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Abstract We aimed to investigate the relationship of dietary zinc intake with new-onset hypertension among
Chinese adults. A total of 12,177 participants who were free of hypertension at baseline from the China Health
and Nutrition Survey were included. Dietary intake was assessed by three consecutive 24-h dietary recalls
combined with a household food inventory. Participants with systolic blood pressure = 140 mmHg or diastolic
blood pressure = 90 mmHg or diagnosed by a physician or under antihypertensive treatment during the follow-
up were defined as having new-onset hypertension. During a median follow-up duration of 6.1 years, 4269
participants developed new-onset hypertension. Overall, the association between dietary zinc intake and new-
onset hypertension followed a J-shape (P for non-linearity < 0.001). The risk of new-onset hypertension
significantly decreased with the increment of dietary zinc intake (per mg/day: hazard ratio (HR) 0.93; 95%
confidence interval (CI) 0.88-0.98) in participants with zinc intake < 10.9 mg/day, and increased with the
increment of zinc intake (per mg/day: HR 1.14; 95% CI 1.11-1.16) in participants with zinc intake = 10.9 mg/day.
In conclusion, there was a J-shaped association between dietary zinc intake and new-onset hypertension in general
Chinese adults, with an inflection point at about 10.9 mg/day.
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structure and catalytic functions, especially in the
immune and central nervous systems [7,8]. The

Introduction

Hypertension is the leading cause of cardiovascular
disease and premature death [1-3], affecting more than a
billion individuals worldwide [4]. Nearly half of Chinese
adults aged 35-75 years had hypertension [5,6].
Therefore, a better understanding of the modifiable risk
factors of hypertension would aid in the prevention and
management of hypertension and its related diseases.
Recently, the relations of trace minerals with
hypertension have received considerable interest [7].

Zinc is the second most abundant transition metal in the
body after iron. Through its presence in various enzymes
and proteins, zinc plays a major role in normal cell
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associations between serum or urine zinc levels and
hypertension had been examined mainly in previous
cross-sectional and case—control studies [9-12]. However,
the findings were inconsistent, including inverse or no
significant relations. Consistently, only a few previous
cross-sectional studies [13-18] had evaluated the
associations  between dietary zinc intake and
hypertension, and also reported inconsistent results. Of
note, only one previous study [19] evaluated the
prospective association between dietary zinc intake and
hypertension. However, this study had a relatively small
sample size and only included men. Therefore, a
definitive conclusion could not be drawn. Moreover, no
previous study used dietary zinc data continuously, which
may provide more granular information and allow for the
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possibility of a nonlinear association between zinc intake
and new-onset hypertension. As such, to date, the
relationship of dietary zinc intake with new-onset
hypertension remains uncertain.

To address the above important knowledge gaps, the
present study aimed to investigate the prospective
association between dietary zinc intake and the risk of
new-onset hypertension in the general population using
data from the China Health and Nutrition Survey
(CHNS), a national health and nutrition survey in China.

Methods

Population and study design

Details on the study design and major results of the
CHNS have been described previously [20-26]. CHNS is
an ongoing, national, prospective open-cohort study in
China. CHNS began in 1989, with a total of 10 rounds
(1989, 1991, 1993, 1997, 2000, 2004, 2006, 2009, 2011,
and 2015) already completed. By 2011, the CHNS
included 12 provinces/autonomous regions and 288
communities, which constituted 47% of China’s
population [20].

The current study is based on seven rounds of CHNS
data from 1997 to 2015. We excluded participants who
were pregnant, aged < 18 years, or with missing blood
pressure (BP) data. Among the remaining participants,
those who were surveyed in at least two study rounds
(n = 15 774; 61 612 person-waves) were included, and
the first survey round was considered as the baseline.
Furthermore, hypertensive participants (defined as having
a systolic blood pressure (SBP) = 140 mmHg and/or
diastolic blood pressure (DBP) = 90 mmHg or previously
diagnosed by a physician or under antihypertensive
treatment at baseline), or those with missing dietary zinc
data or implausible dietary energy data (men, > 4200 or
< 600 kcal/day; women, > 3600 or < 500 kcal/day) were
excluded [27]. Finally, a total of 12 177 participants were
included in the final analysis (Fig. S1).

