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Association of serum iron with
all-cause mortality and
cardiovascular mortality in the
cardiovascular patients: a
retrospective cohort study based
on the NHANES 1999-2018

Jing Lu', Zhen Ma', Xiaoxue Zhang, Wenhao Zhong,
Yunzeng Zou® and Jie Yuan®

Shanghai Institute of Cardiovascular Diseases, Zhongshan Hospital and Institutes of Biomedical
Sciences, Fudan University, Shanghai, China

Background: Cardiovascular disease (CVD) is one of the leading global causes of
death, and serum iron (SI) levels may be associated with the mortality of CVD.
However, there is still a knowledge gap regarding the relationship between SI
and mortality in the CVD population.

Methods: An analysis was conducted utilizing data from the National Health and
Nutrition Examination Survey (NHANES) from 1999 to 2018. In our study, SI was
used as the independent variable, and the mortality of the CVD patients was
considered as the outcome. Kaplan—Meier curves, multivariable Cox
proportional hazards model, and restricted cubic spline were employed to
examine the association between S| and all-cause mortality and cardiovascular
mortality in CVD patients. Subgroup analysis was also carried out based on
age, sex, weight, hypertension, Type 2 diabetes mellitus, and smoking status.
Results: A retrospective cohort study design was utilized, incorporating data
from 1,903 CVD patients with an average age of 64.29 years. Kaplan—Meier
survival analysis demonstrated significant differences in all-cause mortality and
cardiovascular mortality among the CVD patients based on quartiles of SI.
Following multivariable adjustment, lower Sl was associated with an increased
risk of all-cause and cardiovascular mortality in CVD patients. The highest
quartile of S| exhibited a 43% reduction in all-cause mortality (HR = 0.57, 95%
Cl: 0.45-0.72) and a 74% reduction in cardiovascular mortality (HR =0.26,
95% Cl: 0.16-0.43) when compared to the lowest quartile. Restricted cubic
spline showed a nonlinear relationship between Sl and all-cause mortality and
a linear relationship between S| and cardiovascular mortality. Additionally, the
inverse relationship between S| levels and outcomes in the CVD patients
remained consistent in subgroup analysis.
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Conclusion: Higher S| is associated with a decreased risk of all-cause and
cardiovascular mortality in CVD patients. Our results emphasize the importance
of iron supplementation for this particular group.

KEYWORDS

cardiovascular disease, serum iron, national health and nutrition examination survey
(NHANES), all-cause mortality, cardiovascular mortality

Introduction

Cardiovascular diseases (CVD), encompassing heart failure,
coronary heart disease (CHD), angina, heart attack, and stroke,
are recognized as the leading global cause of mortality (1). Over
the past decade, the worldwide death toll from CVD has surged
by 12.5%, now constituting approximately one-third of all global
deaths (2). In 2019, an estimated 2.52 billion individuals were
reported as CVD patients globally across 204 countries and
regions, reflecting a decrease from 2.71 billion in 1990. Despite
this decline, there was an alarming increase of 6.5 million deaths
attributed to CVD, reaffirming its status as a primary global
mortality contributor (3). Notably, advancing age is correlated
with escalating mortality associated with CVD, presenting a
substantial public health dilemma (4). Despite significant
advancements in the diagnosis, treatment, and prevention of
CVD over the past two decades, they persist as a formidable
cause of mortality, posing a grave risk to human life.

In recent years, the significance of minerals in human
physiological metabolism has gained widespread attention.
Numerous studies have underscored the roles of magnesium,
selenium, and calcium in CVD. Serum iron (SI), as an essential
trace element, plays a pivotal role in anti-inflammatory processes
and oxidative stress (5). Studies indicate that iron deficiency is
prevalent in over 50% of outpatient heart failure cases (6).
Furthermore, several clinical studies have illustrated that iron
supplementation for heart failure patients with iron deficiency
can substantially ameliorate symptoms (7-9). Additionally, SI has
been linked to various clinical outcomes. Research on patients
with acute ST-segment elevation myocardial infarction has
demonstrated a connection between SI concentration and
(10).  Another

identified low SI as a prognostic risk factor for adverse outcomes

subsequent heart failure occurrence study
in acute decompensated heart failure patients, independently of
hemoglobin and ferritin levels. Moreover, SI has been associated
with kidney function (11), fatty liver (1), tumors (12), and
cognitive impairment (13). However, the exact relationship
between SI levels and CVD remains ambiguous, and the
prognosis of CVD patients based on SI remains uncertain.

In this study, utilizing data from the National Health and

Nutrition Examination Survey (NHANES) in the United States,

Abbreviations

we investigate the association between SI and the mortality of
CVD to gain further insights into the role of SI in CVD patients.

Methods
Data source

The NHANES is conducted by the National Center for Health
Statistics (NCHS) and comprises a representative sample of non-
institutionalized civilians in the United States. The study design
employs a multi-stage probability sampling approach and gathers
pertinent information including demographics, socioeconomic
status, diet, and health status, among other factors. This study
design has been sanctioned by the NCHS Institutional Review
Board the Helsinki Declaration.
undergoing the examination, all participants provided informed

in adherence to Before
consent. Moreover, we integrated data from the NHANES
database with the National Death Index (NDI) to obtain relevant
mortality details for each participant up to December 31, 2019.
The cardiovascular mortality for individuals with CVD was
ascertained utilizing ICD-10 disease codes (I00-109, I11, I13,
and 120-151).

Study population

For this study, we analyzed publicly available data from five
2-year cycles of NHANES (1999-2018). Inclusion criteria were as
follows: participants diagnosed with CVD, with full mortality
information, and possessing complete data on SI and covariates.
Exclusions encompassed individuals without CVD or those with
missing data related to CVD (n=96,066), participants without
mortality information (n=113), individuals lacking SI data
(n=908), and those with missing covariate information (1= 3,586)
(Figure 1). In addition, we compared the baseline characteristics of
patients finally included in the study with the exclusion of
participants with missing covariates (Supplementary Table 1).

