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Iron Deficiency and the Risk of Incident Left Ventricular Dysfunction in Patients
with Coronary Artery Disease: A Single-center Cohort Study

Chiao-Hsiang Chang, Chiao-Chin Lee, Shi-Chue Hsing, Hsin-Hui Chen, Yu-Lan Liu, Wei-Ting Liu

Division of Cardiology, Department of Internal Medicine, Tri-Service General Hospital, National Defense Medical Center,
Taipei, Taiwan

Background: Heart failure (HF) is a complex and life-threatening condition that often coexists with comorbidities such as
hypertension, type 2 diabetes mellitus, coronary artery disease (CAD), and iron deficiency (ID). However, the relationship between
ID and the development of HF remains poorly understood. Aim: This study aimed to investigate the correlation between ID and
the development of left ventricular dysfunction. Methods: A total of 64,661 patients diagnosed with CAD at a tertiary hospital
between 2011 and 2023 were recruited. Of these, 4813 patients who underwent iron status evaluation, including serum iron (SI),
total iron-binding capacity (TIBC), and ferritin within 30 days, were included in the analysis. We compared the incidence and
hazard ratio (HR) of new-onset left ventricular (LV) dysfunction (LV ejection fraction <50%) between patients with and without
ID, defined as SI/TIBC or transferrin saturation (TSAT) <20% or ferritin <100 ng/mL. Results: The incidence of new-onset
LV dysfunction was higher in patients with ID, defined by TSAT <20% compared to those with normal TSAT (HR, 1.40; 95%
confidence interval [CI], 1.14—1.72) over a 13-year follow-up. In multivariable analysis, TSAT <20% retained its predictive
value for new-onset LV dysfunction (adjusted HR, 1.24; 95% CI, 1.01-1.54), while ferritin levels were not correlated with the
incidence of new-onset LV dysfunction in this cohort. The all-cause mortality rate was also higher in patients with ID, defined
by TSAT <20% compared to those with normal TSAT. A subgroup analysis revealed no significant difference in predicting
new-onset LV dysfunction between patients with ID, with or without coexisting anemia (P = 0.165). Conclusion: In patients
with CAD, ID, particularly defined by TSAT <20%, was predictive of future LV dysfunction and associated outcomes. Further
studies are needed to investigate the underlying mechanisms and causal relationship between ID and the risk of LV dysfunction.
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INTRODUCTION

Heart failure (HF) is a multifaceted and often fatal condition,
with its prevalence escalating with age. Despite significant
advancements in prevention and treatment strategies, HF
continues to impose a substantial burden on global public
health, characterized by a staggering mortality rate that can
reach 75% within 10 years." This condition frequently coexists
with various comorbidities, including hypertension (HTN),
type 2 diabetes mellitus (DM), coronary artery disease (CAD),
and iron deficiency (ID).?

Numerous studies have demonstrated the efficacy of various
interventions for HF in patients with DM, HTN, and CAD. For
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instance, sodium-glucose cotransporter-2 (SGLT2) inhibitors
have been shown to reduce the risk of first hospitalization for
HF by 29%.* Similarly, angiotensin—neprilysin inhibitor has
been associated with an 18% reduction in all-cause mortality
and a 21% decrease in hospitalization rates for HF.* However,
ID has received comparatively less attention, despite clinical
studies indicating that ferric carboxymaltose significantly
improves outcomes, including the 6-min walk test distance,
peak oxygen consumption, quality of life, and the New York
Heart Association functional classification.”™® This oversight
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may be attributed to the suboptimal diagnostic criteria for ID in
HF patients, as current biomarkers exhibit certain limitations.’

ID is notably more prevalent than anemia in HF, affecting
up to 59% of nonanemic ambulatory HF patients. Furthermore,
approximately 60% of individuals with CAD also present
with ID.? The presence of ID and ID anemia correlates with
poorer prognoses, with increasing severity linked to elevated
mortality rates.” Although ID has traditionally been associated
with anemia, the two conditions do not necessarily coexist.
The prevalence of ID may be underestimated, as the current
guidelines do not advocate for regular monitoring, and there
is no consensus on the most appropriate biomarkers for
assessment.

