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Abstract Background and aims: The evidence on the relationship between markers of iron,
blood pressure and hypertension are limited and inconsistent. This prospective cohort study
aimed to investigate the relationship of serum ferritin (SF), transferrin, soluble transferrin recep-
tor (sTFR) and haemoglobin on blood pressure and incident hypertension in the China Health
and Nutrition Survey (CHNS) study.
Methods and results: We studied 8337 adults aged 18 years old or above from CHNS in 2009 to
investigate the association of markers of iron and blood pressure (BP). Among them, 4509
non-hypertensive participants who completed follow up were included to investigate the asso-
ciation of markers of iron and hypertension development. Linear regression model was used to
assess the association between markers of iron and BP. Cox regression model was used to
examine the association of markers of iron and hypertension development. SF and serum sTFR
concentration had a non-significant effect on incident hypertension. Transferrin and haemoglo-
bin concentrations were positively associated with incident hypertension. Compared to the par-
ticipants with the lowest tertile of transferrin, those with the highest tertile had a higher risk of
developing hypertension [HR: 1.26, 95% CI (1.04, 1.53), PZ 0.017]. Similarly, participants with the
highest tertile of haemoglobin had a significantly higher risk of incident hypertension [HR: 1.27,
95% CI (1.01, 1.59), P Z 0.038].
Conclusion: The current study found that haemoglobin and transferrin levels were positively
associated with blood pressure and incident hypertension. Further research in different ethnic
groups is required to confirm the association of the full range of markers of ironwith BP and inci-
dent hypertension.
ª 2019 The Italian Society of Diabetology, the Italian Society for the Study of Atherosclerosis, the
Italian Society of Human Nutrition, and the Department of Clinical Medicine and Surgery, Feder-
ico II University. Published by Elsevier B.V. All rights reserved.
Introduction

Hypertension is the leading risk for disability and death
worldwide and accounted for over 10.5 million deaths in
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2016 [1]. It is estimated that the world’s prevalence of
hypertension will increase from 26.4% in 2000 to 29.2% by
2025 [2]. Therefore, the prevention and prediction of hy-
pertension is essential for decreasing the global disease
burden and cardiovascular mortality.

Increasing evidence has suggested that iron metabolism
plays an important role in the development of hyperten-
sion [3e9]. Serum ferritin (SF), transferrin, soluble trans-
ferrin receptor (sTFR), and haemoglobin are the most
widely used biomarkers in epidemiological and clinical
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studies to evaluate body iron stores. Two cross-sectional
studies in Korea both suggested that SF was positively
associated with the prevalence of hypertension [3,4]. One
caseecontrol study in Italy found that SF was higher in
men with essential hypertension [5]. Furthermore, a
cohort study in Korea also suggested that SF was positively
associated with the prevalence of hypertension [6]. Pre-
vious studies have also suggested that haemoglobin
showed a significant positive association with blood
pressure and incident hypertension [8,10,11]. However,
one study in Korea observed a significant positive associ-
ation between haemoglobin concentrations and the prev-
alence of hypertension, but did not observe a significant
association between baseline haemoglobin and incident
hypertension in the longitudinal analysis [9]. Despite these
inconsistent results, no study investigated the association
of SF, transferrin, sTFR and haemoglobin with blood pres-
sure and incident hypertension in the same population.
We therefore conducted the national population-based
observational study from China Health and Nutrition Sur-
vey (CHNS) to investigate the association of markers of
iron (SF, transferrin, sTFR and haemoglobin) with blood
pressure and incident hypertension.

Method

The China Health and Nutrition Survey (CHNS) started in
1989 and was then followed up every 2e4 years (i.e., in
1989, 1991, 1993, 1997, 2000, 2004, 2006, 2009 and 2011).
We used a multistage random-cluster process to select
samples in nine diverse provinces (Guangxi, Guizhou,
Heilongjiang, Henan, Hubei, Hunan, Jiangsu, Liaoning and
Shandong). Four counties in rural sites and two cities in
urban sites were selected randomly in each province ac-
cording to income levels (low, middle and high), with a
weighted sampling scheme. Details of the CHNS were
described in previous studies [12]. All the participants
received a series of examinations including measurements
of blood pressure each wave. The participants also
completed a questionnaire on basic socioeconomic factors
and health, nutritional and demographic measures. Blood
samples were collected and tested for the first time in
2009, and the update of longitudinal datasets for 2011 and
2015 collections are underway. Prior to joining the medical
screening programme, all of the participants were asked to
sign the informed consent and the study was approved by
the institutional review committees of the University of
North Carolina at Chapel Hill, the National Institute of
Nutrition and Food Safety and the Chinese Centre for
Disease Control and Prevention.

