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Abstract: The dietary zinc consumed in Chinese households has decreased over the past decade.
However, the national dietary zinc intake in the last five years has seldom been investigated.
Using data from 12,028 participants 18 to 64 years old (52.9% male) in the China Nutritional
Transition Cohort Survey (CNTCS) 2015, we describe the intake of dietary zinc and the contributions
of major foods and we examine the relationship between the level of dietary zinc intake and
metabolic syndrome indicators, including blood pressure, fasting glucose, and triglycerides (TG), in
Chinese adults. We assessed dietary zinc intake using 24 h recalls on three consecutive days. The mean
daily dietary zinc intake for all participants was 10.2 milligrams per day (males 11.2 mg/day, females
9.4 mg/day, p < 0.001). The mean daily dietary zinc density for all participants was 5.2 mg/day per
1000 kilocalories. Among all participants, 31.0% were at risk of zinc deficiency, with dietary zinc
intakes of less than the Estimated Average Requirement (EAR) (males 49.2%, females 14.8%, p < 0.050),
and 49.9% had adequate dietary zinc intakes, equal to or greater than the recommended nutrient
intake (RNI) (males 30.7%, females 67.0%, p < 0.050). We found substantial gender differences in
dietary zinc intake and zinc deficiency, with nearly half of the men at risk of zinc deficiency. Males of
younger age, with higher education and incomes, and who consumed higher levels of meat, had
higher zinc intakes, higher zinc intake densities, and higher rates of meeting the EAR. Among all
participants, grains, livestock meat, fresh vegetables, legumes, and seafood were the top five food
sources of zinc, and their contributions to total dietary zinc intake were 39.5%, 17.3%, 8.9%, 6.4%,
and 4.8%, respectively. The groups with relatively better dietary zinc intakes consumed lower
proportions of grains and higher proportions of livestock meat. For males with adequate dietary
zinc intake (≥RNI), TG levels increased by 0.219 millimoles per liter (mmol/L) compared with males
with deficient dietary zinc intake (<EAR). For females in the ≥RNI group, diastolic blood pressure
decreased by 0.963 millimeters of mercury (mmHg) and fasting glucose decreased by 0.187 mmol/L
compared with females in the <EAR group; in addition, TG increased by 0.097 mmol/L in females in
the ≥RNI group and by 0.120 mmol/L in females in the equal to or greater than the EAR and less than
the RNI (EAR-RNI) group compared with females in the <EAR group. Adequate dietary zinc was
associated with reduced diastolic blood pressure and fasting glucose levels in female Chinese adults,
but with raised TG levels in all Chinese adults. We recommend strengthened nutrition interventions
for Chinese males and lower socioeconomic subgroups.
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1. Introduction

Inadequate dietary zinc intake is widespread in the world’s population, especially in developing
countries, where staple diets are predominantly plant-based, and consumption of animal source foods,
such as red meat, poultry, and fish, is often modest because of economic, cultural, and religious
constraints [1]. At present, China, as the largest developing country, is experiencing critical changes
in its nutrition and health along with its rapid economic development. The dietary structure and the
population’s consumption of food, energy, and nutrients are changing significantly [2]. Studies have
showed that the intake of dietary zinc in Chinese households has decreased over the past decade [3–8],
but few studies have examined Chinese dietary zinc intake in the last five years. Using the most recent
data from 2015, we analyzed the dietary zinc intake of Chinese adults, assessed the prevalence of zinc
deficiency, determined the main food sources of zinc, and examined the impact of the socioeconomic
status on dietary zinc intake.

Zinc is a trace element essential to many metabolic processes and is important for growth and
development, immunity, neurological functions, and reproduction [9–12]. It is present in many
enzymes, such as alkaline phosphatase, copper/zinc superoxide dismutase, nitric oxide synthase,
neutral endopeptidase, and angiotensin-I-converting enzyme [13,14]. In addition, studies have
documented that zinc acts as an antioxidant, has membrane-stabilizing properties, blocks apoptotic
cell death, and is essential for endothelial integrity [15,16]. Therefore, zinc plays a substantial role in
the prevention of metabolic syndrome [17], including atherogenic dyslipidemia, hyperglycemia,
insulinemia, and elevated blood pressure, through the inhibition of proinflammatory cytokine
expression, which suppresses reactive oxygen species (ROS) production, protecting against oxidative
stress damage. In addition to ROS neutralization, zinc participates in glucose and lipid metabolism.
Numerous studies have showed that zinc supplements improve blood pressure, glucose, and
lipid levels. However, the results of previous studies on the association between zinc status and
metabolic indicators are controversial [18], as they used serum zinc concentrations derived from
patient populations and experiments. Despite the clinical significance of zinc deficiency, there is
no established method or biomarker to reliably evaluate the zinc status [19], although serum zinc
is widely used in most studies. To the best of our knowledge, few studies have addressed the
relationship between dietary zinc intake and metabolic syndrome indicators in epidemiological studies.
Accordingly, in addition to describing dietary zinc intake levels in Chinese adults, we examined the
relationship between dietary zinc intake and metabolic indicators, including blood pressure, fasting
glucose, and triglycerides (TG) in that population.

