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ABSTRACT
Background: Virtually all living organisms, including microbes and humans, depend on iron to survive and grow. During
an infection, the plasma level of iron and several iron-related proteins change substantially. We hypothesized that iron and
iron-related proteins could predict short- and long-term outcomes in community-acquired pneumonia.
Methods: Blood samples from a prospective cohort of 267 in-patients with community-acquired pneumonia were analysed
for hepcidin, ferritin, iron, transferrin, transferrin saturation, and soluble transferrin receptor at admission and 6-weeks post-
discharge. Adverse short-term outcome was defined as admission to intensive care unit or death within 30days, and long-
term outcome was assessed as 5-year overall mortality. Logistic regression, Kaplan Meier survival curves, and Cox regression
models with cut-offs at median for the potential biomarkers were used for statistical evaluation.
Results: Low admission levels of hepcidin predicted 5-year overall mortality, independently of age, sex, comorbid condi-
tions, and anaemia. Low levels of ferritin at admission as well as low levels of iron and transferrin saturation and high lev-
els of soluble transferrin receptor at the 6-week follow-up were predictors of 5-year overall mortality in univariable, but not
in multivariable analyses. Neither of these potential biomarkers predicted adverse short-term outcomes.
Conclusions: In hospitalized patients with community-acquired pneumonia, low levels of hepcidin at admission predicted
5-year overall mortality, but not short-term adverse outcome.
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Introduction

Lower respiratory tract infections remain the leading
infectious cause of death worldwide [1]. In community-
acquired pneumonia, the disease course ranges from
mild to fatal. To date, the only widely accepted tools for
prediction of short-term clinical course are combined
scores such as CURB-65 (Confusion, Urea, Respiratory
rate, Blood pressure, Age �65 years) [2] and PSI
(Pneumonia Severity Index) [3]. Despite limitations of
these scoring systems, no biological biomarker has yet
proven superior [4]. In particular, specific assessment
tools for evaluating long-term prognosis after pneumo-
nia hospitalizations are not established. Biomarkers
related to the iron-regulatory system have been pro-
posed as potential predictors of patient outcome in sep-
sis and critically ill patients [5–8]. In patients with Covid-
19, high levels of serum ferritin and hepcidin have
mainly been associated with poor short-term outcome
[9–11]. Biomarkers that can improve prediction of the
clinical course in community-acquired pneumonia
patients are needed to guide assessment of disease
severity at hospital admission, and to identify patients in
need of intensified treatment and surveillance, both in
the short- and long-term perspective. Moreover, iron-
related biomarkers may potentially provide insight into
the pathogenesis of these infections.

Iron is required for vital microbial and human func-
tions, and restricting iron access to microbes is a pos-
sible strategy to combat invading microorganisms [12].
Inflammatory cytokines such as interleukin-6 affect the
regulation of iron-related proteins. The iron-regulatory
hormone hepcidin is increased in plasma during infec-
tions, in parallel with a decrease of iron and an increase
of the iron-storage protein ferritin [13]. Compromized
iron availability for erythropoiesis contributes to the
development of anaemia of inflammation [14]. Other
short- and long-term clinical consequences of iron
restriction are to a lesser degree explored.

We hypothesized that short- and long-term outcomes
in community-acquired pneumonia relate to iron regula-
tion reflected by plasma levels of iron and iron-related
proteins, with particular focus on hepcidin.

Materials and methods

Study population and design

Over a 3-year period (1 January 2008–31 January 2011),
adults (�18 years) admitted to Drammen Hospital
(Vestre Viken Hospital Trust, Norway) with suspected

community-acquired pneumonia were recruited to a
prospective cohort study (NCT01563315) as previously
described [15].