CVD, cardiovascular disease; SI, serum iron; BMI, body mass index; PIR, poverty income ratio; ALT, alanine aminotransferase; AST, aspartate transaminase; TC, total
serum cholesterol; HDL, high-density lipoprotein; Type 2 DM, type 2 diabetes mellitus; CHD, coronary heart disease; CVD, cardiovascular disease; HDL, high-density
lipoprotein; KM, Kaplan-Meier; RCS, restricted cubic splines; HR, hazard ratio; CI, confidence intervals; NDI, National Death Index; NCHS, National Center for

Health Statistics; NHANES, National Health and Nutritional Examination Survey.

Frontiers in Cardiovascular Medicine

frontiersin.org


https://doi.org/10.3389/fcvm.2024.1414792
https://www.frontiersin.org/journals/cardiovascular-medicine
https://www.frontiersin.org/

Lu et al. 10.3389/fcvm.2024.1414792
Total participants from NHANES
1999-2018 (N=102,576)
Excluding:
E— Participants without CVD (N=96,066) and
mortality information (N=113)
 J
Participants with CVD (N=6,397)
Excluding:
—® Participants missing data for serum iron (N=908)
and covariates (N=3,586)
 J
Participants included in final analysis
(N=1,903)
FIGURE 1

Flow chart of the study subjects.

Outcome Variable

The diagnosis of CVD as the outcome variable was ascertained

through self-reported physician diagnosis obtained during
individual interviews utilizing standardized medical history
questionnaires. Participants were asked, “Has a doctor or other
health professional ever informed you of a diagnosis of
heart

infarction/stroke?” Any affirmative response to these questions

congestive failure/coronary heart disease/myocardial

categorized the individual as having cardiovascular disease.

Expose Variable

SI was determined by electrochemiluminescence immunoassay
and the units are expressed as umol/L.

Other covariates
By existing literature, the following variables were considered as

covariates: Demographic variables encompassed age, sex (male and
female), race (Mexican American, non-Hispanic black, non-
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Hispanic white, other Hispanic, and other race), and poverty
income ratio (PIR) was obtained from demographic data.
Medical conditions such as hypertension and type 2 diabetes
mellitus (DM) were determined by self-reported physician
diagnoses provided by participants. Laboratory measurement
variables comprised alanine aminotransferase (ALT), aspartate
(AST), sodium, potassium, calcium, total
cholesterol (TC), and high-density lipoprotein (HDL). Smoking
and drinking were ascertained through questionnaires. For

aminotransferase

detailed insights on data collection, processing, quality assurance,
and oversight, kindly refer to the NHANES website (https://www.
cdc.gov/nchs/nhanes/index.htm).

Statistical analysis

Participants in the study were stratified into four groups
based on quartiles of SI (Q1<11.10, 11.10<Q2<14.5,
14.5< Q3 <18.40, and Q4 >18.40, umol/L). All estimates were
calculated accounting for sample weights. Weighted one-way
analysis of variance and t-tests (for continuous variables) were
employed, along with weighted chi-square tests (for categorical
variables), to compare baseline characteristics. Kaplan-Meier
(KM) curves were utilized to depict all-cause and cardiovascular
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survival for CVD patients. Weighted multivariable Cox regression
analysis were conducted to individually investigate the relationship
between SI both as a continuous variable and as a categorical
variable with CVD patient all-cause and cardiovascular mortality.
The multivariable Cox regression models were adjusted for
pertinent variables based on the literature and clinical experience.
Three models were developed in total: the Crude model solely
included SI, Model 1 adjusted for age, sex, race, and PIR, and
Model 2 additionally adjusted for drinking, smoking, BMI,
hypertension, type 2 DM, ALT, AST, sodium, calcium,
potassium, TC, and HDL. SI as a continuous variable underwent
analysis using restricted cubic splines (RCS) to reveal the dose-
response relationship with all-cause and cardiovascular mortality.
Subgroup analyses were also conducted stratified by age, sex,
BMI, hypertension, type 2 DM, drinking, and smoking.

TABLE 1 Baseline characteristics of participants according to quartiles of SI.

10.3389/fcvm.2024.1414792

All analyses were carried out using R software (version 4.1.3),
and statistical significance was defined as P < 0.05.

Results
Baseline characteristics of participants

Table 1 presents a summary of the baseline characteristics of
the 1,903 participants based on quartiles of SI, meeting the
specified inclusion and exclusion criteria. The average age of
participants was 64.29 years, with 55.36% being male. Significant
variations were observed among the four groups in terms of sex,
race, BMI, PIR, ALT, AST, calcium, TC, HDL, smoking,
hypertension, cardiovascular mortality, and all-cause mortality