Iron serves as a critical cofactor for numerous enzymes
involved in essential cellular and organismal functions, making
it vital for all living cells, particularly those with high energy
demands, such as cardiomyocytes, hepatocytes, neurons, renal,
and skeletal muscle cells, as well as cells with high mitogenic
activity, including hematopoietic and immune cells." The
underlying mechanisms linking ID and HF remain poorly
elucidated; however, recent mechanistic studies underscore
the potential benefits of intravenous iron supplementation.

The European Society of Cardiology (ESC) adopts a widely
accepted definition of ID, characterized by a ferritin level
of <100 pg/L or a ferritin level between 100 and 300 pg/L with
a transferrin saturation (TSAT) of <20%.!" Historically, the
diagnosis of ID has heavily relied on ferritin levels. However,
these levels can be significantly influenced by various factors,
including inflammation, infection, chronic kidney disease, and
malignancy, often resulting in elevated ferritin levels during
inflammatory states, thereby obscuring the true availability of
iron. TSAT, defined as the ratio of serum iron (SI) to the total
iron-binding capacity of transferrin, provides a more accurate
reflection of iron availability for cellular metabolism in both
hematopoietic and extra hematopoietic cells. A TSAT of <20%
is indicative of depleted iron reserves for target cells.>!” In this
study, we aimed to utilize TSAT as a biomarker to evaluate
the association with new-onset LVD and prognostication in
patients with CAD.

MATERIALS AND METHODS

Study population

This retrospective cohort study utilized a clinical database
of electronic medical records (EMRs) maintained by the
Tri-Service General Hospital, a tertiary care center located
in Taiwan. Approval for the study was obtained from the
Institutional Review Board of Tri-Service General Hospital
(IRB NO A202405127). The informed consent was waived
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by IRB. The dataset included 64,661 patients diagnosed with
CAD from January 2011 to July 2023. The extracted patient
data encompassed demographic variables such as gender,
age, and body mass index (BMI), along with laboratory
results from SI panel tests, which included SI levels, total
iron-binding capacity (TIBC), and ferritin. In addition,
baseline comorbidities were identified using the International
Classification of Diseases, Ninth and Tenth Revision (ICD-9
and ICD-10) codes, and other relevant baseline biochemical
parameters were recorded, including serum creatinine,
alanine aminotransferase, cholesterol, uric acid, fasting
glucose, glycated hemoglobin (HbAlc), B-type natriuretic
peptide (BNP), and N-terminal pro b-type natriuretic
peptide (Pro-BNP).

All patients included in the study were required to
have undergone at least one SI panel test, which could
include measurements of SI levels, TIBC, or ferritin.
Patients with missing records for age or gender were
excluded, as were those who did not have SI panel tests
during the follow-up period, as these individuals could
not be included in the outcome analysis. ID was defined
based on a TSAT of <20% (calculated as SI divided by
TIBC) or ferritin levels below 100 ng/mL, consistent with
established guidelines.'>!* In addition, given that some
recommendations suggest using a serum ferritin threshold
of 30 ug/L to define ID,"* we also assessed whether a
ferritin level lower than 30 ug/L could serve as a predictor
of clinical outcomes. Since TSAT is the primary focus
of analysis in this study, patients were categorized into
two groups: those with TSAT <20% and TSAT >20%, as
illustrated in Figure 1.

Observational variables

The primary endpoint of this study was the occurrence of
new-onset LVD, defined as an LV ejection fraction (LVEF)
of <50%, assessed by M-mode, two-dimensional imaging,
or the biplane Simpson method through echocardiography.
Severe LVD was defined as an LVEF of 40% or lower. Patients
with a previously documented LVEF of <50% were excluded.
Patients who did not undergo echocardiographic evaluation
during the follow-up periods were excluded from the primary
analysis. In addition, all-cause mortality, as recorded in the
electronic medical records, was analyzed as a secondary
clinical outcome. Patients were followed from the date of their
first SI panel test until the development of LVD, mortality, or
until December 31, 2023.

Data on gender, age, BMI, baseline biochemical markers,
and pre-existing comorbidities were gathered for the purpose
of risk assessment and comparison. Baseline biochemical
measurements were collected within 30 days before or after
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[ Patients with history of coronary artery disease ]

N = 64,661

Missing values: Gender, sex,

v

medical record number
N =305

Analysis of laboratory tests of serum iron and TIBC for patients
diagnosed with coronary artery disease within 30 days.

