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Background and Objectives: Many studies have investigated the association between dietary iron intake and
death due to cardiovascular disease (CVD), but the results were inconsistent. We performed a dose–response meta-analysis to quantitatively assess the risk of CVD mortality with dietary intake of iron (total iron, heme iron,
and non-heme iron). Methods and Study Design: PubMed and Embase databases were searched for articles
published up to February 21, 2019. Prospective cohort studies were included if reporting relative risks (RRs) and
95% confidence intervals (CIs) for risk of CVD mortality associated with dietary iron intake. Restricted cubic
splines were used to model the dose–response association. Results: We included eight articles (19 studies including 720,427 participants [46,045 deaths due to CVD]) in the meta-analysis. When comparing the highest versus
lowest level of dietary heme iron intake, the pooled RR for CVD mortality was 1.19 (95% CI, 1.01–1.39). With a
1-mg/day increase in dietary heme iron intake, the pooled RR for death due to CVD, stroke, coronary heart disease, and myocardial infarction were 1.25 (95% CI, 1.17–1.33), 1.17 (1.04–1.32), 1.25 (0.70–2.22), and 1.17
(0.55–2.50) respectively. The association between dietary iron intake and CVD mortality was linear (pnonlinearity>0.05). Conclusions: Higher dietary intake of heme iron was associated with a greater risk of CVD mortality.
Reducing consumption of heme iron may help to prevent premature death due to CVD.

Key Words: cardiovascular disease, mortality, dietary iron intake, dose–response meta-analysis, prospective cohort
studies

INTRODUCTION
Cardiovascular disease (CVD) mortality, the leading
cause of death, accounted for 31.8% deaths worldwide in
2017 and has increased by 21.1% in the past 20 years.1
More than 25% of the CVD mortality must be reduced to
lower non-communicable disease-related premature mortality by 25% by 2025 according to the 25×25 Global
Action Plan launched by the World Health Organization
in 2013.2,3 The global action plan emphasizes the importance of diet, and relevant preventive approaches are
essential to control this serious situation4 and achieve the
target.2
Iron, an essential nutrient for humans, has important

biological functions, including oxygen transportation,
cellular respiration, and vitamin A generation.5 Iron supplementation is widely used to prevent anemia especially
in developing countries.6 Nevertheless, recent published
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studies have shown increased dietary iron intake, especially heme iron, positively associated with diabetes
mellitus,7 metabolic syndrome,8 and CVD.9 A previous
meta-analysis did not find dietary intake of iron (total iron,
heme iron, and non-heme iron) associated with coronary
heart disease (CHD) mortality.10 However, the metaanalysis missed one study11 and additional studies reporting a positive association have been published recently.12,
13
Moreover, the meta-analysis did not quantify the association between dietary iron intake and CHD mortality
and included only four relevant articles.10
We conducted a systematic review and dose–response
meta-analysis to estimate the association between dietary
intake of iron (total iron, heme iron, and non-heme iron)
and risk of CVD mortality.
METHODS
Search strategy and selection criteria
The PubMed and Embase databases were searched for all
articles published up to February 21, 2019 by using the
literature search strategy (Supplementary table 1) and
with restriction on English language. Reference lists of
identified articles were manually searched for relevant
articles.
Studies were included if they: (1) they were prospective cohort studies of participants aged ≥18 years; (2)
dietary iron intake was assessed and at least divided into
three levels at baseline; (3) the study assessed risk of
death due to CVD (total CVD, CHD, stroke, and myocardial infarction [MI]); and (4) the article reported the mul-

Figure 1. Flowchart of study selection.