Total N=1,903 Q1 N =485 Q2 N =483 Q3 N =466 Q4 N =469 P value
Age, years 64.29 (0.42) 62.65 (0.85) 65.13 (0.81) 64.07 (0.81) 65.24 (0.75) 0.104
Sex (%) <0.001
Female 799 (44.64) 267 (63.37) 213 (46.24) 174 (36.12) 145 (33.05)
Male 1,104 (55.36) 218 (36.63) 270 (53.76) 292 (63.88) 324 (66.95)
Race (%) 0.016
Mexican American 212 (4.10) 37 (3.80) 52 (3.41) 60 (4.63) 63 (4.59)
Non-Hispanic Black 373 (11.28) 134 (16.67) 94 (11.13) 93 (11.61) 52 (5.81)
Non-Hispanic White 1,104 (75.69) 260 (71.82) 276 (74.20) 268 (76.09) 300 (80.60)
Other Hispanic 126 (3.30) 32 (3.09) 40 (4.14) 26 (2.99) 28 (2.97)
Other Race 88 (5.63) 22 (4.61) 21 (7.12) 19 (4.69) 26 (6.03)
PIR,% 2.62 (0.06) 2.24 (0.10) 2.59 (0.11) 2.79 (0.10) 2.87 (0.11) <0.001
BMI, km/m? 30.43 (0.25) 30.71 (0.53) 31.63 (0.58) 30.41 (0.40) 28.96 (0.37) <0.001
ALT, u/L 24.44 (0.48) 22.01 (1.16) 23.22 (0.73) 23.26 (0.60) 29.21 (1.21) <0.001
AST, u/L 25.97 (0.45) 24.66 (1.03) 25.89 (1.25) 24.18 (0.48) 29.08 (0.89) <0.001
Sodium, mmol/L 139.37 (0.10) 139.24 (0.17) 139.29 (0.18) 139.67 (0.21) 139.28 (0.16) 0.323
Calcium, mmol/L 2.35 (0.00) 2.32 (0.01) 2.36 (0.01) 2.36 (0.01) 2.36 (0.00) <0.001
Potassium, mmol/L 4.13 (0.01) 4.09 (0.03) 4.17 (0.02) 4.12 (0.03) 4.15 (0.02) 0.170
TC, mg/dl 183.57 (1.39) 177.12 (2.26) 184.70 (3.15) 186.52 (2.55) 185.85 (2.97) 0.026
HDL, mmol/L 1.33 (0.02) 1.31 (0.03) 1.30 (0.03) 1.31 (0.03) 1.41 (0.03) 0.036
Drinking (%) 0.134
Former 601 (29.05) 171 (33.68) 152 (27.18) 150 (28.46) 128 (27.01)
Never 260 (11.74) 79 (13.50) 74 (13.38) 63 (11.35) 44 (8.74)
Now 1,042 (59.21) 235 (52.82) 257 (59.44) 253 (60.19) 297 (64.25)
Smoking (%) <0.001
Former 764 (39.20) 179 (35.79) 187 (33.95) 185 (40.89) 213 (46.20)
Never 736 (38.36) 171 (33.73) 215 (47.81) 188 (36.81) 162 (34.81)
Now 403 (22.44) 135 (30.48) 81 (18.23) 93 (22.30) 94 (18.99)
Hypertension (%) 0.008
No 446 (25.17) 94 (19.09) 96 (22.11) 120 (27.44) 136 (31.99)
Yes 1,457 (74.83) 391 (80.91) 387 (77.89) 346 (72.56) 333 (68.01)
Type 2 DM,% 0.305
No 1,132 (61.26) 280 (61.53) 269 (57.75) 283 (60.34) 300 (65.47)
Yes 771 (38.74) 205 (38.47) 214 (42.25) 183 (39.66) 169 (34.53)
All-cause mortality,% 0.006
No 1,081 (66.43) 245 (57.82) 286 (67.47) 282 (71.13) 268 (69.20)
Yes 822 (33.57) 240 (42.18) 197 (32.53) 184 (28.87) 201 (30.80)
Cardiovascular mortality,% <0.001
No 1,620(88.56) 392(82.69) 411(88.39) 403(89.64) 414(93.40)
Yes 283(11.44) 93(17.31) 72(11.61) 63(10.36) 55(6.60)

SI, serum iron; PIR, poverty income ratio; BMI, body mass index; ALT, alanine aminotransferase; AST, aspartate transaminase; TC, total serum cholesterol; HDL, high-density lipoprotein; Type

2 DM, type 2 diabetes mellitus.
All values are expressed as a number (%) or mean * standard deviation.
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TABLE 2 Characteristics of the study population according to their mortality.

Total Survivor Non-survivor
(n=1,903) (n=1,081) (n=822)
Age, years 64.29 (0.42) 61.01 (0.49) 70.77 (0.53) <0.001
Sex (%) 0.108
Female 799 (44.64) 504 (46.41) 295 (41.15)
Male 1,104 (55.36) 577 (53.59) 527 (58.85)
Race (%) 0.005
Mexican American 212 (4.10) 133 (4.69) 79 (2.94)
Non-Hispanic Black 373 (11.28) 241 (12.08) 132 (9.68)
Non-Hispanic White 1,104 (75.69) 554 (72.83) 550 (81.35)
Other Hispanic 126 (3.30) 91 (4.06) 35 (1.81)
Other Race 88 (5.63) 62 (6.34) 26 (4.23)
PIR,% 2.62 (0.06) 2.75 (0.07) 2.37 (0.07) <0.001
BMIL% 30.43 (0.25) 31.06 (0.30) 29.18 (0.35) <0.001
ALT, u/L 24.44 (0.48) 25.09 (0.65) 23.16 (0.67) 0.043
AST, u/L 25.97 (0.45) 25.79 (0.58) 26.33 (0.67) 0.535
Sodium, mmol/L 139.37 (0.10) 139.57 (0.13) 138.97 (0.15) 0.003
Calcium, mmol/L 2.35 (0.00) 2.35 (0.00) 2.35 (0.00) 0.677
Potassium, mmol/L 4.13 (0.01) 4.10 (0.01) 4.19 (0.02) <0.001
TC, mg/dl 183.57 (1.39) 183.79 (1.84) 183.14 (1.79) 0.795
HDL, mmol/L 1.33 (0.02) 1.33 (0.02) 1.34 (0.02) 0.639
SI, umol/L 15.26 (0.20) 15.57 (0.29) 14.65 (0.25) 0.025
Drinking (%) <0.001
Former 601 (29.05) 283 (25.08) 318 (36.91)
Never 260 (11.74) 143 (10.13) 117 (14.92)
Now 1,042 (59.21) 655 (64.78) 387 (48.17)
Smoking (%) 0.047
Former 764 (39.20) 393 (36.60) 371 (44.33)
Never 736 (38.36) 447 (39.88) 289 (35.35)
Now 403 (22.44) 241 (23.52) 162 (20.32)
Hypertension (%) 0.003
No 446 (25.17) 283 (28.05) 163 (19.46)
Yes 1,457 (74.83) 798 (71.95) 659 (80.54)
Type 2 DM,% 0.002
No 1,132(61.26) 653(64.28) 479(55.31)
Yes 771(38.74) 428(35.72) 343(44.69)

SI, serum iron; PIR, poverty income ratio; BMI, body mass index; ALT, alanine aminotransferase; AST, aspartate transaminase; TC, total serum cholesterol; HDL, high-density lipoprotein; Type

2 DM, type 2 diabetes mellitus.
All values are expressed as a number (%) or mean + standard deviation.

(P<0.05). The group with the highest quartile of SI exhibited a
higher proportion of male participants, lower BMI, elevated PIR,
higher ALT and AST levels, increased calcium, TC, and HDL
levels, and was characterized by a higher representation of non-
Hispanic white individuals, never-smokers, and individuals with
hypertension, and has lower all-cause mortality, and
cardiovascular mortality.

