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Association of soluble transferrin
receptor/log ferritin index with
all-cause and cause-specific
mortality: National Health and
Nutrition Examination Survey

Yan Yu®!, Dongying Lu?, Zhenhui Zhang** and Lili Tao**

'Guangzhou Baiyunshan Hospital, Guangzhou, China, 2Department of Pediatrics, Nanfang Hospital,
Southern Medical University, Guangzhou, China, *Department of Critical Care Medicine, The Second
Affiliated Hospital, Guangzhou Medical University, Guangzhou, China

Background: Soluble transferrin receptor (sTfR)/log ferritin index (STfR Index)
can be used to assess the entire spectrum of iron status, and is valuable in
evaluating iron status in population studies. There is still a lack of evidence on
the association between sTfR index and all-cause mortality.

Object: To explore the association between sTfR index and all-cause mortality,
as well as mortality due to cardiovascular disease (CVD) and cancer.

Method: Data were from the National Health and Nutrition Examination Survey
(NHANES) between 2003 to 2020. Participants aged 16 years and older who had
complete data of serum ferritin and sTfR were included. Pregnant individuals
or those with ineligible data on death or follow-up were excluded from the
analysis. Baseline sTfR index was calculated by baseline sTfR/log (ferritin) and
classified as three tertile. We performed the Cox proportional hazard regression
to assess the association of sTfR index (both continuous and categorical scale)
with all-cause and cause-specific mortality and further assess the non-linear
relationship between sTfR index and the outcomes with restricted cubic spline.

Result: In this study, 11,525 participants, a total of 231 (2.0%) all-cause deaths
occurred during a median follow-up of 51 months. The risk of all-cause mortality,
CVD-related mortality, and cancer-related mortality was higher in participants
with highest tertile of sTfR index. After confounding factors adjustment,
participants with highest tertile of sTfR index were associated with an increased
risk of all-cause mortality (HR: 1.71, 95% Cl: 1.14-2.57) as compared with lowest
tertile. Additionally, sTfR index per SD increment was associated with a 25%
increasing risk of all-cause mortality (HR: 1.25, 95% CI: 1.08-1.45, p = 0.003) and
a 38% cancer-related mortality (HR: 1.38, 95% Cl: 1.07-1.77, p=0.018). These
associations remained robust after adjusting for the serum ferritin as well as in
various subgroups stratified by age, sex, smoking statue, hypertension, diabetes,
and CVD. Spline analysis showed that there is approximately linear relationship
between sTfR index with all-cause mortality (p for non-linear = 0.481). Moreover,
ferritin was not a predictor of all-cause death after adjustment for confounding
factors.

Significance: This cohort study demonstrated a significant association between
sTfR index increment and an increased risk of all-cause and cancer-related
mortality, independent of ferritin levels.
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1 Introduction

The soluble transferrin receptor (sTfR) in serum is derived from
the proteolysis of surface receptors on early erythrocytes, especially
under conditions of low iron levels (1). It has significant application
value in diagnosing iron deficient anemia (IDA) and serves as a
sensitive and reliable indicator of functional iron deficiency (2).
Ferritin is a cellular storage protein for iron, consisting of 24 subunits
and its spherical cavity can store up to 4,500 iron atoms (3). However,
the source of circulating ferritin and the pathway through which cells
secrete ferritin are mostly unclear (4). Factors that affect serum ferritin
expression include acute infection with concurrent inflammation (5),
hemophilic lymphohistiocytosis (6) and cellular iron status, etc.
Studies show that relying solely on ferritin level may delay diagnosis
of combined IDA and anemia of chronic disease (7).

There are several ways to express the ratio of sTfR to serum
ferritin (SF) as indicator of iron status (8): the logarithm of the ratio
of sTfR to SE, the simple ratio of sTfR to SF, the ratio of sTfR to the
logarithm of SE. The logarithm of the ratio of sTfR to SF
concentrations, expressed as mg/kg body weight, known as the body
iron index, is linearly related to total body iron stores (9, 10). It
merely indicates the severity of the iron deficit at the low end of the
spectrum and the magnitude of the iron surplus at the high end of
the spectrum. The utility of the simple ratio of sTfR to SF
concentrations (expressed in pg/L) is limited due to large differences
in sTfR assays, and can only be used with data generated by an assay
that performs equivalently to the Ramco or Roche assay (11, 12).
Finally, the sTfR index, calculated as the ratio of sTfR to the
logarithm of SE, was introduced as an indicator to identify persons
with depleted iron stores (13, 14).

The sTfR index, which is superior to sTfR, improves detection of
IDA, particularly in situations where routine markers provide
equivocal results (7). sTfR index is calculated by dividing baseline sTfR
by/log (ferritin). The sTfR index can be used to assess the entire
spectrum of iron status, ranging from positive iron stores to negative
iron balance, and is particularly valuable in evaluating iron status in
population studies (15). The latest research indicates that sTfR index
has greater diagnostic utility than sTfR in detecting iron deficiency
anemia in the presence of chronic inflammation or discriminating
iron deficiency without anemia (16, 17). sTfR index can also identify
healthy subjects with subclinical iron deficits (18).