The Institutional Review Boards of the University of
North Carolina at Chapel Hill, the National Institute of
Nutrition and Food Safety, and the Chinese Center for
Disease Control and Prevention approved the study. Each
CHNS participant provided their written informed
consent. The data and study materials that support the
findings of this study can be found at the official website
of CHNS.

Dietary nutrient intakes

Both individual and household level dietary data in the
CHNS were collected by trained research staff through
face-to-face interview in each survey round. The dietary
intake was recorded by three consecutive 24-h recalls at

the individual level, in combination with using a 3-day
food-weighed method to assess cooking oil and
condiment consumption at the household level. The three
consecutive days were randomly allocated from Monday
to Sunday and are almost equally balanced across the
seven days of the week for each sampling unit [28].
Twenty-four-hour dietary recall is a common survey
method for dietary assessment and had been used in a
series of important cohorts [29,30]. The accuracy and
reproducibility of 24-h dietary recall designed to assess
energy and nutrient intake has been validated [31-33].
Food consumption data were converted into nutrient
intake and total energy using Chinese food composition
tables (FCTs). The 1991 FCT was utilized to calculate the
nutrient values for the dietary data of 1997 and 2000
surveys. The 2002/2004 version (two books combined)
was used for the 2004, 2006, 2009, and 2011 surveys.

In the current analyses, 3-day average intakes of dietary
macronutrients and micronutrients in each round were
calculated. The cumulative average intake values of each
nutrient from baseline to the last visit before the date of
new-onset hypertension or the end of follow-up were
further calculated to represent long-term dietary intake
and minimize within-person variation. In this study, we
evaluated energy-adjusted nutrient intake for dietary zinc
using the residual method [34].

Assessments of BP and covariates

After the patients had rested for 5 min, seated BP
measurements were obtained by trained research staff
using a mercury manometer, following the standard
method and with appropriately sized cuffs at each follow-
up survey. The mean SBP and DBP of three independent
measures were used in the analysis.

Information on age, sex, residence, region, education
level, physical activity, occupation, smoking, and
drinking status was obtained from the questionnaires at
each follow-up survey. Height and weight were measured
following a standard procedure with calibrated
equipment. The body mass index (BMI) was calculated as
weight (kg) by height squared (m2). In the 2009 wave of
CHNS, blood samples were collected and assessed in a
national central laboratory in Beijing (medical laboratory
accreditation certificate ISO 15189:2007), China. The
estimated glomerular filtration rate (eGFR) was calcu-
lated using the Chronic Kidney Disease Epidemiology
Collaboration equation. The levels of physical activity
were the product of the self-reported time spent in each
activity multiplied by the specific metabolic equivalent
values [35].

Study outcome

New-onset hypertension was defined as mean SBP
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= 140 mmHg and/or mean DBP = 90 mmHg or
diagnosed by a physician or currently under antihyper-
tensive treatment during the follow-up [35-37].

The follow-up time was calculated by the middle date
between the following survey when a participant was first
identified with new-onset hypertension and the nearest
survey before. For those free of hypertension in all
following surveys, the last survey date was used to
calculate the follow-up time.

Statistical analysis

Baseline characteristics were presented as means (SDs)
for continuous variables or proportions for categorical
variables by zinc quartiles. Differences in characteristics
were compared using ANOVA tests or chi-square tests
accordingly.

The incidence rates of hypertension, expressed as per
1000 person-years, were calculated as the number of new
hypertension cases divided by the person-years of follow-
up. The relation of dietary zinc intake with new-onset
hypertension was estimated using Cox proportional
hazards models (hazard ratio (HR) and 95% confidence
interval (CI)) without and with adjustments for baseline
SBP, DBP, demographic variables (age, sex, education
levels, occupations, urban or rural residence),
hypertension risk factors (BMI, smoking, and drinking
status), sodium-to-potassium intake ratio (Na/K), and
energy intake. We applied a two-piecewise regression
model to examine the threshold effect of the dietary zinc
intake on the study outcome using a smoothing function.
The inflection point was determined using the likelihood-
ratio test and bootstrap resampling method. We
additionally performed restricted cubic spline Cox
regression with four knots (5th, 35th, 65th, 95th
percentiles of dietary zinc intake) to test for linearity and
explore the shape of the dose-response relation of zinc
intake and new-onset hypertension.

