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Abstract

Objective

Objectives of this study were 1) to investigate the mineral intake by Chinese lactating

women, 2) to explore the dietary source of minerals, and 3) the ratios between different die-

tary minerals.

Methods

A total of 468 lactating women in 5–240 days post-partum participated in this study. Food

intakes by participants were measured using one time of 24-hour dietary recall, and miner-

als from food were calculated based on the Chinese Food Composition Table, second

edition.

Results

In post-partum, women had inadequate food intake. 81.0% of women’s daily intake of dairy

products was lower than 300g, and 97.1% of women’s daily intake of salt over 6g. For min-

eral intake, there were 81.8%, 59.0%, 47.6%, 45.7% and 66.8% of women’s calcium, mag-

nesium, iron, zinc and selenium intake lower than the estimated average requirement,

respectively, and 91.7% of women’s excessive intake of sodium. The calcium/phosphorus

and sodium/potassium ratios were 0.41±0.26/1 and 3.13±2.89/1, respectively. Considering

the dietary sources of minerals, 27.3%, 25.3% and 30.1% of iron, zinc and calcium were

from animal-based food, respectively, and 60.3%, 66.1% and 58.0% of iron, zinc and cal-

cium were from plant-based food, respectively. The phosphorus-protein ratio was 0.014

±0.003/1. Lactation stage was associated with nutrient intake. Women within 30 days post-

partum and the ones who live in Guangzhou had a significantly lower intake of certain min-

erals, while women with a high education experience had a high intake of calcium,
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potassium, iron and zinc. Productive age, whether obese or not, and delivery ways were not

associated with mineral intakes (P all >0.05).

Conclusion

Chinese women in three studied cities had an inappropriate food intake and resulted in both

insufficient and excessive intakes of certain minerals.

Introduction
Minerals are essential micronutrients for growth, development, and maintenance of healthy
tissues. However, it has been reported that both in developed and developing countries there
are a large part of lactating women did not meet the recommended mineral intake[1]. The long
term insufficient intake of minerals may lead to bone demineralization, weaken the hemopoi-
etic system and even life-threatening consequences [2]. In addition, some studies revealed that
nursing mothers with mineral deficiency were more at risk to have low minerals’ contents in
their breast-milk, which might affect early development of infants[3].

In China, a prevalent cultural practice in post-partum which includes a series of prescribed
behaviors is adopted for the consideration of convalescence. The practice defined lots of
“should do” activities, such as eating certain foods (the diet contains lots of poultry meat, eggs,
and red sugar) and a number of “should not do” behaviors, such as bathing, lifting heavy
objects and doing outdoor activities[4]. Although several studies have reported some foods in
this practice are good for certain aspects of women’s recovery[5], one study in rural China sug-
gested such a dietary pattern might lead to an insufficient intake of calcium during lactation
[6]. For other minerals, whether the Chinese food habits during lactation can meet basic daily
requirements or not are still unknown. In addition, food source and mineral to mineral interac-
tion were directly related to the absorption of certain minerals[7]. Chinese traditional diet pat-
tern was plant-based, which might influence the bioavailability of iron, calcium and zinc in the
diet [7]. The ratios of certain minerals intake like calcium and phosphorus are also proved to
can affect the bioavailability of calcium and even lead to health consequence [8–10]. This study
was designed to measure the minerals’ intakes during lactation, to explore the dietary sources
of minerals, and the ratios between different minerals.

Materials and Methods

Subjects
This study is part of the Maternal Infant Nutrition and Growth Study (MING Study) which is
a cross-sectional survey carried out in 8 Chinese cities from August of 2011 to March of 2012.
Studied lactating women were selected from 3 of the 8 cities (Beijing, Suzhou and Guangzhou)
using a purposive sampling method (Beijing, Suzhou and Guangzhou were located in the
north, middle and south of China respectively). One hospital and one community based mater-
nal and child health care center were randomly selected in each city through a computer-gener-
ated hospitals list. Participants in each lactation stages were convenient recruited according to
their visiting time until the number of participants satisfied the sample size. Finally 468 lactat-
ing women (Beijing, N = 168; Suzhou, N = 150 and Guangzhou, N = 150) during 5–240days
post-partum (5–11days, N = 38; 12–30days, N = 90, 31–60days, N = 60, 61–120days, N = 100,
121–180days, N = 90 and 181–240-days, N = 90) were qualified and volunteered to participated
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in this study. The women were included with the following criteria: at the age of 18–45 years
old, without metabolic diseases (diabetes, hypertension, hyperthyroidism and hypothyroid-
ism), without using any hormone in recent three months and gave birth to a healthy full-term
infant. The women who had post-partum depression were excluded. The women in 0–4 days
post-partum were not involved in this study in order to minimize the influence on food intake
by labor and hospital diet.