Maintaining iron homeostasis is essential for proper cardiac
function and plays a crucial role in cancer and other diseases. An
increasing body of research indicates that an iron imbalance is a
common factor in many cardiovascular disease subtypes (1, 19). The
elevated level of sTfR was linked to the prevalence of cardiovascular
disease (20). It has also been shown that the expression of sTfR
correlates with the occurrence of cancers (21) and tumor
differentiation in breast, lung, and lymphoma cancers (22).
Additionally, elevated sTfR levels are associated with an increased risk
of developing T2DM in obese individuals (23), and represent an
additional risk factor in systolic hypertension (24). Furthermore, sTfR
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index were significantly associated with 28 days mortality in sepsis
patients admitted to the ICU (25).

However, the relationship between sTfR index and all-cause
mortality, as well as mortality related to cardiovascular disease (CVD)
and cancer patients, remains unclear. Therefore, we conducted this
retrospective cohort study using data from the National Health and
Nutrition Examination Survey 2003-2020 to investigate whether sTfR
index can serve as an indicator for predicting the prognosis of
diverse populations.

2 Methods
2.1 Study design and population

This is a prospective cohort study of a nationally representative
sample of US adults using National Health and Nutrition Examination
Survey (NHANES) from 2003-2010. NHANES is a comprehensive
nationwide survey conducted by the National Center for Health
Statistics (NCHS) at the Centers for Disease Control and Prevention
(CDC). This survey involves home interview and collects data on
various aspects including socioeconomic status, medical examinations,
dietary habits, health information, as well as physical and physiological
measurements of the U.S. population. NHANES is specifically
designed to evaluate the health and nutritional status of both adults
and children.

Figure 1 depicts the selection process of this study. Briefly,
participants aged 16years and older from the NHANES datasets
spanning from 2003 to 2020 were included. We excluded participants
with missing ferritin and sTFR data. Also, pregnant individuals and
those who were not covered by the NDI were excluded from
the analysis.

2.2 Exposure measurement

The primary exposure in this study was the sTfR index, calculated
as baseline sTfR/log (ferritin) (3). sTfR index tertile assignment was
as follows: tertile 1 (sTfR index <0.63), tertile 2 sTfR index (0.64-
0.94), and tertile 3 (sTfR index >0.94). Ferritin was used as a measure
of iron (Fe) stores, while serum soluble transferrin receptor (sTfR) was
served as an indicator of Fe deficiency. The method measurement of
Ferritin was performed using immuno-turbidimetry on the Roche/
Hitachi 912 clinical analyzer. Latex-bound ferritin antibodies reacted
with the antigen in the sample to form an antigen/antibody complex,
and turbidimetric measurement was conducted after agglutination.
The formed complexes were proportional to the ferritin concentration
and were measured at a primary wavelength of 700nm. The
measurement of sTfR was conducted using a particle-enhanced
immunoturbidimetric assay with Roche kits on the Cobas® ¢501
clinical analyzer. Latex particles coated with anti-sTfR antibodies
reacted with the antigen in the sample, leading to the formation of an
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Participants in HNANES 2003-2010
N=86116

Excluded
Age<16 yr (N=31182)
Without death follow-up (N=13151)
Pregnancy (N=949)
Missing ferritin (N=28738)
Missing sTfR (N=72)
Trimming 1% and 99% quantiles of the
sTfR index (N=499)

Eligible participants
N=11525
4 ¥
Tercile 1 Tercile 2 Tercile 3
(sTfR index < 0.63) (sTfR index 0.64-0.94) (sTfR index >0.94)
N=3842 N=3841 N=3842

FIGURE 1
Study flowchart. sTFR, soluble transferrin receptor.

antigen/antibody complex. After agglutination, the precipitate was
photometrically determined.

2.3 Primary and secondary outcomes

Primary outcome was all-cause mortality; secondary outcomes
included CVD-related mortality and cancer-related mortality.
Mortality records, including death date and cause, were extracted
from the National Death Index (NDI) for participants. Baseline data
from NHANES 2003 to 2020 were linked to mortality data from the
NDI death certificate records until December 31, 2019 to identify
mortality status. Cause-specific deaths were determined using the
International Statistical Classification of Diseases, 10th Revision
(ICD-10). Cardiovascular death included rheumatic heart disease,
hypertensive heart and renal disease, ischemic heart disease, heart
failure, and cerebrovascular disease (054-064 in NCHS code). Cancer
deaths included all malignant neoplasms (019-043 in NCHS code).
The follow-up period was defined from the date of participants’
inclusion in the survey until the earliest of the last follow-up time (Dec
31,2019) or the date of death. Participants not matched with a death
record were considered alive through the entire follow-up period.

2.4 Covariates assessment

Baseline characteristics, including socioeconomic conditions (age,
sex, ethnicity, and education), behavior, and history of diseases, were
obtained through questionnaires. Body mass index (BMI) was
calculated as weight divided by height squared (kg/m?) and categorized
into five levels (<18.5, 18.5-24.9, 25.0-29.9, 30.0-34.9, and >35.0)
(26). Drinking status was classified as >4 drinks per day, non-drinker
or missing; smoking status was classified as current smoker, past
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smoker, non-smoker or missing. Laboratory results included serum
albumin, total cholesterol, serum creatinine, serum potassium,
hemoglobin, mean corpuscular volume (MCV), and ferritin. A history
of hypertension or diabetes was defined based on self-reported
physician diagnosis. The history of CVD was determined using self-
reported questionnaires. Participants were asked five questions: “Has
a doctor or other health professional ever told you that you have
congestive heart failure, coronary heart disease, angina pectoris, heart
attack, or stroke?” Participants with the answer of “yes” to any
question were considered to have CVD.