2. Methods

2.1. Study Population

Our study used data from the China Nutritional Transition Cohort Survey (CNTCS), a nationally
financed project of the National Institute for Nutrition and Health, Chinese Center for Disease Control.
The CNTCS is a longitudinal tracking survey based on the ongoing China Health and Nutrition Survey
(CHNS), a collaboration between the National Institute for Nutrition and Health, Chinese Center
for Disease Control, and the University of North Carolina at Chapel Hill [20]. In 2015, the CHNS
added Zhejiang, Yunnan, and Shaanxi to the original 12 provinces (districts/cities) (Beijing, Liaoning,
Shanghai, Jiangsu, Shandong, Heilongjiang, Henan, Hunan, Hubei, Chongqing, Guizhou, Guangxi).

In our study, we used a stratified multistage cluster random sampling method. We included
CNTCS participants 18 to 64 years old who had complete demographic and dietary intake data.
We excluded those with implausible energy intakes (<500 kilocalories per day (kcal/day) or
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>5000 kcal/day), pregnant women, and nursing mothers. We excluded patients with disease history
of hypertension, diabetes, and cardiovascular diseases from the data collected by questionnaires.
Our study population totaled 12,028 participants.

The Ethics Committee of the National Institute for Nutrition and Health, Chinese Center for
Disease Control, approved all procedures involving human subjects. All participants gave their written
informed consent.

2.2. Data Collection

Trained interviewers collected dietary data with three-day, 24-h diet retrospective surveys.
The interviewers used standard forms for the dietary recalls with food models and picture aids
in household interviews. For individual dietary intake, each household member reported all
foods consumed (meals and snacks) at home and away from home in the previous 24 h for three
consecutive days. We used the Chinese Food Composition Table [21] to calculate individual daily intake
of nutrients and daily energy intake (kcal) for the foods collected in the dietary data. The survey also
collected individual lifestyle information, including smoking and drinking status, in a questionnaire
during the household interview.

The interviewers measured weight without shoes and in light clothing to the nearest
0.1 kilogram (kg) and height to the nearest 0.1 cm without shoes. We calculated the body mass
index (BMI) as weight (kg) divided by height (meters) squared. The interviewers collected blood
samples from all participants after an overnight fast of at least 10 h and measured fasting glucose and
TG. We measured blood pressure three times and used the average.

2.3. Assessment of Dietary Zinc Intake

We used the Estimated Average Requirement (EAR) and the recommended nutrient intake (RNI)
in the Dietary Reference Intake guide for zinc in Chinese adults [22] to divide dietary zinc intake
into three levels: less than the EAR (<EAR), equal to or greater than the EAR and less than the
RNI (EAR-RNI), and equal to or greater than the RNI (≥RNI). The male EAR is 10.4 milligrams per
day (mg/day), the male RNI is 12.5 mg/day, the female EAR is 6.1 mg/day, and the female RNI is
7.5 mg/day. We defined dietary zinc intakes that were <EAR as deficient and dietary zinc intakes that
were ≥RNI as adequate zinc intakes.

2.4. Grouping Standards

We divided participants into two age groups, i.e., 18–49 and 50–64 years, and four education
level groups, i.e., primary/below, middle school, high school, university/above. We categorized
incomes into tertiles, i.e., low, medium, and high. We divided the regions into city, suburb, county, and
rural according to China’s administrative classifications. We divided the eastern (Beijing, Liaoning,
Shanghai, Jiangsu, Zhejiang, Shandong), central (Heilongjiang, Henan, Hubei, Hunan), and western
(Chongqing, Guizhou, Yunnan, Shaanxi, Guangxi) areas according to China’s economic zones [23] into
developed, medium-developed, and underdeveloped areas, respectively.

2.5. Statistical Analysis

We used SAS version 9.2 (SAS Institute, Inc., Cary, NC, USA) for data cleaning and analysis.
We employed analysis of variance (ANOVA) to test the differences in dietary zinc intake and dietary
zinc density between genders and ages. With linear trend tests, we tested the trends in dietary zinc
intake and dietary zinc density between education levels, income levels, regions, and areas. We used a
chi-square test for the differences in the distribution of dietary zinc intake levels and the proportions
of dietary zinc food sources between genders and ages. We conducted the Cochran–Armitage trend
test to test the trends of dietary zinc intake levels and the proportions of dietary zinc food sources
between education levels, income levels, regions, and areas. We used linear regression models to study
the effects of dietary zinc intake levels on metabolic syndrome indicators.
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3. Results

3.1. Characteristics of the Study Population

Of our 12,028 subjects, 47.1% (n = 5665) were male. The males had higher education and income
levels than the females. Intakes of energy, protein, carbohydrate, fat, and sodium were significantly
higher in males than in females, as were smoking and drinking rates, BMI, systolic blood pressure,
diastolic blood pressure, fasting glucose, and TG levels (p < 0.001) (Table 1).