Data collection
Data were collected from lactating women by trained interviewers using an interviewer-admin-
istered questionnaire with regard to demographic factors. Training of the interviewers, initial
site survey, and preliminary questionnaire testing were completed prior to data collection.

One time 24-hour dietary recall was used to obtain the data of food intake. The standard
bowls, plates and spoons were used for helping quantification of food consumption. Mineral
compositions including calcium (Ca), phosphorus (P), potassium (K), sodium (Na), magne-
sium (Mg), iron (Fe), zinc (Zn), selenium (Se), copper (Cu) and manganese (Mn) and their die-
tary sources were analyzed based on the Chinese Food Composition Table second edition and
the nutrient composition table on the food packaging[11]. The average intake amounts of the
following foods in the previous 6 months were also estimated using semi-quantitative food fre-
quency questionnaire: 1) grains, 2) vegetables, 3) fruits, 4) meat, 5) fish and shrimps, 6) eggs, 7)
legumes, 8) nuts, 9) fats, and oils.

Weight and height were measured and used to calculate body mass index (BMI).
BMI<18.5, 18.5–23.9, 24–27.9 and�28kg/m2 were considered as underweight, normal weight,
over weight and obesity respectively according to Chinese BMI standard.

Statistics
SPSS version 20.0 (SPSS Inc., Chicago, IL, USA) was used for analysis. Minerals intakes were
compared with Chinese Dietary Reference Intakes (DRIs, 2013)[12]. The food average intakes
were compared with the recommended daily food intake based on the Chinese balanced dietary
pagoda[13]. Normality was tested for each data before analysis. Values were presented as Mean
± SD, Median (25th,75th) or percentage. ANOVA and Chi-square analysis were used to com-
pare demographic characters among women in different cities. Linear regression (with Enter
method) was used to explore the potential factors(living cities, productive age, delivery ways,
education experience and BMI) associated with minerals intake. Statistically significant differ-
ence in this study was set to P value<0.05.

Ethics
This study was conducted according to the guidelines laid down in the Declaration of Helsinki
and all procedures involving human participants were approved by the Medical Ethics
Research Board of Peking University (NO.IRB00001052-11042). Written informed consent
was obtained from all patients.

Results

Basic information
A total of 468 women in the 5–240days post-partum participated in the study. The demo-
graphic characteristics of lactating women among three cities were shown (Table 1). Lactating
women in Beijing had a higher age, BMI and caesarean section rate, while had a higher educa-
tion experience comparing with women in Suzhou and Guangzhou.
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Dietary intake
Compared with the recommendation of Chinese Balanced Dietary Pagoda, only a small pro-
portion of women could consume appropriate amount of each group of food, especially for
dairy products and salt(Table 2).

Table 1. Comparison of demographic characteristics of lactating women among three cities of China.

Variables Total Area

Beijing Suzhou Guangzhou P

Productive age

Mean±SD y* 27.7±4.0 28.4±3.3 26.9±4.2 27.6±4.3 0.023

< 25 y 126(56.8) 26(15.8) 55(37.2) 45(30.6) 0.001

25–30 y 106(23.0) 95(57.6) 61(41.2) 65(44.2)

>30 y 93(20.2) 44(26.7) 32(21.6) 37(25.2)

BMI

Mean±SD kg/m2* 23.2±3.1 24.1±3.2 23.3±3.0 22.2±2.9 <0.001

Under weight 24(5.1) 8(4.8) 7(4.7) 9(6.0) <0.001

Normal weight 255(54.6) 74(44.3) 77(51.3) 104(69.3)

Over weight 152(32.5) 63(37.7) 58(38.7) 31(20.7)

obesity 36(7.7) 22(13.2) 8(5.3) 6(4.0)

Nationality 0.094

Han 448(95.7) 158(94.0) 148(98.7) 142(94.7)

Others 20(4.3) 10(6.0) 2(1.3) 8(5.3)