2.5 Statistical analyses

Baseline characteristics and laboratory measurements were
presented as median (IQR) and frequency (%) for continuous and
categorical variables. Group comparison was performed using
Kruskal-Wallis and chi-square test, as appropriate. We conducted
multivariable hazard proportional regression. Kaplan-Meier survival
curves were plotted to calculate cumulative mortality using three
tertile categories of sTfR index, and compared using the log-rank test.
We utilized Cox proportional hazards regression models to assess the
associations of sTfR index (both continuous and tertiles) with
all-cause, CVD-related, and cancer-related mortality. To adjust for
confounding factors, three model as fitted: Model 1 was adjusted for
age (continuous), sex, and race/ethnicity; model 2 further adjusted for
smoking status, drinking status, and education. In model 3 (primary
analysis model), we additionally adjusted for BMI, SBP, DBP, albumin,
total cholesterol, serum creatinine, serum potassium, Hemoglobin,
MCYV, diabetes, hypertension, CVD, and ferritin. The results of Cox
regression were reported as hazard ratios (HRs) and their
corresponding 95% confidence interval (Cls). Considering the
potential non-linear relationship between sTfR index and all-cause


https://doi.org/10.3389/fnut.2024.1275522
https://www.frontiersin.org/journals/nutrition
https://www.frontiersin.org

Yu et al.

mortality, we further performed a Cox regression with restricted cubic
spline. We compared CVD-related and cancer-related mortality using
Fine and Gray competing risks regression, with the creation of a
cumulative incidence function. Non-cardiovascular and non-cancer
mortality during the follow-up period were considered as competing
risks, and patients lost to follow-up were censored. Sub-distribution
hazard ratios (sHRs) and their corresponding 95% CIs were reported.
Furthermore, we estimated the HRs of all-cause mortality,
CVD-related mortality, and cancer-related mortality within 1, 5, and
10years associated with sTfR index to examine the potential impact
of sTfR index on short-term and long-term mortality. With respected
to the cause-specific mortality in this study, we conducted an
additional analysis to detect the associations between sTfR index (per
SD increment) and mortality among patients with CVD and cancer.
Additionally, we classified patients into three groups based on the
three tertiles of ferritin and examine the association between ferritin
and all-cause mortality, CVD-related mortality, and cancer-related
mortality using the same confounders adjustment mentioned above.
For subgroups analyses, we assessed the association of sTfR index with
all-cause mortality stratified by different effect modifiers, including
age (>40 and <40 years), sex, smoking status, hypertension, diabetes,
CVD, and cancer. Interaction between TFR and pre-defined effect
modifiers was fitted using the product term, and p <0.05 indicated the
significant effect modification. Considering the reverse causality,
we conducted a sensitivity analysis to assess the sTfR index and study
outcomes after excluding participants with baseline CVD or cancer.
Missing value were imputed by multiple imputation under the
assumption of missing at random. Additionally, we conducted a
sensitivity analysis after eliminating patients with missing values. A
p-value less than 0.05 was considered statistically significant. All
statistical analyses were performed using R software (version 4.1.1).

3 Results

3.1 Baseline characteristics of the study
population

Overall, 28,738 and 13,151 participants were excluded due to the
missing serum ferritin measurement and without death follow-up.
Given to the potential selection bias, we further compared the
characteristics among participants with and without serum ferritin
measurement (Supplementary Table S1) and those with and without
death follow-up (Supplementary Table S2). Finally, a total of 11,525
eligible participants were included in this study [median (IQR) age:
38yr. (27-48); 80.4% were male] (Figure 1). The baseline
characteristics of participants across three tertiles of sTfR index are
presented in Table 1. The distribution of serum ferritin was showed in
Supplementary Figure S1. Participants in tertile 3 (>0.94) of sTfR
index were more likely to be younger, female, Non-Hispanic Black,
and have a higher BML

3.2 Association of sTfR index with all-cause
and cause-specific mortality

During a median follow-up of 51 months, 231 (2.0%) all-cause
deaths occurred, including 53 (0.5%) CVD deaths and 60 (0.5%)
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cancer-related deaths. The risk of all-cause mortality, CVD-related
mortality, and cancer-related mortality was higher in patients with
higher sTfR index (Table 1 and Figure 2). After adjusting for
confounders (Table 2), the HR of all-cause and cancer-related
mortality associated with each SD increment in sTfR index was 1.25
[95% confidence interval (CI), 1.08-1.45] and 1.38 (1.07-1.77).
Compared to participants in the lowest tertile, those in highest tertile
of sTfR index had a 71% higher risk of all-cause mortality [hazard
ratio (HR), 1.71, 95% CI, 1.14-2.57] after adjustment for all potential
covariates (Table 2). A similar trend toward an increased risk of
cancer-related mortality was observed. However, no significant
association was found between sTfR index and CVD mortality (HR,
1.18; 95% CI, 0.83-1.68). There were approximately linear associations
between sTfR index with all-cause mortality (p for non-linear
association >0.05, Figure 2). That is the risk of all-cause mortality
increased linearly as sTfR index increased. Regarding the mortality
within 1year (Supplementary Table 53), only 62 (0.5%) participants
died and no significant association was found between the sTfR index
and mortality. However, when considering the 10years mortality,
participants in the highest tertile of sTfR index were significantly
associated with a higher risk of all-cause mortality compared to those
in the lowest tertile (HR, 1.30; 95% CI, 1.11-1.53). Moreover,
we performed separate analyses of patients with CVD or cancer at
baseline and similar associations between sTfR index and mortality
were showed (Table 3).