Based on the following criteria, community-acquired
pneumonia was diagnosed within the first 48 h of admis-
sion: 1) identification of a new pulmonary infiltrate on
chest x-ray, 2) rectal temperature �38.0 �C, and 3) at
least one of the following: productive or non-productive
cough, dyspnoea, respiratory chest pain, crackles, or
reduced respiratory sounds. Exclusion criteria were x-ray-
findings of other non-infectious pulmonary diseases or
discharge from hospital within two weeks prior to
admission. The 6-week follow-up included blood sam-
pling and a renewed chest x-ray.

All participants signed an informed consent form. The
study was approved by the Regional Committee for
Medical and Health Research Ethics in South-Eastern
Norway (reference number S-06266a) and a waiver of
consent was obtained from the committee to link
patient data to death certificates (2012/467A).

Data collection and definitions

Clinical information was extracted from paper case
records forms and medical records. An experienced
study radiologist blinded to the clinical data re-eval-
uated all chest x-rays. Microbial aetiology was estab-
lished through an extensive investigation as previously
described [15]. In comparative analysis of microbial aeti-
ology, single or multiple bacterial (typical and/or atyp-
ical) and viral infections were analysed separately. The
clinical scoring tool CURB-65 was used to assess severity
of illness; i.e. low-risk CURB-65 score �2 and high-risk
CURB-65 score �3. Anaemia was subclassified according
to recommendations from the World Health
Organization as mild (haemoglobin (Hb) 11.0-11.9 g/dL
in women and 11.0-12.9 g/dL in men), moderate (Hb 8.0-
10.9 g/dL), and severe anaemia (Hb <8 g/dL) [16].

Sample collection

Blood samples were collected within 48 h of admission
and at the 6-week follow-up. Serum clotted for at least
30min, followed by refrigerated centrifugation at 2000 g
for 12min within 60min from sampling (both serum
and EDTA plasma). Aliquots were stored at �80 �C and
analyses were performed in batches for the iron-related
biomarkers of interest.
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Biomarker analyses

All samples were included in the analyses, given suffi-
cient material. Plasma hepcidin analyses were performed
by liquid chromatography coupled with tandem mass
spectrometry (LC-MS/MS), a method that selectively
measures hepcidin-25, the biological active isoform. The
method has been validated for clinical applications
according to Eurachem guidelines [17] and as part of
work in the Working Group on Clinical Quantitative
Mass Spectrometry Proteomics of the International
Federation of Clinical Chemistry (IFCC). Samples used for
hepcidin analyses had been through one freeze-thaw
cycle prior to analysis. All samples were handled in the
same way, and serum hepcidin differences over four
freeze-thaw cycles have been reported to be of minor
importance [18]. Analyses of serum ferritin, iron, and
transferrin were performed on Architect ci16200 (Abbott
Diagnostics, Abbott Park, IL, USA). Transferrin saturation
(%) was calculated by the ratio of serum iron to the
total iron-binding capacity of serum transferrin (iron/
(transferrin x 25,1)). Serum soluble transferrin receptor
was analysed on BN ProSpec (Siemens Healthineers,
Marburg, Germany). Measurements of pO2 and sO2 were
obtained from analysis on the blood gas analyser ABL
725 (Radiometer, Copenhagen, Denmark). CRP and
haemoglobin were measured by routine methods.
Detection of HFE gene variants (Cys282Tyr and
His63Asp) were performed by PCR amplification and
melt curve analysis on Lightcycler 480 (Roche
Diagnostics, Oslo, Norway) using in vitro diagnostics kit
from TIB MOLBIOL (Berlin, Germany). Results of the iron-
related biomarkers, CRP and IL-6 in this cohort are previ-
ously reported [19,20].

Clinical outcome measures

Short-term adverse outcome was evaluated by a com-
bination of intensive care unit admissions and 30-day
mortality. Long-term outcome was evaluated as 5-year
overall survival from discharge, excluding mortality
within 30-days of admission.