Delivery ways 0.003

Caesarean section 217(46.7) 91(54.2) 74(49.3) 53(35.3)

Vaginal delivery 248(53.3) 77(45.8) 76(51.7) 97(64.7)

Education experience <0.001

Senior high or under 262(56.8) 26(15.8) 55(37.2) 45(30.6)

Bachelor degree 106(23.0) 95(57.6) 61(41.2) 65(44.2)

Master or above 93(20.2) 44(26.7) 32(21.6) 37(25.2)

* Presented as Mean±SD and analyzed with ANOVA and other data were presented as N,% and analyzed with the method of Chi-square.

doi:10.1371/journal.pone.0146483.t001

Table 2. The daily intake of different food groups by lactating women in three cities of China.

Food categories N Intakeamount(g) Median(25th,75th) Low intake (%) a Appropriate intake (%)a High intake (%)a

Grains 449 320.0(241.5,431.4) 61.2 15.6 23.2

Vegetables 448 390.0(200.0,500.0) 44.6 34.8 20.5

Fruits 440 200.0(100.0,400.0) 43.2 35.5 21.4

Meat, fish &eggs 449 188.6(118.0,290.0) 53.7 22.9 23.4

Dairy products 342 200.0(71.4,250.0) 81.0 15.8 3.2

legumes & nuts 360 10.0(4.0,21.4) 83.9 8.9 7.2

Oils 446 28.0(21.0,35.0) 37.7 34.8 27.6

Salt 444 19.0(6.0,10.0) 2.9 97.1

a In comparison of food consumptions with Chinese Balanced Dietary Pagoda for lactating women, low intake, appropriate intake, and high intake for

each food group are defined as:<350g, 350~450g, and >450g for grains; <300g, 300~500g, and >500g for vegetables; <200g, 200~400g, and >400g for

fruits; <200g, 200~300g, and >300g for meat, fish and eggs; <300g, 300~500g, and >500g for dairy products; <40g, 40~60g, and >60g for legumes and

nuts; <25g, 25~30g, and >30g for oils. For salt, �6g defined as appropriate intake, while >6g defined as high intake.

doi:10.1371/journal.pone.0146483.t002
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Nutrients intake
Compared to recommendation in DRIs, insufficient intake and excessive intake of nutrients
were both shown in the sampled subjects (Table 3). More than 50% of women insufficient
intake of Ca, Mg and Se, while over 90% of women excessive intake of Na. The calcium-phos-
phorus (Ca/P) ratio in this study was 0.41±0.26/1 and the sodium-potassium (Na/K) ratio was
3.13±2.89/1.

Source of minerals
For the dietary source of minerals, the study indicated that most of Ca intake was plant food,
only a small proportion of Ca was from nutrient supplements and fortified food and 25.3% and
38.0% of dietary Fe and Zn respectively were obtained from animal origin (Fig 1). Additionally,

Table 3. Dietary minerals intake by lactating women in three cities of China and comparison with Chinese Dietary Reference Intakes (estimated
average requirement, EAR; recommended nutrient intake, RNI; adequate intake, AI, tolerable upper intake level, UL and proposed intakes for pre-
venting non-communicable chronic disease, PI-NCD; N = 468).

Minerals Mean SD 25th Media (50th) 75th <EARa% <RNI/AIb% >UL/PI-NCDc%

Calcium (mg) 512.6 416.6 246.6 391.5 661.7 81.8 89.5 1.1

Phosphorus (mg) 1076.9 541.0 682.2 964.4 1363.5 16.0 29.1 0.2

Potassium (mg) 1881.7 1070.4 1106.2 1682.2 2374.1 - 75.9 7.3

Sodium (mg) 4462.8 3275.0 3178.2 3854.7 4972.8 - 6.4 91.7

Magnesium (mg) 290.7 185.7 169.7 247.1 366.1 59.0 68.6 -

Iron (mg) 22.1 14.4 13.4 18.9 26.1 47.6 69.0 7.1

Zinc (mg) 11.6 6.1 7.2 10.5 14.0 45.7 61.9 0.4

Selenium (μg) 61.2 49.1 31.3 48.1 75.3 66.8 76.5 0.0

Copper (mg) 1.95 1.46 1.08 1.50 2.42 25.9 42.4 1.1

Manganese(mg) 5.19 5.83 2.99 4.10 6.04 - 60.2 4.3

a The EAR of calcium, phosphorus, magnesium, iron, zinc, selenium and copper were 810mg/d, 600mg/d, 280mg/d, 18mg/d, 9.9mg/d, 65μg/d and 1.1mg/

d respectively.