tivariate-adjusted relative risks (RRs) or hazard risks
(HRs) and 95% confidence intervals (CIs) for the outcomes associated with dietary iron intake.
Studies were excluded if they were: (1) conference
summaries or clinical trial reports; and (2) derived from
the same cohort, secondary analyses, or combined analysis of other cohort studies. If studies reported total CVD
and types of CVD, the information for types of CVD was
used in the subgroup analyses. We followed the PRISMA
criteria for reporting of Meta-analyses of Observational
Studies in Epidemiology.14
Data extraction and quality assessment
Two independent researchers (M.H. and R.Q.) initially
screened all titles and/or abstracts, and M.H. screened the
19 potentially relevant articles identified from the initial
screening (Figure 1). All discrepancies were resolved by
discussion with another investigator (D.Z.). The following information was extracted from articles: first author
name, publication year, country, study name, sample size,
number of deaths, type of CVD, follow-up duration, sex,
baseline age, dietary iron intake assessment, CVD mortality assessment, amount of dietary iron intake, RRs/HRs
and 95% CIs for dietary iron intake category, CVD deaths
per dietary iron category, total participants or person
years per dietary iron category, and variables adjusted for
in the included studies. If the required information could
not be obtained from the original articles, we contacted
the authors for additional information.
The quality of each study was assessed by the Newcas-
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tle-Ottawa Scale (NOS).15 Scores ranged from 0 to 9
points, with higher scores indicating higher study quality.
Scores of 0-3, 4-6, and 7-9 were considered as poor, fair,
and good quality, respectively.
Data synthesis and analysis
The multivariate-adjusted RRs (with 95% CIs) were used
as the effective risk estimates for all included studies, and
HRs were considered as RRs.16 Articles that stratified the
data by sex or dietary iron types were considered independent studies. Data reporting the results separately by
alcohol consumption were pooled in the fixed-effects
model before inclusion in the meta-analysis.17 A randomeffects model was used to pool RRs and 95% CIs for
CVD mortality for the highest versus lowest iron intake
level and per 1-mg/day increase in heme iron intake and
per 5-mg/day increase in total iron and non-heme iron
intake if heterogeneity I2 ≥50%; otherwise, a fixed-effects
model was used.
Generalized least squares regression was used to estimate a study-specific dose–response association. The
DerSimonian and Laird random-effects model18 was used
to pool the study-specific dose–response RR estimates.
First, a linear association was assumed; study-specific RR
estimates were calculated per 1-mg/day increase in heme
iron intake and per 5-mg/day increase in total iron and
non-heme iron intake and then pooled, respectively. In
addition, we examined a possible nonlinear association by
using restricted cubic splines with three knots at the 25th,
50th, and 75th percentiles of the distribution. The p value
for nonlinearity was calculated by testing the null hypothesis that the coefficient of the second spline is equal to
zero.
Heterogeneity was tested by Cochran Q and I2 statistics.19 p<0.10 was considered statistically significant for
the Q statistic, and I2 ≈25%, 50%, 75% were considered
low, moderate, and high heterogeneity, respectively.20
Subgroup analyses were conducted by type of CVD mortality, sex, region, follow-up duration, and sample size. A
sensitivity analysis was performed by omitting one study
at a time to assess the stability of the results and potential
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sources of heterogeneity. Publication bias was evaluated
by Egger’s and Begg’s test with p<0.10 indicating potential publication bias. All analyses involved using Stata
12.1 (Stata Corp, College Station, TX). Two-tailed
p<0.05 was considered statistically significant if not specified.
RESULTS
We identified 808 potentially relevant articles from PubMed and Embase databases; eight articles (19 prospective
cohort studies) with a total of 720,427 study participants
and 46,045 deaths due to CVD mortality cases were finally included in the meta-analysis (Figure 1). Eight studies
provided information on the association between CVD
mortality and dietary heme iron intake,11-13,17,21-23 six studies on dietary total iron intake,11,21,23,24 and five studies on
non-heme iron intake.11,13,17,21 Figure 1 details the selection and exclusion process.
The characteristics of the prospective cohort studies are
in Table 1. Among the eight articles, two were from
Asia,21,24 three from the United States,13,17,23 and three
from Europe.11,12,22 Sample size ranged from 90611 to
536,96513 and follow-up duration from 4.0 years23 to
15.6 years.13 Four articles included both men and women.13,21,22,24 All studies were graded as good quality and
most studies adjusted adequately for several potential
confounders (Supplementary table 2).
Dietary heme iron intake and CVD mortality
Eight studies from seven articles reported an association
between dietary heme iron intake and risk of CVD mortality. When comparing the highest versus lowest level of
dietary heme iron intake, the pooled RR for CVD mortality was 1.19 (95% CI, 1.01–1.39; I2 =67.5%; p heterogeneity
=0.003; Supplementary figure 1). One study was not eligible for the dose–response analysis because of lacking of
information on dietary heme iron intake.11 In the dose–
response analysis, the pooled RR for CVD mortality was
1.25 (95% CI, 1.17–1.33; I2 =27.9%; p heterogeneity =0.216;
Figure 2) per 1-mg/day increase in dietary of heme iron.
Furthermore, we found no evidence of a non-linear

