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Abstract

Background: The impact of iron deficiency on COPD morbidity independent of anemia status is
unknown. Understanding the association between iron deficiency, anemia status, and risk of
hospitalization in COPD may inform approach to these comorbidities.

Study Design and Methods: Adults >40 years from the Johns Hopkins COPD Precision Medicine
Center of Excellence data repository with an outpatient iron profile and 1 year of subsequent
follow-up time were included. Baseline characteristics were compared across iron status, defined
by transferrin saturation (TSAT), using t-tests and chi-squared tests. The association between
continuous TSAT and all-cause hospitalization over the 1-year follow-up period was assessed by
logistic regression. Models were adjusted by covariates with an interaction term for anemia and
stratified by sex.

Results: There were 6,532 individuals included with average age 65412 years, 59% female, and
56% white. Fifty-two percent of the cohort were iron deficient (TSAT<20%), among whom 27%
were non-anemic. [ron deficient individuals had lower lung function and higher prevalence of
heart failure and diabetes. Iron deficiency was more prevalent among females (57%) compared
to males (44%). In adjusted models, a decrease in TSAT by 10% was associated with 14.3%
higher odds of all-cause hospitalization for females (95%CI:1.0-1.3), but not among males
(OR:1.08, 95%CI:0.9-1.3). There was effect modification by anemia such that the association
between TSAT and all-cause hospitalization was greater in non-anemic women (p-value
interaction=0.08).

Interpretation: Iron deficiency may be associated with adverse outcomes in the absence of
anemia, with non-anemic women being a COPD sub-population particularly sensitive to iron

deficiency.
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Comorbid diseases and multimorbidity are important determinants of clinical outcomes among
individuals with COPD.!? Iron deficiency is a highly prevalent condition affecting an estimated
3.7 billion individuals globally, and has been a comorbidity of interest for chronic diseases such
as congestive heart failure (CHF) and chronic kidney disease (CKD) as a potential treatable
trait.>~ Investigations of iron deficiency in COPD, however, remain nascent with limited data on
prevalence or associations with outcomes.

Iron is an essential element for cellular bioenergetics, oxygen transport, and oxidative
metabolism.® In the lungs, iron homeostasis is also relevant to immune defense against infection
and the physiologic response of hypoxic vasoconstriction.”” Iron deficiency may impair these
vital functions independent of the presence of anemia, leading to increased morbidity in COPD
which itself leaves individuals prone to infection, hypoxia, and altered bioenergetics.!°
Additionally, COPD is frequently complicated by CHF, where iron deficiency is associated with
worse outcomes.!! Therefore, individuals with COPD may be particularly sensitive to being iron
deficient.

Small observational studies in the COPD population have reported a prevalence of iron
deficiency of 10-40%, including potential associations with COPD exacerbations, exercise
tolerance, and pulmonary hypertension.'>'® While informative, the majority of these studies did
not distinguish between states of iron deficiency and iron deficiency anemia, making it difficult
to isolate the impact of iron deficiency, independent of anemia, on outcomes. Second, iron
deficiency was defined primarily using serum ferritin levels, which is now increasingly
recognized to have poor sensitivity among individuals with chronic diseases.!”!® Finally, there
are differences in iron metabolism between men and women which have not been previously

addressed.!®
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This study aimed to elucidate the prevalence of iron deficiency with and without anemia
in a clinical COPD cohort, and to understand whether it is associated with risk of hospitalization
among patients with COPD. Further, iron deficiency was defined using transferrin saturation
(TSAT) to address limitations with defining deficiency using ferritin. We hypothesized that there
would be a high prevalence of iron deficiency among individuals with COPD, and iron
deficiency would be associated with higher risk of hospitalization, regardless of anemia status.
Understanding the impact of iron deficiency in COPD and its relationship to anemia status may
better inform the need for further study of this treatable comorbidity, as well as identify the

COPD sub-populations who may be more vulnerable to the effects of systemic iron deficiency.

