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Nutritional status of breast-fed and non-exclusively
breast-fed infants from birth to age 5 months in 8
Chinese cities
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This study aimed to assess the nutritional status of infants aged 0 to 5 months by different feeding approaches. A
cross-sectional study on infant nutrition was performed in eight cities in China. A total of 622 infants from birth
to 2 months of age and 456 infants from 3 months to 5 months of age were included in this study. Mix-fed infants
received breast milk and complementary foods from birth to 2 months of age. Approximately 38.2% of mix-fed
infants received excessive vitamin A, and 15.6% of infants exceeded the tolerable upper intake levels (ULs) of
zinc. For artificially fed infants who received only complementary foods, approximately 20% and 12.5% infants
received inadequate dietary vitamin A and zinc intakes, respectively. The vitamin A and zinc intakes of half of
the infants exceeded the ULs. Results showed that the usual intake distribution of the infants from 3 months to 5
months of age were similar to that of the infants from birth to 2 months of age. The common vitamin A and zinc
intakes were also severely imbalanced. In addition, higher disease prevalence and lower Z scores of length-for-
age, weight-for-age, and weight-for-length were found in artificially fed infants and mix-fed infants compared
with those in breast-fed infants. In conclusion, the usual nutrient intakes were adequate for the majority of Chi-

nese infants, except for an important number of infants at risk for imbalance of vitamin A and zinc intakes.
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INTRODUCTION

Nutrition is an important component of children’s health.
Children’s physical, cognitive, and emotional growth and
development largely depend on the amount and type of
foods consumed and the time at which different food
items are introduced. In China, four national nutrition
surveys were performed in 1959, 1982, 1992, and 2002.2
In these surveys, the dietary status of the population sub-
groups aged more than 24 months was investigated.” Re-
gional studies on the dietary status of Chinese infants and
toddlers aged 0 month to 24 months have also been con-
ducted, but small samples have been used.’ Therefore, the
dietary status of Chinese infants and toddlers aged 0
month to 24 months is less known compared with other
population subgroups. At approximately six months of
age, the supply of energy and nutrients from breast milk
is insufficient to satisfy infants’ needs. Complementary
foods should be provided to achieve a well-balanced di-
et." However, the administration of complementary foods
at 4-6 months is recommended in China. Therefore, de-
velopment differences in various feeding approaches in
this period should be evaluated; whether or not this rec-
ommendation is appropriate should also be determined.
Children aged 0 to 5 months are found at the greatest nu-

tritional risk because of poor feeding practices with re-
percussions on growth and development.’ This age group
is also at increased risks of morbidity and mortality com-
pared with other young children.® Therefore, the dietary
status of newly born infants to five-month-old infants
should be assessed.

Dietary assessment is performed to describe contempo-
rary dietary patterns and food sources; this procedure is
also conducted to estimate the adequacy of nutrient intake
of population subgroups. Dietary Reference Intakes
(DRIs) may be used to assess whether or not diets provide
sufficient nutrients to satisfy the requirements without
exceeding the recommended levels; DRIs may also be
used as reference of other dietary components to promote
health and reduce the risk of chronic disease.” To investi-
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gate the dietary status of new born infants to 36-month-
old toddlers, we performed the mother, infant nutrition
and growth (MING) study in eight cities in China from
October 2011 to January 2012. With the cost-
effectiveness and low respondent drawbacks, a 24-hour
dietary recall was used in the MING study to assess the
dietary requirements of this age group. In a study de-
signed to test the validity of the 24-hour recall in young
children, this tool overestimated the energy intake of 13%
of infants and 29% of toddlers compared with a three-day
weighed food record, accounting for 5% of the estimated
energy requirement.®

In summary, this MING study is a rich data set that
provides detailed information on food and nutrient intakes
of a large sample of infants in China. Three different
feeding approaches, feeding practices and patterns, and
household characteristics were also investigated. This
study focused on the nutrient intake of two subgroups (0
month to 2 months and 3 months to 5 months) of infants
with or without breastfeeding. This study also addressed
three specific research questions: 1) What are the charac-
teristics of common nutrient intake distributions of infants
by age and feeding approach? 2) Do infants have nutri-
tionally adequate diets? 3) Are there significant differ-
ences in energy, nutrient intake, and development among
the three feeding groups?