N= 64,356

v

Without Iron Test
59,543 patients
(92.52%)

With Iron Test
4,813 patients
(7.48%)

v

TSAT 2 20%
2,827 patients
(4.39%)

v

TSAT < 20%
1,986 patients
(3.09%)

Figure 1: Flowchart of study population enrollment. N = Number of patients; TSAT: Transferrin saturation

the date of enrollment. In addition, baseline medications, such
as angiotensin-converting enzyme inhibitors, angiotensin II
receptor blockers, beta-blockers, and SGLT2 inhibitors, were
evaluated based on their corresponding Anatomical Therapeutic
Chemical codes. Baseline comorbidities were identified using
ICD-9 and ICD-10 codes. These included type 2 DM (ICD-9
code 250 and ICD-10 code E11), CAD (ICD-9 codes 412414
and ICD-10 codes 120-125), HTN (ICD-9 codes 401-404 and
ICD-10 codes 110-116), and dyslipidemia (ICD-9 code 272
and ICD-10 code E78). Atrial fibrillation (AF) was captured
using ICD-9 codes 427.31-427.32 and ICD-10 code 148. Acute
myocardial infarction was defined using ICD-9 codes 410—
411 and ICD-10 codes 121-124, whereas peripheral arterial
occlusion disease was identified using ICD-9 code 443.9 and
ICD-10 code 173.9. Stroke was recorded under ICD-9 code
434 and ICD-10 code 163. Chronic obstructive pulmonary
disease (COPD) was classified using ICD-9 codes 490-492
and ICD-10 codes J40-J44, and chronic kidney disease was
identified using ICD-9 code 585 and ICD-10 code N18. Liver
cirrhosis was defined by ICD-9 code 571 and ICD-10 code
K74, whereas cancer was captured under ICD-9 codes 140—
209 and ICD-10 codes CO0—C96. The presence of a pacemaker
was indicated by ICD-9 codes V45.00-V45.09 and ICD-10
code 795.0. Thyroid diseases were classified using ICD-9
codes 240-246 and ICD-10 codes EO0—EQ7. Finally, HF was
defined using ICD-9 codes 428, 398.91, and 402.1-402.91,
and ICD-10 code I50.

Statistical analysis

The patient characteristics are reported as means with
standard deviations for continuous variables, and as numbers
or percentages for categorical variables, as appropriate.
Comparisons between groups were performed using the
Chi-square test for categorical variables and analysis of
variance for continuous variables, where applicable. To assess
the impact of different iron panel results on the development
of LVD, ferritin levels and TSAT were evaluated using Cox
proportional hazards regression models. Hazard ratios (HRs)
were adjusted for several covariates, including gender,
age, type 2 DM, HTN, dyslipidemia, AF, acute myocardial
infarction, peripheral arterial occlusion disease, stroke, COPD,
chronic kidney disease, liver cirrhosis, cancer, presence of
a pacemaker, thyroid disease, and anemic status (defined
as hemoglobin levels below 14 g/dL in males and below
12 g/dL in females).

Cox proportional hazards regression models and the
Kaplan—Meier method were employed to compare the risk of
new-onset LVD and all-cause mortality across different iron
panel test results. Given that pre-existing anemia has been
shown to potentially influence the development of LVD in
prior research, we further stratified patients into subgroups
based on their anemic status. All statistical analyses were
conducted using R software (R Foundation for Statistical
Computing, Vienna, Austria, version 3.4.4), with two-tailed
P < 0.05 considered indicative of statistical significance.
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Table 1: Baseline characteristics of patients with coronary artery disease with and without test for iron deficiency