Methods

Study population and design

This was a retrospective cohort study using electronic health record (EHR) data from the Johns
Hopkins COPD Precision Medicine Center of Excellence (PMCOE) data repository. The COPD
PMCOE data registry is comprised of adults age >40 years who were seen in the Johns Hopkins
Healthcare System (JHHS) between July 2016 and January 2023 with COPD (based on diagnosis
code or airflow obstruction by forced expiratory volume in one second (FEV1)/forced vital
capacity (FVC) ratio of <0.7). Individuals with at least one outpatient iron profile measurement
(serum iron level, total iron binding capacity [TIBC], transferrin, ferritin) between July 2016 and
January 2022 and at least 1 year of subsequent follow-up time were included. The timing of the
iron labs was considered time=0 with outcomes measured over the following 1-year period and
administrative censoring after 1 year. Individuals were excluded if they had hematologic

disorders known to affect iron profile measurements (myelodysplastic syndrome,
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hemophagocytic lymphohistiocytosis, polycythemia vera) identified by ICD-10 codes and if they
had abnormally high iron levels (see definitions below), as it was thought to represent a different
disease state. IRB approval was obtained from all JHHS sites with waiver of consent as this

study was deemed minimal risk.

Exposure and outcome measurements

The first outpatient iron profile measurements after July 2016, including serum iron, transferrin,
total iron binding capacity, and ferritin, available for each individual were used to determine iron
status. Transferrin saturation (TSAT) was calculated from the iron level and TIBC ([Iron
png/dL/TIBC]*100%). Individuals were categorized by TSAT using thresholds historically
utilized in literature to define iron deficiency and overload: iron deficient TSAT <20%, normal
20<TSAT<50%, and high iron TSAT >50%.%° The complete blood count (CBC) obtained closest
to the iron profile measurement was used to determine hemoglobin and anemia status, with
anemia defined as hemoglobin <12g/dL for females and <13g/dL for males.?! The primary
outcome was all-cause hospitalizations as a dichotomous variable (ever versus never) within the
year after the initial iron profile measurement. All-cause hospitalizations were defined as any
inpatient, observation, or emergency room encounter.

Clinical characteristics defined at the time of iron profile measurement included age, sex,
self-reported race, height, weight, body mass index (BMI), and smoking status (ever versus
never). We did not distinguish between ever smokers as current versus former and did not
include previous smoking burden (pack years) given the inaccuracy of current smoking status in
the EHR which is infrequently updated and the lack of a systematic way of recording pack year

history within the EHR. Comorbid conditions (CHF, diabetes mellitus [DM], CKD, liver disease)
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were abstracted as dichotomous variables (ever versus never) based on ICD-10 code. The
estimated glomerular filtration rate (¢GFR) was used to categorize individuals as having
eGFR>60 (CKD stage 2 or lower) versus eGFR<60 (CKD stage 3 and higher) to reflect the non-
linear association between eGFR and anemia prevalence.?” Lung function was characterized by
FEV percent predicted from available pulmonary function tests (PFT). All PFTs done within the
JHHS were conducted and interpreted using the ERS/ATS guidelines with z-scores and percent
predicted values calculated using the Global Lung Function Initiative (GLI) global reference
equations.?*>* COPD-hospitalizations were defined by an admission ICD-10 code J44.1, which
has been previously validated in this population.> Medication history was obtained from
medication order and administration history encompassing inpatient and outpatient encounters
from each individual. Prescription for iron supplementation was defined as a binary variable for
oral and/or intravenous iron prescription during the first year of follow up after iron profile
measurement, which included both incident and prevalent users. All other medication history

was determined as ever versus never use.

Statistical Analysis

Participant characteristics were compared across iron status (deficient versus normal) using t-

tests and chi-squared tests, as appropriate. Additionally, characteristics among iron deficient

participants were compared by anemia status (non-anemic versus anemic) and stratified by sex.
The main analysis assessed the association between TSAT and all-cause hospitalization

over the 1-year follow-up period. TSAT was treated both continuously within the low to normal

TSAT range of 0-50%, and as a categorical variable (low and normal). The main model utilized

logistic regression adjusting for age, BMI, race (white versus non-white), CHF, eGFR category
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(eGFR>60 versus eGFR<60), and history of COPD hospitalization (in the year prior to iron
measures), with an interaction term for anemia to test effect modification. The two comorbidities
of CHF and CKD were included because of their known association with iron deficiency, as well
as anemia for the latter, and the outcome of hospitalization risk.>?®* CHF was included as a binary
variable (yes versus no) as discrete data from echocardiograms was not available from the EHR.
All analyses were stratified by sex given known differences in iron homeostasis.'” A sensitivity
analysis limited to patients with spirometric airflow obstruction defined as FEV1/FVC <0.7 or
less than the lower limit of normal, with percent predicted FEV as an additional covariate to
account for COPD disease severity was performed. All analyses were conducted using Stata 18.0
(StataCorp LLC, College Station, TX, USA) with significance for main effects set at a p-value of

<0.05 and for interactions set as a p-value <0.1.?’