MATERIALS AND METHODS

Sampling

The MING study was designed to describe the current
nutritional status of pregnant women, lactating mothers,
infants, and toddlers in eight Chinese urban cities by con-
ducting nutritional surveys. This study only presented the
data of infants from birth to five months of age. A multi-
stage-stratified random sampling was used in the study.
Eight cities were selected, and two maternal and child
care service centers from each city (one in suburban area
and the other in urban area) were randomly selected. A
stratified sample, including 90 infants aged 0 month to
2 months and 60 infants aged 3 months to 5 months fed
by different feeding approaches (artificial feeding, mix
feeding, or breastfeeding), was randomly obtained. In this
study, “breastfeeding” is defined as no other food or drink,
not even water, except breast milk (including milk ex-
pressed or obtained from a wet nurse) for the life, but
allows the infant to receive drops and syrups (vitamins,
minerals and medicines). “Artificial feeding” is defined
as no breast milk (including milk expressed or obtained
from a wet nurse) except complementary foods for the
life of infants. “Mix feeding” is defined as both breast
milk (including milk expressed or obtained from a wet
nurse) and complementary foods for the life of infants.
Selection criteria were healthy and full-term infants. The
study was conducted according to the guidelines in the
Declaration of Helsinki. All of the procedures involving
human subjects were approved by the Medical Ethics
Research Board of Peking University. Written informed
consent was obtained from a primary caregiver of each
infant participating in the study.

Anthropometric and dietary interviews
Infants were assessed in local maternal and child care

service centers. Anthropometric indices (length and
weight) were measured by trained research assistants fol-
lowing standardized procedures and using calibrated
equipment. Recumbent length was measured on an infant
measuring board and recorded to the nearest 0.1 cm.
Weight was obtained on a digital pediatric scale and rec-
orded to the nearest 0.1 kg. Each measurement was re-
peated two times, and the mean value was calculated.
Other characteristics were obtained: infant information,
such as age, gender, birthday, and disease status (diarrhea,
respiratory system disease, and anaphylactic disease);
social-economic status, such as household composition,
family income, age, and employment status of the parents;
and feeding information, such as feeding approach,
breastfeeding duration, and introduction of foods. Dietary
information was collected using a 24-hour dietary recall
by a structured face-to-face interview performed by
trained interviewers. The accuracy of a 24-hour dietary
recall is dependent on the primary caregivers’ recollection
of the types and quantities of food, beverages, and sup-
plements consumed by infants. To address potential er-
rors, we modified the diet assessment methodology to
decrease the possibility that primary caregivers would
over-report the portion sizes of certain food items in the
study by measuring cups and food photographs. Nutrient
intakes were then analyzed using reference values from
the 2002 China Food Composition database (National
Institute of Nutrition and Food Safety, China CDC). The
vitamin A (retinol activity equivalents, RAE) content in
the current China Food Composition Table is relatively
low in human milk compared with the results from an in-
house analyzed value. The figure in China Food Compo-
sition Table of Vitamin A (RAE) content is 11 ugRE/100
g, while our in-house data was 70 ugRE/100 g. Since the
China CDC will change the figure in China Food Compo-
sition Table of Vitamin A to our data in the future, we
calculated the vitamin A using our data. Considering that
many branded baby foods are not in the nutrient database,
we constructed a list of missing baby foods, obtained nu-
trient information, and updated the China Food Composi-
tion database. To assess the usual nutrient intake of in-
fants, we then used the following Chinese DRIs designed
by the Chinese Nutrition Society: recommended nutrition
intake (RNI); adequate intake (Al); estimated average
requirement (EAR); and tolerable upper intake level
(UL).” The recommendations of Japanese DRIs in 2008
were also used because no recommendations are available
for the RNI of manganese and the UL of vitamin A in
China."

For infants who were exclusively breastfed, 780 mL
per day was administered to infants younger than seven
months. For infants who were fed with both breast milk
and formula, the volume of formula was subtracted from
the total volume to estimate the amount of breast milk
consumed. The method used to determine breast milk
intake among infants was based on the assumptions used
to establish calcium DRIs and has been used by other
researchers.'