Figure 2. Forest plot for intake of dietary heme iron intake (per 1-mg/day) and risk of cardiovascular disease mortality.
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Table 1. Characteristics of included prospective cohort studies.
First author,
publication year
Shi, (2017) 24
Etemadi, (2017) 13
Kaluza, (2014) 12
Zhang, (2012) 21
Casiglia, (2011) 11
Lee, (2005) 17
Klipstein-Grobusch, (1999) 22
Ascherio, (1994) 23

Country
China
United States
Sweden
Japan
Italy
United States
Netherlands
United States

Sample size
(% men)
2,832 (45.90)
536,965 (58.94)
36,882 (100)
58,615 (39.38)
906 (0)
34,492 (0)
4,802 (NA)
44,933 (100)

Mean or range
age (years)
46.64
62.16
45-79
40-79
61.1
55-69
≥55
40-75

Follow-up
(years)
9.8
15.6
11.7
14.7
10.0
15.0
6.0
4.0

Exposure assessment

Outcome assessment

Endpoint (no of cases)

3-day weighed food diary
124-item DHQ
96-item FFQ
33-item FFQ
138-item FFQ
127-item FFQ
170-item SFFQ
133-item FFQ

Household visit and death registry
Death master file and National Death Index
Death registry
Death certificate
Death registry and physician’s file
Death registry and National Death Index
Death registry
Medical records

CVD mortality (70)
CVD mortality (40,580)
MI mortality (678)
CVD mortality (2,690)
CVD mortality (83)
CVD mortality (1,767)
MI mortality (30)
CHD mortality (147)

CVD: cardiovascular disease; CHD: coronary heart disease; DHQ: diet history questionnaire; FFQ: food frequency questionnaire; MI: myocardial infarction; SFFQ: semi-quantitative food frequency questionnaire;
NA: not available.

Figure 3. Linear dose–response association between dietary heme iron intake and cardiovascular diseases mortality.

Dietary iron intake and cardiovascular mortality

association between dietary heme iron intake and CVD
mortality (p nonlinearity =0.394; Figure 3).
Dietary total iron intake and CVD mortality
Six studies from four articles were included in the metaanalysis of the association between dietary total iron intake and risk of CVD mortality. The pooled RR of CVD
mortality for the highest versus lowest level of dietary
total iron intake was 1.04 (95% CI, 0.91–1.20; I2 =41.2%;
p heterogeneity =0.130; Supplementary figure 2). One study
was not eligible for the dose–response analysis because
the RR could not be calculated for the increase.24 Five
studies were included. We found no association between
risk of CVD mortality and dietary total iron intake per 5mg/day increase (RR 0.97, 95% CI 0.91–1.05; I2 =46.6%;
p heterogeneity =0.112; Supplementary figure 3). The association between dietary total iron intake and risk of CVD
mortality was linear (p nonlinearity =0.635; Supplementary
figure 4).
Dietary non-heme iron intake and CVD mortality
Five studies from four articles were included in the analysis of dietary non-heme iron intake and risk of CVD mortality. The pooled RR of CVD mortality for the highest
versus lowest level of dietary total iron intake was 0.93
(95% CI, 0.76–1.14; I2 =66.8%; p heterogeneity =0.017; Supplementary figure 5). One study was not eligible for the
dose–response analysis due to lack of information on dietary heme iron intake.11 Four studies were included and
the pooled RR for CVD mortality was 1.02 (95% CI,
0.97–1.07; I2 =0.0%; p heterogeneity =0.731; Supplementary
figure 6) per 5-mg/day increase in dietary non-heme iron
intake. We found a linear association between dietary
non-heme iron intake and risk of CVD mortality (p nonlinearity =0.209; Supplementary figure 7).
Subgroups analyses, sensitivity analyses, and publication bias
Subgroups analyses were conducted by types of CVD
mortality, sex, region, follow-up duration, and sample
size (Table 2). A 1-mg/day increase in dietary heme iron
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intake was associated with a 17% increase in stroke mortality (RR 1.17, 95% CI 1.04–1.32) but not CHD mortality (RR 1.25, 95% CI 0.70–2.22) and MI mortality (RR
1.17, 95% CI 0.55–2.50). As well, a 1-mg/day increase in
dietary heme iron intake predicted increased CVD mortality among men, Americans, and both follow-up duration
and sample size groups (p<0.05).
On sensitivity analysis of dietary heme iron intake and
risk of CVD mortality by removing 1 study at a time,
none of the individual studies changed the pooled risk
substantially. Similar findings were observed in sensitivity analyses of dietary total iron and non-heme iron intake.
We found no publication bias (Supplementary figure 8S10) by Begg’s test for dietary intake of heme iron
(p=0.621), total iron (p=0.624), and non-heme iron
(p=0.174) and by Egger’s for dietary intake of heme iron
(p=0.807), total iron (p=0.984), and non-heme iron
(p=0.274).
DISCUSSION
Our meta-analysis found a positive association between
risk of CVD mortality and dietary intake of heme iron but
not total iron or non-heme iron. The relative risk of CVD
mortality was increased 19% with the highest versus lowest dietary heme iron intake level and 25% for each 1mg/day increase in dietary heme iron intake. On subgroup
analyses, dietary heme iron intake was associated with
risk of stroke mortality but not CHD and MI mortality.
The association between dietary heme iron intake and risk
of CVD mortality was robust for men and Americans.
The results were consistent with another metaanalysis10 (including four cohort articles) reporting no
association of dietary iron intake (even if heme iron intake) and risk of CHD mortality. Specifically, we performed dose–response analyses and found a linear association between dietary heme iron intake and risk of CVD
mortality. Furthermore, we found dietary heme iron intake associated with CVD mortality in men and Americans. One study found higher accumulation of stored iron
in men and postmenopausal women than premenopausal
women because the latter have lower iron deposits due to