b The RNI of calcium, phosphorus, magnesium, iron, zinc, selenium and copper were 1000mg/d, 720 mg/d, 330 mg/d, 24 mg/d, 12 mg/d, 78 μg/d and 1.4

mg/d respectively. The AI of manganese, sodium and potassium were 4.8mg/d, 1500mg/d and 2400mg/d respectively.

c The UL of calcium, phosphorus, potassium, iron, zinc, selenium, copper and manganese were 2000 mg/d, 3500 mg/d, 3600 mg/d, 42 mg/d, 40 mg/d,

400 μg/d, 8.0 mg/d and 11 mg/d, respectively. The PI-NCD of sodium was 2000mg/d.

doi:10.1371/journal.pone.0146483.t003

Fig 1. The dietary sources of calcium, iron and zinc in Chinese Lactating women (N = 468, Others included condiments and drinks).Calcium The
percentage of each source of calcium intake; Iron The percentage of each source of iron intake; Zinc The percentage of each source of zinc intake.

doi:10.1371/journal.pone.0146483.g001
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a great part of P was in its inorganic form, and the phosphorus-protein (P/Pro) ratio was 0.014
±0.003/1 (the average daily protein intake by this population was 78.9 ± 46.2g).

Factors effect on nutrients intake
Factors might affect minerals intake were analyzed by linear regression model. Variables of
areas defined as 1 = Beijing, 2 = Guangzhou, and 3 = Suzhou; lactation stages defined as 1 =
5–11days, 2 = 12–30days, 3 = 31–60days,4 = 61–120days, and 5 = 121–240days; age defined as
1 = under 25y, 2 = 25–29.9y, and 3 = 30y or above; BMI defined as 1 = underweight, 2 = normal
weight, 3 = overweight and 4 = obesity; delivery ways defined as 1 = vaginal delivery and 2 = cea-
sarean section and education experience defined as 1 = senior high school or under, 2 = bachelor
degree, and 3 = master degree or above. Area differences were showed in Ca, K, Mg, Fe and Cu;
while Ca, P, K, Mg, Zn, Cu and Mn were showed had time differences. Education experience
were linear associated with minerals intakes of Ca, P, K, Fe and Zn. Productive age, obesity or
not and delivery ways were not associated with minerals intakes (Table 4). According to
ANOVA analysis and LSD post hoc analysis, Lactating women within 5–30days post-partum
had significantly lower minerals intake and there were no significant differences of minerals
intake among other lactation stages (Fig 2). Considering living cities, lactating women in
Guangzhou had a significant lower intake of Ca, K, Mg, Fe and Cu (Table 5). Lactating women
who had a master or above degree education experience had a higher intake of Ca, K, Fe and
Zn (P all<0.05).

Discussion
The requirements for minerals during lactation period are quantitatively greater than those
during pregnancy and recommendation level for adults, therefore lactation poses a significant
threat to maternal mineral homeostasis[14]. Previous studies reported a high prevalence of
mineral deficiencies in lactating women, particularly in women with chronically low dietary
minerals intakes[15]. The current study has supported and extended previous findings by dem-
onstrating that Chinese women during lactation had an inappropriate food intake, and
although the intake of some minerals has been improved, women still faced the nutrition prob-
lems of both insufficient and excessive intake of certain minerals.

One of the most concerned nutrition problems in Chinese lactating women was the low
intake of Ca. The average daily Ca intake by the studied population was only 512.6mg, which

Table 4. Linear regression of factors associated with minerals intake.

Minerals Area Lactation Stage Productive age BMI Delivery ways Education
experience

t P t P t P t P t P t P

Calcium -3.299 0.001 4.881 <0.001 0.903 0.182 -0.434 0.664 0.218 0.827 3.092 0.002

Phosphorus -1.122 0.262 3.990 <0.001 0.074 0.818 0.613 0.541 -1.195 0.233 2.072 0.039

Potassium -2.150 0.032 5.265 <0.001 0.917 0.209 -0.404 0.686 -0.602 0.548 2.812 0.005

Sodium -0.958 0.338 1.933 0.054 -0.862 0.534 0.195 0.846 -1.110 0.268 1.314 0.190