Table 1. Sample characteristics of the study population aged 18–64 years in the China Nutritional
Transition Cohort Survey (CNTCS).

Group Male Female Total

Total 5665(47.1) 6363(52.9) 12028(100.0)

Age, %
18–49 3127(55.2) 3561(56.0) 6688(55.6)
50–64 2538(44.8) 2802(44.0) 5340(44.4)

Region, %
Country 2520(44.5) 2773(43.6) 5293(44.0)
County 1029(18.2) 1144(18) 2173(18.1)
Suburb 948(16.7) 1064(16.7) 2012(16.7)
City 1168(20.6) 1382(21.7) 2550(21.2)

Education, %
Primary/below 1126(19.9) 1929(30.3) # 3055(25.4)
Middle school 2078(36.7) 2101(33.0) 4179(34.7)
High school 1509(26.6) 1386(21.8) 2895(24.1)
University/above 952(16.8) 947(14.9) 1899(15.8)

Income, %
low 1804(31.8) 2196(34.5) # 4000(33.3)
Medium 1912(33.8) 2088(32.8) 4000(33.3)
High 1949(34.4) 2079(32.7) 4028(33.5)

Area, %
Western 2006(35.4) 2246(35.3) 4252(35.4)
Central 1511(26.7) 1676(26.3) 3187(26.5)
Eastern 2148(37.9) 2441(38.4) 4589(38.2)

Smoke, %
No 2454(43.3) 6251(98.2) 8705(72.4)
Yes 3211(56.7) 112(1.8) 3323(27.6)

Alcohol, %
No 2494(44.0) 5928(93.2) 8422(70.0)
Yes 3171(56.0) 435(6.8) 3606(30.0)

BMI, kg/m2 24.4 ± 3.7 24.0 ± 4.2 * 24.2 ± 4.0

Energy, kcal/day 2179.8 ± 733.3 1841.9 ± 642.0 * 2001.1 ± 706.9

Protein, g/day 67.6 ± 25.5 57.0 ± 22.0 * 62.0 ± 24.3

Carbohydrate, g/day 276.7 ± 119.6 236.7 ± 103.1 * 255.6 ± 113

Fat, g/day 86.6 ± 44.7 73.8 ± 40.2 * 79.8 ± 42.9

Systol blood presure, mmHg 127.4 ± 16.8 122.8 ± 18.1 * 124.9 ± 17.7

Diastol blood presure, mmHg 82.8 ± 11 78.9 ± 10.8 * 80.7 ± 11.1

Fasting glucose, mmol/L 5.5 ± 1.6 5.3 ± 1.3 * 5.4 ± 1.5

TG, mmol/L 4.9 ± 1.1 4.9 ± 1.1 4.9 ± 1.1

Na, mg/day 5330.2 ± 5419 4638.1 ± 5036.8 * 4964.1 ± 5231.5
#: Chi square trend test, compared with female, p < 0.001. *: Analysis of variance, compared with female, p < 0.001.
BMI, body mass index; TG, Triglyceride. BMI, energy, protein, carbohydrate, fat, systolic blood pressure, diastolic
blood pressure, fasting glucose, TG and sodium are described as means ± SD.

3.2. Dietary Zinc Intake

The average dietary zinc intake for all participants was 10.2 mg/day. The dietary zinc
intake differences between gender, age, region, education level, income level, and area were
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statistically significant. The dietary zinc intake was higher in males than in females and also
higher in the 18–49 age group than in the 50–64 age group. The intake increased gradually with
regional development and with higher education. The high-income group and the western area
group consumed the highest levels of zinc. The same age, region, education level, and income level
differences were apparent in males and females but not the area difference.

The average dietary zinc density for all participants was 5.2 mg/day per 1000 kcal. The results
showed no differences in dietary zinc density between the genders, while differences in age, region,
education level, income level, and area were statistically significant. The dietary zinc density was
higher in the 18–49 age group than in the 50–64 age group. The dietary zinc density increased gradually
with regional development, higher education, and higher income. Those in the eastern area showed
the highest dietary zinc density. Males and females showed the same age, region, education, income,
and area differences (Table 2).

Table 2. Mean of zinc intake and zinc density by gender, age, region, education, income, and
area subgroups.