Table 2. Dose–response subgroup analysis of risk of CVD mortality with heme iron intake.
Subgroups
All studies
Diseases type
CHD
Stroke
MI
Sex
Men
Women
Region
America
Non-America
Follow-up year
<10
≥10
Sample size
<10,000
≥10,000

N
7

Dose–response analysis (per 1-mg/day)
RR (95% CI)
I2 (%)
1.25 (1.17–1.33)
27.9

3
3
4

1.25 (0.70–2.22)
1.17 (1.04–1.32)
1.17 (0.55–2.50)

55.7
22.8
71.8

0.104
0.274
0.014

3
2

1.29 (1.11–1.49)
1.08 (0.73–1.60)

45.5
59.2

0.160
0.117

3
4

1.27 (1.19–1.36)
1.14 (0.97–1.34)

0.0
40.3

0.378
0.170

2
5

1.53 (1.20–1.95)
1.23 (1.16–1.31)

0.0
17.7

0.436
0.302

1
6

2.45 (0.73–2.96)
1.25 (1.17–1.33)

29.8

0.211

p heterogeneity
0.216

CVD: cardiovascular disease; RR: relative risk; CI: confidence interval; CHD: coronary heart disease; MI: myocardial infarction.
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menstruation.25 As well, increased stored iron was previously found associated with risk of CVD mortality.26,27
Americans consume more red meat28 and dietary heme
iron17,21 than do non-Americans, which might explain the
inconsistent association between Americans and nonAmericans. Our results found a positive association of
heme iron intake with stroke mortality, while not with
CHD or MI mortality. The potential mechanisms are unclear, but one possible reason may be that the population
of CHD and MI mortality subgroups in our analysis were
mainly non-Americans who consume less red meat and
more non-heme iron, which results in the non-significant
association. Further research is needed to verify our findings.
Dietary iron includes heme and non-heme iron, and the
two forms have different dietary sources, absorption
mechanisms, and metabolic pathways.29 The regulation of
intestinal iron absorption is important because of no physiological pathway for excreting iron.30 Iron ions circulate
bound to plasma transferrin and accumulate within cells
in the form of ferritin, and assessing the concentration of
serum ferritin is a clinically useful measure of iron storage.30,31 More than two thirds of the body’s iron content
are incorporated into hemoglobin in developing erythroid
precursors and mature red cells.30 Iron balance is tenuous;
both iron deficiency and iron overload are deleterious.
Iron (blood) losses and/or insufficient iron intake/absorption from dietary sources can cause iron deficiency, and excess dietary iron intake may result in iron
overload. Heme iron is absorbed at a much greater rate
and is less influenced by iron status and other components
in diet than is non-heme iron,32,33 which causes excess
iron deposition and may explain the differential risk of
CVD mortality with dietary heme iron and non-heme iron
intake.
Several potential mechanisms likely account for the association between dietary heme iron intake and risk of
CVD mortality. Increased dietary heme iron intake can
induce oxidative stress biomarkers and lipid peroxidation34,35 and has been found be associated with makers of
inflammation.36 All of these pathways can contribute to
atherosclerosis development.37-40 Moreover, epidemiological studies have demonstrated increased dietary heme
iron intake associated with metabolic syndrome8 and diabetes mellitus,7 known risk factors for CVD mortality.
The primary strength in our analysis is that we conducted a dose–response analysis to quantify the associations and evaluate the direction of these associations.
However, the study has some limitations. First, the groups
were classified by dietary iron intake at baseline, and the
possible changes in dietary iron intake during follow-up
were not considered. Second, dietary iron intake was assessed by food frequency questionnaires, so the inevitable
information bias for diet might suggest potential misclassification of exposure. Finally, residual confounding was
not completely avoided even in the fully adjusted models.
Conclusion
We found a significantly positive association of risk of
CVD mortality and dietary intake of heme iron but not
total iron or non-heme iron. Our findings may have great
public health significance in guiding people to reduce

