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4. Rationale:

Iron deficiency in the elderly is an important public health problem, as it is a leading
cause of anemia, which has a prevalence of over 10% in adults above age 70 [1]. Indeed, the
primary function of iron is to form hemoglobin, a protein in erythrocytes that delivers oxygen to
cells throughout the body [2]. However, beyond erythropoiesis, iron is also a component of
numerous other proteins and enzymes, and therefore is important to many aspects of human
physiology. Ferritin is an iron storage protein found throughout the body that protects cells from
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oxidative damage caused by free iron [3]. Serum or plasma ferritin is found in trace amounts and
is an indicator of overall iron status [4].

Common causes of iron deficiency in younger individuals, such as growth, pregnancy or
breastfeeding, and menstruation do not apply to elderly persons. Among older individuals,
inadequate dietary intake, impaired absorption, and blood loss (such as gastrointestinal bleeding)
are primary causes [6]. There is a paucity of generalizable data about the prevalence of iron
deficiency among U.S. elderly populations, for several reasons. For instance, diagnosis of iron
deficiency using common biomarker tests is complicated, and iron deficiency is heterogeneous
across levels of sex, age, region, and race, among other reasons [7, 8].

Because iron plays a critical role in all organ systems, there is biologic plausibility that
low iron could contribute to morbidity and mortality, independent of anemia [9]. Iron is linked
with DNA repair [10], and iron deficiency has been associated with poor immune function [11].
Iron deficiency, with or without anemia, is predictive of diminished aerobic work capacity [12]
and quality of life [13] among adults. Additional research suggests it may have further
deleterious effects. For individuals with comorbidities, iron deficiency is strongly correlated with
hospital readmission and mortality, independent of anemia status [14, 15]. In a meta-analysis of
clinical trials of patients with heart failure, correcting iron deficiency showed promise as a means
of reducing mortality [16]. Among the general population, prospective research of the effects of
iron deficiency on mortality has yielded mixed results [15, 17]. Hsu et al found a link between
low iron and all-cause mortality among elderly individuals living in long-term care facilities
[18]. Using data from the English Longitudinal Study of Ageing, Philip et al reported iron
deficiency to be associated with greater risk of overall mortality, and particularly cancer and
respiratory mortality, while the finding for CVD mortality was null [7]. Cross-sectional studies
have also reported an elevated prevalence of iron deficiency among patients with inflammatory
diseases such as heart failure, chronic kidney disease, and IBD [4, 9, 14].

Iron overload also contributes to disease, generally through the deposition of iron into
organ tissues. In the elderly, this condition is typically caused by hereditary hemochromatosis or
acquired in association with repeated blood transfusions or other conditions such as liver
cirrhosis and viral hepatitis [19]. The prevalence of hereditary hemochromatosis is
approximately 0.5% in the U.S., but iron overload is far more common [20]. Excess iron may
cause oxidative stress [4] and be toxic to various organs [21]. Its negative effects on
cardiovascular health are well documented [22, 23].

Iron deficiency is a relatively treatable medical condition. While intravenous repletion is
often required (particularly in the presence of comorbidities), first steps include increasing
dietary iron, decreasing consumption of substances that inhibit iron absorption, and iron
supplementation [6]. Despite the relative simplicity of these solutions, iron deficiency in elderly
populations may often go unrecognized and untreated due in part to the overlap of its symptoms
with those of other diseases. This is particularly true in non-anemic iron deficiency, which is
more prevalent than iron deficiency with anemia, yet where symptoms are less well-defined. If
low ferritin levels independently predict cause-specific mortality, then it follows that the
prioritization of treatment for iron deficiency could lead to improved health outcomes.

5. Main Hypothesis:
e Both low and high levels of plasma ferritin will be associated with greater all-cause
mortality, as well as mortality due to cardiovascular disease, cancer, and respiratory disease.



6. Design and analysis (study design, inclusion/exclusion, outcome and other variables of
interest with specific reference to the time of their collection, summary of data analysis,
and any anticipated methodologic limitations or challenges if present).

Study Design
Prospective cohort from Visit 5 to most recent follow-up.

Inclusion/Exclusion

Participants with SomaLogic plasma ferritin data from visit 5 will be included. Individuals
that are neither African American nor white, as well as African Americans from the MN and MD
centers, will be excluded due to low numbers. Additionally, we will exclude participants with
anemia (Hg<13 g/dL in men or 12 g/dL in women) from our primary analysis.

Variables
Exposures: The primary exposure will be plasma ferritin light chain levels, measured by
modified aptamer on the SomalLogic SomaScan platform. Plasma ferritin heavy chain/ light
chain complex levels will be a secondary exposure.

Outcome: All-cause mortality, CVD mortality, cancer mortality, and respiratory disease
mortality based on hospital ICD codes for underlying cause of death.

Potential effect modifiers and/or mediators: Age, sex, and race
Other confounders:

- Demographics (e.g., age, sex, race*study site (5-level variable), educational attainment)

- Behaviors (e.g., smoking and alcohol consumption)

- Physiologic traits, inflammatory biomarkers and clinical conditions (e.g., obesity, eGFR,
CRP, and hypertension)

Data analysis
Baseline characteristics of participants will be described using means and proportions

stratified by quintiles of the exposure. Cox proportional hazards regression will be used to
explore relationships between plasma ferritin and hazard of all-cause mortality as well as
mortality due to CVD, cancer, and respiratory disease. Restricted cubic splines will be employed
to visualize non-linear trends. The primary analysis will likely consider quintiles of serum
ferritin. However, based on what is observed in the spline analysis, we may subclassify the tails
(e.g., look specifically at participants in the bottom 5% or top 95% of the distribution).
Additionally, we will also evaluate the association of 50% lower levels by taking the log of
ferritin level and multiplying by -1.

Final covariate decisions will be made after seeing the association of covariates according to
serum ferritin quintiles. We will use a series of nested models. Our first model with adjust for
demographics (e.g., age, sex, race*study site (5-level variable), educational attainment). Our
second model will further adjust for behaviors (e.g., smoking and alcohol consumption). Our



third model will adjust for physiologic traits, inflammatory biomarkers, and clinical conditions
(e.g., obesity, eGFR, CRP, and hypertension). We will also the explore the effect of including
eGFR earlier in the model building process.

Cross-product terms will be used to evaluate whether race, sex, and/or age modify the
associations of plasma ferritin with risk of incident mortality (all-cause and cause-specific) on
the multiplicative scale. Stratified results will be presented, as appropriate. Sex-specific findings
will be presented regardless of whether the interaction is statistically significant given inherent
interest.

We will perform a sensitivity analysis to see how results change when participants with
anemia are included.

Because we are interested in the length of the course of action for ferritin status on each
cause of mortality, we will carefully inspect the proportional hazards assumption for each
outcome.

Methodologic Limitations or Challenges

Data using the SomaScan do not scale to standard clinical metrics. Therefore, it is not
possible to employ clinical cut points. This also means that we will not be able to address the
prevalence of iron deficiency in the elderly. Tangentially, if more validation studies are being
done with traditional assays vs. Soma, ferritin may be worthwhile to add.

The complex role of ferritin creates another limitation. Ferritin is known to be an acute-
phase protein, and increased levels of ferritin are found in certain inflammatory or other diseases,
even in the presence of iron deficiency [5]. Therefore, different criteria are utilized in diagnosing
iron deficiency in individuals with these conditions. We will utilize model covariates to make
appropriate comparisons, but there remains the possibility of confounding.
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