Zinc Intake (mg/day) (means ± SD) Zinc Density (mg/day/1000 kcal) (means ± SD)

Group Male Female Total Male Female Total

Total 11.2 ± 4.2 9.4 ± 3.6 10.2 ± 4.0 5.2 ± 1.3 5.2 ± 1.3 5.2 ± 1.3
p-values for difference † <0.001 *

Age
18–49 11.4 ± 4.3 9.6 ± 3.7 10.4 ± 4.1 5.3 ± 1.3 5.2 ± 1.3 5.3 ± 1.3
50–64 10.9 ± 4.0 9.2 ± 3.5 10.0 ± 3.9 5.2 ± 1.3 5.1 ± 1.2 5.1 ± 1.3

p-values for difference † <0.001 <0.001 <0.001 <0.05 <0.001 <0.001

Region
Country 11.0 ± 4.2 9.2 ± 3.6 10.1 ± 4.0 5.1 ± 1.2 5.0 ± 1.2 5.1 ± 1.2
County 11.0 ± 4.1 9.3 ± 3.3 10.1 ± 3.8 5.2 ± 1.2 5.2 ± 1.2 5.2 ± 1.2
Suburb 11.2 ± 4.3 9.5 ± 3.9 10.3 ± 4.1 5.4 ± 1.4 5.3 ± 1.4 5.3 ± 1.4
City 11.5 ± 4.1 9.8 ± 3.8 10.6 ± 4.0 5.4 ± 1.4 5.4 ± 1.4 5.4 ± 1.4

p-values for linear trend ‡ <0.001 <0.001 <0.001 <0.001 <0.001 <0.001

Education
Primary/below 11.0 ± 3.9 9.2 ± 3.4 9.9 ± 3.7 5.2 ± 1.4 5.1 ± 1.2 5.1 ± 1.3
Middle school 11.1 ± 4.3 9.4 ± 3.8 10.3 ± 4.2 5.2 ± 1.3 5.1 ± 1.3 5.1 ± 1.3
High school 11.2 ± 4.2 9.5 ± 3.6 10.4 ± 4.0 5.2 ± 1.3 5.3 ± 1.3 5.2 ± 1.3
University/above 11.5 ± 4.2 9.6 ± 3.6 10.6 ± 4.0 5.5 ± 1.3 5.4 ± 1.3 5.5 ± 1.3

p-values for linear trend ‡ <0.05 <0.05 <0.001 <0.001 <0.001 <0.001

Income
low 11.1 ± 4.2 9.5 ± 3.8 10.2 ± 4.1 5.1 ± 1.3 5.1 ± 1.3 5.1 ± 1.3
Medium 10.9 ± 4.1 9.2 ± 3.5 10.0 ± 3.9 5.2 ± 1.3 5.2 ± 1.2 5.2 ± 1.3
High 11.5 ± 4.2 9.5 ± 3.6 10.5 ± 4.0 5.4 ± 1.3 5.3 ± 1.3 5.3 ± 1.3

p-values for linear trend ‡ <0.001 <0.001 <0.001 <0.001 <0.001 <0.001

Area
Western 11.3 ± 4.3 9.7 ± 3.9 10.5 ± 4.1 5.2 ± 1.3 5.2 ± 1.3 5.2 ± 1.3
Central 11.0 ± 4.1 9.1 ± 3.5 10.0 ± 3.9 5.0 ± 1.3 5.0 ± 1.2 5.0 ± 1.2
Eastern 11.1 ± 4.1 9.3 ± 3.5 10.2 ± 3.9 5.3 ± 1.3 5.3 ± 1.3 5.3 ± 1.3

p-values for linear trend ‡ <0.001 <0.001 <0.001 <0.001 <0.001

*: Compared with male; values adjusted for age, region, education, income, and area, the intakes of energy, protein,
carbohydrates and fats; †: p-values from analysis of variance (ANOVA); ‡: p-values from linear regression. The zinc
intake in the age, region, education, income, and area groups was adjusted for energy, protein, carbohydrates, and
fats; The zinc density in the above group was adjusted for protein, carbohydrates, and fats.

3.3. Dietary Zinc Intake Level

We further investigated the distribution of dietary zinc intake levels and found that 31.0% of all
participants consumed a level <EAR and 49.9% consumed a level ≥RNI. The proportion of participants
with dietary zinc intake levels ≥RNI was significantly higher in females than in males, while the
proportion with zinc intake levels <EAR was higher in males.

For males and females, the proportions of participants with zinc intakes level ≥RNI were higher
among those 18–49 years old, those in the most developed cities, those with highest education levels
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(university and above), those with the highest income levels, and those in the western area. On the
contrary, the proportions of participants with zinc intake levels <EAR were lower in all of those groups
(Table 3).

Table 3. Distribution of dietary zinc intake levels by gender, age, region, education, income, and area
subgroups (%).