Data analysis
STATA 9.2 (Stata Corp, College Station, TX, USA) was
used to calculate the Z scores of length-for-age (LAZ),
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weight-for-age (WAZ), and weight-for-length (WLZ).
We obtained the following values: Z <3 was 1;-3<Z<-
2was2;-2<Z<-lwas3;-1<Z<0was4,0<7Z<1
was 5; 1 <Z<2was6;2<Z<3was7;and 3 <Z was 8.
We then calculated the mean of Z score. One-way ANO-
VA was performed to assess the differences in energy
intake and the Z score of LAZ, WAZ, and WLZ among
the three feeding approaches. Chi-square test was per-
formed to analyze the differences in the prevalence of
stunting (Z score of LAZ was less than -2), underweight
(Z score of WAZ was less than -2), wasting (Z score of
WLZ was less than -2), and prevalence rate of total dis-
ease, diarrhea, respiratory system disease, and anaphylac-
tic disease among the three feeding approaches. In addi-
tion, the differences in the Z score of LAZ, WAZ, and
WLZ, the prevalence rates of stunting, underweight, and
wasting, and the prevalence rates of total disease, diarrhea,
respiratory system disease, and anaphylactic disease
among the different nutrient intake levels of vitamin A
and zinc (KEAR as inadequate, from EAR to UL as ade-
quate, and >UL as excess) of infants were analyzed. Lo-
gistic regression analysis was performed to clarify the
predictors of development and disease. P values were
two-tailed, and p<0.05 was considered statistically signif-
icant. Data were presented as meantstandard deviation .
Statistical analyses were performed using SPSS 20.0
(SPSS Inc, Chicago, IL, USA).

RESULTS

A total of 622 infants from birth to 2 months of age and
456 infants from 3 months to 5 months of age were inves-
tigated. The infants from birth to 2 months of age com-
prised 225 mix-fed infants, 144 artificially fed infants,
and 253 breast-fed infants. The infants aged 3 months to
5 months included 145 mix-fed infants, 126 artificially
fed infants, and 185 breast-fed infants.

Table 1 and 2 show the intake distributions of macro-
nutrients, vitamins, bone-related nutrients, and other mi-
cronutrients for mix-fed and artificially fed infants aged 0
month to 2 months, respectively. The mean and median
intakes of macronutrients, vitamins, and bone-related
nutrients and other micronutrients except energy, sodium,
potassium, and selenium exceeded the Als of mix-fed
infants. EARs were available only for vitamin A and zinc.
We compared the intakes of vitamin A and zinc with
EARs (375 pg/d for vitamin A and 1.5 mg/d for zinc) and
found that the intakes of 0.4% infants were inadequate for
vitamin A and the same proportion was inadequate for
zinc. ULs were available for vitamin C, vitamin A, iron,
zinc, and selenium. We also compared the intakes of vit-
amin A and zinc with ULs (600 pg/d for vitamin A and
4 mg/d for zinc) and found that the intakes of 38.2% and
15.6% infants exceeded the ULs of vitamin A and zinc,
respectively. For artificially fed infants, the mean and
median intakes of the macronutrients and micronutrients
exceeded the Als. Approximately 20% and 12.5% of in-
fants received inadequate dietary vitamin A and zinc in-
takes relative to the EARs, respectively. The common
intakes of vitamin A and zinc from food, beverages, and
supplements exceeded the ULs in half the infants fed arti-
ficially. No significant differences were found on the Z
scores of LAZ, WAZ, and WLZ, the prevalence rates of

stunting, underweight, and wasting, and the prevalence
rates of total disease, diarrhea, respiratory system disease,
and anaphylactic disease among the different nutrient
intake levels of vitamin A and zinc (inadequate vs. ade-
quate vs. excess) of infants (data not shown).

Table 3 and 4 present the estimated intake distributions
of macronutrients, vitamins, bone-related nutrients, and
other micronutrients of mix-fed and artificially fed infants
aged 3 months to 5 months, respectively. The common
intake distributions of macronutrients and micronutrients
were similar to those of the infants from birth to 2 months
of age. We compared the intakes of vitamin A and zinc
with EARs (375 pg/d for vitamin A and 1.5 mg/d for zinc)
and found that the intakes of 7.6% and 2.1% of mix-fed
infants received inadequate amounts of vitamin A and
zinc, respectively. Among the artificially fed infants, ap-
proximately 23.8% and 19.8% of infants received inade-
quate dietary vitamin A and zinc intakes, respectively,
relative to EARs. We further compared the intakes of
vitamin A and zinc with ULs (600 ug/d for vitamin A and
4 mg/d for zinc) and found that the intakes of approxi-
mately 51.7% of mix-fed infants and 50% of artificially
fed infants exceeded the ULs of vitamin A and zinc. After
comparison, we found that the prevalence rates of stunt-
ing (14.8% vs. 3.9%) and wasting (11.1% vs. 3.1%) of
infants with inadequate zinc intake was significantly
higher than those with adequate zinc intake (data not
shown).