As additional exploratory analyses, possible modifi-
cations on the association of dietary zinc intake and new-
onset hypertension were evaluated by stratified analyses
and interaction testing.

A two-tailed P < 0.05 was considered to be statistically
significant in all analyses. R software version 3.6.1 was
used for all data analyses.

Results

Study participants and baseline characteristics

As illustrated in the flowchart (Fig. S1), a total of 12 177
participants were included in the current study. The
average age of the study population was 41.2 (SD, 14.2)
years. A total of 5698 (46.8%) of the participants were
male. The mean dietary zinc intake was 11.2 (SD, 2.0)

mg/day. The median number of dietary zinc measure-
ments was 2 (interquartile range, 1-4) times (Fig. S2).

The baseline characteristics of study participants are
presented by quartiles of dietary zinc intake in Table 1
and Table S1. Participants with higher dietary zinc intake
were older, more likely to be male, urban residents,
smokers and drinkers, and living in the south region; had
higher education levels; had higher intakes of protein,
seafood, nuts, red meat, vitamin A, riboflavin, niacin,
vitamin C, copper, magnesium, iron, and potassium; were
less likely to be female; and had lower BMI, physical
activity levels, and Na/K and lower intakes of fat,
carbohydrate, whole grain, and sodium.

Association between dietary zinc intake and new-onset
hypertension

During a median follow-up of 6.1 years (interquartile
range, 3.6—11.4 years), 4269 (44.9 per 1000 person-years)
participants developed new-onset hypertension. Among
them, 826 were diagnosed with hypertension by a
physician, 526 reported the use of antihypertensive
treatment during follow-up, and 3923 had a new-onset
mean SBP =140 mmHg and/or mean DBP of
=90 mmHg during follow-up. Some of the patients met at
least two of the above three criteria.

Overall, the association between dietary zinc intake
(Fig. 1) and the risk of new-onset hypertension followed a
J-shape (P for non-linearity < 0.001). Accordingly, in the
threshold effect analysis, the risk of new-onset
hypertension significantly decreased with the increment
of dietary zinc intake (per mg/day: HR, 0.93; 95% CI,
0.88-0.98) in participants with zinc intake < 10.9 mg/day
and increased with the increment of dietary zinc intake
(per mg/day: HR, 1.14; 95% CI: 1.11-1.16) in
participants with zinc intake =10.9 mg/day (Table 2).
Consistently, when dietary zinc intake was assessed as
quartiles, the risk of new-onset hypertension was higher
in participants in the first quartile ( < 10.0 mg/day: HR,
1.09; 95% CI, 1.01-1.18) and fourth quartile
(=12.2 mg/day: HR, 1.42; 95% CI, 1.32—-1.53) compared
with those in the second to third quartiles (10.0 to
< 12.2 mg/day) (Table 3).

Similar trends were also found for different compo-
nents of new-onset hypertension, including physician-
diagnosed hypertension, use of antihypertensive treatment
during follow-up, and new-onset mean SBP =140 mmHg
and/or mean DBP =90 mmHg during follow-up
(Table S2).