In the current study, we included 9207 participants
aged 18 years or older from the year 2009 when blood
collection and measurement were conducted for the first
time. Participants with no blood pressure measurement
(n Z 462), pregnancy status (n Z 62), no blood assess-
ments on SF, transferrin, sTFR, or haemoglobin (n Z 81),
and no physical examination (n Z 265) were excluded. As
a result, 8337 participants were included to investigate the
association between markers of iron status and systolic
blood pressure (SBP) and diastolic blood pressure (DBP).
Among them, 2530 participants were further excluded due
to having hypertension at baseline (i.e., in the year 2009).
In the remaining 5807 participants, 4509 participants who
completed the follow-up in 2011 were included to inves-
tigate the relationship between markers of iron and hy-
pertension development. The process of participant
selection is presented in Fig. 1.

An overnight fasting blood sample was taken in the
morning after at least 12 h. As presented in previous
studies [13], all samples were verified and analysed in a
national central lab in Beijing (medical laboratory accred-
itation certificate ISO 15189:2007) according to strict
quality control standards [14,15]. Detailed information on
the measurement method of the markers for iron has been
reported in previous studies [16,17]. The SF was measured
by radioimmunology on a gamma counter XH-6020 (North
Institute of Bio-Tech, Beijing, China). Serum transferrin and
sTFR were both measured by nephelometry on a Siemens
B-type natriuretic peptide assay (Siemens, Erlangen, Ger-
many). Whole blood haemoglobin concentrations were
measured by a LH75 haematology analyzer (Beckman
Coulter, Brea, CA, USA).

The primary health outcome for the current study is
incident hypertension, and the secondary health outcomes
are SBP and DBP. As previously reported [18], trained ex-
aminers measured the seated SBP and DBP of each
participant by standard mercury sphygmomanometer on
the right arm in triplicate after 10 min rest. The mean of
the three measurements was used. Hypertension was
defined as SBP � 140 mmHg or DBP � 90 mmHg, having
been previously diagnosed as hypertension by a physician,
or currently taking antihypertensive drugs.

Weight was measured in light clothing by a calibrated
beam balance to the nearest 0.1 kg. Height was measured
without shoes to the nearest 0.1 cm using a portable SECA
stadiometer. Body mass index (BMI) was calculated as
weight (kg) divided by the square of height (m2). A
structured questionnaire asked by trained and experi-
enced interviewers was used to collect information on
lifestyle covariates including age, gender, education,
smoking and alcohol intake. Three consecutive 24 h di-
etary recalls (including two weekdays and one weekend)
at the individual level, or a food inventory weighting at the
household level for the same three days was used to assess
the dietary intake [19]. Dietary intakes of total energy,
carbohydrate, protein and fat were calculated based on the
Chinese Food Composition Table 2004 and 2009 [20,21].

Descriptive data are presented as mean (standard de-
viation) for continuous variables and number (percentage)
for categorical variables. Multi-variable linear regression
model was used to conduct a cross-sectional data analysis
of the associations between markers of iron status and SBP
and DBP. Cox regression model was used to examine the
effect of markers of iron status on hypertension develop-
ment. Three models were developed: Model 1: without
any adjustment; Model 2: adjusted for age, gender, edu-
cation level [lower than middle school (<6 years), middle
school (6.1e9.0 years), high school (9.1e12 years), or



Figure 1 Flowchart of participant selection.
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college/university (>12 years)], smoking status (never or
ever), alcohol consumption [yes (ever drank beer/alcohol
the year before the examination) or no (did not drink beer/
alcohol the year before the examination)], total energy
intake, protein intake, fat intake and carbohydrate; Model
3: further adjusted for hypertension (not for the effect of
markers of iron status on hypertension development) and
BMI (<25 kg/m2, 18.5e24.9 kg/m2, 25.0e29.9 kg/m2, or
�30 kg/m2).

As iron status differs in different genders [22,23], we
also performed our analysis separately by sex to investi-
gate the relationships between the markers of iron and
blood pressure and hypertension development.

All statistical analysis was conducted using R 3.3.2 (R
Core Team, Vienna, Austria) and two-sided P values of
<0.05 were considered statistically significant.
Result

The characteristics of participants in the current study are
presented in Table 1. A total of 8337 participants (46.9%
men) with a mean age of 50.98 � 14.97 years were
included in the analysis of the association of SF, transferrin,
sTFR and haemoglobin on SBP and DBP. A total of 4509
participants (44.1% men) with non-hypertension (mean
age: 49.11 � 13.60 years at baseline) were included in the
analysis of the effect of SF, transferrin, sTFR and haemo-
globin on incident hypertension, with 632 incident hy-
pertension cases being identified during the follow-up
period.

The association of SF, transferrin, sTFR and haemoglobin
with SBP and DBP are presented in Tables 2 and 3,
respectively. There was a non-significant association be-
tween SF and SBP [highest vs. lowest Coef: 0.11 mmHg,
95% CI: �0.66e0.89; P Z 0.776]. Compared to participants
with the lowest tertile of SF, those with the highest tertile
showed a significantly higher DBP (by 0.87 mmHg, 95% CI:
0.35e1.38; P < 0.001). Compared to participants with the
lowest tertile of sTFR, those with the highest tertile
showed a significantly higher SBP (by 1.78 mmHg, 95% CI:
1.10e2.46; P < 0.001) and DBP (by 0.75 mmHg, 95% CI:
0.30e1.20; P Z 0.001). Compared to participants with the
lowest tertile of haemoglobin, those with the highest ter-
tile showed a significantly higher SBP (by 1.68 mmHg, 95%
CI: 0.84e2.52; P < 0.001) and DBP (by 3.32 mmHg, 95% CI:



Table 1 Baseline characteristics of the included study participants.