The mean intake of the macronutrients and micronutri-
ents of the breast-fed infants from birth to 5 months of
age was lower than that of artificially fed infants and mix-
fed infants (data not shown). Table 5 shows the differ-
ences in the energy intake, prevalence rates of different
diseases, and the Z scores of LAZ, WAZ, and WLZ
among the three feeding approaches. The prevalence of
stunting (Z score of LAZ<-2), underweight (Z score of
WAZ< -2), and wasting (Z score of WLZ<-2) of all of the
infants were also calculated. The mean energy intake per
kilogram body weight of mix-fed infants was significant-
ly higher than that of breast-fed infants aged 0 month to
2 months. Considering the Z score, we found that the
LAZ of artificially fed infants aged 0 month to 2 months
was significantly lower than that of breast-fed infants.
Breast-fed infants aged 3 months to 5 months compared
with breast-fed infants exhibited significantly higher
WAZ than artificially fed infants. Moreover, artificially
fed infants aged 3 months to 5 months exhibited a signifi-
cantly increased prevalence rate of stunting compared
with breast-fed infants. The prevalence rate of wasting of
infants aged 0 month to 2 months was also significantly
increased compared with breast-fed infants. The differ-
ences in the prevalence rate of various diseases among the
three feeding approaches were also determined. We found
a significantly high prevalence rate of diarrhea in mix-fed
infants aged 3 months to 5 months compared with breast-
fed infants. We also observed high prevalence rates of
respiratory system and anaphylactic diseases in artificial-
ly fed infants from birth to 2 months of aged. After moth-
er’s education and income were adjusted, the adjusted
OR’s were 2.09 (95% CI = 1.09 to 4.64) and 1.96 (95%
CI=1.02 to 4.16) for wasting and anaphylactic disease in
artificially fed infants compared with breast-fed infants
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Table 1. One-day nutrient intake distributions from food, beverages, and supplements for mix-fed infants who received breast milk and complementary foods from birth to age 2
months (#=225)

Dietary Reference Intakes Mean/median intake percentiles
Nutrient ) % <EAR % >UL
RNT/AI EAR UL 10th 25th Median Mean+SE 75th 90th
Macronutrients
Energy (kcal/kg-d) 95 75.5 87.4 101.3 103£1.9 115 138
Fat (g/d) 25.3 25.9 26.4 27.4+0.3 27.5 29.9
Carbohydrate (g/d) 55.6 56.0 56.5 59.1+0.6 58.6 62.8
Protein (g/d) 9 10.0 10.1 10.5 11.0+0.1 11.1 12.7
Fiber (g/d) 0 0 0 0.320.1 0.2 1
Cholesterol (g/d) 5.9 36 59.8 52.44+2.3 71.1 74.9
As percentage of total energy
Fat (%) 45-50 46.0 46.8 47.1 46.7+0.1 473 48.0
Carbohydrate (%) 433 443 45.0 45.1+0.2 45.5 46.0
Protein (%) 8.1 8.1 8.2 8.4+0.1 8.5 8.8
Vitamins
Vitamin A (pg/d) 400 375 6007 519 524 543 662+12.8 850 987 0.4 38.2
Vitamin C (mg/d) 40 400 40.8 42.8 49.6 57.5+1.5 65.9 84.9 0
Vitamin E (mg/d) 3 0.6 0.9 1.7 2.9+0.2 4.3 6.5
Thiamin (mg/d) 0.2 0 0.1 0.1 0.2+0.1 0.3 0.5
Riboflavin (mg/d) 0.4 0.4 0.4 0.5 0.6+0.0 0.7 0.9
Niacin (mg/d) 2 1.0 1.6 1.8 2.1+0.1 2.6 3.5
Bone-related nutrients
Calcium (mg/d) 300 241 254.3 284.1 322+7.2 356 458.4
Phosphorus (mg/d) 150 110 119.0 134.6 158+4.1 175 240
Magnesium (mg/d) 30 66.4 126.1 186.9 165+3.9 212 222
Other micronutrients
Iron (mg/d) 0.3 10 1.2 1.5 2.2 3.1+0.1 3.9 6.1 1.3
Zinc (mg/d) 1.5 1.5 4 2.3 2.4 2.7 3.1+0.1 3.4 4.5 0.4 15.6
Sodium (mg/d) 150 15.5 23.9 46.1 66.9+4.1 87.3 144
Potassium (mg/d) 400 53.1 87.8 160.9 242+14.2 330 582
Selenium (ug/d) 15 55 0.9 1.5 3.2 5.1+0.3 7.5 12.4 0
Copper (mg/d) 0.4 0.2 0.2 0.3 0.3+0 0.3 0.4
Manganese (mg/d) 0.001° 0 0 0 0+0 0 0.1

t: the recommendations of Japanese DRIs in 2008. SD: standard deviation.
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Table 2. One-day nutrient intake distributions from food, beverages, and supplements for artificially fed infants who received only complementary foods from birth to age 2
months(n=144)