Variables Without iron test (#=59,543), n (%) With iron test (n=4813), n (%) P
Gender (male) 35,602 (59.8) 2499 (51.9) <0.001
Age 61.37+15.60 70.85+14.55 <0.001
BMI (kg/m?) 28.83+33.35 27.18+20.14 0.008
Comorbidities
Anemia 11,316 (40.3) 3738 (81.0) <0.001
Type 2 DM 14,360 (24.1) 2410 (50.1) <0.001
HTN 30,644 (51.5) 3701 (76.9) <0.001
Dyslipidemia 24,009 (40.3) 3279 (68.1) <0.001
AF 2776 (4.7) 694 (14.4) <0.001
Acute myocardial infarction 6348 (10.7) 982 (20.4) <0.001
Peripheral arterial occlusion disease 1197 (2.0) 303 (6.3) <0.001
Stroke 4093 (6.9) 879 (18.3) <0.001
COPD 5702 (9.6) 1318 (27.4) <0.001
Chronic kidney disease 3745 (6.3) 1876 (39.0) <0.001
Liver cirrhosis 5987 (10.1) 1106 (23.0) <0.001
Cancer 4170 (7.0) 911 (18.9) <0.001
Pacemaker implantation 400 (0.7) 107 (2.2) <0.001
Thyroid disease 3630 (6.1) 708 (14.7) <0.001
HF 5640 (9.5) 1456 (30.3) <0.001
History of LVEF <50 3325 (6.0) 1179 (24.5) <0.001
Laboratory data
WBC (10%/pL) 7.94+4.98 6.99+3.90 <0.001
Hemoglobin (g/dL) 13.20+2.25 10.45+2.51 <0.001
Platelet (10°/puL) 223.51+£74.95 215.18+96.77 <0.001
Albumin (g/dL) 3.66+0.59 3.62+0.66 0.014
Triglyceride (mg/dL) 134.69+85.21 126.23+81.98 <0.001
Total cholesterol (mg/dL) 174.50+44.39 151.02+44.13 <0.001
HDL-cholesterol (mg/dL) 46.93+14.00 44.13£15.45 <0.001
LDL-cholesterol (mg/dL) 107.16+36.74 85.07+34.33 <0.001
Creatinine (mg/dL) 1.23+1.42 2.53£3.03 <0.001
ALT (U/L) 29.36+81.54 27.95+86.02 0.320
Uric acid (mg/dL) 5.97+1.83 5.88+2.17 0.007
HbAlc (%) 6.84+1.65 6.42+1.33 <0.001

Anemia is defined as hemoglobin level lower than 14 mg/dL in men and 12 mg/dL in women. BMI=Body mass index; LVEF=Left ventricular ejection
fraction; DM=Diabetes mellitus; HTN=Hypertension; AF=Atrial fibrillation; COPD=Chronic obstructive pulmonary disease; WBC=White blood cell;

HDL=High-density lipoprotein; LDL=Low-density lipoprotein; ALT=Alanine transaminase; HbA1c=Glycated hemoglobin; HF=Heart failure

RESULTS

We identified 4813 (7.18%) patients with at least one SI
panel measurement within our CAD cohort. Table 1 presents
the characteristics of patients with and without iron panel
tests. Patients who underwent iron panel testing were 51.9%
male, with an average age of 70 years. Compared to patients
without iron panel tests, those receiving iron panel testing
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were older (mean age: 70.85 years vs. 61.37 years), had a
higher prevalence of anemia (81.0% vs. 40.3%), and exhibited
a greater proportion of chronic comorbidities, including type 2
DM, HTN, and chronic kidney disease. Among patients with
iron panel tests, 2827 (58.7%) had a TSAT >20%, whereas
1986 (41.3%) had ID, defined by TSAT < 20%. Patients with
ID defined by TSAT <20% were more likely to have underlying
conditions such as DM, AF, stroke, and HF compared to those
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Table 2: Characteristics and future events in patients with and without iron deficiency