Table 2 delineates a comparison between participants
categorized as survivors and non-survivors based on their all-
cause mortality status. Among the 1,903 participants, there were
822 non-survivors and 1,081 survivors. Non-survivors were
notably older and exhibited lower PIR and lower BMI compared
to survivors. Non-survivors displayed significantly lower levels of
ALT, sodium, and SI, along with higher potassium. They also
comprised a higher percentage of non-Hispanic white
individuals, former-drinkers, never-drinkers, and never-smokers.
Additionally, the prevalence of hypertension was notably higher

Frontiers in Cardiovascular Medicine

among non-survivors, while the incidence of type 2 DM was
decreased compared to survivors.

Association between S| and mortality in
CVD patients

KM curves illustrated that when SI was assessed as a categorical
variable, patients with the lower SI exhibited higher cardiovascular
and all-cause mortality (log-rank P <0.001, all both) (Figure 2).

The association between SI and mortality in CVD patients was
analyzed using multivariable Cox regression, as depicted in Table 3.
In the unadjusted model, a negative association was observed
between SI and all-cause mortality in CVD patients (HR=0.97,
95% CI: 0.96-0.99). Upon adjusting for relevant covariates,
this notable association persisted in the fully adjusted model
(HR=0.97, 95% CI: 0.95-0.99). Furthermore, when stratified by
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FIGURE 2
The Kaplan—Meier (KM) survival curves are classified by S| quartiles. (A) All-cause mortality. (B) Cardiovascular mortality.

TABLE 3 Association between S| and all-cause mortality in CVD patients.

Crude model

Model 1 Model 2

HR (95%Cl)

HR (95%Cl)

HR (95%Cl)

SI 0.97 (0.96,0.99) 0.002 0.96 (0.94,0.98) <0.001 0.97 (0.95,0.99) <0.001
S| quartiles
Q1 Ref Ref Ref
Q2 0.71 (0.55,0.91) 0.006 0.63 (0.49,0.82) <0.001 0.69 (0.52,0.92) 0.010
Q3 0.65 (0.49,0.87) 0.003 0.57 (0.43,0.76) <0.001 0.63 (0.48,0.84) 0.001
Q4 0.62 (0.49,0.79) <0.001 0.52 (0.41,0.66) <0.001 0.57 (0.45,0.72) <0.001
P for trend <0.001 <0.001 <0.001

Crude model: no adjusted; Model 1: adjusted for age, sex, race, and PIR; Model 2: adjusted for age, sex, race, PIR, drinking, smoking, BMI, hypertension, type 2 DM, ALT, AST, sodium, calcium,

potassium, TC, and HDL.

SI, serum iron; PIR, poverty income ratio; BMI, body mass index; ALT, alanine aminotransferase; AST, aspartate transaminase; TC, total serum cholesterol; HDL, high-density lipoprotein; Type

2 DM, type 2 diabetes mellitus; CVD, cardiovascular disease.

quartiles of SI and analyzed in the fully adjusted Model 2, the
adjusted HR along with its 95% CI for SI across the quartiles
were as follows: 1.00, 0.69 (95% CI: 0.52-0.92), 0.63 (95% CI:
0.48-0.84), and 0.57 (95% CI: 0.45-0.72).

Similarly, when using cardiovascular mortality as an outcome
indicator, the highest quartile reduced the risk of 74% of deaths
compared to the lowest SI quartile (Table 4).

Dose-response relationship

RCS was utilized to explore the association between SI and
cardiovascular and all-cause mortality (Figure 3). The findings
revealed an inverted L-shaped relationship between SI and all-
cause mortality among patients with CVD (P non-linear = 0.026,

Frontiers in Cardiovascular Medicine

Figure 3A).
was identified between SI and cardiovascular
(P non-linearity = 0.716, Figure 3B).

Furthermore, a linear negative relationship

mortality

Subgroup analysis

Patients with CVD were stratified into distinct subgroups based
on age, sex, BMI, hypertension, type 2 DM, smoking, and drinking.
The impact of SI levels on all-cause and cardiovascular mortality
among different characteristics of CVD patients was examined,
and the results were depicted in forest plots (Figure 4). The
outcomes indicated a significant association between SI and all-
cause mortality within specific subgroups, including males, age >
60, BMI > 30 kg/m®, hypertension, type 2 DM, former smokers,
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TABLE 4 Association between Sl and cardiovascular mortality in CVD patients.

Crude model

HR (95%Cl)

HR (95%ClI)

Model 2
HR (95%Cl)

Model 1

SI 0.94 (0.91,0.96) <0.001 0.91 (0.88,0.94) <0.001 0.92 (0.89,0.95) <0.001
S| quartiles
Q1 Ref Ref Ref
Q2 0.62 (0.42,0.92) 0.018 0.51 (0.33,0.79) 0.002 0.52 (0.31,0.86) 0.011
Q3 0.58 (0.37,0.90) 0.017 0.47 (0.28,0.77) 0.003 0.50 (0.31,0.82) 0.006
Q4 0.33 (0.21,0.51) <0.001 0.24 (0.15,0.38) <0.001 0.26 (0.16,0.43) <0.001
P for trend <0.001 <0.001 <0.001

Crude model: no adjusted; Model 1: adjusted for age, sex, race, and PIR; Model 2: adjusted for age, sex, race, PIR, drinking, smoking, BMI, hypertension, type 2 DM, ALT, AST, sodium, calcium,

potassium, TC, and HDL.