Results
Participant Characteristics and Distribution of Iron Measures

Of the 69,077 individuals in the COPD PMCOE registry, 6,532 individuals had iron
profiles available and were included in the final sample, (Supplemental Fig 1) with average age
65.0 = 11.9 years, 59% female, and 56% white. Fifty-two percent (n=3,385) of the cohort were
iron deficient (TSAT < 20%), of whom 27% (n=919) were non-anemic. Patient characteristics by
iron status are shown in Table 1. This study cohort had similar rates of all-cause and COPD
hospitalization compared to the overall COPD PMCOE registry. Compared to individuals with
normal iron, iron deficient patients had, on average, higher BMI, lower lung function, and higher
prevalence of chronic heart failure and diabetes. Iron supplementation was more prevalent in the

iron deficient group at 24.3% compared to 8.7% in the normal iron group. Prevalence of ever use
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of aspirin, other anti-platelet agents, and oral anticoagulation agents were similar across the two

groups.

Iron deficiency was more prevalent among females at 57% compared to 44% among males. This
trend held true regardless of anemia status (Figure 1). Mean TSAT among females was 19.1% =+
10, and among males was 22.4% + 10. Median ferritin for females was 65 (inter-quartile range
[IQR] 27, 141), and median for males was 117 (IQR 49, 238). Mean TSAT did not change
significantly by decade of age for males, while for females mean TSAT was lower for the age

group 40 to 49 years (Supplemental Figure 2).

To better understand non-anemic vs anemic individuals with iron deficiency, clinical
characteristics were compared across anemia groups by sex in Supplemental Table 1. For both
sexes, the non-anemic individuals were on average younger, had higher FEV percent predicted,
lower prevalence of CHF, CKD, diabetes, and oral anticoagulation use compared to anemic

individuals (p<0.01).

Association between TSAT and all-cause hospitalization with effect modification by anemia

The association between continuous TSAT and all-cause hospitalization is shown in Table 2. A
decrease in TSAT by 10% was associated with 14.3% higher odds of all-cause hospitalization in
females (95%CI:1.01-1.30, p=0.04), but not in males (odds ratio: 1.08, 95%CI:0.93-1.25,
p=0.33). There was effect modification by anemia status such that the association between TSAT
and all-cause hospitalization was greater in non-anemic females (p-value interaction=0.08)
compared with anemic females (Figure 2). In males, anemia status was a confounder without

significant interaction with TSAT (p-value interaction=0.29).
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We performed a sensitivity analysis including only individuals with spirometry confirmed
COPD, comprised of 753 females and 672 males (Supplemental Table 2). The trends for the
association between TSAT and all-cause hospitalization, and effect modification by anemia
status mirrored those observed in the main model above, however the effect estimates were not
statistically significant. Examining the association using iron status categories (deficient versus
normal) with all-cause hospitalization, there was no significant association for either sex
(Supplemental Table 3). Anemia was associated with a significantly higher odds of all-cause
hospitalization for both females (OR 1.69 95%CI 1.4,2.1, p<0.01) and males (OR 1.36, 95%CI

1.1,1.7, p<0.01).

Discussion

In this large, diverse cohort of individuals with COPD, we have demonstrated that iron
deficiency may be associated with negative outcomes even in the absence of anemia.
Importantly, the prevalence of iron deficiency and the impact of iron deficiency on all-cause
hospitalizations differed by sex and anemia status; in particular, non-anemic women had the
strongest association between TSAT and all-cause hospitalization. These findings suggest certain
COPD sub-populations are uniquely affected by iron deficiency which may warrant screening for
iron deficiency as part of routine COPD care regardless of anemia status.