Magnesium -2.825 0.005 4.626 <0.001 0.704 0.367 0.347 0.729 -0.298 0.776 1.447 0.149

Iron -2.143 0.033 2.263 0.024 -0.128 0.797 0.624 0.533 0.752 0.452 2.671 0.008

Zinc 0.585 0.559 3.593 0.001 0.279 0.538 0.076 0.939 0.241 0.809 2.429 0.018

Selenium -1.086 0.278 -0.075 0.940 0.240 0.995 0.682 0.496 -0.456 0.649 0.144 0.885

Copper -3.352 0.001 3.854 <0.001 1.233 0.147 -1.018 0.309 1.271 0.204 1.499 0.135

Manganese -1.347 0.179 2.791 0.005 0.565 0.561 -0.986 0.325 0.523 0.601 -0.038 0.970

doi:10.1371/journal.pone.0146483.t004

Mineral Intake of Chinese LactatingWomen

PLOSONE | DOI:10.1371/journal.pone.0146483 January 5, 2016 6 / 10



was slight higher than the result performed in the rural areas of China (493mg/d)[6]. However
it was far lower than the studies in other countries [16, 17]. Diet with low intake of dairy prod-
ucts accounts for the inadequate intake of Ca. In this study, over 80% of women could not
intake sufficient dairy products. When dietary Ca intake was insufficient, Ca supplement was
encouraged during lactation[18]. However, in this study only 2.7% of Ca was from nutrient
supplements or fortified foods. Actually, the requirement for Ca during lactation is greater
than any other adult life periods. Metabolic adjustments may occur in lactation to ensure that
Ca is conserved and channeled to the breast for milk production. We estimated that the daily
excretion of Ca from breast-milk was around 200 mg (MING study reported the Ca concentra-
tion in breast milk was around 250mg/kg[19], and infants of 0–8month old consumed around
0.8kg breast milk per day[20]), which was a substantial proportion of dietary Ca intakes in this
study. In addition, we also found a high intake of P with a high absorptivity (Most of P were in
inorganic form). The high P intake may not only lead to hyperphosphatemia but also consider-
ably affect the Ca absorption and result in osteodystrophy[8]. The previous studies showed a
high dietary Ca/P ratio was positively related to bone mass density[9, 10].The intake of Ca/P
ratio in this study was only 0.41±0.26/1. The low intake of Ca/P ratio might aggravate the Ca
deficiency in lactating women. In conclusion, an insufficient intake of dietary Ca without inclu-
sion of Ca supplement, accompanied with a low Ca/P ratio, lactating women in studied cities
might face a risk of Ca deficiency.

Fig 2. The changes of minerals intake of lactating women through different lactation stages (N = 468,
* significant differences compared with other lactation stages). (a) Lactating women in 5–11days and
12–30days postpartum had a significant lower intake of calcium, phosphorus, potassium and magnesium
comparing women in the 31–60day, 61–120days and 121–240days post-partum.(b)Lactating women in
5–11days and 12–30days postpartum had a significant lower intake of zinc, copper, manganese and iron
comparing women in the 31–60day, 61–120days and 121–240days post-partum.

doi:10.1371/journal.pone.0146483.g002
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Another nutrition concern in this studied population was the high Na intake with an insuffi-
cient intake of K. Na and K are important electrolytes for human body to maintain blood pres-
sure, adjust extracellular fluid capacity and constitute extracellular fluid osmotic pressure. All
of the hypernatremia, hyponatremia, hyperkalemia and hypokalemia can seriously affect
human health[21]. This study indicated that the dietary Na/K ratio was 3.13±2.89/1. The simi-
lar ratio was reported in a study performed in Zhejiang province, China[22]. And in some
Asian counties, like Korea, which also reported a high Na intake (around 4.7g/d), while K
intake was higher than our finding (K intake was around 2.9g/d and the Na/K ratio was 1.7:1)
[23]. The major dietary Na source in China was salt. Huang et al. reported that in Zhejiang
province, China, there was 82% of Na from salt [22]. This study identified 97.1% of women
daily intake salt over 6 g. The high ratio of Na and K in this study might imply a series of health
consequences such as obesity, renal stones, osteoporosis and stomach cancer[24].