SI: serum iron; PIR, poverty income ratio; BMI, body mass index; ALT, alanine aminotransferase; AST, aspartate transaminase; TC, total serum cholesterol; HDL, high-density lipoprotein; Type

2 DM, type 2 diabetes mellitus; CVD, cardiovascular disease.
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FIGURE 3
Dose-response association between S| and mortality in CVD population. (A) All-cause mortality. (B) Cardiovascular mortality.

and drinkers. Interaction analysis unveiled that the relationship
between SI levels and all-cause mortality in CVD patients did
not exhibit significant variations across the various subgroups
(interaction P> 0.05) (Figure 4A).

Similarly, the negative association of SI with cardiovascular
mortality in males, age > 60, BMI < 30 kg/m?, hypertension, type
2 DM, never-smokers, former smokers, and drinkers. In addition,
interaction analysis revealed that the relationship between SI
levels and cardiovascular mortality differed among sex subgroups
(interaction P <0.001) (Figure 4B).

Discussion

Our findings suggest a significant negative association between
SI and all-cause and cardiovascular mortality in CVD patients,
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even after adjusting for potential confounders. In addition, RCS
curve analysis highlighted a nonlinear negative association
between SI levels and all-cause mortality and a linear negative
association with cardiovascular mortality. Subgroup analyses and
interaction tests further clarified that the negative association
between SI levels and all-cause mortality was more significant
among males, age >60, BMI >30 kg/m® hypertension, type 2
DM, former smokers, and drinkers. On the other hand, the
negative association between SI levels and cardiovascular
mortality was stronger in males, age>60, BMI<30 kg/mz,
hypertension, type 2 DM, never smokers, former drinkers,
and drinkers.

Iron, an essential mineral nutrient, plays a pivotal role in
hemoglobin synthesis, iron-dependent catalytic reactions, DNA
synthesis, and mitochondrial respiration (14). SI levels have been
closely linked to various diseases, displaying differing associations
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FIGURE 4
Subgroup analysis of the association between SI and mortality in CVD population. (A) All-cause mortality. (B) Cardiovascular mortality

across diverse medical conditions. Notably, in sepsis patients, a
large-scale study revealed a positive correlation between SI levels
and 90-day mortality, with higher quartiles of SI reflecting
elevated 90-day mortality (15). Likewise, in liver-related studies,
SI levels were positively associated with the mortality of chronic
liver disease (16, 17), while in patients with acute kidney injury,
high SI levels were correlated with increased 28-day and 90-day
mortality (18). Conversely, in certain diseases, SI levels exhibit an
inverse relationship with mortality. For example, lower total body
iron levels were found to elevate the risk of death in
hemodialysis patients in a study from Japan (19). Studies have
also demonstrated the importance of SI levels in infectious
diseases, for example, reduced SI levels were observed in patients
with severe COVID-19 infection (20). Similarly, in H7N9
infections, reduced SI levels, especially in patients who died,
indicate the severity of the disease (21). Additionally, a study
focusing on cancer patients revealed that individuals with
elevated SI levels exhibited a reduced risk of mortality from oral
cancer (22). An investigation conducted in China identified low
SI levels as an independent risk factor for in-hospital mortality
among critically ill patients (23). The reason for the different
associations may be due to the dichotomy of SI (24). Firstly,
most of the body’s iron is contained in the hemoglobin (Hb) of
erythrocytes: iron deficiency leads to anaemia due to reduced Hb
synthesis and erythropoiesis. In addition, severe hypoferremia
affects the reduced synthesis of iron-containing enzymes and
proteins essential for cellular function; thus, low SI is associated
with increased mortality from diseases such as CVD. On the
other hand, the chemical reactivity of iron makes it potentially
very toxic: ferrous iron (Fe**) is unstable under aerobic
conditions and triggers the Fenton reaction, which produces
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reactive oxygen species that can damage proteins, membranes,
and DNA In order to avoid the potentially damaging effects of
iron, this metal is always conjugated to proteins to facilitate their
uptake and transport, as well as their storage in the cell. In the
human body, iron-regulated proteins are mainly found in the
liver, and when dysfunctional, iron overload leads to cell and
tissue damage due to the presence of unconjugated iron, which
ultimately leads to damage to cell membrane structures and
triggers cell death (25, 26). Thus, excessive SI leads to increased
mortality in liver-related and other diseases.

Previous research has extensively demonstrated the close
relationship between SI levels and CVD. Iron deficiency serves as
a noticeable indicator in heart failure cases, with a significant
proportion of heart failure patients exhibiting iron deficiency,
ranging from 47% to 68% in individuals with chronic heart
failure. Moreover, the severity of heart failure is positively
correlated with the likelihood of iron deficiency (27). Iron
deficiency within myocardial cells can impede mitochondrial
respiration and the ability to adapt to acute and chronic
increases in workload. Notably, iron supplementation has been
shown to enhance heart failure management and prevent its
onset (6, 28, 29, 30). Additionally, iron deficiency is prevalent
among individuals with pulmonary arterial hypertension, and
intravenous iron supplementation has been found to enhance
patients’ quality of life and diminish the risk of hospitalization
(31). Iron deficiency anemia accounts for approximately 50% of
anemic cases and is recognized as a risk factor for ischemic
stroke (32, 33). Moreover, iron deficiency has been associated
with an augmented risk of platelet aggregation and thrombus
formation (34, 35), as well as a heightened risk of developing
coronary heart disease (36). Studies targeting individuals with
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chronic kidney disease have shown that iron supplementation in
iron-deficient patients can reduce the risk of cardiovascular
disease (37). These findings align with our results, indicating
that lower SI levels are linked to increased cardiovascular
mortality and all-cause mortality among patients with
cardiovascular conditions.