Characteristic All participants Non-hypertension
at baseline

Participants 8337 4509
Age, years 50.98(14.97) 49.11(13.60)
Gender
Male 3914 (46.9%) 1988 (44.1%)
Female 4423(53.1%) 2521 (55.9%)

Education
<6 years 4410 (52.9%) 2246 (49.8%)
6e9 years 2361 (28.3%) 1327 (29.4)
9e12 years 1318 (15.8%) 790 (17.5%)
>12 years 248 (3.0%) 146 (3.2%)

Current smoker
Yes 2527 (30.3%) 1300 (28.8%)
No 5810 (69.7%) 3209 (71.2%)

Alcohol consumption
Yes 2740 (32.9%) 1404 (31.1%)
No 5597 (67.1%) 3105 (68.9%)

Rural area
Yes 5606 (67.2%) 3113 (69.0%)
No 2731 (32.8%) 1396 (31.0%)

BMI, kg/m2 23.38 (3.48) 22.91 (3.21)
Total energy intake,

kcal/day
2433.49 (781.55) 2451.20 (800.04)

Carbohydrate intake,
% energy

62.77 (12.39) 62.71 (12.56)

Protein intake,
% energy

12.03 (2.71) 12.07 (2.65)

Fat intake, % energy 24.67 (11.65) 24.60 (11.78)
SF, mg/L 137.82 (185.54) 128.25 (179.22)
Transferrin, g/L 2.87 (0.55) 2.88 (0.55)
sTFR, mg/L 1.47 (0.71) 1.47 (0.76)
Hb, g/L 141.39 (20.66) 140.25 (20.34)

Diabetes 541 (6.5%) 215 (5.0%)

Abbreviations: SF: serum ferritin; sTFR: soluble transferrin receptor;
BMI: body mass index; Hb: haemoglobin.
The statistical data are shown as means (standardised deviations)
for continuous variables and counts (percentages) for categorical
variables.
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2.76e3.87; P < 0.001). Compared to participants with the
lowest tertile of transferrin, those with the highest tertile
showed a significantly higher SBP (by 0.96 mmHg, 95% CI:
0.27e1.65; P Z 0.006) and DBP (by 1.35 mmHg, 95% CI:
0.89e1.08; P < 0.001).These significant positive associa-
tions were also observed both in males and females in the
subgroup analysis by gender (Tables S1, S2, S3 and S4).

The effects of SF, transferrin, sTFR and haemoglobin on
incident hypertension are presented in Table 4. SF and
serum sTFR had a non-significant effect on incident hy-
pertension. Compared to participants with the lowest
tertile of transferrin, those with the highest tertile had
higher risk of developing hypertension [HR: 1.26, 95% CI
(1.04, 1.53), P Z 0.017]. Similarly, participants with the
highest tertile of haemoglobin had a significantly higher
risk of incident hypertension [HR: 1.27, 95% CI (1.01, 1.59),
P Z 0.038]. In male participants, those with the highest
quartile of haemoglobin levels had a significantly higher
risk of hypertension when compared to the lowest group
[HR: 1.35, 95% CI (1.03, 1.77), P Z 0.030]. However, this
association was not found in female participants [HR: 1.28,
95% CI (0.97, 1.69), P Z 0.078] (Tables S5 and S6).
Discussion

To our knowledge, this is the first study to investigate the
effects of SF, transferrin, sTFR and haemoglobin on both
blood pressure and hypertension development in the same
population. This nationwide population-based study sug-
gested that SF was positively associated with DBP but not
SBP. Transferrin, sTFR and haemoglobin levels were posi-
tively correlated with both SBP and DBP. Furthermore, we
found that levels of transferrin and haemoglobin were
positively associated with risk of hypertension. Our data
suggests that dysregulation of iron metabolism is an
important independent risk factor for the onset of hyper-
tension in the Chinese population.

The lack of association between SF and hypertension is
inconsistent with previous studies. Two cross-sectional
studies in Korea both suggested that SF was positively
associated with the prevalence of hypertension [3,4]. One
caseecontrol study in Italy found that SF was higher in
men with essential hypertension [5]. Furthermore, a
cohort study in Korea also suggested that SF was positively
associated with the prevalence of hypertension [6]. This
inconsistency may be due to a number of factors, including
the heterogeneity of the study populations and the study
regions, as well as the research methods. The level of SF
may also play an important role in the inconsistency. The
majority of our study participants (3748 out of 4509) had a
normal range of SF concentrations, which partly explains
the non-significant association.