their consumption of heme iron-rich foods to prevent
premature death due to CVD. Non-heme iron often exists
in plant foods and increasing plant food intake will benefit health.
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Supplementary table 1. Systematic literature review search terms and strategy.
Search terms for PubMed
#1 (“Iron, Dietary” [Mesh] OR “dietary iron” [Title/Abstract] OR “non-heme iron” [Title/Abstract] OR “heme iron” [Title/Abstract] OR “haem iron” [Title/Abstract] OR “iron intake” [Title/Abstract] OR “iron consumption” [Title/Abstract])
#2 (“mortality” [Mesh] OR “death” [Mesh] OR “mortality” [Title/Abstract] OR “death” [Title/Abstract] OR “deaths” [Title/Abstract] OR “fatal” [Title/Abstract])
#1 AND #2
Search terms for Embase
#1 iron intake/ OR dietary iron.mp. OR non-heme iron.mp. OR heme iron .mp. OR haem iron.mp. OR iron intake.mp. OR
iron consumption.mp.
#2 mortality/ OR death/ OR mortality.mp. OR death.mp. OR deaths.mp. OR fatal.mp.
#1 AND #2
CVD: cardiovascular disease; RR: relative risk; CI: confidence interval; CHD: coronary heart disease; MI: myocardial infarction.
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Supplementary table 2. Association between dietary iron intake and cardiovascular disease mortality in the included studies.
First author,
publication year
Shi, (2017) 24

Comparison

RRs or HRs (95% CI)

Adjusted variables

Dietary total iron intake (men):
highest (median 41 mg/day) vs lowest (median 17.7 mg/day) quintile
Dietary total iron intake (women):
highest (median 33.8 mg/day) vs lowest (median 14.8 mg/day) quintile

1.09 (0.32–3.72)

Age, smoking, alcohol drinking, leisure time physical activity, education,
occupation, region, BMI, diabetes, hypertension, intake of energy, fat and
fibre.

Etemadi, (2017) 13

Dietary heme iron intake:
highest (median 0.74 mg/day) vs lowest (median 0.12 mg/day) quintile

1.16 (1.10–1.22)

Sex, age at entry to study, marital status, ethnicity, education, fifths of
composite deprivation index, perceived health at baseline, history of heart
disease, stroke, diabetes, and cancer at baseline, smoking history, BMI,
vigorous physical activity, usual activity throughout day, alcohol consumption, fruit and vegetable intakes, total energy intake.

Kaluza, (2014) 12

Dietary heme iron intake:
highest (median 2.68 mg/day) vs lowest (median 1.04 mg/day) quintile
Dietary non-heme iron intake:
highest (median 16.8 mg/day) vs lowest (median 9.4 mg/day) quintile

1.51 (1.07–2.13)

Age, education, smoking status and pack–years of smoking, BMI, total
physical activity, history of hypertension, high blood cholesterol level, ever
aspirin use, regular supplement use, family history of myocardial infarction
before age of 60 years, alcohol consumption, quintiles of energy-adjusted
intakes of protein, saturated fat, PUFA, cholesterol, fiber, vitamin E, βcarotene, vitamin C, potassium, sodium, calcium, magnesium.