We further performed a series of sensitivity analyses to
test the robustness of the association. First, further
adjustments for the intakes of vitamin A, riboflavin,
niacin, vitamin C, sodium, copper, magnesium, and iron
did not substantially change the results (Table S3).
Second, further adjustments for the intakes of seafood,
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Table 1 Population characteristics by quartiles of dietary zinc intake
Zinc intake (mg/day)
Characteristics P value
Q1 (<10.0) Q2(10.0 to < 11.0) Q3 (11.0to<12.2) Q4 (=12.2)
N 3044 3044 3044 3045
Age (years) 41.0 (14.3) 412 (14.1) 40.5 (14.0) 42.1 (14.3) <0.001
Male (n (%)) 1358 (44.6) 1317 (43.3) 1421 (46.7) 1602 (52.6) <0.001
BMI (kg/m2) 227 (3.1) 223 (3.1) 222 (3.0) 224 (3.1) <0.001
SBP (mmHg) 114.1 (11.3) 113.9 (11.5) 113.1 (11.4) 114.4 (11.4) <0.001
DBP (mmHg) 74.2 (8.0) 742 (7.9) 73.8 (1.7) 74.5(7.7) 0.003
Current smoking (n (%)) 883 (29.1) 886 (29.3) 895 (29.5) 1024 (33.8) <0.001
Current alcohol drinking (n (%)) 971 (32.2) 947 (31.4) 1033 (34.4) 1187 (39.5) <0.001
Self-report diabetes (1 (%)) 29 (1.0) 35(1.2) 39 (1.3) 50 (1.7) 0.100
Urban residence (1 (%)) 903 (29.7) 1057 (34.7) 1109 (36.4) 1336 (43.9) <0.001
eGFR (mL/min/1.73 m2) 88.0 (16.0) 84.7 (16.1) 84.3 (16.4) 82.5(16.8) <0.001
Physical activity, MET-h/week 162.7 (140.1) 161.0 (139.7) 162.2 (135.6) 142.1 (127.4) <0.001
Regions (n (%) <0.001
Central 1699 (55.8) 1416 (46.5) 1247 (41.0) 1220 (40.1)
North 710 (23.3) 723 (23.8) 565 (18.6) 486 (16.0)
South 635 (20.9) 905 (29.7) 1232 (40.5) 1339 (44.0)
Occupation (n (%)) <0.001
Famer 1171 (39.0) 1196 (39.8) 1122 (37.1) 859 (28.5)
Worker 312 (10.4) 351 (11.7) 404 (13.4) 390 (12.9)
Unemployed 829 (27.6) 738 (24.5) 697 (23.0) 773 (25.6)
Other 687 (22.9) 723 (24.0) 802 (26.5) 993 (32.9)
Education (n (%)) <0.001
Iliteracy 588 (19.7) 599 (20.1) 533 (17.9) 485 (16.2)
Primary school 631 (21.1) 593 (19.9) 584 (19.6) 519 (17.4)
Middle school 1030 (34.5) 1024 (34.3) 979 (32.8) 958 (32.0)
High school or above 737 (24.7) 767 (25.7) 889 (29.8) 1028 (34.4)
Dietary intake
Energy ( kcal/day) 2236.7 (535.0) 2135.9 (500.1) 2150.3 (505.1) 2189.5 (522.8) <0.001
Fat (g/day) 81.3 (33.6) 71.0 (28.0) 70.6 (26.9) 74.3 (27.8) <0.001
Carbohydrate (g/day) 315.2 (102.6) 311.0 (94.1) 311.4 (99.8) 304.4 (101.0) <0.001
Protein (g/day) 61.0 (17.1) 63.1 (16.2) 67.4 (16.7) 75.8 (21.0) <0.001
Sodium (g/day) 5.4(3.1) 4927 5.0 (2.9) 4.8(3.3) <0.001
Potassium (g/day) 1.5(0.5) 1.6 (0.4) 1.7(0.5) 1.9(0.8) <0.001
Na/K 3.7(2.4) 3.3(1.9) 3.1(2.0) 2.7(1.8) <0.001

Abbreviations: BMI, body mass index; SBP, systolic blood pressure; DBP, diastolic blood pressure; eGFR, estimated glomerular filtration rate; MET, metabolic

equivalent; Na/K, sodium-to-potassium.
Variables are presented as mean (SD) or n (%).

nuts, red meat, vegetable, legume, and whole grain also
did not materially alter the findings (Table S3). Third,
further adjustment for the physical activity levels also did
not substantially change the results (Table S4). Moreover,
among participants with blood sample measurements in
2009 wave, further adjustment for eGFR levels did not
materially alter the results (Table S4).

Stratified analyses by potential effect modifiers

We further performed exploratory subgroup analyses to
assess the associations between dietary zinc intake and
new-onset hypertension in two groups of participants
separated by the inflection point of =zinc intake
(10.9 mg/day).
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Overall P<0.001; non-linearity P<0.001
2.00

Adjusted HRs for new-onset hypertension

0.75

8 10 12 14 16
Zinc intake (mg/day)

Fig.1 Relation of dietary zinc intake with risk of new-onset
hypertension. Adjusted for age, sex, body mass index (BMI), smoking
and drinking status, systolic blood pressure (SBP), diastolic blood
pressure (DBP), education levels, occupations, urban or rural residence,
sodium-to-potassium intake ratio (Na/K), and energy intake.