In our study, we found that haemoglobin levels were
positively associated with blood pressure and the risk of
incident hypertension, which was consistent with several
previous studies. A Cross-sectional study in Japan
demonstrated that haemoglobin concentrations were
positively associated with the risk of incident hypertension
[7]. A Dutch study reported that haemoglobin showed a
significant positive association with blood pressure [10]. A
Kenyan cross-sectional study suggested that haemoglobin
concentrations were positively associated with blood
pressure [11]. One Korean study observed that haemo-
globin concentrations were positively associated with hy-
pertension and blood pressure [8]. However, another study
in Korea observed a significant positive association be-
tween haemoglobin concentrations and the prevalence of
hypertension, but did not observe a significant association
between baseline haemoglobin and incident hypertension
in the longitudinal analysis [9]. In our study, we also firstly
reported that transferrin levels were associated with blood
pressure and the risk of incident hypertension, whose
primary role is transporting iron safely around the body to
supply growing cells.

Our study has several important strengths. The longi-
tudinal design of the cohort enables us to examine the
effects of SF, transferrin, sTFR and haemoglobin on hy-
pertension development prospectively. Another strength is
the large-scale, longitudinal, nationwide, population-
based study design of the CHNS. The CHNS represents a
set of large provinces which cover approximately 56% of
the Chinese population, and those chosen provinces



Table 2 Associations of SF, transferrin and Hb levels with SBP in Chinese adults at baseline.

Model 1 Model 2 Model 3

Coef (95% CI) P Coef (95% CI) P Coef (95% CI) P

Serum ferritin
Tertile 1st Ref Ref Ref
Tertile 2nd 6.53 (5.54, 7.52) <0.001 1.80 (0.84, 2.75) <0.001 0.35 (�0.34, 1.08) 0.344
Tertile 3rd 7.20 (6.21, 8.18) <0.001 2.28 (1.30, 3.30) <0.001 0.11 (�0.66, 0.89) 0.776
Trend <0.001 <0.001 0.814
Soluble transferrin receptor
Tertile 1st Ref Ref Ref
Tertile 2nd 1.29 (0.28, 2.30) 0.012 1.25 (0.35, 2.15) 0.006 1.03 (0.35, 1.72) 0.003
Tertile 3rd 2.64 (1.65, 3.64) <0.001 2.51 (1.61, 3.40) <0.001 1.78 (1.10, 2.46) <0.001
Trend <0.001 <0.001 <0.001
Haemoglobin
Tertile 1st Ref Ref Ref
Tertile 2nd 1.85 (0.84, 2.86) <0.001 2.20 (1.28, 3.11) <0.001 0.78 (0.08, 1.48) 0.029
Tertile 3rd 3.15 (2.14, 4.17) <0.001 5.47 (4.38, 6.56) <0.001 1.68 (0.84, 2.52) <0.001
Trend <0.001 <0.001 <0.001
Transferrin
Tertile 1st Ref Ref Ref
Tertile 2nd �1.04 (�2.04, �0.02) 0.045 1.47 (0.56, 2.37) 0.001 0.16 (�0.53, 0.84) 0.657
Tertile 3rd �0.60 (�1.59, 0.40) 0.240 3.23 (2.33, 4.13) <0.001 0.96 (0.27, 1.65) 0.007
Trend 0.250 <0.001 0.006

Model 1 without any adjustments; model 2 adjusted for age, gender, nationality (Han or others), education (6 years, 6.1e9.0 years, 9.1e12 years,
or >9 years), smoking status (current or not current), alcohol consumption (yes or no), total energy intake (quartile), protein intake (quartile), fat
intake (quartile) and carbohydrate intake (quartile); model 3 adjusted as for model 2 plus BMI (<18.5 kg/m2, 18.5e24.9 kg/m2, 25.0e29.9 kg/m2,
or �30 kg/m2) and hypertension.
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represented a range of demographic and economic varia-
tions in China [24].

The study also has some limitations. Firstly, the major-
ity of our study participants (3748 out of 4509) had a
normal range of SF concentrations, and further studies are
needed to investigate the abnormal levels of SF on
Table 3 Associations of SF, transferrin and Hb levels with DBP in Chinese

Model 1 Model 2

Coef (95% CI) P Coef (95

Serum ferritin
Tertile 1st Ref Ref
Tertile 2nd 2.95 (2.36, 4.54) <0.001 1.45 (0.5
Tertile 3rd 4.56 (3.98, 5.15) <0.001 2.30 (1.6
Trend <0.001
Soluble transferrin receptor
Tertile 1st Ref Ref
Tertile 2nd 0.44 (�0.16, 1.04) 0.155 0.64 (0.0
Tertile 3rd 0.84 (0.25, 1.43) 0.005 1.21 (0.6
Trend 0.005
Haemoglobin
Tertile 1st Ref Ref
Tertile 2nd 2.70 (2.11, 3.29) <0.001 2.71 (2.1
Tertile 3rd 5.30 (4.71, 5.90) <0.001 5.73 (5.0
Trend <0.001
Transferrin
Tertile 1st Ref Ref
Tertile 2nd 0.57 (�0.03, 1.17) 0.063 1.51 (0.9
Tertile 3rd 1.34 (0.75, 1.93) <0.001 2.83 (2.2
Trend <0.001

Model 1 without any adjustments; model 2 adjusted for age, gender, natio
or >9 years), smoking status (current or not current), alcohol consumption
intake (quartile) and carbohydrate intake (quartile); model 3 adjusted as fo
or �30 kg/m2) and hypertension.
hypertension development. Secondly, even though
numbers of confounders were adjusted, we cannot rule
out the possibility that unmeasured factors or residual
confounders might contribute to the associations our
study observed. Thirdly, the cross-sectional data analysis
of the associations between markers of iron status and BP
adults at baseline.