The current study found the intakes of Fe and Zn in Chinese lactating women were
improved. The intake amount of Fe and Zn were higher than the reported level in another
study[6]. Considering the nutrient source, 25.3% of Fe was obtained from animal origin, which
was also higher than the previous report (13.78% in Chinese adults)[25]. However, it’s worth
noting that studied Chinese lactating mothers still face the threat of insufficient intake of Fe
and Zn, because of nearly half of the studied subjects intakes of Fe and Zn lower than EAR.

This study also indicated that women within 5–30days post-partum had a significant lower
nutrients intake. This result might be due to the special Chinese ritual within 30days post-par-
tum. Although the traditional Chinese diet in post-partum was believed can restore maternal
post-partum health and prevent future disease[26]. And some of the certain food intake in
post-partum like chicken soup was proved can improve nursing performance[5]. However this
study revealed that traditional Chinese diet in post-partum might also lead threat to nutrition
deficiencies. The diversity of food intake was also found among cities and women with different
education experience. These results suggested nutritional education should be conducted to
lactating women and should be in accordance with local food habit.

Limitation
Because of the cross-sectional design, inherent limitations of this study were unavoidable. And
this survey was carried out through summer to winter. The seasonality in food consumption

Table 5. Differences of minerals intake of lactating women among different cities in China.

Minerals intake

Beijing N = 168 Suzhou N = 150 Guangzhou N = 150

Calcium (mg) 553.9±426.4 592.5±469.9 386.4±308.1*

Phosphorus (mg) 1050.4 ±496.6 1234.8±580.2 948.7±511.7

Potassium (mg) 1868.7±959.5 2203.5±1148.2 1574.3±1020.3*

Sodium (mg) 4922.9±4351.9 3872.3±2737.9 4538.0±2073.0

Magnesium (mg) 299.4±214.7 337.0±162.4 234.6±156.9*

Iron (mg) 23.3±16.0 24.3±15.2 18.7±10.8*

Zinc (mg) 10.8±5.1 13.3±6.8 10.9±9.2

Selenium (μg) 59.6±39.7 74.1±57.4 50.2±46.7

Copper (mg) 2.09±1.56 2.19±1.54 1.56±1.16*

Manganese(mg) 4.93±6.42 6.37±7.19 4.32±2.53

*Post hoc LSD test shows lower intake of minerals compared with other cities.

doi:10.1371/journal.pone.0146483.t005
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might exist, especially in northern city such as Beijing. However, we inferred this variation was
very limited, because of all the participants were from urban areas and had good food diversity.

For the methodology, one time 24 hours dietary recall was used in this study to measure the
food intake and estimate the minerals intake levels on a daily basis. Although a three-days or
seven-days dietary recall were better to measure the daily variance of food intake, one time of
dietary recall used in this study can also present the daily minerals intake by lactating women,
because of the food intake by Chinese lactating women were usually homogeneous by the food
restriction of the traditional culture. In addition, although standard bowls, plates and spoons
were used for helping quantification of food consumption, recall bias might still exist.

In this study we did not obtain blood or hair samples from participants, the nutrient defi-
ciency rate in lactating women were unknown. In addition, whether the low intake of calcium
will result in the bone calcium loss or not could not been known. Further studies will be still
needed to explore the short term and long term effects of mineral intake on health of Chinese
lactating women.

Conclusion
Based on the results in this study, multiple nutrition concerns were found in Chinese lactating
women and might affect the maternal health and their offspring, especially for women in 5–30
post-partum. Several suggestions could be considered to improve maternal health: 1) Encour-
age women to intake adequate amount of dairy products on a daily basis (�300g, in most
cases, be met by increasing milk consumption by 3–4 cup/day); 2) Add adequate amount of Ca
supplements if diet is lack of Ca. 3) Reduce the salt used in cooking. 4) Encourage to eat more
food rich in iron and zinc. An appropriate combination of interventions may be an ideal way
to reach an overall nutrition improvement for Chinese lactating women.

Supporting Information
S1 Database. The database used in this study.
(SAV)

S1 Table. Minerals intake among women with different education experience.Minerals
intake among women with different education were compared with the method of ANOVA
analysis and Post hoc LSD tests. �Indicates the significant minerals intake differences of
women with master or above degree comparing with women with other education experience.
(PDF)

Author Contributions
Conceived and designed the experiments: YMZ PYWWJL KY. Performed the experiments:
AZ YX. Analyzed the data: AZ. Contributed reagents/materials/analysis tools: AZ. Wrote the
paper: AZ YX.