None of the variables, including age, sex, BMI, SBP,
Na/K, fat, protein, carbohydrate, copper intake, and self-
reported diabetes, significantly modified the association

between dietary zinc intake and new-onset hypertension
(Fig. 2 and Fig. S3). The P values for interactions for
smoking status; intakes of protein, carbohydrate, and
vitamin A among participants with dietary zinc intake
= 10.9 mg/day; and intakes of fat, niacin, and riboflavin
intake among participants with dietary zinc intake
< 10.9 mg/day were lower than 0.05. After being
corrected for multiple comparisons with the use of the
Bonferroni procedure, only the P values for interactions
for fat intake (P-interaction = 0.003) among participants
with dietary zinc intake < 10.9 mg/day and carbohydrate
intake (P-interaction = 0.004) among participants with
dietary zinc intake =10.9 mg/day remained significant.
However, due to the similar directionality of most of the
associations, these results may not have significant
clinical implications.

Discussion

In this relatively large-scale, nationally prospective cohort
of Chinese adults, we first observed a J-shaped
relationship of dietary zinc intake and new-onset
hypertension with the inflection points at 10.9 mg/day.
Few previous studies [19] have examined the
association between dietary zinc intake and new-onset
hypertension. Kunutsor and Laukkanen [19] reported no

Table 2 Threshold effect analyses of dietary zinc intake on the risk of new-onset hypertension using two-piecewise regression models

Crude model Adjusted model
Zinc intake (mg/day) n Cases (incidence rate)
HR (95% CI) P value HR (95% CI) P value
<10.9 5899 2034 (43.6) 0.88 (0.84-0.92) <0.001 0.93 (0.88-0.98) 0.003
=109 6278 2235 (46.1) 1.14 (1.12-1.16) <0.001 1.14 (1.11-1.16) <0.001

Incident rate is presented as per 1000 person-years of follow-up.

Adjusted for age, sex, body mass index (BMI), smoking and drinking status, systolic blood pressure (SBP), diastolic blood pressure (DBP), education levels,
occupations, urban or rural residence, sodium-to-potassium intake ratio (Na/K), and energy intake.

Table 3 Association between dietary zinc intake and the risk of new-onset hypertension

Crude models Adjusted models
Zinc intake (mg/day) n Cases (incidence rate)
HR (95% CI) P value HR (95% CI) P value

Quartiles

Q1 (<10.0) 3044 1045 (46.3) Ref

Q2 (10.0-<11.0) 3044 1044 (40.4) 0.87 (0.80-0.94) 0.001 0.92 (0.84-1.00) 0.060

Q3 (11.0-<12.2) 3044 975 (37.8) 0.81 (0.74-0.89) <0.001 0.91 (0.83-1.00) 0.042

Q4 (=122) 3045 1205 (57.4) 1.25 (1.15-1.36) <0.001 1.30 (1.19-1.42) <0.001
Categories

Q1 (<10.0) 3044 1045 (46.3) 1.19 (1.11-1.28) <0.001 1.09 (1.01-1.18) 0.024

Q2-3(10.0 - < 12.2) 6088 2019 (39.1) Ref Ref

Q4 (=12.2) 3045 1205 (57.4) 1.49 (1.39-1.60) <0.001 1.42 (1.32-1.53) <0.001

Incidence rate is presented as per 1000 person-years of follow-up.

Adjusted for age, sex, body mass index (BMI), smoking and drinking status, systolic blood pressure (SBP), diastolic blood pressure (DBP), education levels,
occupations, urban or rural residence, sodium-to-potassium intake ratio (Na/K), and energy intake.
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A Dietary zinc intake <10.9 mg/day