Accurately capturing iron deficiency in the presence of chronic diseases such as COPD
can be challenging.?® Broadly, iron deficiency is a state of inadequate iron availability relative to
the body’s needs. Common causes include blood loss or insufficient dietary intake which lead to
absolute iron deficiency (depletion of total body iron stores), and reduced iron absorption and

excess sequestration due to inflammation resulting in functional iron deficiency (insufficient iron
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delivery, despite adequate iron stores).?’

The categories of iron deficiency are not mutually
exclusive; multiple etiologies of iron deficiency may coexist, especially in older, multi-morbid
individuals as in the COPD population. Ferritin, the biomarker conventionally used to define iron
deficiency, correlates with total body iron stores in healthy individuals but varies significantly
with age, sex, and inflammation.?” As such, ferritin has poor sensitivity to detect both absolute
and functional iron deficiency in the COPD population.

The novel, alternative approach applied in this study is the use of TSAT as the primary
measure to define iron status in COPD. Prior investigations of iron deficiency in the COPD
population have used definitions based on ferritin levels only or a combination of ferritin level
and TSAT, with prevalence of iron deficiency ranging from 10-40%. TSAT, a measure of iron
availability that captures both absolute and functional iron deficiency, is less affected by
inflammatory states compared to ferritin, and has been used to assess iron deficiency in other
pulmonary diseases.'®%*! For example, in a pulmonary hypertension cohort, iron deficiency
defined by TSAT was superior to ferritin in identifying patients with altered functional status or
exercise capacity as measured by peak oxygen consumption and 6-minute walk distance.>
Furthermore, by handling TSAT as a continuous variable in our main model instead of
categorizing iron deficiency by the conventional cutoff of TSAT <20%, a larger spectrum of risk
could be examined and potential differences in clinically relevant thresholds by sex were not a
limitation.

In population level studies, iron deficiency is generally captured as iron deficiency
anemia due to lack of regular screening in the absence of anemia. However, when iron loss
exceeds intake and iron stores become depleted, non-anemic iron deficiency develops before

progressing to iron deficiency anemia. While this state is often overlooked, in this study 27% of
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individuals who were iron deficient were not anemic, and it was the non-anemic subgroup
among females in which a clear association between TSAT and all-cause hospitalization was
observed.

As iron has functions other than erythropoiesis, iron deficiency may have negative
consequences before the onset of anemia.>® This has been shown epidemiologically in CHF and
CKD populations where iron deficiency is associated with worse outcomes including higher
mortality risk independent of anemia status or type of iron deficiency.?®** Regarding potential
mechanisms, in animal studies iron deficiency without anemia caused a decrease in activity of
iron containing muscle mitochondrial oxidative enzymes leading to reduced oxidative capacity
as well as an imbalance in the energy production systems.>** Clinical studies of non-anemic
iron deficiency in adults have been limited to studies of young women, but nonetheless have
shown that aerobic work capacity was significantly lower in non-anemic iron deficient women
after controlling for baseline physical activity level, fat free mass and hemoglobin.*®

The proposed mechanisms are highly relevant to COPD, where physical activity has been
shown to be one of the strongest independent predictors of all-cause mortality.?”*® Also as proof-
of-concept, a small, randomized control trial of intravenous iron for iron deficiency in non-
anemic to mildly anemic participants with COPD showed improvement in subjective symptom
severity and exercise tolerance.>® While clinical evidence supports iron repletion for systemic
iron deficiency as an attractive intervention, the risks of iron overload must also be taken into
consideration, particularly in the setting of COPD which is complicated by infectious
complications. Mechanistic studies using cell and animal models have demonstrated iron
overload in the lungs as a potential driver for COPD pathophysiology through triggering of

dysregulated inflammatory responses, although there is also conflicting evidence that iron
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deficiency increases risk of COPD development in mice.*° In translational studies,
bronchoalveolar lavage samples of individuals with COPD have shown elevated iron levels in
alveolar macrophages which has been hypothesized to contribute to immune dysfunction.*! Our
study results demonstrate the need for further studies to better understand and define iron
deficiency at the systemic level in conjunction with organ level iron status in the lungs to
reconcile the evidence from the wide spectrum of research on iron in COPD.

