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Abstract

Objectives: To assess the intake inadequacy and food sources of zinc of people in
China.

Design and subjects: Diets of 68962 subjects aged 2—101 years (urban 21103, rural
47859) in the 2002 China National Nutrition and Health Survey were analysed.
Dietary intake was assessed using 24-hour recall for three consecutive days. Zinc
intake inadequacy was calculated based on values suggested by the World Health
Organization.

Results: The median zinc intake ranged from 4.9 mgday ! (urban girls, 2—3 years) to
11.9mgday ™! (rural males, 19+ years). The zinc density of urban residents (2—3 to
19+ years) was 5.0—5.3mgday ' (1000 kcal) ™', significantly higher than that of their
rural counterparts (4.7—4.8 mgday ' (1000 kca) ™). Differences in food sources of
zinc from cereal grains (27.4—45.1 vs. 51.6—63.2%) and animal foods (28.4—-54.8 vs.
16.8-30.6%) were found between urban and rural residents. Zinc from vegetables
and fruits (8.2-13.8 vs. 9.7-12.4%) and legumes (1.3-3.3 vs. 2.5-3.4%) was
comparable between urban and rural residents. The proportion of zinc intake
inadequacy ranged between 2.8% (urban females, 194 years) and 29.4% (rural
lactating women). Rural residents had higher proportions of zinc intake inadequacy
than their urban counterparts. Significantly higher proportions of zinc inadequacy

were found in the category of phytate/zinc molar ratio > 15 for both rural and urban Keywozri(::
residents. Phytate

Conclusions: About 20% of rural children are at risk of inadequate zinc intake, with
phytate as a potential important inhibitor. Moreover, lactating women are also
considered a vulnerable group.

Dietary infake
China National Nuirition and
Health Survey

Zinc is an essential mineral that performs biochemical
functions important for maintaining human health'~°.
Zinc deficiency may be widespread in developing
countries but the true magnitude of mild and moderate
zinc deficiency is unknown, in part because of the lack of a
reliable and specific index of zinc status”®. Use of the
Recommended Dietary Allowance” and Estimated Average
Requirement'™'! is suggested for estimating the preva-
lence of nutrient inadequacy in population groups.

Zinc deficiency may arise from low dietary intake, low
bioavailability and/or interaction with other nutrients, and
losses through disease processes'> . Inhibitors of zinc
absorption are believed to be the more likely causative
factor'>. Phytate, present in whole grains, cereals and
legumes, is a strong inhibitor of zinc absorption. Phytate is
high in plant-based diets, which is a major inhibitory factor
for zinc absorption. The phytate/zinc molar ratio is used to
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predict the inhibitory effect of phytate on the bioavailability
of zinc®'®Y. The World Health Organization (WHO)
suggests that the assessment of dietary zinc status should
take inhibitory factors into account, and phytate data must
be available®. However, the inhibitory effect of phytate on
the bioavailability of zinc has not been examined in China
owing to a lack of information on the phytate content of
foods in the China Food Composition Table®. In 2005, the
phytate content of 60 food samples commonly consumed
in China was analysed'? using an anion-exchange method,
which made it possible to assess the dietary zinc intake of
people in China taking the inhibitory effect of phytate into
account. Thus the aims of the present study were to: (1)
assess the prevalence of zinc intake inadequacy in relation
to the effect of phytate in Chinese diets; (2) examine if zinc
intake inadequacy differs by age, sex and region in China;
and (3) describe the food sources of zinc in Chinese diets.

© The Authors 2007
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Subjects and methods

Sampling

The 2002 China National Nutrition and Health Survey
(CNNHS) is a nationally representative cross-sectional
survey that covered 31 provinces, autonomous regions
and the municipalities directly affiliated with the Central
Government (Hong Kong, Macao and Taiwan were not
included). A multi-stage cluster sampling method was
used for subject selection. In stage 1, all 2860
counties/districts/cities of China were divided into six
categories (big cities, medium and small cities, rural 1,
2, 3 and 4) based on type and level of economic
development (from high to low). Twenty-two coun-
ties/districts/cities were randomly selected from each
category, thus a total of 132 counties/districts/cities
were randomly selected at this stage. In stage 2, three
townships/sub-districts were randomly selected from
each of the selected counties/districts/cities, resulting in
396 townships/sub-districts being randomly selected
at this stage. In stage 3, two villages/neighbourhood
committees were randomly selected from the
selected townships/sub-districts, giving a total of 792
villages/neighbourhood committees. In stage 4, 90
households were randomly selected from each selected
village/neighbourhood, which resulted in a final total of
71971 households that were randomly selected to
represent the national data.