Dietary total iron intake (men):
highest (median 10.58 mg/day) vs lowest (median 5.12 mg/day) quintile
Dietary total iron intake (women):
highest (median 9.81 mg/day) vs lowest (median 5.14 mg/day) quintile
Dietary heme iron intake (men):
highest (median 0.44 mg/day) vs lowest (median 0.07 mg/day quintile
Dietary heme iron intake (women):
highest (median 0.48 mg/day) vs lowest (median 0.06 mg/day) quintile
Dietary non-heme iron intake (men):
highest (median 10.19 mg/day) vs lowest (median 3.84 mg/day) quintile
Dietary non-heme iron intake (women):
highest (median 9.46 mg/day) vs lowest (median 3.81 mg/day) quintile

1.27 (1.01–1.58)

Dietary total iron intake:
highest (mean 8.7 mg/day) vs lowest (mean 3.9 mg/day) quintile

0.77 (0.41–1.22)

Zhang, (2012) 21

Casiglia, (2011) 11

2.88 (0.74–11.24)

0.93 (0.67–1.30)

0.94 (0.77–1.15)

BMI, smoking status, ethanol intake, history of hypertension, history of
diabetes mellitus, sports time, walking time, educational status, perceived
mental stress, dietary sodium intake, and, for women, menopausal status
and hormone replacement therapy.

0.96 (0.81–1.14)
0.94 (0.79–1.12)
1.04 (0.86–1.29)
0.99 (0.83–1.19)

RRs: relative risks; HRs: hazard ratios; CIs: confidence intervals; BMI: body mass index; PUFA: polyunsaturated fatty acid.

Serum iron, prevalence of anemia, intake of fibers and caffeine, and total
daily energy intake.
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Supplementary table 2. Association between dietary iron intake and cardiovascular disease mortality in the included studies (cont.).
First author,
publication year
Lee, (2005) 17

Comparison

RRs or HRs (95% CI)

Adjusted variables

Dietary heme iron intake:
highest (median 2.43 mg/day) vs lowest (median 0.57 mg/day) quintile
Dietary non-heme iron intake:
highest (median 2.43 mg/day) vs lowest (median 0.57 mg/day) quintile

1.84(0.74–4.60)

heme iron, non-heme iron, zinc, age, energy intake, BMI, waist-hip ratio,
physical activity, cigarette smoking, alcohol consumption, hormone replacement therapy, high blood pressure, saturated fat, trans fat, polyunsaturated fat, folate, β-carotene, vitamin E, and vitamin C.

K-G, (1999) 22

Dietary heme iron intake:
highest (median 1.36 mg/day) vs lowest (median 0.48 mg/day) quintile

3.77 (1.22–14.2)

Ascherio, (1994) 23

Dietary total iron intake:
highest (mean 37 mg/day) vs lowest (mean 11 mg/day) quintile
Dietary heme iron intake:
highest (median 1.36 mg/day) vs lowest (median 0.48 mg/day) quintile

0.89 (0.50–1.56)

1.09 (0.86–1.38)

1.84 (1.04–2.36)

age; sex; BMI; pack-years of smoking; equivalent household income, education, alcohol intake, categories of energy-adjusted p-carotene, vitamin C,
vitamin E, fat, saturated fat, and cholesterol, use of anti-oxidative vitamin
supplements.
Age.
Age, BMI, smoking habits, alcohol consumption, history of hypertension,
diabetes, hypercholesterolemia; family history of myocardial infarction;
profession; and quintiles of intake of total energy, vitamin E, total iron,
heme iron.

RRs: relative risks; HRs: hazard ratios; CIs: confidence intervals; BMI: body mass index; PUFA: polyunsaturated fatty acid

Supplementary figure 1. Forest plot of cardiovascular disease mortality for the highest versus lowest category of dietary heme iron intake.

Dietary iron intake and cardiovascular mortality

319

Supplementary figure 2. Forest plot of cardiovascular disease mortality for the highest versus lowest category of dietary total iron intake.

Supplementary figure 3. Forest plot for intake of dietary total iron intake (per 5-mg/day) and risk of cardiovascular disease mortality.

Supplementary figure 4. Linear dose–response association between dietary total iron intake and cardiovascular disease mortality.
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Supplementary figure 5. Forest plot of cardiovascular disease mortality for the highest versus lowest category of dietary non-heme iron
intake.

Supplementary figure 6. Forest plot for intake of dietary non-heme iron intake (per 5-mg/day) and risk of cardiovascular disease mortality.

Supplementary figure 7. Linear dose–response association between dietary non-heme iron intake and cardiovascular disease mortality.
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Supplementary figure 8. Funnel plot of publication bias for studies reporting the association between dietary heme iron intake and cardiovascular disease mortality.

Supplementary figure 9. Funnel plot of publication bias for studies reporting the association between dietary total iron intake and cardiovascular disease mortality.

Supplementary figure 10. Funnel plot of publication bias for studies reporting the association between dietary non-heme iron intake and
cardiovascular disease mortality.