In different subgroups of the population stratified by baseline
characteristics and co-morbidities (Figure 3), the association between
higher sTfR index and increased risk of all-cause mortality was
consistent. Hence, baseline characteristics including age, sex, smoking
status, hypertension, diabetes, CVD, and cancer did not affect the
relationship between sTfR index and mortality (all p for
interaction >0.05).

For additional analysis (Table 4), the HR for all-cause mortality,
CVD-related mortality, and cancer-related mortality across three
tertiles of ferritin were 1.09 (0.84-1.43), 1.00 (0.55-1.83), and 0.71
(0.44-1.15), respectively. Similarly, participants with iron deficiency
(<15 pg/L) were not significantly associated with study outcome as
compared with those with normal levels of ferritin (Table 5), indicating
that there was no significant association between ferritin levels and
all-cause mortality, CVD-related mortality, and cancer-related
mortality. In addition, we further excluded 1,326 patients who
diagnosed with CVD or cancer at baseline to preclude the reverse
causality, and consistent associations were found between sTfR index
and study outcomes (Supplementary Table S4). For missing values,
we excluded patients with missing values at baseline characteristics
and repeated the analysis. The results of the sensitivity analysis were
consistent to the primary analysis (Supplementary Table S5).

4 Discussion

Based on a nationally representative sample of US participants,
this study found that sTfR index was independently associated with
an increased risk of all-cause death and cancer related death, regardless
of ferritin levels. After adjusting for confounding factors, each SD
increment in sTfR index was associated with a 25% increasing risk of
all-cause death. The association between sTfR index and all-cause
mortality remained consistent in different subgroups stratified by age,
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TABLE 1 Baseline characteristics by three tertile of sTfR index.

10.3389/fnut.2024.1275522

Characteristics Overall Tertile 1 Tertile 2 Tertile 3
(N =11,525) (N =3,842) (N =3,841) (N =3,842)
sTfR index 0.27-7.39 0.27-0.63 0.64-0.94 0.94-7.39 —
Demographic
Age, year 38 (27, 48] 43 [31,57] 37 [26, 48] 35 [24, 44] <0.001
Gender, female (%) 9,147 (79.4) 2,445 (63.6) 3,151 (82.0) 3,551 (92.4) <0.001
Ethnicity (%) <0.001
Mexican American 2068 (17.9) 678 (17.6) 670 (17.4) 720 (18.7)
Other Hispanic 1,110 (9.6) 383 (10.0) 347 (9.0) 380 (9.9)
Non-Hispanic White 4,344 (37.7) 1,600 (41.6) 1,505 (39.2) 1,239 (32.2)
Non-Hispanic Black 2,562 (22.2) 569 (14.8) 860 (22.4) 1,133 (29.5)
Other Race 1,441 (12.5) 612 (15.9) 459 (12.0) 370 (9.6)
Education (%) <0.001
Less than high school 2,188 (19.0) 781 (20.3) 698 (18.2) 709 (18.5)
High school or equivalent 2,325 (20.2) 809 (21.1) 756 (19.7) 760 (19.8)
College or above 5,979 (51.9) 2074 (54.0) 2016 (52.5) 1889 (49.2)
Missing 1,033 (9.0) 178 (4.6) 371(9.7) 484 (12.6)
BMI, kg/m? <0.001
<18.5 274 (2.4) 92 (2.4) 97 (2.5) 85(2.2)
18.5-24.9 3,440 (29.8) 1,155 (30.1) 1,222 (31.8) 1,063 (27.7)
25.0-29.9 3,243 (28.1) 1,196 (31.1) 1,047 (27.3) 1,000 (26.0)
30.0-34.9 2,177 (18.9) 739 (19.2) 704 (18.3) 734 (19.1)
>35.0 2,250 (19.5) 614 (16.0) 726 (18.9) 910 (23.7)
Missing 141 (1.2) 46 (1.2) 45(1.2) 50 (1.3)
Smoking status (%) <0.001
Never/past 1872 (16.2) 767 (20.0) 622 (16.2) 483 (12.6)
Current 2,199 (19.1) 883 (23.0) 687 (17.9) 629 (16.4)
Missing 7,454 (64.7) 2,192 (57.1) 2,532 (65.9) 2,730 (71.1)
Drinking status (%) <0.001
Nondrinker 2,371 (20.6) 793 (20.6) 819 (21.3) 759 (19.8)
Drinker 4,450 (38.6) 1778 (46.3) 1,434 (37.3) 1,238 (32.2)
Missing 4,704 (40.8) 1,271 (33.1) 1,588 (41.3) 1845 (48.0)
Laboratory
sTfR, mg/L 3.10 [2.57, 3.94] 2.41 [2.11, 2.73] 3.10 [2.80, 3.50] 4.30 [3.70, 5.26] <0.001
Ferritin, pg/L 57 [28, 116] 124 [75.10, 210] 58.60 [38, 95] 22 [12, 36.90] <0.001
Albumin, g/dL 4.10 [3.90, 4.40] 4.20 [3.90, 4.40] 4.20 [3.90, 4.40] 4.10 [3.90, 4.30] <0.001
Total cholesterol, mg/dL 184 [160, 211] 187 [161, 214] 183 [160, 211.50] 182 [159, 208] <0.001
Serum creatinine, pmol/L 67.18 [58.34, 78.68] 69.84 [59.23, 82.21] 67.18 [58.34, 79.56] 63.65 [56.58, 73.37] <0.001
Serum potassium, mmol/L 3.90 [3.73, 4.20] 4[3.80, 4.20] 3.90 [3.71, 4.17] 3.90 [3.70, 4.10] <0.001
Hemoglobin, mg/dL 13.60 [12.80, 14.40] 14.10 [13.30, 15] 13.70 [13, 14.43] 13 [12.20, 13.80] <0.001
MCV, f/L 88.70 [85.10, 91.90] 90.10 [87.30, 92.90] 89.20 [86.10, 92.10] 86.20 [81.80, 89.90] <0.001
Comorbidity (%)
Diabetes 1,011 (8.8) 377 (9.8) 322 (8.4) 312 (8.1) 0.019
Hypertension 2,798 (24.3) 1,043 (27.1) 906 (23.6) 849 (22.1) <0.001
CVD 743 (6.4) 263 (6.8) 256 (6.7) 224 (5.8) 0.154
Cancer 728 (6.3) 277 (7.2) 265 (6.9) 186 (4.8) <0.001
(Continued)
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TABLE 1 (Continued)