Dietary intake assessment

The dietary survey was conducted among all members of
30 households that were randomly selected from the pre-
selected 90 households. All family members above 2 years
old from the selected households were invited for the
dietary intake assessment. A total of 23470 from 71971
households participated in the dietary intake assessment’.

The protocol of the survey was approved by the Ethical
Committee of the National Institute for Nutrition and Food
Safety, Chinese Center for Disease Control and Prevention.
A signed consent form was obtained from each subject or
his/her parent or guardian.

Information on food intake was collected using the 24-
hour dietary recall method for three consecutive days (two
weekdays and one weekend day) by trained interviewers.
The parent or guardian was interviewed for children aged
2-16 years.

Zinc intake was calculated using the data of dietary
recall in conjunction with the China Food Composition
Table'®. The composition of infant formula is available in
the tables and was included in the calculation. Zinc
content of foods in the China Food Composition Table was
determined by atomic absorption spectrophotometry'®.
Duplicate food samples were analysed. Standard reference
materials were obtained from the China National Center of
Standard Material for quality control. The relative standard
deviation was within 10%.
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Sixty food samples, including rice, wheat flour, corn
and soybean products commonly consumed in China,
were selected based on the frequency of foods
consumed in the 2002 CNNHS'". The phytate content
of these food samples was determined using an anion-
exchange method?!. Phytate intake was calculated using
the phytate content in conjunction with the dietary recall
data. The average daily dietary intakes of zinc and
phytate were calculated using the mean value of the
three days’ intakes.

The contributions of individual foods to zinc were
calculated by summing the amount of zinc consumed from
each food by all subjects in each age group and dividing
by the total intake from all foods for all subjects in the
respective age group.

Phytate/zinc molar ratio was calculated as the phytate
intake per day in mmol divided by the zinc intake per
day in mmol. The proportions of subjects with different
phytate/zinc molar ratios (<5, 5-15, >15) were
calculated. The percentage of people with zinc intake
below the WHO normative requirement” at different
phytate/zinc molar ratios was calculated. The average
individual normative requirements for zinc from the diet
are developed according to zinc availability, the three
(high, moderate and low) bioavailability levels corre-
sponding to 50%, 30% and 15% absorption®. The
normative requirements of the first trimester for pregnant
women, and of first three months for lactating women,
were used to assess the inadequacy of zinc intake for
these groups.

Statistical analysis

Values of dietary zinc intake are expressed as median
and interquartile range. Zinc intake is expressed as
mgday~' and zinc density as mgday ' (1000kcaD) "
Normal probability plots and Kolmogorov—Smirnov tests
were used to determine whether variables followed a
normal distribution. To analyse the associations of sex,
age, region and their interactions with dietary zinc
intake, a general linear model factorial analysis was
applied with Tukey’s post hoc comparisons. The results
are presented by sex, age and region for the significant
interactions found between sex and age, and between
age and region. Differences in zinc intake of subjects by
sex and region were compared using Wilcoxon’s signed
rank sum test. The proportion of subjects with different
phytate/zinc molar ratios was calculated, while the
proportion of zinc intakes less than the WHO suggested
normative requirement® was calculated by region and
phytate/zinc molar ratio. Differences in the above-
mentioned proportions between urban and rural areas
were compared using the y? test. All statistical analyses
were conducted with the SAS Statistical Package (8.2¢
for Windows; SAS Institute Inc.). Statistical significance
was set at 0.05.


https://doi.org/10.1017/S136898000744143X

850
Results

Characteristics of the study population

A total of 68962 subjects were included in the present
analysis. Of these, 21103 (males 10027, females 11076)
were from urban areas, while 47859 (males 23524,
females 24335) were from rural areas. There were 310
pregnant women and 470 lactating women. The means of
body mass index and dietary energy intake are presented
by age group and region in Table 1.

Dietary zinc intake of people in China
The median zinc intakes by age, sex and region are
presented in Table 2. There were significant effects of age
(F(6, 68956) =372.8;, P <0.001) and sex (F(1,
68961) = 113.8; P < 0.001), and first-level interactions
between region and age (F(6, 68956) = 22.5; P < 0.001)
and between age and sex (K6, 68956) = 15.5; P < 0.001),
for dietary zinc intakes. Median zinc intake ranged from
49mgday ! (urban girls, 2-3 years) to 11.9mgday *
(rural males, 19+ years). The zinc intake of urban boys
aged 2-3 years was higher than that of their rural
counterparts (6.2 vs. 5.1mgday ). In contrast, the zinc
intake of rural adults (194 years) was significantly higher
than that of their urban counterparts (males 11.9 vs.
10.5mgday~'; females 10.2 vs. 8.9mgday ). The
younger the age group, the less the zinc intake. Rural
lactating women consumed more zinc than their urban
counterparts (11.0 vs. 9.8mgday ') whereas urban
pregnant women consumed comparable amounts of zinc
to their rural counterparts (10.7 vs. 10.9 mgday ™).