Male Female

Group N <EAR EAR-RNI ≥RNI N <EAR EAR-RNI ≥RNI

Total 5665 49.2 20.1 30.7 6363 14.8 18.3 67.0
p-values for difference † <0.05 * <0.05 *

Age
18–49 3127 45.9 20.7 33.5 3561 13.8 17.4 68.8
50–64 2538 53.3 19.4 27.3 2802 16.1 19.3 64.6

p-values for difference † <0.05 <0.05 <0.05 <0.05

Region
Country 2520 50.3 19.9 29.8 2773 16.7 19.1 64.3
County 1029 50.2 19.8 29.9 1144 15.1 15.9 69.0
Suburb 948 49.2 20.4 30.5 1064 14.7 18.6 66.7
City 1168 45.9 20.5 33.7 1382 10.8 18.4 70.8

p-values for trend ‡ <0.05 <0.05 <0.05 <0.05

Education
Primary/below 1126 50.1 20.7 29.2 1929 16.2 18.1 65.7
Middle school 2078 49.8 20.0 30.2 2101 15.3 19.0 65.7
High school 1509 50.3 19.8 29.9 1386 14.1 18.0 68.0
University/above 952 45.1 20.0 35.0 947 11.8 17.4 70.8

p-values for trend ‡ <0.05 <0.05 <0.05

Income
low 1804 50.9 19.2 29.9 2196 15.3 18.0 66.8
Medium 1912 51.1 19.6 29.3 2088 16.9 18.3 64.9
High 1949 45.8 21.4 32.8 2079 12.2 18.6 69.3

p-values for trend ‡ <0.05 0.0497 <0.05

Area
Western 2006 47.5 19.2 33.3 2246 14.3 15.7 70.1
Central 1511 50.4 20.3 29.3 1676 16.8 20.3 63.0
Eastern 2148 49.9 20.7 29.4 2441 13.9 19.3 66.8

p-values for trend ‡ <0.05 <0.05 <0.05 <0.05

*: compared with male; †: p-values from Chi-squared test; ‡: p-values from Cochran-Armitage trend test. Dietary
zinc intake levels: <EAR: less than the Estimated Average Requirement (EAR); EAR-RNI: equal to or greater than
the EAR and less than the recommended nutrient intake (RNI); ≥RNI: equal to or greater than the RNI.

3.4. Food Sources of Dietary Zink

According to the food classifications from the Chinese Food Composition Table [14], grains,
livestock meat, fresh vegetables, legumes, and seafood were the top five food sources of zinc for all
participants, and their contributions to total dietary zinc intake were 39.5%, 17.3%, 8.9%, 6.4%, and
4.8%, respectively. The five groups together accounted for 76.9% of the total dietary zinc intake, and
grains and livestock meat accounted for 56.8% of the total.

Zinc intakes from grains, livestock meat, and seafood were significantly lower in females than in
males, while intakes from vegetables and legumes were higher in females than in males. Zinc intakes
from grains, vegetables, and legumes were significantly lower in the 18–49 age group than in
the 50–64 group, while the intake from livestock meat was higher in the 18–49 group than in the
50–64 group. The zinc contribution rates from grains, vegetables, and legumes decreased with more
regional development, higher education, and higher income, while the rates from livestock meat and
seafood increased. We found the largest differences in food sources of dietary zinc in grains and the
second largest in livestock meat. The zinc contribution from grains was 13.0% higher in the rural group
than in the city group, i.e., 44.2% versus 31.2%, respectively, and the contribution from livestock meat
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was 13.0% higher in the western area than in the central area, i.e., 30.4% versus 17.4%, respectively
(Table 4).

Table 4. Food sources of dietary zinc intake by gender, age, region, education, income, and area (%).

Group Grains Livestock Meat Vegetables Legumes Seafood Other

Total 38.8 18.7 9.5 6.1 4.7 22.2

Gender
Male 39.2 19.6 9.3 6.0 4.8 21.1
Female 38.4 17.8 9.8 6.3 4.7 23.0

p-values for difference † <0.001 <0.001 <0.001 <0.001 <0.001

Age
18–49 38.3 19.8 9.2 5.8 4.7 22.1
50–64 39.3 17.4 9.9 6.6 4.7 22.0

p-values for difference † <0.001 <0.001 <0.001 <0.001

Region
Country 44.2 15.3 10.3 6.9 3.9 19.5
County 39.7 18.9 9.5 5.9 5.1 21.0
Suburb 36.0 20.5 10.1 6.1 4.7 22.7
City 31.2 23.0 8.1 5.2 5.7 26.8

p-values for trend ‡ <0.001 <0.001 <0.001 <0.001 <0.001

Education
Primary/below 44.7 14.4 10.8 7.2 3.7 19.2
Middle school 40.8 17.7 9.9 6.6 4.2 20.8
High school 36.2 20.4 9.1 5.7 5.1 23.5
University/above 31.9 23.2 8.0 4.9 6.2 25.8