Variable TSAT >20% (n=2827), n (%) TSAT <20% (n=1986), n (%) P
Gender (male) 1564 (55.3) 935 (47.1) <0.001
Age 70.68+13.98 71.09+15.33 0.346
BMI 27.40+22.41 26.88+16.51 0.478
Comorbidities
Anemia 1994 (74.0) 1744 (90.9) <0.001
Type 2 DM 1339 (47.4) 1071 (53.9) <0.001
HTN 2197 (77.7) 1504 (75.7) 0.108
Dyslipidemia 1977 (69.9) 1302 (65.6) 0.001
AF 359 (12.7) 335 (16.9) <0.001
Acute myocardial infarction 579 (20.5) 403 (20.3) 0.873
Peripheral arterial occlusion disease 190 (6.7) 113 (5.7) 0.147
Stroke 483 (17.1) 396 (19.9) 0.012
COPD 795 (28.1) 523 (26.3) 0.171
Chronic kidney disease 1143 (40.4) 733 (36.9) 0.014
Liver cirrhosis 684 (24.2) 422 (21.2) 0.017
Cancer 545 (19.3) 366 (18.4) 0.459
Pacemaker 59 (2.1) 48 (2.4) 0.445
Thyroid disease 438 (15.5) 270 (13.6) 0.067
HF 809 (28.6) 647 (32.6) 0.003
Laboratory data
ST (ug/dL) 94.38+40.89 35.23+17.19 <0.001
TIBC (ug/dL) 280.13+76.49 316.79+98.63 <0.001
SI/TIBC (TSAT) 0.35+0.15 0.12+0.05 <0.001
Ferritin (ng/mL) 567.53+1205.25 266.53+518.79 <0.001
Ferritin <100 ng/mL 365 (16.1) 766 (47.8) <0.001
Ferritin <30 ng/mL 65 (2.9) 445 (27.7) <0.001
Hemoglobin (mg/dL) 11.02+2.63 9.63+£2.07 <0.001
Creatinine (mg/dL) 2.72+3.19 2.26+2.75 <0.001
ACEi/ARB 1584 (56.0) 1173 (59.1) 0.036
Beta blocker 1840 (65.1) 1336 (67.3) 0.115
SGLT2i 190 (6.7) 211 (10.6) <0.001
Adverse events
Future LVEF <50% event 211 (14.7) 165 (17.9) 0.038
Future LVEF <40% event 114 (6.9) 80 (7.5) 0.560
Future event for all-cause mortality 335 (11.9) 281 (14.2) 0.019

Anemia is defined as hemoglobin level lower than 14 mg/dL in men and 12 mg/dL in women. BMI=Body mass index; LVEF=Left ventricular
ejection fraction; TIBC=Total iron-binding capacity; ACEi=Angiotensin-converting enzyme inhibitor; ARB=Angiotensin L! receptor blocker;
SGLT2i=Sodium-glucose co-transporter 2 inhibitor; DM=Diabetes mellitus; HTN=Hypertension; AF=Atrial fibrillation; COPD=Chronic obstructive

pulmonary disease; TSAT=Transferrin saturation; SI=Serum iron; HF=Heart failure

with TSAT >20%, as shown in Table 2. The average TSAT was
35% in patients with normal TSAT levels and 12% in those
with TSAT <20%. The average ferritin levels were 567 ng/mL
and 266 ng/mL in patients with normal and low TSAT levels,
respectively. The majority of patients undergoing iron tests

had anemia, accounting for 74.0% and 90.9% of those with

normal and low TSAT levels, respectively.

The incidence rate of new-onset LVD was higher in
patients with ID, defined by TSAT <20% compared to those
with TSAT >20% (17.9% vs. 14.7%, P = 0.038). However, the
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incidence of severe LVD (LVEF <40%) showed no significant
difference between the two groups [Table 2]. Figure 2
illustrates that the HR for the incidence of new-onset LVD was
1.40 (95% confidence interval [CI], 1.14—1.72) for patients
with ID, defined by TSAT <20% compared to those with
TSAT >20% during the 13-year follow-up period. In addition,
all-cause mortality was significantly higher in patients with
low TSAT levels (14.2% in the TSAT <20% group vs. 11.9%
in the TSAT >20% group, P = 0.019). The HR for all-cause
mortality was 1.22 (95% CI, 1.04-1.43) for patients with ID,
defined by TSAT <20% compared to those with TSAT >20%.