There were significant effects of age (F(6, 68956) = 4.9,
P < 0.001D) and region ({1, 68961) = 278.8; P < 0.001),
first-level interactions between region and age (HO,
68956) = 4.2; P < 0.001) and between age and sex (F(6,
68956) =3.3; P<0.001), as well as second-level

Table 1 Characteristics of the study population
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interactions between sex, region and age (F(4,
68958) = 3.9; P<0.001) for dietary zinc density. The
median zinc density of all age groups was between 4.7 and
5.7mgday " (1000 kcaD ™" (Table 2). The zinc density of
urban residents (2-3 to 194 years) was 5.0—
5.3mgday ' (1000 kcaD ™", significantly higher than that
of their rural counterparts (4.7—4.8mgday *(1000-
kcaD™"). No significant difference was found between
different age groups. Variation in median zinc intake was
found between males and females within the same region
and age group. Zinc density of the diets of urban boys (2—
3 years) was higher than that of their female counterparts;
in contrast, the rural boys (2-3 years) and rural adults
consumed diets of lower zinc density than their female
counterparts. Urban pregnant women had higher dietary
zinc density than their rural counterparts (5.7 vs.
4.7mgday " (1000 kcaD) ™). No difference in zinc density
was found between urban and rural lactating women.

Food sources of zinc

Cereal grains including rice, wheat flour and its products
contributed 27.4—63.2% to dietary zinc intake, while 16.8—
54.8% zinc came from animal foods. Vegetables and fruits
provided 8.2-13.8% of dietary zinc, while legumes
contributed only 1.3-3.4% of dietary zinc. Large dis-
crepancies were found in the food sources of zinc from
staple and animal foods between urban and rural residents
within the same age group. Staple foods provided 27.4—
45.1% zinc for urban residents, 51.6—63.2% for rural
residents. Animal foods contributed 28.4—54.8% of dietary
zinc for urban residents, much higher than that for their
respective rural counterparts (16.8—30.6%). Vegetables,
fruits and legumes provided comparable zinc for both
urban and rural residents. Detailed information on the
food sources of dietary zinc intake stratified by age, sex
and region is shown in Table 3.

Urban Rural
BMI Energy BMI Energy
(kgm™3) (kcalday ™) (kgm™3) (kcalday ™)