Interestingly, once anemic, TSAT was no longer significantly associated with all-cause
hospitalization in either sex. Comparing the anemic and non-anemic individuals who were iron
deficient, anemic individuals were older, with worse lung function and greater multimorbidity.
Even with similar degrees of iron deficiency by TSAT, anemic individuals may have reached a
threshold of severity of chronic illness and multimorbidity such that morbidity and risk of
hospitalization are driven by other factors that trump iron deficiency.

Not only was the association of TSAT on all-cause hospitalization modified by anemia
status, the significant association was specifically observed among females. The sex differences
in the associations between iron deficiency and outcomes may in part be related to differing
COPD phenotypes by sex. There are known differences by sex in patterns of harmful exposures,
lung development, lung anatomy, and hormonal effects due to estrogen which together contribute
to sex specific COPD pathophysiology and resulting disease phenotype. Associated
comorbidities also differ by sex, with women tending to have concurrent osteoporosis,
malnutrition with lower BMI, and depression/anxiety, whereas men more often have a
cardiometabolic constellation of comorbidities such as obesity, diabetes, and atherosclerosis.
These two patterns of comorbidity clusters in COPD have been well characterized, with a

“cachectic” cluster more common in women and a “cardiometabolic” cluster more common in
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men.*>* In this study cohort, females had a slightly higher mean BMI compared to males, but
the prevalence of underweight BMI was greater among females. The cachectic cluster has been
shown to be less inflammatory by serologic markers compared to the cardiometabolic clusters.*?
Thus, it is possible that less inflammatory, under-nourished iron deficient women with COPD
have a greater component of absolute iron deficiency causing increased morbidity, whereas iron
deficiency in men may be primarily functional iron deficiency, a manifestation of inflammation
from multiple comorbidities. Another relevant factor specific to females is menopausal status, as
iron metabolism is believed to change from the pre- and post-menopausal state; the youngest age
group of females in this study cohort had a lower mean TSAT compared to all other age groups.
This could not be investigated further in this cohort given the lack of information on menopausal
status and the low prevalence of younger women but would be an important area of future study.
The present study has several limitations. First, as a retrospective analysis using EHR
data, individuals included in this study had iron measurements obtained for a clinical indication.
While screening for iron deficiency is not routine practice in the absence of anemia and could
inflate the observed prevalence of iron deficiency, the strength of using a large clinical cohort of
individuals with COPD was offering real-world insights into iron deficiency in this population.
Similarly, the reason iron measurements were obtained for non-anemic individuals is unclear, but
more importantly, the prevalence estimate of non-anemic iron deficiency (13.5%), the subgroup
of interest that is often missed in routine clinical practice, was likely an underestimate. Second,
using EHR data, airway obstruction could be confirmed for only a subset of the cohort. Although
the patient characteristics for the subgroup with airway obstruction compared to the whole study
cohort were similar, the lack of statistically significant association between TSAT and all-cause

hospitalization may be attributed to the smaller sample size and selection bias for unmeasured
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characteristics introduced by the criteria of having spirometry in the JHHS. Additionally, several
factors which may affect iron measures were unable to be obtained from the EHR including red
blood cell transfusion history, current smoking status, and burden of previous smoking (pack
years). Finally, the study had limited power to investigate the association between TSAT and
COPD-specific hospitalizations. The small number of COPD-hospitalizations may be due to
truly low event rates in this COPD cohort that did not restrict by disease severity or due to
encounters not being available through the EHR linked to the COPD PMCOE registry. Of note,
the prevalence of individuals with at least one COPD-hospitalization in this study cohort was
comparable to the prevalence in the overall COPD PMCOE cohort (6.4% versus 6.7%).2> Other
than COPD-hospitalizations which had been previously validated in this cohort, the outcome was
limited to all-cause hospitalization as the EHR did not identify a primary admitting or discharge
diagnosis. To better understand the associations of iron deficiency with COPD specific
outcomes, future studies of cohorts with severe COPD or enriched for COPD exacerbation
should be pursued.