Statistical analyses

Categorical data are presented as n (%). Categorical
groups were compared by Pearson Chi-Square test or by
McNemar’s Chi-Square test for paired observations.
Normally distributed continuous variables are presented
as mean (SD) and skewed data as median (interquartile
range; IQR). The Mann-Whitney U test was used for

comparison of independent continuous variables. The
Spearman Rho correlation coefficient was used to assess
correlations between continuous variables. The potential
biomarkers were dichotomized at median for all prognos-
tic evaluations and referred to as low and high groups.
Short-term adverse outcome was evaluated by logistic
regression. 5-year overall survival was displayed by Kaplan-
Meier curves. Differences in survival rates for patients in
the low- and high-value groups were assessed by the log-
rank test. Cox regression analyses were performed uni-
and multivariable. Age, sex, and a combined comorbidity
parameter of prospectively registered conditions (graded
as 0, 1, 2, or �3 comorbid conditions) were included as
covariates in the multivariable model. The included comor-
bid conditions are listed in Table 1 (see footnote for all sin-
gle comorbid conditions) and further elaborated in a
previous publication [21]. A 2-sided significance level of
0.05 was considered statistically significant in all analyses.
Analyses were performed using SPSS (IBM, version 26,
Chicago, IL, USA) and GraphPad Prism (GraphPad Software,
version 9.0.1, San Diego, California, USA).

Results

Out of 320 adult community-acquired pneumonia
patients screened for participation, 267 were included,

Table 1. Baseline characteristics of 267 patients hospitalized with
community-acquired pneumonia.
Demographics

Age in years, mean (SD) 64.4 (17.6)
Female gender, n (%) 127 (47.6)
Active smoker, n (%) 65 (24.4)
Nursing home resident, n (%) 4 (1.5)

Comorbid conditions, n (%) 172 (64.4)
Cardiovascular diseasea 74 (27.7)
Chronic obstructive pulmonary disease 60 (22.5)
Immunocompromizedb 48 (18.0)
Autoimmune diseasec 34 (12.7)
Diabetes mellitus 33 (12.4)
Renal disease 32 (12.0)
Neurological diseased 19 (7.1)
Dementia 15 (5.6)
Liver disease 4 (1.5)

Severity of illness, n (%)
CURB-65� 3 97 (37.9)
Intensive care unit admission 48 (18.0)
Death within 30 days of admission 10 (3.7)

Established aetiology, n (%) 167 (62.5)
Bacterial 75 (28.1)
Viral 41 (15.4)
Viral-bacterial 51 (19.1)
Unknown 100 (37.5)

CURB-65: Confusion, Urea, Respiratory rate, Blood pressure, Age �65 years.
aHeart failure, coronary heart disease, cerebrovascular disease, peripheral
artery disease.
bPrimary or secondary immunodeficiency, active malignancy, immunosuppres-
sive drugs.
cRheumatoid arthritis, systemic lupus erythematosus, inflammatory bowel dis-
ease, autoimmune hepatitis, Sjogren’s disease, psoriasis.
dCentral nervous disease, neuromuscular disease.
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as previously detailed [15]. Baseline characteristics are
shown in Table 1. Fifty-one patients (19%) experienced
an adverse short-term outcome of intensive care unit
admission (n¼ 48, 18%) and/or death within 30 days
from admission (n¼ 10, 3.7%). One patient was lost to
follow-up and was censored post-discharge, leaving 256
certain short-term survivors for inclusion in 5-year over-
all survival analyses, of which 67 patients (26%) died
within 5 years. Median survival time for the patients who
died during the 5-year follow-up was 26months (IQR 7-
40months). Due to certain missing biomarker values and
short-term deaths, the number of patients (events)
included in Cox regression analyses were at the lowest
221 (55) at admission and 223 (50) at the 6-week fol-
low-up.