Nutrient Dietary Reference Intakes Mean/@edian intake percentiles o <EAR % >UL
RNT/AI EAR UL 10th 25th Median Mean+SE 75th 90th
Macronutrients
Energy (kcal/kg-d ) 95 26.4 59.8 95.3 99.9+4.7 136.4 165.7
Fat (g/d) 6.6 16.3 26.5 26.8+1.2 36.1 43.4
Carbohydrate (g/d) 17.3 32.7 58.1 57.142.4 77.7 90.8
Protein (g/d) 9 33 7.6 11.5 12.3£0.8 16 19.4
Fiber (g/d) 0 0 0.1 0.6+0.1 0.6 2.4
Cholesterol (g/d) 0 0 0 6.7£3.1 0 13.2
As percentage of total energy
Fat (%) 45-50 38.7 46.5 47.2 45.5+0.5 48 49.3
Carbohydrate (%) 41.8 42.3 42.7 44.2+0.5 44.9 48.3
Protein (%) 83 8.4 8.7 9.8+0.5 8.8 12.4
Vitamins
Vitamin A (pg /d) 400 375 600 172 399 644 627+26.8 856 1036 21.5 535
Vitamin C (mg/d) 40 400 18 41.8 73.5 76.143.6 107 136 0
Vitamin E (mg/d) 3 1.4 3 6.3 6.5+0.2 8.6 12.4
Thiamin (mg/d) 0.2 0.1 0.3 0.5 0.5£0.01 0.7 0.8
Riboflavin (mg/d) 0.4 0.2 0.5 0.8 0.9+0.0 1.1 1.4
Niacin (mg/d) 2 0 0.7 2.7 2.7+0.2 4.2 5.4
Bone-related nutrients
Calcium (mg/d) 300 1000 140.7 235.1 390 424421.3 559.1 728.1 0
Phosphorus (mg/d) 150 69.5 117.8 208 220+9.9 305.2 3734
Magnesium (mg/d) 30 14.3 27 43.1 40.9+1.6 51 62.6
Other micronutrients
Iron (mg/d) 0.3 10 1.6 3.4 5.9 6.4+0.4 7.8 9.9 9
Zinc (mg/d) 1.5 1.5 4 1.2 2.6 4.2 4.240.1 5.6 6.4 12.5 535
Sodium (mg/d) 150 35.7 86.4 153.6 15447.5 206.5 254.7
Potassium (mg/d) 400 140.8 348 554.4 553+24.9 735.8 908.9
Selenium (pg/d) 15 55 1 5.1 12.2 11+0.6 15.2 18.5 0
Copper (mg/d) 0.4 0.1 0.2 0.3 0.3+£0 0.5 0.6
Manganese (mg/d) 0.001" 0 0 0 0.1£0 0.1 0.1

T the recommendations of Japanese DRIs in 2008. SD: standard deviation.
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Table 3. One-day nutrient intake distributions from food, beverages, and supplements for mix-fed infants who received breast milk and complementary foods aged 3 to 5 months
(n=145)