Model 3

% CI) P Coef (95% CI) P

Ref
3, 1.76) <0.001 0.21 (�0.27, 0.69) 0.396
5, 2.96) <0.001 0.87 (0.35, 1.38) <0.001

<0.001 <0.001

Ref
6, 1.23) 0.030 0.51 (0.06, 0.96) 0.027
3, 1.78) <0.001 0.75 (0.30, 1.20) 0.001

<0.001 0.001

Ref
2, 3.30) <0.001 1.80 (1.34, 2.26) <0.001
4, 6.43) <0.001 3.32 (2.76, 3.87) <0.001

<0.001 <0.001

Ref
2, 2.09) <0.001 0.66 (0.21, 1.12) 0.004
5, 3.42) <0.001 1.35 (0.89, 1.80) <0.001

<0.001 <0.001

nality (Han or others), education (6 years, 6.1e9.0 years, 9.1e12 years,
(yes or no), total energy intake (quartile), protein intake (quartile), fat
r model 2 plus BMI (<18.5 kg/m2, 18.5e24.9 kg/m2, 25.0e29.9 kg/m2,



Table 4 Associations of SF, transferrin and Hb levels with incident hypertension in Chinese adults.

Model 1 Model 2 Model 3

HR (95% CI) P HR (95% CI) P HR (95% CI) P

Serum ferritin
Tertile 1st (�45.97) Ref Ref Ref
Tertile 2nd (45.97e108.97) 1.39 (1.13, 1.71) 0.002 1.03 (0.83, 1.28) 0.822 0.98 (0.79, 1.22) 0.848
Tertile 3rd (108.97e) 1.74 (1.43, 2.12) <0.001 1.22 (0.98, 1.52) 0.076 1.09 (0.88, 1.36) 0.437
Trend <0.001 0.051 0.356
Soluble transferrin receptor
Tertile 1st Ref Ref Ref
Tertile 2nd 1.11 (0.92, 1.35) 0.285 1.12 (0.92, 1.35) 0.264 1.14 (0.94, 1.38) 0.195
Tertile 3rd 1.05 (0.87, 1.28) 0.595 1.07 (0.88, 1.30) 0.516 1.09 (0.89, 1.32) 0.404
Trend 0.609 0.529 0.416
Haemoglobin
Tertile 1st Ref Ref Ref
Tertile 2nd 1.13 (0.92, 1.38) 0.242 1.15 (0.93, 1.41) 0.203 1.08 (0.88, 1.33) 0.449
Tertile 3rd 1.35 (1.12, 1.64) 0.002 1.45 (1.16, 1.81) 0.001 1.27 (1.01, 1.59) 0.038
Trend 0.002 0.001 0.037
Transferrin
Tertile 1st Ref Ref Ref
Tertile 2nd 0.91 (0.74, 1.10) 0.315 1.09 (0.90, 1.33) 0.385 1.08 (0.89, 1.32) 0.444
Tertile 3rd 1.04 (0.86, 1.26) 0.184 1.34 (1.11, 1.62) 0.003 1.26 (1.04, 1.53) 0.017
Trend 0.206 0.003 0.017

Model 1 without any adjustments; model 2 adjusted for age, gender, education (<6 years, 6.1e9.0 years, 9.1e12 years, or >12 years), smoking
status (never or ever), alcohol consumption (yes or no), total energy intake (quartile), protein intake (quartile), fat intake (quartile) and car-
bohydrate intake (quartile); model 3 adjusted as for model 2 plus BMI (<18.5 kg/m2, 18.5e24.9 kg/m2, 25.0e29.9 kg/m2, or �30 kg/m2).
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make it impossible for us to investigate the causal
conclusion on relationship between markers of iron status
and BP. However, the prospective association between
markers of iron status and incident hypertension suggests
that haemoglobin and transferrin levels were positively
associated with incident hypertension.

In conclusion, the current study did not detect any as-
sociation of ferritin or sTFR levels with incident hyper-
tension in the Chinese population. However, we found that
haemoglobin and transferrin levels were positively asso-
ciated with blood pressure and incident hypertension.
Further research in different ethnic groups is required to
confirm the association between the full range of SF, sTFR,
transferrin and haemoglobin concentrations with BP and
incident hypertension.

Disclosures

The authors declared that there is no conflict of interest.