Short-term outcome

None of the iron-related biomarkers were associated
with short-term adverse outcome (Supplementary
Table). However, at admission, 158 patients (59%) were
anaemic according to the definition of the World Health
Organization, which was reduced to 59 patients (26%) at
the 6-week follow-up (p< 0.001). Notably, compared
with no anaemia, moderate or severe anaemia were sig-
nificantly associated with an adverse short-term out-
come whereas mild anaemia showed no significant

association. Finally, patients carrying an HFE variant did
not have an increased risk of an adverse short-term out-
come compared to those with the wild-type genotype
(OR 0.77, 95% CI 0.38-1.56, p¼ 0.47).

Long-term outcome

Patients with high hepcidin and ferritin levels at admis-
sion had significantly improved 5-year overall survival
compared to patients with low values (Figure 1). The dif-
ference was most prominent for hepcidin, in which 86%
of the patients in the high hepcidin group were alive at
5 years, compared to 63% in the low group (p< 0.001).
However, at the 6-week follow-up, hepcidin and ferritin
levels were not associated with 5-year survival
(Supplementary Figure).

Similarly, univariable cox regression analyses show
that low hepcidin and ferritin values at admission were
associated with a significantly higher risk of death within
5 years, but only hepcidin remained significant in the
multivariable model (HR 0.46, 95% CI 0.26-0.84,
p¼ 0.011) (Table 2), which adjusted for age, sex, and an
overall count of comorbid conditions (listed in Table 1).
The same pattern was seen if the comorbidity variable
was defined as dichotomous, graded as 0, 1, or �2
comorbidities, or included as a continuous variable (data
not shown). At the 6-week follow-up, but not at

Figure 1. Kaplan–Meier curves of 5-year overall survival by biomarker values at hospital admission for community-acquired pneumonia,
excluding deaths within 30 days from admission. Biomarker cut-offs at median (hepcidin 88 ng/mL, ferritin 386lg/L, iron 2.9lmol/L, trans-
ferrin 1.65 g/L, transferrin saturation 7.15%, soluble transferrin receptor 1.02mg/L).

406 K. OPPEN ET AL.

http://dx.doi.org/10.1080/23744235.2021.2022194
http://dx.doi.org/10.1080/23744235.2021.2022194
http://dx.doi.org/10.1080/23744235.2021.2022194


admission, low levels of iron and transferrin saturation,
high levels of soluble transferrin receptor as well as
anaemia, were associated with higher risk of death
within 5 years, but only anaemia remained significant in
the multivariable analysis.

Subgroup analyses

Significant correlations were found between admission
values of hepcidin and CRP (rho 0.45, p< 0.001) and
interleukin-6 (rho 0.55, p< 0.001). In further subgroup
analyses, the predictive value of hepcidin at admission
only proved significant for bacterial aetiology (HR 0.19,
95% CI 0.06-0.56, p¼ 0.003) and not for viral aetiology
(HR 0.47, 95% CI 0.12-1.76, p¼ 0.26). The number of
events in each microbial group was limited (bacteria:
n¼ 18, viruses: n¼ 11), which prevented separate analy-
ses of atypical and typical bacterial infections. The pro-
portions of patients classified with anaemia in the low
and high hepcidin group were similar (62% versus 55%,
p¼ 0.31), and the predictive value of hepcidin remained
unchanged upon adjustment for anaemia (HR 0.33, 95%
CI 0.18-0.58, p< 0.001). In the low hepcidin group, 55%
of the patients had soluble transferrin receptor levels
above median compared to 41% in the high hepcidin
group (p ¼ 0.028), but adding soluble transferrin recep-
tor as a covariate did not affect the predictive value of
hepcidin (HR 0.29, 95% CI 0.15-0.54, p< 0.001). pO2 did
not significantly differ between the two hepcidin groups
(low hepcidin group: median 8.36 (IQR 2.18), high hepci-
din group: median 8.41 (IQR 1.78), p¼ 0.30), nor did sO2

(low hepcidin group: median 92.7 (IQR 6.2), high hepci-
din group: median 94.0 (IQR 4.5), p¼ 0.12). Long-term

overall survival did not significantly differ between
patients carrying HFE gene variants and wild-type geno-
types (HR 1.50, 95% CI 0.83-2.69, p¼ 0.18). In the low
hepcidin group, 71% of patients had at least one comor-
bid condition, compared with 46% in the high hepcidin
group (p¼ 0.001).

