? A randomized dose- response study of 20-80 mg ferrous
iron daily in pregnant women. Acta Obstet Gynecol Scand
2005;84:238-47.

Zhou BF, Stamler J, Dennis B, Moag-Stahlberg A, Okuda N,
Robertson C, et al. Nutrient intakes of middle-aged men and women
in China, Japan, United Kingdom, and United States in the late 1990s:
The INTERMAP study. J Hum Hypertens 2003;17:623-30.
Murakami K, Miyake Y, Sasaki S, Tanaka K, Ohya Y, Hirota Y, et al.
Education, but not occupation or household income, is positively
related to favorable dietary intake patterns in pregnant Japanese
women: The Osaka Maternal and Child Health Study. Nutr Res
2009;29:164-72.

Bergmann MM, Flagg EW, Miracle-McMahill HL, Boeing H.
Energy intake and net weight gain in pregnant women according
to body mass index (BMI) status. Int J Obes Relat Metab Disord
1997;21:1010-7.

Togo P, Osler M, Serensen TI, Heitmann BL. Food intake patterns
and body mass index in observational studies. Int J Obes Relat Metab
Disord 2001;25:1741-51.

McGowan CA, McAuliffe FM. Maternal nutrient intakes and levels
of energy underreporting during early pregnancy. Eur J Clin Nutr
2012;66:906-13.

Hébert JR, Hurley TG, Steck SE, Miller DR, Tabung FK, Peterson KE,
et al. Considering the value of dietary assessment data in informing
nutrition-related health policy. Adv Nutr 2014;5:447-55.

Murphy SP, Poos MI. Dietary reference intakes: Summary of
applications in dietary assessment. Public Health Nutr 2002;5:843-9.

Received: 27-01-2015 Edited by: Li-Min Chen

How to cite this article: Liu FL, Zhang YM, Parés GV, Reidy KC,
Zhao WZ, Zhao A, Chen C, Ning CY, Zheng YD, Wang PY. Nutrient
Intakes of Pregnant Women and their Associated Factors in Eight Cities
of China: A Cross-sectional Study. Chin Med J 2015;128:1778-86.

Source of Support: Nil. Conflict of Interest: None declared.

Chinese Medical Journal | July 5, 2015 | Volume 128 | Issuc 13 I