1 Subgroup Event (rate) Adjusted HR (95%Cl)
Sex 0.786

Male 1003 (51.1) 0.93 (0.87, 1.00) -
Female 1031 (38.1) 0.92 (0.86, 0.99)
5 Age (years) 0.332
<40 677 (26.9) 0.89 (0.82, 0.97)
=40 1357 (63.0) 0.94 (0.89, 1.00)
BMI (kg/m?) 0.241
<24 1294 (36.4) 0.90 (0.84,0.96)  —
=24 726 (66.8) 0.95 (0.88, 1.03) -
SBP (mmHg) 0.363
10 <120 988 (31.0) 0.91 (0.84, 0.97) .
=120 1046 (70.8) 0.95(0.89, 1.01) -
Na/K 0.403
<3.0 (median) 1024 (442)  091(0.85,098) -
=30 1010 (42.9) 0.95 (0.89, 1.01) -
Fat intake (g/day) <0.001
<72.2 (median) 1094 (46.5) 1.04 (0.96, 1.13) -
15 =72 940 (40.6) 0.86 (0.81,0.91)
Protein intake (g/day) 0.196
<60.9 (median) 1004 (47.0) 0.99 (0.92, 1.07) <
>60.9 1030 (40.7) 0.93 (0.87, 0.99) -
Carbohydrate intake (g/day) 0.741
<307.9 (median) 863 (41.7) 0.91 (0.85, 0.98) -
20 =307.9 1171 (45.0) 0.93 (0.87, 0.99) -
Copper intake (mg/day) 0.409
<1.8 (median) 868 (43.0) 0.94 (0.88, 1.01)
=18 1166 (44.0) 0.90 (0.84,0.97) =

T
080911112

P for interaction

161
B Dietary zinc intake =10.9 mg/day

Subgroup Event (rate) Adjusted HR (95%Cl) P for interaction

Sex 0.368
Male 1185 (50.2) 1.13 (1.10, 1.16) -
Female 1050 (42.2) 1.15(1.11, 1.19) .

Age (years) 0.499
<40 730 (27.0) 1.15(1.11, 1.19) -
=40 1505 (70.2) 1.14 (1.11, 1.16) -

BMI (kg/m?) 0.104
<24 1455 (38.2) 115 (1.12, 1.17) -
=24 766 (75.9) 1.11 (1.06, 1.15)

SBP (mmHg) 0.092
<120 1140 (34.1) 1.15 (1.13, 1.18) -
=120 1095 (72.8) 1.12 (1.08, 1.15) -

Na/K 0.141
<2.6 (median) 1073 (46.2) 1.12(1.10, 1.15)
=26 1162 (46.0) 1.16 (1.12, 1.20) -

Fat intake (g/day) 0.423
<69.6 (median) 1222 (52.3) 1.12 (1.09, 1.16)
>69.6 1013 (40.3) 114 (1.11,1.17) -

Protein intake (g/day) 0.005
<69.4 (median) 1115 (45.5) 1.21(1.15,1.26)
>69.4 1120 (46.8) 1.12 (1.09, 1.15)

Carbohydrate intake (g/day) <0.001
<302.1 (median) 959 (44.6) 1.10 (1.06, 1.13)
=302.1 1276 (47.3) 1.18 (1.15,1.21)

Copper intake (mg/day) 0.163
<1.9 (median) 978 (41.9) 1.11 (1.07, 1.15)
=1.9 1257 (50.0) 1.15(1.12,1.18) -

—Tn
099 11 12

Fig. 2 Stratified analyses by potential effect modifiers for the association between dietary zinc intake and new-onset hypertension in various
subgroups divided by 10.9 mg/day. (A) Zinc intake < 10.9 mg/day. (B) Zinc intake =10.9 mg/day. Incidence rate is presented as per 1000 person-
years of follow-up. Adjusted, if not stratified, for age, sex, body mass index (BMI), smoking and drinking status, systolic blood pressure (SBP),
diastolic blood pressure (DBP), education levels, occupations, urban or rural residence, sodium-to-potassium intake ratio (Na/K), and energy

intake.

evidence of an association of dietary zinc intake with the
risk of hypertension among 1652 adult male participants
in Eastern Finland. However, when dietary zinc intake
was assessed as quartiles, this study found that compared
with participants in the first quartile, the adjusted HRs
(95% CI) of new-onset hypertension in the second, third,
and fourth quartiles were 0.83 (0.56-1.23), 1.19
(0.81-1.76), and 1.34 (0.83-2.16), respectively. Although
the comparisons were not significant, the lowest risk of
new-onset hypertension was found in those in the second
quartile. That is to say, this study also showed a J-shaped
relation between dietary zinc intake and new-onset
hypertension. Nevertheless, this study had a relatively
small sample size and only included male participants.
Therefore, a clear conclusion could not be drawn. Our
current study, with a prospective design, relatively large
sample size, and relatively accurate dietary nutrition
measurement of 24-h dietary recall, provided an
opportunity to assess the continuous association between
dietary zinc intake and new-onset hypertension in the
general population.