Discussion

In this cohort study of hospitalized community-acquired
pneumonia patients, low hepcidin levels at admission
were independently associated with 5-year mortality.
Because inflammation cause high levels of hepcidin, it is
intriguing that an association between high levels of
this biomarker and superior long-term prognosis
was revealed.

We have previously described a substantial increase
of both hepcidin and ferritin in the acute-phase of com-
munity-acquired pneumonia and showed that high hep-
cidin and ferritin levels in particular were associated
with atypical bacterial aetiology [19]. In the current
study, we found no association between hepcidin, fer-
ritin or any of the other iron-related biomarkers and
short-term outcomes. Moderate to severe anaemia, how-
ever, was significantly related to adverse short-
term outcomes.

Anaemia of inflammation seems to involve hepcidin-
mediated iron-restricted erythropoiesis, iron- and hepci-
din independent suppression of erythropoiesis, and
reduced erythrocyte lifespan [14]. The finding of
anaemia in three of five patients at admission of acute-
phase community-acquired pneumonia is interesting
and higher than in previous reports, however, these
studies have defined anaemia at lower haemoglobin val-
ues, which impairs comparability [22,23]. Similar to our
results, development of anaemia (Hb � 10 g/dL) in
acute-phase community-acquired pneumonia has been
found independently associated with 90-day mortality
[22]. Six weeks after the pneumonia, the proportion of
anaemic patients was significantly reduced and, as previ-
ously reported, the levels of hepcidin and ferritin were
substantially lower compared with admission levels [19].
Thus, the impact of community-acquired pneumonia on
levels of hepcidin, ferritin, and haemoglobin seems to
be temporary for a majority of these hospitalized com-
munity-acquired pneumonia patients.

Our major finding in the present study was the strong
association between low levels of hepcidin in the acute
phase of community-acquired pneumonia and adverse
long-term outcomes. Although a common perception is

Table 2. 5-Year overall mortality by Cox regression analysis.
Univariable

HR (95% CI), p-value
Multivariableb

HR (95% CI), p-value

Evaluation at admission
Hepcidin 0.32 (0.18–0.57), <0.001 0.46 (0.26–0.84), 0.011
Ferritin 0.55 (0.32–0.95), 0.032 0.90 (0.51–1.58), 0.70
Iron 1.05 (0.62–1.78), 0.86 1.06 (0.62–1.81), 0.84
Transferrin 1.09 (0.64–1.84), 0.76 0.84 (0.49–1.45), 0.53
Transferrin saturation 1.08 (0.63–1.82), 0.79 1.26 (0.73–2.18), 0.40
Soluble transferrin receptor 1.60 (0.94–2.73), 0.086 0.78 (0.45–1.36), 0.38
Anaemiaa 1.65 (0.98–2.76), 0.059 1.60 (0.94–2.72), 0.083

Evaluation at 6-week follow-up
Hepcidin 0.90 (0.52–1.57), 0.71 0.85 (0.49–1.50), 0.59
Ferritin 1.48 (0.84–2.59), 0.17 1.63 (0.89–2.98), 0.11
Iron 0.40 (0.22–0.72), 0.003 0.78 (0.40–1.50), 0.45
Transferrin 0.63 (0.36–1.11), 0.11 0.77 (0.43–1.37), 0.37
Transferrin saturation 0.49 (0.27–0.89), 0.018 0.89 (0.47–1.67), 0.72
Soluble transferrin receptor 2.56 (1.40–4.69), 0.002 1.04 (0.54–1.98), 0.91
Anaemiaa 4.03 (2.33–7.00), <0.001 2.22 (1.24–3.97), 0.008