10.3389/fnut.2024.1275522

Overall Tertile 1 Tertile 2 Tertile 3
(N =11,525) (N =3,842) (N =3,841) (N =3,842)
Outcomes
All-cause mortality (%) 231 (2.0) 70 (1.8) 65 (1.7) 96 (2.5) 0.026
CVD mortality (%) 53 (0.5) 15 (0.4) 14 (0.4) 24 (0.6) 0.744
Cancer mortality (%) 60 (0.5) 17 (0.4) 17 (0.4) 26 (0.7) 0.002
Follow-up, months 51 [27, 145] 33[23,116] 5526, 149] 123 [35, 163] <0.001

CVD, cardiovascular diseases; MCV, mean corpuscular volume.

A
P for non-linear=0.507
15
=10
Q
X
Yol
(P
x
I
5
0
0 2 6
sTfR index
FIGURE 2
Restricted cubic spline analysis.

sex, smoking status, hypertension, diabetes, and CVD. However,
ferritin was not a predictor of all-cause death after adjusting for
confounding factors. This study might provide additional insights into
the implications of the sTfR index in assessing mortality risk and
future research directions of investigating the underlying pathways
linking chronic inflammation, functional iron deficiency, and adverse
health outcomes, which could provide valuable insights into novel
therapeutic targets and interventions.

A growing body of evidence suggests that iron imbalance plays a
crucial role in various subtypes of cardiovascular disease, including
atherosclerosis, drug-induced heart failure, myocardial ischaemia-
reperfusion injury, sepsis-induced cardiomyopathy, arrhythmia and
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diabetic cardiomyopathy (1, 19). Some studies have demonstrated that
increased sTfR levels are associated with higher mortality in patients
with heart failure (19, 27-30). High serum sTfR accurately reflect
depleted iron stores in the bone marrow of heart failure patients and
identify those at higher risk of 3 years mortality (29). However, in this
study, after adjusting for variables, there was no significant correlation
between sTfR index and CVD-related mortality.

The main reasons for this lack of significant correlation may
be attributed to several factors. First, the number of CVD-related
deaths in this cohort was relatively small, which could potentially
affect statistical efficiency. Second, the complexity of the CVD
population in this study, which includes congestive heart failure,
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TABLE 2 The association between sTfR index and all-cause, CVD, and cancer mortality.