Interpretation:

In conclusion, iron deficiency is an important comorbidity in the COPD population that is
non-uniformly associated with increased morbidity. The sensitivity to iron deficiency observed
in the non-anemic sub-population highlights how screening for iron deficiency should not be
triggered by development of anemia but may need to be integrated into COPD management
regardless of anemia status. Further, the sex differences in the association of iron deficiency with
all-cause hospitalizations adds to the evidence of heterogeneous COPD phenotypes in women
that may benefit from different interventions. In the future, investigations of the mechanisms by

which systemic iron deficiency leads to increased morbidity in COPD in parallel with studies of
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pulmonary iron dysregulation will aid in clarifying the safest approach to managing this

comorbidity in individuals with COPD.
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Table 1. Patient characteristics by iron status

Iron Deficient Normal Iron
Characteristic TSAT<20% 20<TSAT<50%
N=3,385 N=3,147
TSAT 12.6 (4.8) 28.9 (6.9)
Age 64.7 (12.0) 65.3 (11.6)

Gender (Female)

2,210 (65.3%)

1,668 (53.0%)

Race

White, N (%)

1,849 (54.6%)

1,780 (56.6%)

Black, N (%)

1,385 (40.9%)

1,203 (38.2%)

Smoking history, N (% Ever)

2,726 (80.9%)

2,602 (82.9%)

BMI 30.9 (8.7) 29.2 (7.6)
FEV1 % Predicted? 67.5 (22.0) 70.1 (22.3)
COPD exacerbation, N (% yes) 39 (1.2%) 24 (0.76%)

All-cause, N (% yes)

1,629 (48.1%)

1,242 (39.5%)

Heart Failure

806 (23.8%)

619 (19.7%)

Chronic Kidney Disease

1,619 (47.8%

1,495 (47.5%)

eGFR=60

2,193 (64.8%

2,206 (64.4%)

eGFR<60

Diabetes Mellitus

1,486 (47.2%)

Liver Disease

(
(
1,192 (35.2%
(
(

1.065 (31.5%

(
(
1,121 (35.6%)
(
(

1.098 (34.9%)

)
)
)
1,875 (55.4%)
)
)

Anemia 2,466 (72.8% 1,486 (47.2%)
Ferritin (median, IQR) (194?15) (651 22947)

Iron supplementation*

821 (24.3%)

275 (8.7%)

Aspirin, N (% Yes)*™

2,586 (76.4%)

2,329 (74.0%)

Antiplatelet, N (% Yes)**

888 (26.3%)

759 (24.1%)

Oral Anticoagulation, N (% Yes)**

1,049 (31.0%)

900 (28.6%)

"n=3,213 participants with spirometry available

At least one event during the year prior to iron measurements
*Use during 1-year follow-up period after iron measurements

**Ever use
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Table 2. Association between continuous TSAT and probability of all-cause hospitalization at
one year with effect modification by anemia status, stratified by sex.

Females Males
N=3,858 N=2,644
Unadjusted | Adjusted | Unadjusted | Adjusted
TSAT
OR* 117 1.15 1.1 1.08
95% ClI 1.04-1.32 1.01-1.30 | 0.96-1.29 | 0.93-1.25
p-value 0.01 0.04 0.15 0.33
Anemia
OR 1.13 1.14 1.78 1.83
95% ClI 0.81-1.59 | 0.81-1.61 1.13-2.79 1.16-2.92
p-value 0.47 0.45 0.01 0.01
Interaction
pvaue | 002 | 008 | o059 | o026

Unadjusted: only includes main effects for TSAT and anemia status, with interaction term

Covariates: age, race, BMI, heart failure, eGFR category, COPD hospitalization in prior year;
interaction: anemia