Group n Mean SD Mean SD n Mean SD Mean SD
Males

2-3 years 154 16.2 1.8 1386.8 1006.7 623 16.2 1.7 1212.8 613.4

4-8 years 455 15.9 2.3 1528.3 694.6 2049 15.2 1.5 1589.7 585.9

9-13 years 641 17.4 2.9 1858.0 711.9 2641 16.5 2.4 20071 652.4

14—-18 years 554 19.7 3.1 2196.0 808.5 1461 18.8 25 2414.2 700.2

19+ years 8223 24.0 3.5 2129.9 790.0 16750 224 3.2 2600.2 750.1
Females

2-3 years 108 15.7 1.4 1439.0 2510.9 466 15.6 1.5 1160.7 537.7

4-8 years 436 15.3 2.0 1392.8 557.0 1758 14.8 14 1512.6 618.4

9-13 years 598 17.0 29 1700.1 645.2 2351 16.4 2.4 1830.0 571.6

14—-18 years 484 20.3 3.0 1816.0 656.3 1259 19.8 25 2076.9 694.1

19+ years 9340 23.9 3.8 1808.0 749.2 17831 229 3.5 2238.6 678.1

Pregnant 55 22.5 3.2 1938.7 603.3 255 24.2 3.5 2380.7 714.4

Lactating 55 22.3 2.0 19791 635.6 415 23.2 4.4 2421.6 742.7

BMI — body mass index; SD — standard deviation.
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Table 2 Median (P50) and interquartile range (P25, P75) of zinc intake and zinc density by age, sex and region
Zinc intake (mgday ) Zinc density (mgday ' (1000 kcal) ™)
Urban Rural Urban Rural
Group P25 P50 P75 P25 P50 P75 P25 P50 P75 P25 P50 P75
Males
2-3 years 4.7 6.2° 7.9 3.9 5.1%¢ 6.9 4.5 5.3 6.4 41 4.7* 54
4-8 years 5.2 7.1° 9.3 5.5 7.19 9.0 43 5.0 6.0 4.2 4.7* 5.3
9-13 years 6.9 9.1° 121 7.3 9.0° 11.2 4.4 5.0 6.3 4.3 4.7* 5.2
14-18 years 8.4 10.72 13.8 8.9 11.0° 13.6 43 5.1 6.0 4.3 4.7* 5.2
194 years 8.1 10.5% 13.6 9.7 11.9%2 14.4 4.4 5.1 6.1 4.3 4.7* 5.2
Females
2-3 years 3.7 4.91°4 7.2 3.7 5.18 7.0 4.2 5.1t 6.1 4.2 4.8t 5.5
4-8 years 5.1 6.7° 8.9 52 6.81° 8.6 4.4 5.1 6.1 4.2 4.7 53
9-13 years 6.3 8.21ad 10.9 6.7 8.31° 10.3 4.4 5.1 6.0 43 4.8* 5.3
14-18 years 7.0 8.9t 11.8 7.6 9.3t¢ 11.8 4.4 5.1 6.3 4.3 4.8* 5.2
19+ years 6.9 8.9t1° 11.6 8.3 10.2*+° 12.5 4.4 5.2 6.2 4.3 4.8t 5.3
Pregnant 8.1 10.7%° 141 8.9 10.9% 13.6 4.5 57 6.6 4.2 4.7* 5.3
Lactating 7.1 9.g3bcd 11.9 9.0 11.0%f¢ 13.3 4.2 4.9 5.9 4.3 4.8 5.3

A general linear model was performed with Tukey post hoc analysis to compare the effects of age (by sex and by region). Values not sharing the same

superscript letter (a—g) denote a significant difference between age groups of the same sex, P < 0.05.
* Significant difference between urban and rural residents within the same age and sex group, Wilcoxon’s signed rank sum test: P < 0.05.
1 Sex difference within the same age and region, Wilcoxon’s signed rank sum test: P < 0.05.

Proportions of subjects with different phytate/zinc
molar ratios

Variations in the proportion of subjects with the same
phytate/zinc molar ratio were found between the
different age and/or sex subgroups (Table 4). Some
28.6-46.8% of urban residents and 3.9-8.0% of rural
residents had phytate/zinc molar ratio <5, while 48.7—
65.7% of residents had phytate/zinc molar ratio between
5 and 15, and 4.5-18.2% of urban residents and 27.8—
36.4% of rural residents had phytate/zinc molar ratio
>15. The proportion of rural residents with phytate/zinc
molar ratio >15 was significantly higher than that of
their urban counterparts. A significant effect of age on
the proportion of subjects with different phytate/zinc
molar ratios was found in all subgroups. Significant sex
difference was only found in rural children aged 9-13
years (Table 4).

Prevalence of zinc intake inadequacy

Table 5 presents the prevalence of zinc intake inadequacy
by age, sex and region. The proportion of zinc intake
inadequacy ranged between 2.8% (urban females,
19+ years) and 29.4% (rural lactating women). The
distribution was much higher when phytate/zinc molar
ratio >15 was considered: 10.3% for rural females,
194 years and 100% for urban lactating women. The
proportion of zinc intake inadequacy among urban
residents was 2.8—16.4%, significantly lower than that of
their rural counterparts (3.6—29.4%). Prevalence of zinc
intake inadequacy was significantly higher among male
adults (194 years) than their female counterparts. The zinc
intake of 5.5% of pregnant women and 29.4% of lactating
women was inadequate.
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Discussion

Information on zinc intake in developing countries is
limited because of the paucity of data on the zinc content
of local staple foods**. China developed food composition
tables in the 1960s and keeps them updated using reliable
and valid determination methods'®. The composition of
fortified foods is also available in the China Food
Composition Table. The strength of the present study is
the use of three days of 24-hour dietary recall data of a
national representative sample population in conjunction
with the China Food Composition Table. One limitation of
this study is that the zinc from dietary supplements was not
taken into account. As the use of dietary supplements in
China® is low (urban 10.3%, rural 2.9%) compared with
that (39.5%) in the USA”, we assumed that zinc intake was
underestimated to a small extent. This limitation suggests
that the use of dietary supplements and their contribution
to total nutrient intake in the Chinese population,
especially for urban persons, should be monitored in
future surveys.