We evaluated the impact of different iron panel results on
the risk of incident LVD using a univariate Cox regression
model [Model 1 in Table 3]. ID defined by TSAT <20% was
associated with a higher risk of developing LVD, whereas ID
defined by ferritin levels below 30 ng/mL were found to have
a protective effect against LVD (HR, 0.65; 95% CI, 0.45—

0.92). ID defined by ferritin levels <100 ng/mL did not show
a significant association with incident LVD. However, after
adjusting for confounding comorbidities (Model 2) and anemic
status (Model 3), ID defined by TSAT <20% maintained its
predictive value for future LVD development (adjusted HR,
1.37; 95% CI, 1.11-1.69 in Model 2 and adjusted HR, 1.24;
95% CI, 1.01-1.54 in Model 3). In contrast, ID defined by
ferritin levels, whether below 100 ng/mL or 30 ng/mL, were not
significantly associated with new-onset LVD after adjustment.
The predictive value of ID, defined as TSAT <20%, for all-cause
mortality remained significant after adjusting for confounding
comorbidities [Table 4]. In addition, given that anemia affects
heart function and increases the risk of incident LVD, we
compared the HRs for new-onset LVD in subgroups stratified
by the presence or absence of anemia [Table 5]. Although
the HR for new-onset LVD associated with ID defined by
TSAT <20% was lower in patients without anemia compared to

Table 3: Hazard ratio of baseline iron status for new-onset left ventricular dysfunction (left ventricular ejection fraction

<50%)

Independent variable Model 1 - Crude-HR (95% CI) P Model 2 - Adjusted-HR (95% CI)* P Model 3 - Adjusted-HR (95% CI)* P
TSAT >20% 1.00 1.00 1.00

TSAT <20% 1.32 (1.08-1.62) 0.007 1.37 (1.11-1.69) 0.003 1.24 (1.01-1.54) 0.045
Ferritin >100 ng/mL 1.00 1.00 1.00

Ferritin <100 ng/mL 0.86 (0.68-1.10) 0.225 0.89 (0.69-1.13) 0.339 0.82 (0.64-1.05) 0.123
Ferritin >30 ng/mL 1.00 1.00 1.00

Ferritin <30 ng/mL 0.65 (0.45-0.92) 0.017 0.86 (0.59-1.24) 0.406 0.71 (0.49-1.04) 0.080

“All result of Model 2 Adjusted-HR were adjusted by gender, age, type 2 DM, HTN, dyslipidemia, AF, acute myocardial infarction, peripheral arterial
occlusion disease, stroke, COPD, chronic kidney disease, liver cirrhosis, cancer, pacemaker, thyroid disease. Model 3 Adjusted-HR was adjusted by Model
2 plus anemia. Anemia is defined as hemoglobin level lower than 14 mg/dL in men and 12 mg/dL in women. TSAT=Transferrin saturation; CI=Confidence
interval; HR=Hazard ratio; DM=Diabetes mellitus; HTN=Hypertension; AF=Atrial fibrillation; COPD=Chronic obstructive pulmonary disease

Incidence of new-onset LVEF < 50%

Strata
— TSAT220%
— TSAT<20%

Survival (%)
2

All-cause Mortality

Strata
— TSAT220%
— TSAT<20%

E Numbers at risk

g
%
e
@
HR(95%CI) HR(95%CI)
025
1.40 (1.14,1.72) 1.22(1.04, 1.43)
Reference Reference
o
1 2 3 4 5 6 7 8 9 10 11 12 13 1 2 3 4 5 6 7 g8 9 10 1 12 13
Time-to-event(Year) Time-to-event(Year)
TSAT220% 1438 1063 782 580 388 232 121 40 17 15 9 7 6 TSAT220% 2818 1819 1276 935 641 382 206 80 23 21 15 11 8

TSAT<20% 923 622 454 315 219 135 82 25 7 5 5 3 3

m Numbers at risk

TSAT<20% 1081 1249 864 598 399 238 134 58 13 10 9 E 4 6

Figure 2: Kaplan—Meier curve for new-onset left ventricular ejection fraction lower than 50% (a) and all-cause mortality (b) for patients stratified with transferrin
saturation <20%. TSAT = Transferrin saturation; CI: Confidence interval; HR = Hazard ratio
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Table 4: Hazard ratio of baseline transferrin saturation for all-cause mortality events

Independent variables Model 1 - crude-HR (95% CI) P

Model 2 - Adjusted-HR (95% CI)* P

Model 3 - Adjusted-HR (95% CI)* P

TSAT >20% 1.00

TSAT <20% 1.24 (1.06-1.45) 0.008

1.22 (1.04-1.43)