Our study is subject to certain limitations that warrant
consideration. Firstly, the retrospective observational cohort study
design restricts our ability to establish a definitive causal
relationship between SI and mortality among CVD patients, as
we can only infer associations rather than prove causation.
Secondly, our analysis relies solely on SI data from the NHANES
database, which lacks additional details such as iron binding
capacity, transferrin saturation, and other related parameters.
Lastly, the utilization of a single-point measurement technique
for SI assessment may not fully capture the dynamic fluctuations
in SI concentrations, with diurnal variations in SI levels noted.
As such, further research endeavors are warranted to delve
deeper into this area and address these limitations for a more
comprehensive understanding of the associations between SI and
mortality in CVD patients.

Conclusion

In our study, we found an inverted L-shaped association of SI
with all-cause mortality and a linear negative association with
cardiovascular mortality in patients with CVD, which provides a
valuable reference to guide the management of SI in patients
with CVD.

Data availability statement

The raw data supporting the conclusions of this article will be
made available by the authors, without undue reservation.

Ethics statement

The studies involving humans were approved by National
Center for Health Statistics. The studies were conducted in
with  the
requirements. The ethics committee/institutional review board

accordance local legislation and institutional

waived the requirement of written informed consent for
participation from the participants or the participants’ legal
guardians/next of kin because The study was carried out in
compliance with the Declaration of Helsinki. Ethical review and
approval were not required for this study, as it involved the use
of publicly available data and did not qualify as human subject
research in the United States. Written informed consent was
obtained from the individual(s) for the publication of any
potentially identifiable images or data included in this article.

Frontiers in Cardiovascular Medicine

10.3389/fcvm.2024.1414792

Author contributions

JL: Data curation, Investigation, Visualization, Writing -
original draft, Writing - review & editing. ZM: Resources,
Software, Validation, Visualization, Writing - original draft,
Writing - review & editing. XZ: Data curation, Formal Analysis,
Project administration, Writing - review & editing. WZ:
Investigation, Methodology, Software, Supervision, Writing -
original draft. YZ: Conceptualization, Formal Analysis, Funding
acquisition, Project administration, Writing — review & editing.
JY: Conceptualization, Data curation, Formal Analysis, Funding
acquisition, administration, Resources,

Project Supervision,

Writing - review & editing.

Funding

The author(s) declare financial support was received for the
research, authorship, and/or publication of this article. This
research is funded by the National Natural Science Foundation of
China (No. 82230009), and the National Natural Science
Foundation of China (No. 82170279).

Acknowledgments

We acknowledge the NHANES database for its contributors
and providing their platforms for uploading meaningful datasets.

Conflict of interest

The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could
be construed as a potential conflict of interest.

Publisher’s note

All claims expressed in this article are solely those of the
authors and do not necessarily represent those of their affiliated
organizations, or those of the publisher, the editors and the
reviewers. Any product that may be evaluated in this article, or
claim that may be made by its manufacturer, is not guaranteed
or endorsed by the publisher.

Supplementary material

The Supplementary Material for this article can be found
online at: https://www.frontiersin.org/articles/10.3389/fcvm.2024.
1414792 /full#supplementary-material

frontiersin.org


https://www.frontiersin.org/articles/10.3389/fcvm.2024.1414792/full#supplementary-material
https://www.frontiersin.org/articles/10.3389/fcvm.2024.1414792/full#supplementary-material
https://doi.org/10.3389/fcvm.2024.1414792
https://www.frontiersin.org/journals/cardiovascular-medicine
https://www.frontiersin.org/

Lu et al.

References

1. Wang JW, Jin CH, Ke JF, Ma YL, Wang YJ, Lu JX, et al. Serum iron is closely
associated with metabolic dysfunction-associated fatty liver disease in type 2
diabetes: a real-world study. Front Endocrinol (Lausanne). (2022) 13:942412.
doi: 10.3389/fend0.2022.942412

2. Joseph P, Leong D, McKee M, Anand SS, Schwalm JD, Teo K, et al. Reducing the
global burden of cardiovascular disease, part 1: the epidemiology and risk factors. Circ
Res. (2017) 121:677-94. doi: 10.1161/CIRCRESAHA.117.308903

3. Roth GA, Mensah GA, Johnson CO, Addolorato G, Ammirati E, Baddour LM,
et al. Global burden of cardiovascular diseases and risk factors, 1990-2019: update
from the GBD 2019 study. ] Am Coll Cardiol. (2020) 76:2982-3021. doi: 10.1016/j.
jacc.2020.11.010

4. Dhingra R, Vasan RS. Age as a risk factor. Med Clin North Am. (2012) 96:87-91.
doi: 10.1016/j.mcna.2011.11.003

5. van Swelm RPL, Wetzels JEM, Swinkels DW. The multifaceted role of iron in renal
health and disease. Nat Rev Nephrol. (2020) 16:77-98. doi: 10.1038/s41581-019-0197-5

6. von Haehling S, Ebner N, Evertz R, Ponikowski P, Anker SD. Iron deficiency in heart
failure: an overview. JACC Heart Fail. (2019) 7:36-46. doi: 10.1016/j.,jchf.2018.07.015

7. Toblli JE, Lombrana A, Duarte P, Di Gennaro F. Intravenous iron reduces NT-
pro-brain natriuretic peptide in anemic patients with chronic heart failure and renal
insufficiency. ] Am Coll Cardiol. (2007) 50:1657-65. doi: 10.1016/j.jacc.2007.07.029

8. Okonko DO, Grzeslo A, Witkowski T, Mandal AK, Slater RM, Roughton M, et al.
Effect of intravenous iron sucrose on exercise tolerance in anemic and nonanemic
patients with symptomatic chronic heart failure and iron deficiency FERRIC-HF: a
randomized, controlled, observer-blinded trial. ] Am Coll Cardiol. (2008) 51:103-12.
doi: 10.1016/j.jacc.2007.09.036