Our study provides some new insights in this field.
Overall, we found a J-shaped relation between dietary
zinc intake and new-onset hypertension. First, among
participants with dietary zinc intake < 10.9 mg/day, the
risk of new-onset hypertension significantly decreased

with the increment of dietary zinc intake. Zinc plays an
important role in nitric oxide system (NOS) activity
because NOS contains zinc, and the stabilization of NOS
activity in artery walls could improve endothelial function
and induce endothelium-mediated vasodilation [38,39].
Moreover, zinc deficiency was found to reduce the
vasodilatation reaction to bradykinin and prostacyclin
[40]. In addition, zinc deficiency could lead to a decline
in taste acuity, thus increasing salt intake and BP [7].
Second, the risk of new-onset hypertension
significantly increased with the increment of dietary zinc
intake in participants with dietary zinc =10.9 mg/day. In
animal models, zinc is known to inhibit the adenosine
triphosphate-dependent calcium pump, which causes an
outpour of calcium ions from the cell [41], leading to a
rise of free calcium ions in the smooth muscles of the
vascular wall, subsequently resulting in increased wall
tension and hypertension. Furthermore, zinc was
demonstrated to cause accumulation of 1,4,5-
triphosphoinositol-5-phosphatase (InsP3) and promote the
release of intracellular calcium, leading to the increase of
the arterial muscular layer tension and the proliferation of
smooth muscle cells [42]. Zinc protoporphyrin IX could
also block the heme oxygenase—carbon monoxide system
and inhibit the nitrogen oxide vasodilatation effect,
leading to a rise in BP [18]. These findings from animal
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models may partly explain the increased BP levels
associated with higher zinc intake in our current study.
However, further mechanistic studies are required to
unravel the pathways involved in the association.

Third, we detected a minimal hypertension risk at 10.0
to 12.2 mg/day of dietary zinc intake. This value was
relatively lower than that in Western countries. In the
Eastern Finland population [19], a non-significant lower
risk of new-onset hypertension was found in those with
dietary zinc intake of 11.87 to 14.32 mg/day (second
quartile). The discrepancy may possibly be partly due to
the different food patterns. In China, the main food
sources of dietary zinc are grains, red meat, vegetables,
legumes, and seafood [17]. However, dairy products are
one of the main food sources of dietary zinc in Western
countries [43]. These food products may help to attain an
optimal dietary zinc intake level. Nevertheless, our study
was conducted in the Chinese population. More studies
are needed to further investigate our findings in different
populations. Moreover, although plant foods, which are
high in phytates, may possibly affect the absorption of
dietary zinc [44], our study showed that further
adjustments for a series of plant foods did not
substantially change our findings.

Of note, the relation of hypertension with zinc intake
might be ascribed to other nutrients or some unknown
components of the main dietary sources of zinc.
However, our study showed that adjustments for other
major nutrients or major food groups, including seafood,
nuts, red meat, and whole grain, did not materially alter
the findings. These results indicated that the association
of zinc intake and new-onset hypertension may be
independent of these factors.

The limitations of the present study should also be
noted. First, although we had adjusted for several dietary
and non-dietary covariates to reduce the confounding
effects, unmeasured and residual confounding such as
renal function remained possible. Second, we have no
detailed information on dietary supplement use. However,
data from the 2010-2012 China Nutrition and Health
Surveillance [45], a nationally representative cross-
sectional study covering all 31 provinces, autonomous
regions, and municipalities in China, showed that only
0.71%, 0.03%, and 0.21% of the Chinese population
reported using nutrient, multi-mineral, and zinc
supplements, respectively. Due to the low supplement
proportion of nutrients, especially zinc, we speculate that
our results may not be materially altered by the use of
dietary supplements. Third, serum zinc level was not
available in the CHNS study. As such, we could not
examine the correlation between serum zinc level and
dietary zinc consumption. Fourth, our study was
conducted in Chinese. Whether the observed findings can
be extrapolated to other populations needs further

investigation. Therefore, further confirmation of our
findings in more studies is essential.

Conclusions

We first observed a J-shaped relationship of dietary zinc
intake and new-onset hypertensions, with an inflection
point at about 10.9 mg/day and minimal risk at 10.0 to
12.2 mg/day of dietary zinc intake. If further confirmed,
our data provide some evidence for maintaining the
optimal dietary zinc intake levels for the primary
prevention of hypertension.
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