1.00 1.00

0.014 1.18 (1.01-1.39) 0.040

“All result of Model 2 Adjusted-HR were adjusted by gender and age. Model 3 Adjusted-HR was adjusted by Model 2 plus type 2 DM, HTN, dyslipidemia,
AF, acute myocardial infarction, peripheral arterial occlusion disease, stroke, COPD, chronic kidney disease, liver cirrhosis, cancer, pacemaker, thyroid
disease. TSAT=Transferrin saturation; CI=Confidence interval; HR=Hazard ratio; DM=Diabetes mellitus; HTN=Hypertension; AF=Atrial fibrillation;

COPD=Chronic obstructive pulmonary disease

Table 5: Hazard ratio of iron status for new-onset left ventricular dysfunction (left ventricular ejection fraction <50%)

stratified with anemia

Stratified variable Crude-HR (95% CI) P P (interaction) Adjusted-HR (95% CI)* P P (interaction)
Without anemia (n=492) 1.00 0.227 1.00 0.165
With anemia (n=1768) 4.15 (2.78-6.18) <0.001 2.32 (1.53-3.53) <0.001
Without anemia (n=491)

TSAT >20% 1.00 1.00

TSAT <20% 0.57 (0.17-1.89) 0.354 0.76 (0.20-2.87) 0.681
With anemia (n=1267)

TSAT >20% 1.00 1.00

TSAT <20% 1.14 (0.92-1.41) 0.227 1.28 (1.03-1.59) 0.028

*All results of Adjusted-HR were adjusted by gender, age, type 2 DM, CAD, HTN, dyslipidemia, AF, acute myocardial infarction, peripheral arterial
occlusion disease, stroke, COPD, chronic kidney disease, liver cirrhosis, cancer, pacemaker, thyroid disease, heart failure. Anemia is defined as hemoglobin
level lower than 14 mg/dL in men and 12 mg/dL in women. TSAT=Transferrin saturation; CI=Confidence interval; HR=Hazard ratio; CAD=Coronary artery
disease; DM=Diabetes mellitus; HTN=Hypertension; AF=Atrial fibrillation; COPD=Chronic obstructive pulmonary disease

those with anemia, no statistically significant interaction (P for
interaction >0.05) was observed either before or after adjusting
for confounding comorbidities. The presence of anemia
alone was a predictor of new-onset LVD, irrespective of iron
status (adjusted HR: 2.32; 95% CI: 1.53-3.53).

DISCUSSION

The relationship between ID and LVD has not been
extensively studied, particularly in patients with CAD,
who are at increased risk for developing LVD. Historically,
ferritin has been the commonly used biomarker to assess ID
and LVD in the literature,'>'® but the comparison between
ferritin and TSAT has not been well explored. In this study,
we found that TSAT was a stronger predictor of new-onset
LVD than ferritin, even when using different ferritin cutoff
values. Moreover, TSAT was also linked to an increased risk
of mortality, highlighting the critical metabolic role of ST in the
body. Although ID can contribute to anemia, which is a known
risk factor for HF, our findings showed that the presence or
absence of anemia did not significantly impact the predictive
value of TSAT for future heart function decline. These results
suggest that evaluating iron status, particularly TSAT, could
be beneficial in the routine clinical management of patients
with CAD.

According to the current studies, ID was not only relevant
to the prognosis in patients with HF, and it was also associated
with the risk for new-onset HF. Several studies dedicated to
using ferritin as predictor for new-onset HF have, however,
demonstrated quite different results. In the PREVEND study,
elevated ferritin levels independently predict the higher
risk of developing new-onset HF, especially in HFpEF, in
apparently healthy women.!® In contrast, the ARIC study
found that lower plasma ferritin levels are linked with an
increased risk of incident HF, including HFpEF in older
population (mean age: 75 years)."”> A U-shaped relationship
between ferritin levels and the risk of incident HF has also been
reported by other studies.'”'® The abovementioned findings
demonstrated that ferritin is a susceptible factor, influenced
by age, gender, inflammation, and more, which makes using
this marker to predict HF unreliable. In addition, previous
studies were all community based, with only a minority of
the population consisting of those with CAD. Our research
specifically targets the CAD population, which was thought
to have increased ferritin concentrations.!” Otherwise, the
study population was followed up or admitted to our hospital
due to chronic or acute diseases, which have the potential
to influence ferritin levels to varying degrees.”*** All of
these make our findings different from previous studies. We
identified TSAT as an independent predictor of new-onset
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LVD, regardless of ferritin levels, age, gender, and even
underlying comorbidities.