All-cause mortality

CVD-related mortality

Cancer-related mortality

No. HR (95% Cl) = p-value [\[o} sHR (95%  p-value @ No. sHR (95% p-value
event event Cl)2 event Cl)2

Model 1

Per SD increment 231 1.19 (1.07-1.32) 0.001 53 1.17 (0.92-1.49) 021 60 1.22 (1.01-1.48) 0.043
Tertile 1 70 1.00 (Ref.) — 15 1.00 (Ref.) — 17 1.00 (Ref)) —
Tertile 2 65 0.97 (0.69-1.37) 0.870 14 1.10 (0.53-2.30) 0.800 17 0.96 (0.49-1.89) 0.906
Tertile 3 9 1.62 (1.17-2.25) 0.004 24 2.46 (1.25-4.83) 0.012 26 1.60 (0.84-3.03) 0.157
Model 2

Per SD increment 231 1.20 (1.07-1.34) 0.002 53 1.06 (0.79-1.41) 0.721 60 1.25 (1.03-1.51) 0.032
Tertile 1 70 1.00 (Ref.) — 15 1.00 (Ref.) — 17 1.00 (Ref.) —
Tertile 2 65 0.96 (0.68-1.36) 0.816 14 1.02 (0.48-2.16) 0.966 17 1.00 (0.50-2.02) 0.992
Tertile 3 9% 1.55 (1.11-2.16) 0.010 24 1.73 (0.86-3.51) 0.139 26 1.80 (0.93-3.48) 0.090
Model 3

Per SD increment 231 1.25 (1.08-1.45) 0.003 53 1.18 (0.83-1.68) 0.375 60 1.38 (1.07-1.77) 0.018
Tertile 1 70 1.00 (Ref.) — 15 1.00 (Ref.) — 17 1.00 (Ref.) —
Tertile 2 65 1.08 (0.74-1.57) 0.689 14 1.19 (0.54-2.64) 0.674 17 1.19 (0.56-2.53) 0.654
Tertile 3 9% 1.71 (1.14-2.57) 0.011 24 2.48 (1.05-5.87) 0.053 26 2.29 (1.02-5.14) 0.053

Model 1: unadjusted; model 2: adjusted for age, sex, ethnicity, smoking status, drinking status, and education; and model 3: further adjusted for BMI, SBP, DBP, albumin, total cholesterol,
serum creatinine, serum potassium, hemoglobin, MCV, diabetes, hypertension, CVD, cancer, and ferritin. *Sub-distribution hazard ratio accounting for the competing event.
TABLE 3 The association between sTfR index and all-cause mortality among patients with CVD and cancer.

All-cause mortality
HR (95%Cl)

CVD-related mortality
sHR (95% Cl)?

Cancer-related mortality
sHR (95% Cl)®

p-value

p-value p-value

Patients with CVD (N =743)

Model 1 1.20 (0.97-1.48) 0.103 1.27 (0.96-1.70) 0.113 1.35(0.87-2.10) 0.272
Model 2 1.23 (0.95-1.58) 0.126 1.37(0.92-2.03) 0.498 1.74 (0.93-3.25) 0.475
Model 3 1.27 (0.91-1.77) 0.168 1.53 (0.96-2.42) 0.468 1.41 (0.77-2.56) 0.578
Patients with cancer (N =728)

Model 1 1.11 (0.83-1.49) 0.481 1.19 (0.73-1.95) 0.515 1.01 (0.54-1.87) 0.983
Model 2 1.00 (0.67-1.49) 0.994 0.48 (0.09-2.44) 0.631 1.32 (0.70-2.47) 0.638
Model 3 1.12 (0.67-1.88) 0.683 0.38 (0.07-2.13) 0.580 1.46 (0.48-4.48) 0.697

Model 1: unadjusted; model 2: adjusted for age, sex, ethnicity, smoking status, drinking status, and education; and model 3: further adjusted for BMI, SBP, DBP, albumin, total cholesterol,
serum creatinine, serum potassium, hemoglobin, MCV, diabetes, hypertension, CVD, cancer, and ferritin. *Sub-distribution hazard ratio accounting for the competing event.

coronary heart disease, angina pectoris, heart attack, or stroke, might
have implications on the results. However, the mortality rate of heart
failure patients could not be separately obtained, which could lead to
differences in the outcome.

Iron (Fe) has been indicated to play a critical role in leukemia cell
growth (31). The expression of soluble transferrin receptor (sTfR) has
also been identified in many malignant tumours (2). In lung cancer,
lymphoma, and breast cancer, the expression of sTfR has been shown
to correlate with tumor differentiation, suggesting a potential
prognostic value (22). Consistent with these findings, our study also
demonstrated that each SD increment in sTfR index was associated
with a 38% increased risk of cancer-related death.