Nutrient Dietary Reference Intakes Mean/median intake percentiles o < EAR o SUL
RNT/AI EAR UL 10th 25th Median Mean+SE 75th 90th
Macronutrients
Energy (kcal/kg-d) 95 44.4 60.5 71.2 79.4+3.3 82.4 126.7
Fat (g/d) 21.2 25.9 27.1 28.3+1 29.6 35
Carbohydrate (g/d) 55.4 56.5 59.5 75.3t4 76 106.5
Protein (g/d) 9 9.9 10.4 114 14+0.6 14.5 21.7
Fibre (g/d) 0 0 0.2 0.7+0.1 0.8 1.8
Cholesterol (g/d) 3.4 383 63.6 107£11.6 78.6 301.6
As percentage of total energy
Fat (%) 45-50 30.3 41 46.1 42.4+0.8 47.1 47.8
Carbohydrate (%) 423 443 45.7 49+0.8 50.9 61.4
Protein (%) 8 8.2 8.4 9.240.1 9.5 11
Vitamins
Vitamin A (ug/d) 400 375 600" 504 524 616 709+26 905 1034 7.6 51.7
Vitamin C (mg/d) 40 400 38.7 44.1 52.7 61.5+3.4 69.3 94.2
Vitamin E (mg/d) 3 0.9 1.6 2.8 4.3+0.5 4.8 7.8
Thiamin (mg/d) 0.2 0.1 0.1 0.2 0.3+0.1 0.3 0.6
Riboflavin (mg/d) 0.4 0.4 0.5 0.6 0.7+0.0 0.8 1.1
Niacin (mg/d) 2 1.2 1.8 2.2 2.840.2 3.1 4.7
Bone-related nutrients
Calcium (mg/d) 300 1000 251 287 384 487+27.6 594 894.9
Phosphorus (mg/d) 150 118 138 183 241+16.9 264.2 369
Magnesium (mg/d) 30 47.6 108 169 154+£5.6 207 224
Other micronutrients
Iron (mg/d) 0.3 10 1.5 2.1 3.4 4.8+0.4 5.6 10.3 10.3
Zinc (mg/d) 1.5 1.5 4 2.3 2.6 3.2 4.1£0.2 4.4 6.9 2.1 31.7
Sodium (mg/d) 150 23.1 41.5 74 134+16.7 1293 274.1
Potassium (mg/d) 400 80 115 238 340+28.9 423.8 642.1
Selenium (pg/d) 15 55 1.2 2.4 5.1 6.9+£0.6 9 12.8
Copper (mg/d) 0.4 0.2 0.2 0.3 0.4+0.1 0.3 0.7 0
Manganese (mg/d) 0.001" 0 0 0.1 0.2+0 0.1 0.6

T the recommendations of Japanese DRIs in 2008. SD: standard deviation
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Table 4. One-day nutrient intake distributions from food, beverages, and supplements for artificially fed infants who received only complementary foods aged 3 to 5 months
(n=126)

Nutrient Dietary Reference Intakes Mean/median intake percentiles o < EAR o4 SUL
RNT/AI EAR UL 10th 25th Median Mean+SE 75th 90th
Macronutrients
Energy (kcal/kg-d) 95 18.1 30.7 68.0 71.244.2 100.0 135.7
Fat (g/d) 5.8 9.1 23.8 24.7+1.5 35.1 47.5
Carbohydrate (g/d) 14 28.3 66.6 65.9+3.9 87.1 109
Protein (g/d) 9 3.4 6.6 12.2 13.4+0.8 18.5 26.3
Fibre (g/d) 0 0 0.2 0.8+0.1 0.8 2.1
Cholesterol (g/d) 0 0 0 63.5+13.9 16.9 297
As percentage of total energy
Fat (%) 45-50 23.9 36.3 45.6 40.7+0.9 47.3 48.8
Carbohydrate (%) 41 42.7 46.1 49.1+1 54.3 66.5
Protein (%) 8.1 8.4 8.8 10.1+0.3 11 13.8
Vitamins
Vitamin A (pg/d) 400 375 600" 135 3914 591 620+32.7 891 1020 23.8 50
Vitamin C (mg/d) 40 400 15.1 243 73.5 70.4+4.3 100.4 130 0
Vitamin E (mg/d) 3 1.2 2.1 5.9 6.3+0.4 9.5 11.9
Thiamin (mg/d) 0.2 0.1 0.2 0.4 0.4+0.04 0.7 0.9
Riboflavin (mg/d) 0.4 0.2 0.3 0.8 0.840.1 1.1 1.5
Niacin (mg/d) 2 0 0.7 2.7 2.9+ 0.3 4.4 5.9
Bone-related nutrients
Calcium (mg/d) 300 1000 104 2272 413 467+29.7 624 938 7.9
Phosphorus (mg/d) 150 63 138.1 238 278+17.7 359 525
Magnesium (mg/d) 30 9.5 23.7 39.6 44.6+2.9 60 83.7
Other micronutrients
Iron (mg/d) 0.3 10 1.5 2.6 6.2 6.8+0.5 9.3 12.3 19
Zinc (mg/d) 1.5 1.5 4 1.1 1.8 4.3 4.5+0.3 6.2 7.7 19.8 54.8
Sodium (mg/d) 150 37.8 68.5 142 174+11.8 241 338
Potassium (mg/d) 400 126 242 562 567+33.6 776 1028
Selenium (pg/d) 15 55 1.1 3.1 11.2 16.6 22.5 18.5 0
Copper (mg/d) 0.4 0.1 0.1 0.3 0.3£0 0.5 0.6
Manganese (mg/d) 0.0017 0 0 0.1 0.2+0 0.2 0.4