Acknowledgement

This work was supported by the National Natural Science
Foundation of China (81602852). This research uses data
from China Health and Nutrition Survey (CHNS). We are
grateful to research grant funding from the National
Institute for Health (NIH), the Eunice Kennedy Shriver
National Institute of Child Health and Human Develop-
ment (NICHD), R01 HD30880; P2C HD050924, the National
Institute of Diabetes and Digestive and Kidney Diseases
(NIDDK), R01 DK104371, the NIH Fogarty D43 TW009077
for financial support for the CHNS data collection and
analysis files since 1989, the China-Japan Friendship Hos-
pital, Ministry of Health for support for CHNS 2009,
Chinese National Human Genome Center at Shanghai since
2009, and Beijing Municipal Center for Disease Prevention
and Control since 2011. We thank the National Institute for
Nutrition and Health, China Center for Disease Control and
Prevention.

Appendix A. Supplementary data

Supplementary data to this article can be found online at
https://doi.org/10.1016/j.numecd.2019.04.012.
References

[1] Global, regional, and national comparative risk assessment of 84
behavioural, environmental and occupational, and metabolic risks
or clusters of risks, 1990e2016: a systematic analysis for the Global
Burden of Disease Study 2016. Lancet 2017;390:1345e422.

[2] Kearney PM, Whelton M, Reynolds K, Muntner P, Whelton PK, He J.
Global burden of hypertension: analysis of worldwide data. Lancet
2005;365:217e23.

[3] Lee DH, Kang SK, Choi WJ, Kwak KM, Kang D, Lee SH, et al. Asso-
ciation between serum ferritin and hypertension according to the
working type in Korean men: the fifth Korean National Health and
nutrition examination survey 2010e2012. Ann Occup Environ Med
2018;30:40.

[4] Choi B, Yeum KJ, Park SJ, Kim KN, Joo NS. Elevated serum ferritin
and mercury concentrations are associated with hypertension:
analysis of the fourth and fifth Korea national health and nutrition
examination survey (KNHANES IV-2, 3, 2008e2009 and V-1, 2010).
Environ Toxicol 2015;30:101e8.

[5] Piperno A, Trombini P, Gelosa M, Mauri V, Pecci V, Vergani A, et al.
Increased serum ferritin is common in men with essential hyper-
tension. J Hypertens 2002;20:1513e8.

[6] Kim MK, Baek KH, Song KH, Kang MI, Choi JH, Bae JC, et al.
Increased serum ferritin predicts the development of hypertension
among middle-aged men. Am J Hypertens 2012;25:492e7.

[7] Shimizu Y, Nakazato M, Sekita T, Kadota K, Arima K, Yamasaki H,
et al. Association between the hemoglobin levels and hyper-
tension in relation to the BMI status in a rural Japanese

https://doi.org/10.1016/j.numecd.2019.04.012
http://refhub.elsevier.com/S0939-4753(19)30129-2/sref1
http://refhub.elsevier.com/S0939-4753(19)30129-2/sref1
http://refhub.elsevier.com/S0939-4753(19)30129-2/sref1
http://refhub.elsevier.com/S0939-4753(19)30129-2/sref1
http://refhub.elsevier.com/S0939-4753(19)30129-2/sref1
http://refhub.elsevier.com/S0939-4753(19)30129-2/sref1
http://refhub.elsevier.com/S0939-4753(19)30129-2/sref2
http://refhub.elsevier.com/S0939-4753(19)30129-2/sref2
http://refhub.elsevier.com/S0939-4753(19)30129-2/sref2
http://refhub.elsevier.com/S0939-4753(19)30129-2/sref2
http://refhub.elsevier.com/S0939-4753(19)30129-2/sref3
http://refhub.elsevier.com/S0939-4753(19)30129-2/sref3
http://refhub.elsevier.com/S0939-4753(19)30129-2/sref3
http://refhub.elsevier.com/S0939-4753(19)30129-2/sref3
http://refhub.elsevier.com/S0939-4753(19)30129-2/sref3
http://refhub.elsevier.com/S0939-4753(19)30129-2/sref3
http://refhub.elsevier.com/S0939-4753(19)30129-2/sref4
http://refhub.elsevier.com/S0939-4753(19)30129-2/sref4
http://refhub.elsevier.com/S0939-4753(19)30129-2/sref4
http://refhub.elsevier.com/S0939-4753(19)30129-2/sref4
http://refhub.elsevier.com/S0939-4753(19)30129-2/sref4
http://refhub.elsevier.com/S0939-4753(19)30129-2/sref4
http://refhub.elsevier.com/S0939-4753(19)30129-2/sref4
http://refhub.elsevier.com/S0939-4753(19)30129-2/sref5
http://refhub.elsevier.com/S0939-4753(19)30129-2/sref5
http://refhub.elsevier.com/S0939-4753(19)30129-2/sref5
http://refhub.elsevier.com/S0939-4753(19)30129-2/sref5
http://refhub.elsevier.com/S0939-4753(19)30129-2/sref6
http://refhub.elsevier.com/S0939-4753(19)30129-2/sref6
http://refhub.elsevier.com/S0939-4753(19)30129-2/sref6
http://refhub.elsevier.com/S0939-4753(19)30129-2/sref6
http://refhub.elsevier.com/S0939-4753(19)30129-2/sref7
http://refhub.elsevier.com/S0939-4753(19)30129-2/sref7
http://refhub.elsevier.com/S0939-4753(19)30129-2/sref7


836 Y. Zhu et al.
population: the Nagasaki Islands Study. Internal Med 2014;53:
435e40.

[8] Lee SG, Rim JH, Kim JH. Association of hemoglobin levels with
blood pressure and hypertension in a large population-based
study: the Korea National Health and Nutrition Examination
Surveys 2008e2011. Clin Chim Acta Int J Clin Chem 2015;438:
12e8.