Several reasons may explain why sTfR index increment,
independent of ferritin levels, is associated with an increased risk of
all-cause death. First, sTfR index is valuable in diagnosing
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iron-deficiency anemia (1), and anemia itself reflects a person’s overall
health status and disease severity (32). Second, iron deficiency is a
health-related condition in which iron availability is insufficient to
meet the body’s needs and which also can be present without anemia
(33-35). Iron deficiency in patients with chronic heart failure can
worsen the underlying condition and negatively impact clinical
outcomes and quality of life (33, 34). Iron deficiency is also common
in patients with idiopathic pulmonary arterial hypertension and is
associated with disease severity and poor clinical outcome (35). Third,
a confirmed relationship exists between reduced iron concentration
and the occurrence of frailty syndrome (36). Patients with diagnosed
frailty syndrome represent a unique group of individuals with chronic
illnesses. In the classic definition, frailty syndrome includes parameters
such as reduced muscle strength, subjective fatigue, unintentional
weight loss, slow gait, and low physical activity, which increase the
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Subgroups Event N adjusted HR (95%Cl) P value P for interaction
Age <40
Tercile 1 9 1649 1.00(Ref.) - n
Tercile 2 15 2114 1.27(0.55-2.94) 0.569 —— 0.756
Tercile 3 21 2350 1.56(0.7-3.5) 0.280 -
Age 240
Tercile 1 61 2193 1.00(Ref.) - [ ]
Tercile 2 50 1727 1.04(0.69-1.57) 0.837 -
Tercile 3 75 1492 1.65(1.07-2.54) 0.024 -—
Sex, Male
Tercile 1 26 1397 1.00(Ref.) - [ ] 0.436
Tercile 2 21 690 1.46(0.79-2.69) 0.225 -
Tercile 3 17 291 1.79(0.89-3.61) 0.105 -—
Sex, Female
Tercile 1 44 2445 1.00(Ref.) - [ ]
Tercile 2 44 3151 0.92(0.59-1.42) 0.705 -
Tercile 3 79 3551 1.56(1.01-2.4) 0.044 .-
Smoke, Never
Tercile 1 22 767 1.00(Ref.) - [ ] 0.704
Tercile 2 15 622 0.71(0.36-1.41) 0.332 -
Tercile 3 21 483 1.34(0.68-2.61) 0.398 ——
Smoke, Current
Tercile 1 25 883 1.00(Ref.) - [ ]
Tercile 2 25 687 1.38(0.78-2.46) 0.270 H—
Tercile 3 33 629 1.80(1.01-3.22) 0.048 —-—
Drink, Never
Tercile 1 17 793 1.00(Ref.) - [ ] 0.678
Tercile 2 11 819 0.67(0.31-1.44) 0.302 -
Tercile 3 17 759 1.27(0.62-2.61) 0.509 ——
Drink, Current
Tercile 1 25 1778 1.00(Ref.) - "
Tercile 2 23 1434 1.31(0.72-2.36) 0.375 -—
Tercile 3 25 1238 1.65(0.89-3.05) 0.113 ——
Without Hypertension
Tercile 1 34 2799 1.00(Ref.) - [ ] 0.977
Tercile 2 33 2935 1.02(0.62-1.68) 0.939 -
Tercile 3 48 2993 1.62(0.99-2.67) 0.056 —-—
Hypertension
Tercile 1 36 1043 1.00(Ref.) - [ ]
Tercile 2 32 906 1.11(0.67-1.86) 0.677 -
Tercile 3 48 849 1.68(0.99-2.85) 0.057 ———
Without diabetes
Tercile 1 56 3465 1.00(Ref.) - " 0.760
Tercile 2 48 3519 1.01(0.67-1.52) 0.976 -
Tercile 3 70 3530 1.56(1.02-2.41) 0.042 la—
Diabetes
Tercile 1 14 377 1.00(Ref.) - [ ]
Tercile 2 17 322 1.31(0.63-2.74) 0.469
Tercile 3 26 312 2.02(0.97-4.19) 0.060 ——
Without CVD
Tercile 1 56 3579 1.00(Ref.) - [ ] 0.663
Tercile 2 48 3585 1.00(0.66-1.52) 0.989 -
Tercile 3 71 3618 1.54(1.00-2.37) 0.050 F-—
CVD
Tercile 1 14 263 1.00(Ref.) - [ ]
Tercile 2 17 256 1.32(0.64-2.75) 0.454 —_—
Tercile 3 25 224 2.11(1.02-4.33) 0.043 ———
Without cancer
Tercile 1 54 3565 1.00(Ref.) - L] 0.347
Tercile 2 51 3576 1.09(0.72-1.65) 0.687 -
Tercile 3 85 3565 1.84(1.19-2.85) 0.006 —-—
Cancer
Tercile 1 16 277 1.00(Ref.) - L]
Tercile 2 14 265 0.98(0.47-2.05) 0.953 -
Tercile 3 11 186 1.02(0.45-2.29) 0.968 -
T 11
04 2 3 4
HR

FIGURE 3
Subgroup analysis. HR was adjusted for age, sex, ethnicity, smoking status, drinking status, education, BMI, SBP, DBP, albumin, total cholesterol, serum
creatinine, serum potassium, Hemoglobin, MCV, diabetes, hypertension, CVD, and ferritin.
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TABLE 4 The association between three tertiles of ferritin and all-cause, CVD, and cancer mortality.

All-cause mortality

CVD-related mortality

Cancer-related mortality

No. HR(95% CI) p- No. sHR (95% Cl)*>  p-value No. sHR(95% CI)? p-value
event value event event

Model 1

Per SD increment 231 1.02 (0.88-1.18) 0.793 53 1.04 (0.77-1.41) 0.804 60 0.94 (0.71-1.24) 0.667
Tertile 1 53 1.00 (Ref.) — 10 1.00 (Ref.) — 17 1.00 (Ref.) —
Tertile 2 78 1.24 (0.87-1.77) 0.228 19 1.36 (0.63-2.97) 0.438 16 0.83 (0.42-1.65) 0.601
Tertile 3 100 1.29 (0.89-1.87) 0.173 24 1.09 (0.49-2.44) 0.839 27 1.27 (0.65-2.49) 0.482
Model 2