The mechanisms behind the development of ID in HF
have not been thoroughly explored. However, ID is likely
linked to factors such as impaired iron absorption, increased
gastrointestinal losses, and decreased availability of usable
iron from the reticuloendothelial system.” Among ambulatory
patients with HF, the prevalence of ID reaches up to 50%.
ID is an independent predictor of reduced exercise capacity,
diminished quality of life, and decreased survival rates. Risk
factors include female gender, more advanced stages of HF,
elevated levels of NT-proBNP, and higher serum concentrations
of C-reactive protein.?* ID in HF patients is linked to decreased
exercise capacity, diminished quality of life, and a poor
prognosis, independent of anemia and LVEF.>* The ESC
guidelines recommend intravenous iron supplementation for
symptomatic HF patients with LVEF below 50%, while the
American Heart Association guidelines do not specifically
address this recommendation.*® There are still uncertainties
about the optimal use of iron supplementation therapy and
its role in HF patients. Although current guidelines do not
recommend iron supplementation in CAD patients with ID,
this study may provide a direction for future research on this
prevalent population to improve patient care.?’

We found that TSAT was a stronger predictor of new-onset
LVD compared to ferritin, even when applying different
ferritin cutoff values. This is likely because serum ferritin,
being both an acute-phase protein and an indicator of iron
stores, often has limited value as its levels are elevated in
the presence of inflammation.”® TSAT, compared to serum
ferritin, is a more reliable predictor of iron status and response
to erythropoiesis-stimulating agent treatment in dialysis
patients.” Low TSAT and high ferritin levels are significant
predictors of cerebrovascular and cardiovascular disease and
mortality in maintenance hemodialysis patients.’® In cancer
patients, especially those undergoing chemotherapy, ferritin
can be elevated due to the inflammatory state induced by the
malignancy or treatment. A study highlighted that TSAT is a
more reliable indicator for assessing iron status.’! The study
also has shown that among the traditionally used markers of
iron status, reduced TSAT, particularly TSAT <10%, is most
strongly associated with an increased risk of adverse outcomes
in chronic kidney disease patients, regardless of serum ferritin
levels.* In conclusion, TSAT consistently emerges as a more
reliable predictor of ID and related adverse outcomes across
various conditions, including LVD, chronic kidney disease,
and cancer, especially in the presence of inflammation, where
ferritin may be elevated and less reflective of true iron status.

This study identifies a potential screening target for ID in
patients with CAD, addressing a gap in the existing evidence
for this population. A large randomized trial is warranted
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to validate this hypothesis. This study also has several
limitations. First, although adjustments were made for gender,
age, and baseline comorbidities to reduce confounding factors,
the retrospective nature of the study inherently limits causal
inferences. Second, as this study was conducted at a single
institution in Taiwan, the generalizability of the results to
other populations should be approached with caution due to
the small sample size, lack of ethnic diversity, and potential
patient selection bias arising from various indications for
iron testing in this study. Further research is necessary to
validate these findings in diverse ethnic groups. Third, the
effect of treatment for ID on the incidence of LVD was not
evaluated due to the unavailability of ferric carboxymaltose
and ferric derisomaltose — both recommended by current
guidelines — in our healthcare system, warranting future
large-scale studies to address this gap. Fourth, since current
evidence primarily illustrates the relationship between ID and
iron supplementation therapy in patients with reduced EF,
analyses of other echocardiographic characteristics were not
performed. Finally, analyzing the causes of loss to follow-up
and their outcomes was challenging in this electronic medical
record-based retrospective study. However, the large sample
size and extended follow-up period may have mitigated this
limitation.

CONCLUSION

Our study highlights the differential predictive value of
TSAT and ferritin levels for incident LVD. In patients with
CAD, TSAT levels below 20% were predictive of incident
LVD. These findings provide practical insights for screening
ID in patients with CAD.
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