p-values for trend ‡ <0.001 <0.001 <0.001 <0.001 <0.001

Income
low 42.7 16.7 9.3 6.6 3.9 20.8
Medium 40.7 16.6 10.6 6.5 4.5 21.0
High 35.1 21.4 9.0 5.6 5.3 23.7

p-values for trend ‡ <0.001 <0.001 <0.001 <0.001 <0.001

Area
Western 34.1 30.4 9.8 3.3 3.8 18.6
Central 43.4 17.4 11.5 6.2 3.1 18.4
Eastern 36.0 18.8 8.2 6.3 5.8 24.9

p-values for trend ‡ <0.001 <0.001 <0.001 <0.001 <0.001
†: p-values from Chi-squared test; ‡: p-values from Cochran–Armitage trend test.

Comparing the dietary zinc intakes corresponding to <EAR, EAR-RNI, and ≥RNI, we found that
dietary zinc from grains decreased, while those from livestock meat, legumes, and seafood increased
from EAR to RNI. Zinc from grains decreased by 7.7% in the ≥ RNI level compared to the < EAR level,
while zinc from livestock meat increased by 6.5% (Figure 1).
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Primary/below 44.7 14.4 10.8 7.2 3.7 19.2 
Middle school 40.8 17.7 9.9 6.6 4.2 20.8 
High school 36.2 20.4 9.1 5.7 5.1 23.5 
University/above 31.9 23.2 8.0 4.9 6.2 25.8 

p-values for trend ‡ <0.001 <0.001 <0.001 <0.001 <0.001  
Income       

low 42.7 16.7 9.3 6.6 3.9 20.8 
Medium 40.7 16.6 10.6 6.5 4.5 21.0 
High 35.1 21.4 9.0 5.6 5.3 23.7 

p-values for trend ‡ <0.001 <0.001 <0.001 <0.001 <0.001  
Area       

Western 34.1 30.4 9.8 3.3 3.8 18.6 
Central 43.4 17.4 11.5 6.2 3.1 18.4 
Eastern 36.0 18.8 8.2 6.3 5.8 24.9 

p-values for trend ‡ <0.001 <0.001 <0.001 <0.001 <0.001  
†: p-values from Chi-squared test; ‡: p-values from Cochran–Armitage trend test. 
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Figure 1. Food sources of dietary zinc by levels of zinc intake. The asterisk * indicates a significant
difference from the Cochran–Armitage trend test, p < 0.001.
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3.5. Relationship between Dietary Zinc Intake and Metabolic Syndrome Indicators

Using linear regression models, we studied the effect of dietary zinc intake on systolic blood
pressure, diastolic blood pressure, fasting glucose, and TG in both genders after adjusting for age,
region, education, income, area, intake of energy, protein, carbohydrate, fat, and sodium, alcohol
consumption, and smoking. We considered the level <EAR as the reference. For males, TG increased
by 0.219 mmol/L in the ≥RNI level (Table 5). For females, the effects of dietary zinc intake on
diastolic blood pressure, fasting glucose, and TG were statistically significant. Diastolic blood pressure
decreased by 0.963 mmHg in the ≥RNI level, fasting glucose decreased by 0.187 mmol/L in the ≥RNI
level, and TG increased 0.097 mmol/L in the ≥RNI level and 0.120 mmol/L in the EAR-RNI level
(Table 6).

Table 5. Relationship between dietary zinc intake levels and metabolic syndrome indicators for males.

β SE t P

systolic blood pressure
<EAR ref
EAR-RNI 0.506 0.4763 1.06 0.288
≥RNI 0.280 0.570 1.49 0.623

diastolic blood pressure
<EAR ref
EAR-RNI 0.030 0.318 0.10 0.924
≥RNI −0.366 0.380 −0.96 0.335

fasting glucose
<EAR ref
EAR-RNI −0.120 0.067 −1.78 0.075
≥RNI −0.155 0.080 −1.93 0.054

TG
<EAR ref
EAR-RNI 0.083 0.063 1.31 0.190
≥RNI 0.219 0.076 2.90 0.004

Table 6. Relationship between dietary zinc intake levels and metabolic syndrome indicators for females.