The present study found that the zinc intake of people
in China is lower than that of the US population”**% but
comparable to that in the UK***, Germany®® and New
Zealand®. People in China consume more zinc than their
counterparts in Chile®®, India®! and Korea®?. However, the
adequacy of zinc intake depends not only on the amount,
but also its bioavailability. The inhibitory factors that may
interact with zinc should be examined when assessing the
dietary intake of zinc®*. People consuming a diet that
provides marginal zinc intake may not absorb an adequate
amount of zinc if they are also consuming foods high in
phytate. The average phytate intake of people in China
(1186 mgday ) is higher than that in Western
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Table 4 Proportion of subjects with different phytate/zinc molar
ratio (%)

Urban Rural
Phytate/zinc molar Phytate/zinc molar
ratio ratio*
Group <5 5-15 >15 <5 5-15 >15

Males
2-3 years 46.8 48.7 4.5 8.0 64.2 27.8*
4-8 years 28.6 629 86 50 652 29.9*
9-13 years 32.6 58.8 86 56 618 325*
14—18 years 32.1 59.7 8.1 4.8 61.7 33.5*
19+ years 324 60.6 70 52 617 33.1*
Age effect x2=21.6, P<0.01 x2=25.3, P<0.01

Females
2-3 years 352 59.3 56 7.7 644 27.9*
4-8 years 30.3 59.6 101 57 657 28.6*
9-13 years 33.1 57.5 94 39 63.1 33.0"t
14-18 years 34.1 59.9 6.0 58 595 34.7*
19+ years 32.7 60.2 71 4.9 61.1 34.0*

Pregnant 309 509 182 63 616 322*
Lactating 29.1 636 73 51 586 36.4*
Age effect x2=220, P<0.05 x2=45.4, P<0.01

*Significant  difference between urban and rural residents, x2 test:
P < 0.05.
t Sex difference within the same age and region, x 2 test: P < 0.05.

countries”>3® and less than that of Korean®” and Indian

people®®. The proportion of people with inadequate zinc
intake was considerably high in the phytate/zinc molar
ratio > 15 category, indicating that zinc in the diets of these
populations would be affected by their high phytate
intake. The vulnerable groups of zinc deficiency in China
are children, adolescents and lactating women, especially
those in rural areas. As zinc plays an important role in
children’s growth® and during pregnancy®®*! zinc
deficiency will impact severely on human health*? with
adverse effects that include growth retardation, abnormal

Table 5 Proportion of zinc intakes less than the normative
requirement of the World Health Organization (%)

Urban Rural

Phytate/zinc molar ratio Phytate/zinc molar ratio

Group <55-15 >15 Total <5 5-15 >15 Total

Males
2-3years 00 88 333 63 4591 695 258"
4-8years 09 9.0 69.7 119 0.0 1.1* 46.1* 147
9-13years 0.0 7.3 553 89 0.0 09 493 16.8*
14-18 years 2.8 6.3 67.6 102 1.9 1.6* 47.4* 17.2*
19+ years 02 28 436 48 04 0.3* 19.4* 6.6*

Females
2-3years 29 59 800 88 3267 625 21.7F
4-8years 1.0 3.4t 550 86 0.0 261 465 151~
9-13years 0.0 6.0 51.0 8.3 0.0 1.9 42,5t 15.6*
14—18years 0.7 51 50.0 59t 1.6 2.5 49.7 18.8*
19+ years 0.1 1.3t 27.8f 2.8t 0.1 0.2*f 10.3*t 3.6*t
Pregnant 00 00 400 7.3 0000 171 5.5
Lactating 0.0 14.3 100.0 16.4 0.0 2.9* 76.2 29.4*

*Significant difference between urban and rural residents, x2 test:
P < 0.05.
+ Sex difference within the same age and region, x 2 test: P < 0.05.
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immune function, impaired cognitive function, increased
maternal morbidity, prolonged gestation and increased
risk to the foetus.

Information on the inadequacy of dietary zinc intakes
should be interpreted together with data derived from
other assessment methods. The national prevalence of
stunting among children <5 years old can be used as an
indirect indicator of a population’s risk of zinc
deficiency®*. The national prevalence of stunting in
China is 3.3—8.6% for urban children <5 years and 17.3—
20.9% for their rural counterparts®®. It can be concluded
that the level of risk for zinc deficiency is low for the urban
population and moderate for the rural population in
China. Further population assessment of zinc status by
serum zinc concentrations in a representative sample of
the population should be made in order to identify
segments of the population at high risk. Appropriate
intervention strategies including supplementation, food
fortification, dietary diversification and biofortification
should be developed to target different populations.

In conclusion, urban people in China are at low risk of
zinc deficiency, whereas the rural population is at a
moderate level of risk for zinc deficiency. Lactating women
and rural children are vulnerable populations in China.
Effective strategies correcting these problems should be
developed and implemented in targeted risk groups.
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