References
1. Malek L and Makrides M. Nutrition in Pregnancy and Lactation. In: Koletzko B, Bhatia J, Bhutta Z, Coo-

per P, Makrides M, Uauy R, et al.,editors. Pediatric Nutrition in Practice. Basel: World Rev Nutr Diet;
2015. pp.127–133.

2. Osmond C and Barker DJ. Fetal, infant, and childhood growth are predictors of coronary heart disease,
diabetes, and hypertension in adult men and women. Environ Health Perspect. 2000; 108 Suppl
3:545–553. PMID: 10852853

3. Emmett PM and Rogers IS. Properties of human milk and their relationship with maternal nutrition.
Early Hum Dev. 1997; 49 Suppl:S7–S28. PMID: 9363415

Mineral Intake of Chinese LactatingWomen

PLOSONE | DOI:10.1371/journal.pone.0146483 January 5, 2016 9 / 10

http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0146483.s001
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0146483.s002
http://www.ncbi.nlm.nih.gov/pubmed/10852853
http://www.ncbi.nlm.nih.gov/pubmed/9363415


4. Chien YC, Huang YJ, Hsu CS, Chao JC and Liu JF. Maternal lactation characteristics after consump-
tion of an alcoholic soup during the post-partum 'doing-the-month' ritual. Public Health Nutr. 2009;
12:382–388. doi: 10.1017/S1368980008002152 PMID: 18426631

5. Chao JC, Tseng HP, Chang CW, Chien YY, Au HK and Chen JR, et al. Chicken extract affects colos-
trum protein compositions in lactating women. J Nutr Biochem. 2004; 15:37–44. PMID: 14711459

6. Ding M, Li W, Zhang Y, Wang X, Zhao A and Zhao X, et al. Amino acid composition of lactating mothers'
milk and confinement diet in rural North China. Asia Pac J Clin Nutr. 2010; 19:344–349. PMID:
20805078

7. Ma G, Jin Y, Piao J, Kok F, Guusje B and Jacobsen E. Phytate, calcium, iron, and zinc contents and
their molar ratios in foods commonly consumed in China. J Agric Food Chem. 2005; 53:10285–10290.
PMID: 16366728

8. Takeda E, Yamamoto H, Yamanaka-Okumura H and Taketani Y. Dietary phosphorus in bone health
and quality of life. Nutr Rev. 2012; 70:311–321. doi: 10.1111/j.1753-4887.2012.00473.x PMID:
22646125

9. Lee KJ, Kim KS, Kim HN, Seo JA and Song SW. Association between dietary calcium and phosphorus
intakes, dietary calcium/phosphorus ratio and bone mass in the Korean population. Nutr J. 2014;
13:114. doi: 10.1186/1475-2891-13-114 PMID: 25496564

10. Ito S, Ishida H, Uenishi K, Murakami K and Sasaki S. The relationship between habitual dietary phos-
phorus and calcium intake, and bone mineral density in young Japanese women: a cross-sectional
study. Asia Pac J

11. Yang Y. China Food Composition second edition. Beijing: Peking University Medical Press; 2009.

12. Chinese Society Of Nutrition. Chinese dietary reference intakes(2013). Beijing: science press; 2014.

13. Chinese Society of Nutrition. Chinese balanced dietary pagoda. Xi Zang: Xi Zang People's publishing
house; 2010.

14. Picciano MF. Pregnancy and lactation: physiological adjustments, nutritional requirements and the role
of dietary supplements. J Nutr. 2003; 133:1997S–2002S. PMID: 12771353

15. Aubuchon-Endsley NL, Kennedy TS, Gilchrist M, Thomas DG and Grant S. Relationships among
Socioeconomic Status, Dietary Intake, and Stress in Breastfeeding Women. J Acad Nutr Diet. 2015
Feb 13. pii: S2212-2672(14)01879-6. doi: 10.1016/j.jand.2014.12.017

16. Sanchez CL, Rodriguez AB, Sanchez J, Gonzalez R, Rivero M and Barriga C, et al. [Calcium intake
nutritional status in breastfeeding women]. Arch Latinoam Nutr. 2008; 58:371–376. PMID: 19368298

17. Caire-Juvera G, Ortega MI, Casanueva E, Bolanos AV and de la Barca AM. Food components and die-
tary patterns of two different groups of Mexican lactating women. J Am Coll Nutr. 2007; 26:156–162.
PMID: 17536127

18. Thomas M andWeisman SM. Calcium supplementation during pregnancy and lactation: effects on the
mother and the fetus. Am J Obstet Gynecol. 2006; 194:937–945. PMID: 16580279

19. Zhao A, Ning Y, Zhang Y, Yang X, Wang J and Li W, et al. Mineral compositions in breast milk of
healthy Chinese lactating women in urban areas and its associated factors. Chin Med J (Engl). 2014;
127:2643–2648.