β SE t P

systolic blood pressure
<EAR ref
EAR-RNI 0.268 0.550 0.49 0.627
≥RNI 0.413 0.546 0.76 0.450

diastolic blood pressure
<EAR ref
EAR-RNI −0.011 0.344 −0.03 0.976
≥RNI −0.963 0.341 −2.82 0.005

fasting glucose
<EAR ref
EAR-RNI −0.052 0.063 −0.82 0.411
≥RNI −0.187 0.063 −2.98 0.003

TG
<EAR ref
EAR-RNI 0.097 0.043 2.24 0.025
≥RNI 0.120 0.042 2.81 0.005
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4. Discussion

This study found that, in 2015, the average dietary zinc intake of Chinese adults in 15 provinces
was 10.2 mg/day, which is lower than the results from the China National Nutrition and Health Survey
that measured 11.3 mg/day in 2002 and 10.7 mg/day in 2010–2012 [24]. This study found that the
average dietary zinc density was 5.2 mg/day per 1000 kcal, higher than the results from the China
National Nutrition and Health Survey in 2002 (5.1–5.2 mg/day per 1000 kcal in urban residents and
4.7–4.8 mg/day per 1000 kcal in rural residents) [25]. The comparison of the above results suggests
that, over time, up to 2015, Chinese dietary zinc intake was on a declining trend and Chinese dietary
zinc density was on the rise. Our study found that 31.0% of Chinese adults consumed the dietary
zinc at a level <EAR, which was slightly lower than the 35.6% from the China National Nutrition and
Health Survey in 2010–2012 [8]. Our results indicate that the dietary zinc intake of nearly half of the
male population was <EAR. In contrast, the dietary zinc intake of women was better, with 85.2% of
women reaching the EAR, and 67.0% reaching the RNI.

In the past decade or so, China’s food structure has changed greatly. Consumption of grains,
vegetables, and other plants has decreased, and consumption of animal source foods, such as livestock
and poultry, has significantly increased [26]. In 2002, 51.9% of dietary zinc was from grains, and 13.5%
was from meat [7]. By 2015, the consumption of grains had decreased by 13.1%, the consumption of
meat had increased by 5.2%, and the average intake of dietary zinc had decreased. The reason may
be related to the changes in food sources in the past 10 years. Meat consumption did not increase as
much as grain consumption decreased, which might have improved dietary zinc density. However, the
Chinese total food and energy intake was on the decline [8], so zinc intake showed a downward trend.

Gender, age, education, income, region, and area differences may affect the dietary zinc intake.
Men consumed more zinc than women. Since we found no difference in dietary zinc density between
the genders, the dietary zinc intake differed from the total energy intake. The dietary zinc intake in the
50–64 age group was lower than in the 18–49 age group, possibly because of the lower dietary zinc
density and total energy intake in the 50–64 group. Education, income, and regional development
might have positive effects on dietary zinc intake. Higher levels of education, income, and regional
development corresponded to higher dietary zinc intakes and higher zinc densities, but the study also
found that the highest levels of zinc density were in the least developed western region. This result
might be related to the higher meat consumption in that region, where 30.4% of dietary zinc intake
was from livestock meat.

The zinc intake differences reflect the rates of dietary zinc deficiency. The higher the dietary zinc
intake, the higher the rate of meeting the EAR and the RNI. The Chinese zinc evaluation standards for
males and females are not the same, so although the mean value showed a difference of only 1.8 mg/day
between the genders, we found a huge gap in the rates of dietary zinc deficiency. Only 14.8% of women
did not reach the EAR, while nearly half of men did not reach it. In addition, 67.0% of women reached
the RNI, while only 30.7% of men reached it, less than half the rate for women.

Food sources affected dietary zinc intake. As dietary zinc intake increased, the proportion of grain
intake decreased, and the proportion of meat intake increased significantly. Therefore lower grain
and higher livestock meat consumption characterizes a relatively good dietary zinc status for adults
in China.

In comparison, in the United States, an economically developed country, the dietary zinc intakes
for males and females over the age of 19 were 14.2 and 9.8 mg/day, respectively, in NHANES 2009–2010,
and the rates of zinc deficiency were 11.0% and 17.0% for males and females, respectively, in HNANES
2001–2002 [27]. Chinese women’s zinc intakes and inadequacies in this study were comparable to
those of American women, but Chinese men’s zinc intakes and inadequacies in this study were far
from those of American men. The top three food sources of dietary zinc in the United States in
HNANES 2003–2006 were meats, grains, and dairy products, accounting for 35.0%, 15.0%, and 13.0%,
respectively [28–30]. The rough proportions of dietary zinc from grains and meats in China in this
study were just the opposite, and dairy was a big difference. China’s dairy intake was low, so dairy
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products were not an important source of zinc. Although the average dietary zinc intake in China was
lower than that in the United States, it was comparable to those in Canada [31] and New Zealand [32]
and higher than those in the United Kingdom [33,34] and Chile [35]. However, the adequacy of zinc
intake depends not only on the amount of zinc but also on its bioavailability. People consuming a
diet that provides marginal zinc may not absorb an adequate amount of zinc if they also consume
foods high in phytates. The average phytate intake for people in China (1186 mg/day) [22,36] was
higher than that in western countries, possibly because of the higher consumption of grains and
lower consumption of meats and dairy products in China. Although Chinese dietary zinc intake was
comparable with that of some western countries, Chinese dietary zinc absorption was not necessarily
the same. By the way, it seems that the proportion of foods high in phytate was more prevalent in rural
regions, where the zinc intake was also lower. This would mean that bioavailability was particularly
low in the geographic population with the lowest intake, which may aggravate the problem of zinc
deficiency in these areas.