HR: hazard ratio. Biomarker levels are divided in two categories at median. HR
indicates the change of risk from low- to high-level category.
aCompared to no anaemia.
bAdjusted for age, sex and number of comorbidities (0, 1, 2 or �3).
Bold indicates p< 0.05.
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that biomarkers reflecting enhanced inflammation are
associated with worse short-term outcomes, a previous
long-term observation study of community-acquired
pneumonia patients has shown the opposite [24].
Moreover, the net balance of hepcidin is a result of the
relative impact of numerous factors. Inflammation is
potentially a strong inducer of hepcidin, but in severe
iron deficiency, hepcidin levels may be low despite the
presence of inflammation [25]. Thus, iron deficiency and
its original cause, rather than the hepcidin level itself,
may affect long-term prognosis. Nevertheless, we found
no significant difference in the prevalence of anaemia
between the low- and high-level hepcidin groups.
Hypoxia may also reduce plasma hepcidin levels [26],
but measurements of pO2 and sO2 did not support hyp-
oxia as a considerable factor in our study. Other factors
such as pre-existing liver disease, kidney disease, or gen-
etic disorders could similarly affect the net hepcidin pro-
duction [25] as well as independently impact long-term
prognosis. Although we did not have the prerequisites
to specifically account for all potential influencing fac-
tors, overall comorbidity was significantly more frequent
in the low hepcidin group. However, our observation
remained significant upon adjustment for both age, sex,
an overall count of comorbid conditions, and anaemia.

We speculate that low hepcidin levels may be related
to pre-existing conditions and that low hepcidin levels
increase the risk of non-transferrin-bound iron and tissue
damage, which in turn may affect long-term survival.
Because this finding was robust upon adjustment for
comorbidity, age, sex, and anaemia, the effect may be
independent of an underlying cause of the low hepcidin
level. In addition, one may speculate if high hepcidin
levels restrict iron availability to bacteria and thereby
attenuate long-term harmful effects, as the association
between hepcidin levels and long-term outcome was
only seen in bacterial infections. However, at present,
the reasons for the association between hepcidin levels
and long-term prognosis are elusive and need further
investigation.

We have not identified comparable studies examining
the ability of iron-related biomarkers to predict outcome
in community-acquired pneumonia, and prognostic
studies of iron-related biomarkers in other infections
show divergent results. In sepsis and patients admitted
to the intensive care unit, low serum iron [5], high trans-
ferrin saturation [6], and high hepcidin and ferritin [7]
levels have been linked to unfavourable outcomes,
whereas others have reported an association between
low hepcidin levels at intensive care unit discharge and

increased one-year mortality [8]. Studies of Covid-19
patients have found associations between high levels of
ferritin and severe and/or fatal cases [9,10]. Higher
admission levels of hepcidin have been reported in non-
surviving Covid-19 patients [11], whereas another study
found lower hepcidin levels in critically ill patients with
Covid-19 compared to healthy controls [27].

The primary aim of this explorative study was to
assess relationships between iron-related biomarkers
and prognosis. The association between biomarker levels
and outcomes may however not be linear. Previous
studies have shown J-shaped relationships for some bio-
markers, where values in both ends of the scale are
unfavorable [28]. Due to the limited number of study
participants and events, we did not have the power to
make such a differentiation in the current study. In add-
ition, this study did not include a control group, and as
a single-center study with defined inclusion and- exclu-
sion criteria, the external validity must be carefully con-
sidered. Importantly, this observational study was not
designed to prove causal relationships.

Conclusion

In this prospective cohort study of hospitalized commu-
nity-acquired pneumonia patients, low hepcidin levels at
admission predicted 5-year overall mortality independ-
ent of age, sex, comorbidity, and anaemia. None of the
iron-related parameters predicted short-term outcomes.
The reasons for these novel and intriguing findings need
further investigation.
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