*. the recommendations of Japanese DRIs in 2008. SD: standard deviation.
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Table 5. The differences on the energy intake, prevalence rate of different diseases, and the Z score of LAZ, WAZ,

and WLZ among the three approaches to feeding

Indices 0-2 months 3-5 months

AFI MFI BFI AFI MFI BFI
Mean energy/kg body weight 99.9 10347 95.5 71.2 79.4 72.8
Length for age 5.08 5.27 5.40 5.02 5.21 5.28
Stunting prevalence 6.3 4.8 5.8 9.1 6.1 4.4
Weight for age 5.28 5.28 5.39 5.4 5.38 5.64
Underweight prevalence 2.8 3 4.5 2.1 2.4 2.3
Weight for height 4.98 4.79 4.79 5.15 5.13 5.37
Wasting prevalence 92" 53 5.0 2.8 4.2 3.9
Prevalence rate 26.3 24.1 19.2 51 45.6 41.6
Diarrhea 4.5 4.2 5.1 13.1 18.7 114
Respiratory system disease 13.4" 10.5 8.1 37.2 26.3 29.7
Anaphylactic disease 9.5 8.9 5.1 6.9 9.4 7

AFT: artificially fed infants who received only complementary foods; MFI: mix-fed infants who received breast milk and complementary
foods; BFI: breast feeding infants who received only breast milk. : p<0.05 comparing with that of breast feeding infants.

aged 0 month to 2 months (data not shown).

DISCUSSION

This study is the first to conduct a nutritional survey as-
sessing the nutritional status, anthropometric indicators,
and dietary practices of a large sample of infants aged <
5 months who live in the cities and fed by different feed-
ing approaches. In summary, the results of the present
study suggested that most of the macronutrients and mi-
cronutrients were adequate. The current feeding practices
of Chinese infants provided a strong nutritional founda-
tion for further development. However, further studies
should be conducted to elucidate the high prevalence rate
of infants with vitamin A and zinc intakes less than the
EARs and the significant proportions of infants with in-
takes higher than the ULs of vitamin A and zinc, especial-
ly for artificially fed infants. The results also showed that
breast feeding significantly improved infant development
and prevented diseases compared with artificial feeding
and mix feeding in infants aged 0 month to 5 months.

In developing countries, adequate intake of several nu-
trients from complementary feeding, which is commonly
based on traditional and unfortified foods, is difficult to
achieve in developing countries.'' Previous studies sug-
gested that complementary foods are limited in micronu-
trients, such as iron, zinc, vitamin A, and calcium.''” In
the present study, a significant proportion (more than
10%) of infants in both age subgroups by artificial feed-
ing was less than the EAR for zinc. In addition, more than
20% of artificially fed infants in both age subgroups ex-
hibited inadequate dietary vitamin A intakes relative to
EAR. Zinc is ubiquitous in the body; this element is also
important in protein synthesis, cellular growth, and cellu-
lar differentiation. Studies on children have demonstrated
the important functions of zinc associated with immune
function, growth, and development.'? In the present study,
zinc deficiency was also significantly associated with the
prevalence rates of stunting (14.8%) and wasting (11.1%)
in the infants with inadequate zinc intake aged 3 months
to 5 months. Interventional studies have also demonstrat-
ed that growth is improved by zinc supplementation,
which may directly or indirectly stimulate increased im-
mune function and decrease the risk of infectious diseas-
es.”’ Animal flesh, particularly oysters and shellfish, is a