*Qdds ratio of 1-year all-cause hospitalization per 10% decrease in TSAT
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Online Supplement
Supplemental Figure 1. Flow Diagram for study cohort
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Supplemental Figure 2. Mean TSAT for each decade of life, by sex
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TSAT by Age Range
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Supplemental Table 1. Patient characteristics among iron deficient, comparing non-
anemic versus anemic by sex
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Characteristic Female P- Male P~
Non-anemic Anemic value Non-anemic Anemic value
n (% among gender) 644 (29%) 1566 (71%) 275 (23%) 900 (77%)
Age 61.9 (11) 64.8 (13) <0.01 63.0 (11) 67.1 (11) <0.01
Race <0.01 0.014
White, N (%) 385 (60%) 776 (50%) 184 (67%) 504 (56%)
Black, N (%) 231 (36%) 720 (46%) 81 (29%) 353 (39%)
Asian/Other, N (%) 28 (4%) 70 (45) 10 (4%) 43 (5%)
Smoking history, N (% Ever) 505 (79%) 1188 (76%) 0.28 241 (88%) 792 (89%) 0.7
BMI 31.9 (8.5) 31.9 (9.3) 0.99 29.3 (7.0) 28.9 (7.5) 0.44
FEV1 % Predicted 71.9 (21.6) 66.3 (21.3) <0.01 71.1(23.6) | 65.1(22.6) | 0.01
Hospitalization History
COPD exacerbation, N (% yes) 6 (0.9%) 20 (1.3%) 0.49 2 (0.7%) 11 (1.2%) 0.49
All-cause, N (% yes) 259 (40%) 798 (51%) <0.01 100 (36%) 472 (52%) | <0.01
Comorbidities
Heart Failure, N (% Yes) 105 (16%) 338 (22%) 0.005 64 (23%) 299 (33%) | 0.002
Chronic Kidney Disease, N (%) 217 (34%) 768 (49%) <0.01 113 (41%) 521 (58%) | <0.01
eGFR 76.6 (23.4) 67.8 (26.2) 0.001 80.2 (23.2) | 67.3(26.9) | <0.01
Diabetes, N (% Yes) 330 (51%) 895 (57%) 0.01 137 (50%) 513 (57%) 0.04
Hemoglobin A1c 6.3 (1.3) 6.4 (1.5) 0.1 6.4 (1.4) 6.3 (1.4) 0.47
Liver disease, N(% Yes) 192 (29.8%) | 429 (27.4%) 0.25 92 (33.5%) 352 (39.1) 0.09
Iron Parameters
TSAT 15.0 (3.7) 11.2 (4.9) <0.01 15.6 (3.4) 12.2 (4.8) <0.01
Ferritin (median, IQR) 54 (28,97) 34 (14,95) 70 (39,157) | 62 (21,162)
Medication Use
IV iron use, N (% Yes)* 8 (1.2%) 47 (3.0%) 0.02 2 (0.7%) 35(3.9%) | <0.01
Oral iron use, N (% Yes)* 63 (9.8%) 437 (28%) <0.01 39 (14%) 253 (28%) | <0.01
Aspirin, N (% Yes)** 457 (71%) 1,162 (74%) 0.12 214 (78%) 753 (84%) 0.03
Antiplatelet, N (% Yes)** 124 (19%) 403 (26%) 0.001 88 (32%) 273 (30%) 0.6
Oral Anticoagulation, N (% Yes)** 161 (25%) 477 (31%) 0.01 79 (29%) 332 (37%) | 0.013

*after iron lab, during follow-up period

**Ever use

Supplemental Table 2. Sensitivity analyses among individuals with airway obstruction

on spirometry
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Females Males
n 751 671
TSAT
OR* 1.03 1.1
95% ClI 0.80-1.26 | 0.79-1.48
p-value 0.84 0.48
Anemia
OR 1.42 1.43
95% ClI 0.67-3.0 0.58-3.53
p-value 0.36 0.44
Interaction
p-value 0.84 0.73

Covariates: age, race, BMI, CHF, eGFR, % predicted FEV1, history COPD hospitalization in prior year

Interaction term: anemia status

*Odds ratio of 1-year all-cause hospitalization per 10% decrease in TSAT

PRE-PROOF

Supplemental Table 3. Estimated probability of all-cause hospitalization at one year by
iron deficiency category

Females Males
N 3,858 2,644
Unadjusted | Adjusted | Unadjusted | Adjusted
Iron Deficient
OR* 1.25 1.21 1.15 1.1
95% CI 1.01-1.55 0.98-1.5 0.86-1.55 0.82-1.5
p-value 0.037 0.078 0.33 0.49
Anemia
OR 1.87 1.69 1.53 1.36
95% CI 1.53-2.29 1.37-2.1 1.24-1.89 1.09-1.7
p-value <0.01 <0.01 <0.01 <0.01
Interaction
p-value 0.07 0.15 0.38 0.21

Adjusted by: age, race, BMI, CHF, eGFR, history COPD hospitalization in prior year; Interaction: anemia
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