9. Anker SD, Comin Colet J, Filippatos G, Willenheimer R, Dickstein K, Drexler H,
et al. Ferric carboxymaltose in patients with heart failure and iron deficiency. N Engl J
Med. (2009) 361:2436-48. doi: 10.1056/NEJM0a0908355

10. Chen W, Lin G, Dai C, Xu K. Predictive value of serum iron on heart failure in
patients with acute ST-segment elevation myocardial infarction. Clin Cardiol. (2023)
46:449-53. doi: 10.1002/clc.23990

11. Del Greco MF, Foco L, Pichler I, Eller P, Eller K, Benyamin B, et al. Serum iron
level and kidney function: a Mendelian randomization study. Nephrol Dial Transplant.
(2017) 32:273-8. doi: 10.1093/ndt/gfw215

12. Wen CP, Lee JH, Tai YP, Wen C, Wu SB, Tsai MK, et al. High serum iron is
associated with increased cancer risk. Cancer Res. (2014) 74:6589-97. doi: 10.1158/
0008-5472.CAN-14-0360

13. Gong Z, Song W, Gu M, Zhou X, Tian C. Association between serum iron
concentrations and cognitive impairment in older adults aged 60 years and older: a
dose-response analysis of national health and nutrition examination survey. PLoS
One. (2021) 16:¢0255595. doi: 10.1371/journal.pone.0255595

14. Abbaspour N, Hurrell R, Kelishadi R. Review on iron and its importance for
human health. J Res Med Sci. (2014) 19:164-74.

15. Lan P, Pan KH, Wang SJ, Shi QC, Yu YX, Fu Y, et al. High serum iron level is
associated with increased mortality in patients with sepsis. Sci Rep. (2018) 8:11072.
doi: 10.1038/541598-018-29353-2

16. Liu Y, Yin J, Dawsey SM, Liu B, Freedman ND, Cui J, et al. Relationships
between serum iron and liver diseases in nutrition intervention trials: a nested case-
control study. Cancer Epidemiol. (2022) 78:102157. doi: 10.1016/j.canep.2022.102157

17. Cho ME, Hansen JL, Peters CB, Cheung AK, Greene T, Sauer BC. An increased
mortality risk is associated with abnormal iron status in diabetic and non-diabetic
veterans with predialysis chronic kidney disease. Kidney Int. (2019) 96:750-60.
doi: 10.1016/j.kint.2019.04.029

18. Shu J, Hu Y, Yu X, Chen J, Xu W, Pan J. Elevated serum iron level is a predictor
of prognosis in ICU patients with acute kidney injury. BMC Nephrol. (2020) 21:303.
doi: 10.1186/s12882-020-01965-9

19. Toida T, Sato Y, Komatsu H, Fujimoto S. Association of estimated total body
iron with all-cause mortality in Japanese hemodialysis patients: the Miyazaki
dialysis cohort study. Nutrients. (2023) 15(21):4658. doi: 10.3390/nul15214658

Frontiers in Cardiovascular Medicine

10

10.3389/fcvm.2024.1414792

20. Bagheri-Hosseinabadi Z, Pirsadeghi A, Ostadebrahimi H, Taghipour Khaje
Sharifi G, Abbasifard M. Correlation of iron and related factors with disease
severity and outcomes and mortality of patients with coronavirus disease 2019.
J Trace Elem Med Biol. (2023) 80:127285. doi: 10.1016/j.jtemb.2023.127285

21. Wang H, Wu X, Wu X, Liu J, Yan Y, Wang F, et al. Iron status is linked to
disease severity after avian influenza virus H7N9 infection. Asia Pac ] Clin Nutr.
(2020) 29:593-602. doi: 10.6133/apjcn.202009_29(3).0019

22. Lin Y, Bao X, Li J, Pan C, Qian J, Lin L, et al. Correlation between serum iron
level and overall survival of oral cancer. Wei Sheng Yan Jiu. (2021) 50:756-62. doi: 10.
19813/j.cnki.weishengyan;jiu.2021.05.009

23. Xia JJ, Wang F, Jiang XN, Jiang TT, Shen L], Liu Y, et al. Serum iron levels are an
independent predictor of in-hospital mortality of critically ill patients: a retrospective,
single-institution study. J Int Med Res. (2019) 47:66-75. doi: 10.1177/0300060518795528

24. Silvestri L, Pettinato M, Furiosi V, Bavuso Volpe L, Nai A, Pagani A. Managing
the dual nature of iron to preserve health. Int J Mol Sci. (2023) 24(4):3995. doi: 10.
3390/ijms24043995

25. Dixon SJ, Lemberg KM, Lamprecht MR, Skouta R, Zaitsev EM, Gleason CE,
et al. Ferroptosis: an iron-dependent form of nonapoptotic cell death. Cell. (2012)
149:1060-72. doi: 10.1016/j.cell.2012.03.042

26. Galaris D, Barbouti A, Pantopoulos K. Iron homeostasis and oxidative stress: an
intimate relationship. Biochim Biophys Acta Mol Cell Res. (2019) 1866:118535. doi: 10.
1016/j.bbamcr.2019.118535

27. Masini G, Graham FJ, Pellicori P, Cleland JGF, Cuthbert JJ, Kazmi S, et al.
Criteria for iron deficiency in patients with heart failure. ] Am Coll Cardiol. (2022)
79:341-51. doi: 10.1016/j.jacc.2021.11.039

28. von Haehling S, Gremmler U, Krumm M, Mibach F, Schon N, Taggeselle J, et al.
Prevalence and clinical impact of iron deficiency and anaemia among outpatients with
chronic heart failure: the PrEP registry. Clin Res Cardiol. (2017) 106:436-43. doi: 10.
1007/s00392-016-1073-y

29. Haddad S, Wang Y, Galy B, Korf-Klingebiel M, Hirsch V, Baru AM, et al. Iron-
regulatory proteins secure iron availability in cardiomyocytes to prevent heart failure.
Eur Heart J. (2017) 38:362-72. doi: 10.1093/eurheartj/ehw333