good source of zinc; however, fibre and phytates inhibit
absorption. Thus, populations consuming a plant-based
diet, such as Chinese diet, are susceptible to zinc defi-
ciency. Furthermore, vitamin A deficiency is a common
cause of preventable blindness and a risk factor of the
increased severity of infectious disease and mortality.
Vitamin A deficiency occurs because of inadequate vita-
min A intake as a result of the following conditions: low
animal food consumption; inadequate intake of non-
animal sources of carotenoids converted to vitamin A;
and inadequate intake of fat, which facilitates carotenoid
absorption. Considering the critical function of zinc and
vitamin A in normal growth and development and im-
mune function, we thought that artificially fed and mix-
fed infants whose dietary zinc and vitamin A were less
than the EAR should be considered. Continued parental
education with specific measures, medical professional
training, and government surveillance for complementary
feeding are necessary to control this nutrient deficiency.
We also found that the significant proportions of infants
consumed vitamin A and zinc greater than the ULs. The
UL of zinc for infants was based on a study in which no
adverse effects on copper metabolism have been observed
in full-term infants receiving formulas with approximate-
ly 4.5 mg zinc/day.'* However, the validity of the UL of
zinc for infants and children aged 1 year to 3 years re-
mains unclear because of insufficient data used to estab-
lish ULs and evaluate the absence of zinc toxicity with
common zinc intakes in the pediatric population.'*'® Food
fortification and dietary supplements should be used to
treat zinc deficiency and/or to support a positive function
without adverse consequences, although no recent reports
of overt zinc toxicity involving children have been pub-
lished; studies have also shown that zinc homeostatic
mechanisms prevent excessive zinc intakes.'” The pediat-
ric UL of vitamin A was based on adverse effects of in-
tracranial pressure (bulging fontanels) and skeletal ab-
normalities on infants receiving high doses of vitamin A
and a conservative uncertainty factor of 10. This parame-
ter is considered because infants are more susceptible to
vitamin A toxicity than older children; furthermore,
chronic hypervitaminosis is usually undetected.'"" Die-
tary supplements and foods commonly consumed by in-
fants are formulated with preformed vitamin A. However,
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several vitamin supplements for infants contain high
amounts of preformed vitamin A exceeding the UL; as a
result, infants are exposed to potential vitamin A toxicity.
Therefore, all sources of preformed vitamin A in diets of
young children should be considered when regulatory
standards for food manufacturers are established. In addi-
tion, the method used to set the ULs of vitamin A and
zinc exhibit a narrow margin between the RNI and the
UL of infants (less than two times the RNI).?” Therefore,
a high proportion of infants consuming vitamin A and
zinc that exceeded the ULs not only reinforces the need to
avoid unwarranted supplementation but also requires suf-
ficient data as basis of appropriate ULs for infants. In the
present study, the Z scores of LAZ, WAZ, and WLZ of
the artificially fed infants and mix-fed infants were signif-
icantly lower than those of breast-fed infants. In a longi-
tudinal study, Vietnamese children aged 1 month to
4 years exhibit significantly lower Z scores of the anthro-
pometric indices (LAZ, WAZ, and WLZ) in children who
received complementary food than in children who were
exclusively breast fed for at least three months.>' We also
found a high prevalence of diseases, including diarrhea,
respiratory system disease, and anaphylactic disease in
artificially fed and mix-fed infants compared with that in
breast-fed infants. Similar results were also found by Vic-
tora et al. In a population-based case-control study per-
formed in two urban areas in Brazil; the results showed
that the type of milk in an infant’s diet is an important
risk factor of death from diarrhea and respiratory infec-
tions.”> The nutritional value and protective immune
properties of breast milk as well as the psychosocial bene-
fits of breastfeeding to infants are recognized. Thus, the
WHO recommends exclusive breastfeeding during the
first six months. However, an early introduction of com-
plementary food remains a common practice in China,
and the inclusion of non-breast-milk foods and beverages
in a child’s diet before the age of 6 months increases the
risk of nutrient imbalances/deficiencies and infectious
diseases.”** The limitations of this study should be con-
sidered. In the present study, dietary information was
obtained using a 24-hour dietary recall. The validity of
this dietary assessment among infants was not evaluated
in China. Fisher et al reported that the use of a single,
telephone-administered, multiple pass 24-hour recall may
significantly overestimate the energy and nutrient intake
of infants or toddlers because estimation errors are ob-
served in terms of portion size.® We used measuring cups
and a food photograph booklet as reference to decrease
the possibility that primary caregivers would over-report
the portion sizes of specific food items in the study.
Moreover, only one measurement was conducted in the
study. This measurement is also subjected to daily or sea-
sonal variations. We did not measure any biomarkers to
determine the vitamin/mineral status of the infants.
Therefore, the results only indicated the nutrient intake
status of 0 month to 5 month infants fed by different feed-
ing approaches.

A temporal relationship between dietary practices and
nutritional status cannot be established because of a
cross-sectional design; however, the results of this study
suggested that nutritional education and intervention pro-
grams should be established to address dietary micronu-

trient imbalances/deficiencies, particularly in complemen-
tary diets with high bioavailable vitamin A and zinc con-
tents. With the detrimental consequences of early child-
hood malnutrition in health and development, the recom-
mended breastfeeding period in the first six months of life
should be reinforced in China.
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