[9] Kim NH, Lee JM, Kim HC, Lee JY, Yeom H, Lee JH, et al. Cross-
sectional and longitudinal association between hemoglobin con-
centration and hypertension: a population-based cohort study.
Medicine 2016;95:e5041.

[10] Atsma F, Veldhuizen I, de Kort W, van Kraaij M, Pasker-de Jong P,
Deinum J. Hemoglobin level is positively associated with blood
pressure in a large cohort of healthy individuals. Hypertension
2012;60:936e41.

[11] Rasmussen JB, Mwaniki DL, Kaduka LU, Boit MK, Borch-Johnsen K,
Friis H, et al. Hemoglobin levels and blood pressure are associated
in rural black africans. Am J Hum Biol 2016;28:145e8.

[12] Popkin BM, Du S, Zhai F, Zhang B. Cohort profile: the China health
and nutrition survey e monitoring and understanding socio-
economic and health change in China, 1989e2011. Int J Epi-
demiol 2010;39:1435e40.

[13] Li X, He T, Yu K, Lu Q, Alkasir R, Guo G, et al. Markers of iron status
are associated with risk of hyperuricemia among Chinese adults:
nationwide population-based study. Nutrients 2018;10.

[14] Han LL, Wang YX, Li J, Zhang XL, Bian C, Wang H, et al. Gender
differences in associations of serum ferritin and diabetes, meta-
bolic syndrome, and obesity in the China Health and Nutrition
Survey. Mol Nutr Food Res 2014;58:2189e95.
[15] Zhan Y, Chen R, Zheng W, Guo C, Lu L, Ji X, et al. Association be-
tween serum magnesium and anemia: China health and nutrition
survey. Biol Trace Elem Res 2014;159:39e45.

[16] He J, Shen X, Fang A, Song J, Li H, Guo M, et al. Association between
predominantly plant-based diets and iron status in Chinese
adults: a cross-sectional analysis. Br J Nutr 2016;116:1621e32.

[17] Hu PJ, Ley SH, Bhupathiraju SN, Li Y, Wang DD. Associations of
dietary, lifestyle, and sociodemographic factors with iron status in
Chinese adults: a cross-sectional study in the China Health and
Nutrition Survey. Am J Clin Nutr 2017;105:503e12.

[18] Huang M, Zhuang P, Jiao J, Wang J, Chen X, Zhang Y. Potato con-
sumption is prospectively associated with risk of hypertension: an
11.3-year longitudinal cohort study. Clin Nutr 2018.

[19] Xu X, Hall J, Byles J, Shi Z. Dietary pattern is associated with
obesity in older people in China: data from China health and
nutrition survey (CHNS). Nutrients 2015;7:8170e88.

[20] Yang YX, Wang GY, Pan XC. China food composition tables 2004
(book 2). 2nd ed. Beijing, China: Beijing Medical University; 2005.

[21] Yang YX, Wang GY, Pan XC. China food composition tables (book
1). 2nd ed. Beijing, China: Beijing Medical University; 2009.

[22] Li M, Hu Y, Mao D, Wang R, Chen J, Li W, et al. Prevalence of
anemia among Chinese rural residents. Nutrients 2017;9.

[23] Milman N, Byg KE, Ovesen L. Iron status in Danes 1994. II: prev-
alence of iron deficiency and iron overload in 1319 Danish women
aged 40e70 years. Influence of blood donation, alcohol intake and
iron supplementation. Ann Hematol 2000;79:612e21.

[24] Yan S, Li J, Li S, Zhang B, Du S, Gordon-Larsen P, et al. The
expanding burden of cardiometabolic risk in China: the China
Health and Nutrition Survey. Obes Rev 2012;13:810e21.