30. Ponikowski P, van Veldhuisen DJ, Comin-Colet J, Ertl G, Komajda M, Mareev
V, et al. Beneficial effects of long-term intravenous iron therapy with ferric
carboxymaltose in patients with symptomatic heart failure and iron
deficiencydagger. Eur Heart ]. (2015) 36:657-68. doi: 10.1093/eurheartj/ehu385

31. Quatredeniers M, Mendes-Ferreira P, Santos-Ribeiro D, Nakhleh MK,
Ghigna MR, Cohen-Kaminsky S, et al. Iron deficiency in pulmonary arterial
hypertension: a deep dive into the mechanisms. Cells. (2021) 10(2):477. doi: 10.
3390/cells10020477

32. Lopez A, Cacoub P, Macdougall IC, Peyrin-Biroulet L. Iron deficiency anaemia.
Lancet. (2016) 387:907-16. doi: 10.1016/S0140-6736(15)60865-0

33. Chang YL, Hung SH, Ling W, Lin HC, Li HC, Chung SD. Association between
ischemic stroke and iron-deficiency anemia: a population-based study. PLoS One.
(2013) 8:e82952. doi: 10.1371/journal.pone.0082952

34. Besarab A, Horl WH, Silverberg D. Iron metabolism, iron deficiency,
thrombocytosis, and the cardiorenal anemia syndrome. Oncologist. (2009) 14(Suppl
1):22-33. doi: 10.1634/theoncologist.2009-S1-22

35. Tang X, Fang M, Cheng R, Zhang Z, Wang Y, Shen C, et al. Iron-deficiency and
estrogen are associated with ischemic stroke by up-regulating transferrin to induce
hypercoagulability. Circ Res. (2020) 127:651-63. doi: 10.1161/CIRCRESAHA.119.316453

36. Schrage B, Rubsamen N, Ojeda FM, Thorand B, Peters A, Koenig W, et al.
Association of iron deficiency with incident cardiovascular diseases and
mortality in the general population. ESC Heart Fail. (2021) 8:4584-92. doi: 10.
1002/ehf2.13589

37. Hasegawa T, Imaizumi T, Hamano T, Murotani K, Fujii N, Komaba H, et al.
Association between serum iron markers, iron supplementation and cardiovascular
morbidity in pre-dialysis chronic kidney disease. Nephrol Dial Transplant. (2023)
38:2713-22. doi: 10.1093/ndt/gfad096

frontiersin.org


https://doi.org/10.3389/fendo.2022.942412
https://doi.org/10.1161/CIRCRESAHA.117.308903
https://doi.org/10.1016/j.jacc.2020.11.010
https://doi.org/10.1016/j.jacc.2020.11.010
https://doi.org/10.1016/j.mcna.2011.11.003
https://doi.org/10.1038/s41581-019-0197-5
https://doi.org/10.1016/j.jchf.2018.07.015
https://doi.org/10.1016/j.jacc.2007.07.029
https://doi.org/10.1016/j.jacc.2007.09.036
https://doi.org/10.1056/NEJMoa0908355
https://doi.org/10.1002/clc.23990
https://doi.org/10.1093/ndt/gfw215
https://doi.org/10.1158/0008-5472.CAN-14-0360
https://doi.org/10.1158/0008-5472.CAN-14-0360
https://doi.org/10.1371/journal.pone.0255595
https://doi.org/10.1038/s41598-018-29353-2
https://doi.org/10.1016/j.canep.2022.102157
https://doi.org/10.1016/j.kint.2019.04.029
https://doi.org/10.1186/s12882-020-01965-9
https://doi.org/10.3390/nu15214658
https://doi.org/10.1016/j.jtemb.2023.127285
https://doi.org/10.6133/apjcn.202009_29(3).0019
https://doi.org/10.19813/j.cnki.weishengyanjiu.2021.05.009
https://doi.org/10.19813/j.cnki.weishengyanjiu.2021.05.009
https://doi.org/10.1177/0300060518795528
https://doi.org/10.3390/ijms24043995
https://doi.org/10.3390/ijms24043995
https://doi.org/10.1016/j.cell.2012.03.042
https://doi.org/10.1016/j.bbamcr.2019.118535
https://doi.org/10.1016/j.bbamcr.2019.118535
https://doi.org/10.1016/j.jacc.2021.11.039
https://doi.org/10.1007/s00392-016-1073-y
https://doi.org/10.1007/s00392-016-1073-y
https://doi.org/10.1093/eurheartj/ehw333
https://doi.org/10.1093/eurheartj/ehu385
https://doi.org/10.3390/cells10020477
https://doi.org/10.3390/cells10020477
https://doi.org/10.1016/S0140-6736(15)60865-0
https://doi.org/10.1371/journal.pone.0082952
https://doi.org/10.1634/theoncologist.2009-S1-22
https://doi.org/10.1161/CIRCRESAHA.119.316453
https://doi.org/10.1002/ehf2.13589
https://doi.org/10.1002/ehf2.13589
https://doi.org/10.1093/ndt/gfad096
https://doi.org/10.3389/fcvm.2024.1414792
https://www.frontiersin.org/journals/cardiovascular-medicine
https://www.frontiersin.org/

	Association of serum iron with all-cause mortality and cardiovascular mortality in the cardiovascular patients: a retrospective cohort study based on the NHANES 1999–2018
	Introduction
	Methods
	Data source
	Study population
	Outcome Variable
	Expose Variable
	Other covariates
	Statistical analysis

	Results
	Baseline characteristics of participants
	Association between SI and mortality in CVD patients
	Dose-response relationship
	Subgroup analysis

	Discussion
	Conclusion
	Data availability statement
	Ethics statement
	Author contributions
	Funding
	Acknowledgments
	Conflict of interest
	Publisher's note
	Supplementary material
	References