20. Da CT, Haisma H, Wells JC, Mander AP, Whitehead RG and Bluck LJ. Howmuch human milk do
infants consume? Data from 12 countries using a standardized stable isotope methodology. J Nutr.
2010; 140:2227–2232. Clin Nutr. 2011; 20:411–417. doi: 10.3945/jn.110.123489 PMID: 20980653

21. Garcia-Ortiz L, Recio-Rodriguez JI, Rodriguez-Sanchez E, Patino-Alonso MC, Agudo-Conde C and
Rodriguez-Martin C, et al. Sodium and potassium intake present a J-shaped relationship with arterial
stiffness and carotid intima-media thickness. Atherosclerosis. 2012; 225:497–503. doi: 10.1016/j.
atherosclerosis.2012.09.038 PMID: 23084712

22. Huang LC, Zhang RH, Gu P, Fang YQ, Zhang HX and Chen J, et al. Dietary sodium and potassium
intakes among residents in Zhejiang, China. Chinese preventive medicine. 2011; 12:1034–1037.

23. Lee HS, Duffey KJ and Popkin BM. Sodium and potassium intake patterns and trends in South Korea. J
Hum Hypertens. 2013; 27:298–303. doi: 10.1038/jhh.2012.43 PMID: 23151751

24. Buehlmeier J, Frings-Meuthen P, Remer T, Maser-Gluth C, Stehle P and Biolo G, et al. Alkaline salts to
counteract bone resorption and protein wasting induced by high salt intake: results of a randomized
controlled trial. J Clin Endocrinol Metab. 2012; 97:4789–4797. doi: 10.1210/jc.2012-2857 PMID:
23027921

25. Luan DC, Li H, Li SJ, Zhao Z, Li X and Liu ZM. Body iron stores and dietary iron intake in relation to dia-
betes in adults in North China. Diabetes Care. 2008; 31:285–286. PMID: 17909092

26. Kartchner R and Callister L. Giving birth. Voices of Chinese women. Journal of Holist Nurse. 2003;
21:100–116.

Mineral Intake of Chinese LactatingWomen

PLOSONE | DOI:10.1371/journal.pone.0146483 January 5, 2016 10 / 10

http://dx.doi.org/10.1017/S1368980008002152
http://www.ncbi.nlm.nih.gov/pubmed/18426631
http://www.ncbi.nlm.nih.gov/pubmed/14711459
http://www.ncbi.nlm.nih.gov/pubmed/20805078
http://www.ncbi.nlm.nih.gov/pubmed/16366728
http://dx.doi.org/10.1111/j.1753-4887.2012.00473.x
http://www.ncbi.nlm.nih.gov/pubmed/22646125
http://dx.doi.org/10.1186/1475-2891-13-114
http://www.ncbi.nlm.nih.gov/pubmed/25496564
http://www.ncbi.nlm.nih.gov/pubmed/12771353
http://dx.doi.org/10.1016/j.jand.2014.12.017
http://www.ncbi.nlm.nih.gov/pubmed/19368298
http://www.ncbi.nlm.nih.gov/pubmed/17536127
http://www.ncbi.nlm.nih.gov/pubmed/16580279
http://dx.doi.org/10.3945/jn.110.123489
http://www.ncbi.nlm.nih.gov/pubmed/20980653
http://dx.doi.org/10.1016/j.atherosclerosis.2012.09.038
http://dx.doi.org/10.1016/j.atherosclerosis.2012.09.038
http://www.ncbi.nlm.nih.gov/pubmed/23084712
http://dx.doi.org/10.1038/jhh.2012.43
http://www.ncbi.nlm.nih.gov/pubmed/23151751
http://dx.doi.org/10.1210/jc.2012-2857
http://www.ncbi.nlm.nih.gov/pubmed/23027921
http://www.ncbi.nlm.nih.gov/pubmed/17909092