Zinc is highly significant in the pathogenesis of metabolic syndrome, which suggests that zinc
supplementation would have a positive effect in reducing metabolic syndrome. However, the results
of previous studies on the association between zinc and metabolic indicators are controversial.
For example, it has been reported that zinc may participate in blood pressure regulation and in
the pathogenesis of hypertension [37]. Inverse relationships between blood pressure and dietary
zinc and serum zinc concentration have been documented in hypertensive subjects [38,39], but some
studies have reported that zinc does not change the blood pressure in rats [40,41] or humans [42].
It also has been suggested that zinc deficiency may be an important risk factor for type 2 diabetes
mellitus [43]. Several studies have observed a decreased concentration of zinc in diabetic patients
compared to healthy people [44–51], and others have noticed a relation between inadequate zinc intake
and raised insulin concentrations in blood in adolescents [52]. Some recent studies showed that zinc
supplementation improved glucose metabolism and insulin sensitivity in diabetic patients [53–57].
However, other studies did not confirm the association between zinc and glucose metabolism and
insulin resistance [58,59]. Numerous studies have indicated an association between serum zinc levels
and lipid metabolism [60]. Clinical and experimental studies have reported that zinc supplementation
decreased total cholesterol, low-density lipoprotein cholesterol, and TG and increased high-density
lipoprotein cholesterol [53,61]. In other studies, zinc deficiency exacerbated hepatic lipid metabolism,
while zinc supplementation increased hepatocyte activity and improved lipid metabolism in the
liver [62,63]. By contrast, E. Weigand and J. Egenolf [64] have showed that moderate zinc deficiency
did not alter lipid concentration and fatty acid composition in the livers of rats fed a high-fat diet.
Moreover, short-term zinc supplementation in obese patients decreased weight and TG levels without
significant changes in lipid and glucose profiles [58,65,66], and, elsewhere, serum zinc levels in men
were positively associated with elevated TG [67].

In contrast with most of the above results, where the association of serum zinc status with
metabolic syndrome were based on experimental or patient studies, our study emphasizes the effects
of dietary zinc intake on metabolic syndrome indicators based on a health cohort. For females, the
group with adequate dietary zinc intake (≥RNI) showed lower diastolic blood pressure and fasting
glucose than the reference group (<EAR). Our systolic blood pressure difference was not statistically
significant, although the results from a study showed that dietary zinc intake was inversely associated
with systolic blood pressure in young obese Korean women [68]. For males and females, the dietary
zinc intake was positively associated with TG. Our study demonstrates that adequate dietary zinc
intake was associated with reduced diastolic blood pressure and fasting glucose levels. However,
we saw a rise in TG in the groups with adequate dietary zinc intakes, which seemed inconsistent
with the improvement in lipid metabolism. The relationship between dietary zinc intake and serum
zinc concentration was inconsistent because of high heterogeneity [69], and the improvement in
lipid metabolism was contradictory. Nevertheless, this study found that adequate dietary zinc was
associated with reduced blood pressure and fasting glucose, as did previous studies of serum zinc levels.
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Further studies should investigate the role of serum zinc and urine zinc concentrations on metabolic
syndrome, and further studies of gender-specific influences are needed to evaluate the effects of dietary
zinc intake on metabolic syndrome.

This study has several limitations. The three-day, 24 h food intake recall may not reflect long-term
dietary habits. Eating out is another source of potential measurement errors [70]. Another limitation
is that the study did not take into account zinc from dietary supplements. As the use of dietary
supplements is less widespread in China (10.3% in urban residents, 2.9% in rural residents) [71] than in
the United States (39.5% overall) [72], we assumed that our underestimation of zinc intake was small.
Although we excluded patients affected by hypertension, diabetes, and cardiovascular diseases from
the data collected by questionnaires, the questionnaires could not rule out undetected participant with
metabolic disease which might have caused minor errors.

5. Conclusions

In conclusion, we found a substantial gender difference in dietary zinc intake and zinc deficiency.
Nearly half of the men were at risk of zinc deficiency, whereas very few women were at risk. Grains and
livestock meat were the main food sources of dietary zinc. The local culture, economic and development
levels, and meat-eating habits might have positive impacts on the intake of dietary zinc. A lower
consumption of grains and a higher consumption of livestock meat were characteristic of the groups
with relatively better dietary zinc intakes. An adequate dietary zinc intake was associated with
reduced diastolic blood pressure and fasting glucose levels in Chinese women, but with raised
TG in Chinese adults. Nutrition interventions should be strengthened for Chinese men and lower
socioeconomic groups.
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