http://refhub.elsevier.com/S0939-4753(19)30129-2/sref7
http://refhub.elsevier.com/S0939-4753(19)30129-2/sref7
http://refhub.elsevier.com/S0939-4753(19)30129-2/sref7
http://refhub.elsevier.com/S0939-4753(19)30129-2/sref8
http://refhub.elsevier.com/S0939-4753(19)30129-2/sref8
http://refhub.elsevier.com/S0939-4753(19)30129-2/sref8
http://refhub.elsevier.com/S0939-4753(19)30129-2/sref8
http://refhub.elsevier.com/S0939-4753(19)30129-2/sref8
http://refhub.elsevier.com/S0939-4753(19)30129-2/sref8
http://refhub.elsevier.com/S0939-4753(19)30129-2/sref8
http://refhub.elsevier.com/S0939-4753(19)30129-2/sref9
http://refhub.elsevier.com/S0939-4753(19)30129-2/sref9
http://refhub.elsevier.com/S0939-4753(19)30129-2/sref9
http://refhub.elsevier.com/S0939-4753(19)30129-2/sref9
http://refhub.elsevier.com/S0939-4753(19)30129-2/sref10
http://refhub.elsevier.com/S0939-4753(19)30129-2/sref10
http://refhub.elsevier.com/S0939-4753(19)30129-2/sref10
http://refhub.elsevier.com/S0939-4753(19)30129-2/sref10
http://refhub.elsevier.com/S0939-4753(19)30129-2/sref10
http://refhub.elsevier.com/S0939-4753(19)30129-2/sref11
http://refhub.elsevier.com/S0939-4753(19)30129-2/sref11
http://refhub.elsevier.com/S0939-4753(19)30129-2/sref11
http://refhub.elsevier.com/S0939-4753(19)30129-2/sref11
http://refhub.elsevier.com/S0939-4753(19)30129-2/sref12
http://refhub.elsevier.com/S0939-4753(19)30129-2/sref12
http://refhub.elsevier.com/S0939-4753(19)30129-2/sref12
http://refhub.elsevier.com/S0939-4753(19)30129-2/sref12
http://refhub.elsevier.com/S0939-4753(19)30129-2/sref12
http://refhub.elsevier.com/S0939-4753(19)30129-2/sref12
http://refhub.elsevier.com/S0939-4753(19)30129-2/sref12
http://refhub.elsevier.com/S0939-4753(19)30129-2/sref13
http://refhub.elsevier.com/S0939-4753(19)30129-2/sref13
http://refhub.elsevier.com/S0939-4753(19)30129-2/sref13
http://refhub.elsevier.com/S0939-4753(19)30129-2/sref14
http://refhub.elsevier.com/S0939-4753(19)30129-2/sref14
http://refhub.elsevier.com/S0939-4753(19)30129-2/sref14
http://refhub.elsevier.com/S0939-4753(19)30129-2/sref14
http://refhub.elsevier.com/S0939-4753(19)30129-2/sref14
http://refhub.elsevier.com/S0939-4753(19)30129-2/sref15
http://refhub.elsevier.com/S0939-4753(19)30129-2/sref15
http://refhub.elsevier.com/S0939-4753(19)30129-2/sref15
http://refhub.elsevier.com/S0939-4753(19)30129-2/sref15
http://refhub.elsevier.com/S0939-4753(19)30129-2/sref16
http://refhub.elsevier.com/S0939-4753(19)30129-2/sref16
http://refhub.elsevier.com/S0939-4753(19)30129-2/sref16
http://refhub.elsevier.com/S0939-4753(19)30129-2/sref16
http://refhub.elsevier.com/S0939-4753(19)30129-2/sref17
http://refhub.elsevier.com/S0939-4753(19)30129-2/sref17
http://refhub.elsevier.com/S0939-4753(19)30129-2/sref17
http://refhub.elsevier.com/S0939-4753(19)30129-2/sref17
http://refhub.elsevier.com/S0939-4753(19)30129-2/sref17
http://refhub.elsevier.com/S0939-4753(19)30129-2/sref18
http://refhub.elsevier.com/S0939-4753(19)30129-2/sref18
http://refhub.elsevier.com/S0939-4753(19)30129-2/sref18
http://refhub.elsevier.com/S0939-4753(19)30129-2/sref19
http://refhub.elsevier.com/S0939-4753(19)30129-2/sref19
http://refhub.elsevier.com/S0939-4753(19)30129-2/sref19
http://refhub.elsevier.com/S0939-4753(19)30129-2/sref19
http://refhub.elsevier.com/S0939-4753(19)30129-2/sref20
http://refhub.elsevier.com/S0939-4753(19)30129-2/sref20
http://refhub.elsevier.com/S0939-4753(19)30129-2/sref21
http://refhub.elsevier.com/S0939-4753(19)30129-2/sref21
http://refhub.elsevier.com/S0939-4753(19)30129-2/sref22
http://refhub.elsevier.com/S0939-4753(19)30129-2/sref22
http://refhub.elsevier.com/S0939-4753(19)30129-2/sref23
http://refhub.elsevier.com/S0939-4753(19)30129-2/sref23
http://refhub.elsevier.com/S0939-4753(19)30129-2/sref23
http://refhub.elsevier.com/S0939-4753(19)30129-2/sref23
http://refhub.elsevier.com/S0939-4753(19)30129-2/sref23
http://refhub.elsevier.com/S0939-4753(19)30129-2/sref23
http://refhub.elsevier.com/S0939-4753(19)30129-2/sref24
http://refhub.elsevier.com/S0939-4753(19)30129-2/sref24
http://refhub.elsevier.com/S0939-4753(19)30129-2/sref24
http://refhub.elsevier.com/S0939-4753(19)30129-2/sref24

	Markers of iron status, blood pressure and incident hypertension among Chinese adults
	Introduction
	Method
	Result
	Discussion
	Disclosures

	Acknowledgement
	References