Per SD increment 231 1(0.87-1.16) 0.961 53 1.09 (0.8-1.49) 0.581 60 0.89 (0.68-1.18) 0.439
Tertile 1 53 1.00 (Ref.) — 10 1.00 (Ref.) — 17 1.00 (Ref.) —
Tertile 2 78 1.14 (0.8-1.63) 0.477 19 1.24 (0.56-2.74) 0.595 16 0.82 (0.41-1.64) 0.574
Tertile 3 100 1.2 (0.83-1.73) 0.334 24 1.15 (0.52-2.57) 0.727 27 1.1 (0.56-2.17) 0.781
Model 3

Per SD increment 231 1.09 (0.84-1.43) 0.519 53 1.00 (0.55-1.83) 0.989 60 0.71 (0.44-1.15) 0.178
Tertile 1 53 1.00 (Ref.) — 10 1.00 (Ref.) — 17 1.00 (Ref.) —
Tertile 2 78 1.32(0.91-1.92) 0.15 19 1.19 (0.52-2.70) 0.681 16 0.9 (0.43-1.87) 0.781
Tertile 3 100 1.55 (0.96-2.51) 0.077 24 0.94 (0.33-2.65) 0.907 27 1.33 (0.54-3.32) 0.540

Model 1: unadjusted; model 2: adjusted for age, sex, ethnicity, smoking status, drinking status, and education; and model 3: further adjusted for BMI, SBP, DBP, albumin, total cholesterol,
serum creatinine, serum potassium, Hemoglobin, MCV, diabetes, hypertension, CVD, cancer, and ferritin. *Sub-distribution hazard ratio accounting for the competing event.

TABLE 5 The association between iron deficiency and all-cause, CVD, and cancer mortality.?

All-cause mortality

CVD-related mortality Cancer-related mortality

HR (95% Cl) p-value sHR (95% CI)® p-value sHR (95% CI)® p-value
Model 1 1.20 (0.77-1.85) 0.424 0.83 (0.25-2.74) 0.758 1.71 (0.82-3.56) 0.16
Model 2 1.24 (0.80-1.92) 0.341 0.86 (0.26-2.84) 0.801 1.74 (0.83-3.65) 0.151
Model 3 1.16 (0.74-1.82) 0.528 0.80 (0.24-2.74) 0.731 1.69 (0.80-3.57) 0.179

Model 1: unadjusted; model 2: adjusted for age, sex, ethnicity, smoking status, drinking status, and education; and model 3: further adjusted for BMI, SBP, DBP, albumin, total cholesterol,

serum creatinine, serum potassium, Hemoglobin, MCV; diabetes, hypertension, CVD, and cancer. “Iron deficiency was defined as serum ferritin <15 pg/L.

"Sub-distribution hazard ratio accounting for the competing event.

incidence of adverse events, such as falls, hospitalizations and even
death (36). Moreover, iron deficiency commonly co-occurs with
depressive symptoms in older individuals (21). Lastly, elevated sTfR
levels are characteristic of functional iron deficiency, a condition
defined by tissue iron deficiency despite adequate iron stores (2).
Furthermore, sTfR may have other functions beyond detecting
iron deficiency that merit further investigation. First, apart from
erythrocytes, activated lymphocytes also release a soluble form of the
human transferrin receptor in vitro (37). Second, iron deficiency
frequently co-occurs with chronic inflammatory diseases (34). The
sTfR has been found to significantly and positively correlate with CRP
concentration (36) and antioxidant status, independently of covariates
such as serum ferritin and hepcidin (38). Mild elevation of sTfR levels
in multiple sclerosis patients may indicate active inflammation with
ongoing oxidative damage that is not detectable through history or
examination (39). Third, the frequency of the G allele at the position
210 of the transferrin receptor gene was significantly higher in type 2
diabetes patients (40). The sTfR levels could be spuriously elevated in
subjects with insulin resistance (41). Both insulin sensitivity and
glucose tolerance status are significantly associated with serum sTfR
concentrations, with insulin sensitivity mainly predicts circulating

Frontiers in Nutrition

sTfR in subjects with normal glucose tolerance (NGT). The
implications of the interrelationships between iron and glucose
metabolism warrant further investigation (42). Finally, patients with
H. pylori infection showed higher sTfR concentration and higher sTfR
index levels (43).

Several limitations of this study should be noted in this study.
First, like all retrospective studies, there may be other potential and
unknown confounders that were not considered. However, we made
efforts to adjust for as many confounders as possible and achieved
good balance in the PSM cohorts. Second, given the established link
between inflammation, iron metabolism, and mortality outcomes, it
may not be fully considered that inflammation markers were not
included as covariates in the analysis. Third, the relatively small
number of CVD-related and cancer-related deaths in the cohort could
potentially affect statistical efficiency to some extent. Fourth, as the
data we analyzed was obtained from an observational database, the
results reported in our study need further validation through
additional randomized trials. Fifth, although the median follow-up
was 51 months, the shortest follow-up duration is less than 1year,
therefore, the accuracy of the relationship between sTfR index and
death needs to be interpreted with caution.
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In conclusion, our study revealed that higher sTfR index was
significantly and linearly associated with higher risks of all-cause and
cancer-related mortality. Adding sTfR index to assessments of overall
health may identify more individuals at risk for mortality and thus has
the potential to improve decisions to implement preventative or
treatment approaches.
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