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ABSTRACT
Objectives: Chronic obstructive pulmonary disease
(COPD) is a major cause of morbidity and mortality.
Iron deficiency, with or without anaemia, is associated
with other chronic conditions, such as congestive heart
failure, where it predicts a worse outcome. However,
the prevalence of iron deficiency in COPD is unknown.
This observational study aimed to determine the
prevalence of iron deficiency in COPD and associations
with differences in clinical phenotype.
Setting: University hospital outpatient clinic.
Participants: 113 adult patients (65% male) with
COPD diagnosed according to GOLD criteria (forced
expiratory volume in 1 s (FEV1): forced vital capacity
(FVC) ratio <0·70 and FEV1 <80% predicted); with age-
matched and sex-matched control group consisting of
57 healthy individuals.
Main outcome measures: Prevalence of iron
deficiency, defined as: any one or more of (1) soluble
transferrin receptor >28.1 nmol/L; (2) transferrin
saturation <16% and (3) ferritin <12 µg/L. Severity of
hypoxaemia, including resting peripheral arterial
oxygen saturation (SpO2) and nocturnal oximetry;
C reactive protein (CRP); FEV1; self-reported
exacerbation rate and Shuttle Walk Test performance.
Results: Iron deficiency was more common in
patients with COPD (18%) compared with controls
(5%). In the COPD cohort, CRP was higher in patients
with iron deficiency (median 10.5 vs 4.0 mg/L,
p<0.001), who were also more hypoxaemic than their
iron-replete counterparts (median resting SpO2 92% vs
95%, p<0.001), but haemoglobin concentration did not
differ. Patients with iron deficiency had more self-
reported exacerbations and a trend towards worse
exercise tolerance.
Conclusions: Non-anaemic iron deficiency is
common in COPD and appears to be driven by
inflammation. Iron deficiency associates with
hypoxaemia, an excess of exacerbations and, possibly,
worse exercise tolerance, all markers of poor
prognosis. Given that it has been shown to be
beneficial in other chronic diseases, intravenous iron

therapy should be explored as a novel therapeutic
option in COPD.

INTRODUCTION
The effects of iron deficiency on haemoglo-
bin concentration are well known, but less
well recognised are the earlier consequences
prior to the development of anaemia. In
otherwise healthy individuals, these include
reduced aerobic exercise capacity, higher
levels of fatigue and impaired cognition.1 2

Iron deficiency is common in patients with
congestive heart failure, where it has been
identified as an independent predictor of
mortality.3 In this setting, it has been shown
that treatment with intravenous iron improves
functional outcomes regardless of the pres-
ence or absence of anaemia, and regardless
of whether or not haemoglobin concentra-
tions change following iron therapy.4 5

Strengths and limitations of this study

▪ The patients who took part in the study were
comprehensively evaluated and had disease
severity assessed according to a variety of well-
validated measures, many known to predict
outcome in chronic obstructive pulmonary
disease (COPD).

▪ The definition of iron deficiency was conservative
and based on several different validated indices.

▪ The study cohort was of limited size compared
to other COPD cohorts.

▪ The patient cohort was almost exclusively
Caucasian with moderately severe COPD; the
findings may not apply to other ethnic groups or
those with different disease severity.

Nickol AH, et al. BMJ Open 2015;5:e007911. doi:10.1136/bmjopen-2015-007911 1

Open Access Research

http://dx.doi.org/10.1136/bmjopen-2015-007911
http://dx.doi.org/10.1136/bmjopen-2015-007911
http://crossmark.crossref.org/dialog/?doi=10.1136/bmjopen-2015-007911&domain=pdf&date_stamp=2015-07-01
http://bmjopen.bmj.com


Iron has a pivotal role in the pathways that cells use to
sense and respond to hypoxia,6 with iron deficiency to
an extent mimicking hypoxia. This may underlie some
of the symptomatology associated with iron deficiency.7

A fall in alveolar oxygen tension causes hypoxic pulmon-
ary vasoconstriction (HPV), and chronic hypoxia can
lead to irreversible remodelling of the pulmonary vascu-
lature and pulmonary hypertension. The influence of
iron on HPV is demonstrated by the striking effects of
experimental manipulation of iron levels in healthy
humans. Iron depletion augments the pulmonary hyper-
tensive response to hypoxia, while iron loading greatly
attenuates the phenomenon.8 9

In chronic obstructive pulmonary disease (COPD),
iron deficiency could be particularly deleterious since
hypoxaemia is common, is a marker of disease severity,
and is important in the pathophysiology and extrapul-
monary manifestations of the condition.10 Pulmonary
hypertension is one of the strongest predictors of
decreased survival in COPD and is significantly driven
by hypoxia;11 it may also be augmented by iron defi-
ciency. However, the prevalence, aetiology and patho-
physiology of iron deficiency in the setting of COPD are
unknown.
In this study, we examined iron status in the Oxford

Biomedical Research Centre (BRC) COPD Cohort. We
used the traditional laboratory measures of ferritin and
transferrin saturation (TSat) as well as newer markers,
such as hepcidin and soluble transferrin receptor
(sTfR). The peptide hormone hepcidin is now under-
stood to be central to iron homoeostasis but is also
strongly influenced by the innate immune system and
erythropoietic drive. Inflammation elevates hepcidin,
which reduces serum iron and dietary iron absorption.12

Hepcidin is therefore important in the pathogenesis of
the anaemia of chronic disease.13 Measurement of sTfR
has emerged as a tool to distinguish between pure iron-
deficiency anaemia and the anaemia of chronic
disease.14 We also measured erythropoietin (EPO), C
reactive protein (CRP) and functional markers—patient-
reported outcome measures and walking distance. The
relationship between iron status and these variables was
explored.

METHODS
Patient selection criteria
The Oxford BRC COPD Cohort comprises a carefully
phenotyped group of patients with a clinical diagnosis of
COPD made according to GOLD criteria15 (forced
expiratory volume in 1 s (FEV1): forced vital capacity
(FVC) ratio <0·70 and FEV1 <80% predicted) using
standard predicted values.16 Criteria for enrolment
included the absence of other significant cardiopulmon-
ary disease or comorbidity likely to limit life-expectancy
below 2 years. It was estimated that a sample of just over
100 patients would be needed to demonstrate a 20%
prevalence of iron deficiency with 80% confidence and

5% precision, assuming an effectively unlimited popula-
tion. Between August 2009 and April 2012, patients
attending a specialist COPD clinic at a university hospital
were invited to enrol in the cohort. The study was con-
ducted in accordance with the Declaration of Helsinki
and approval was given by the NHS South Central
Berkshire Research Ethics Committee. Written informed
consent was given by all participants.

Control cohort
A group of healthy individuals without evidence of any
acute illness, who had been recruited for a different
study examining iron and exercise physiology (approved
by the NHS South Central Oxford B Research Ethics
Committee), provided control data for iron status.
Although this group was similar in size to the COPD
cohort, there was a greater proportion of females and
the average age was younger than for the COPD cohort.
In order to overcome these differences, a computer
algorithm was used to match cases with controls in a 2:1
ratio, and obtain a control cohort that was well matched
for sex and age.

Study design and procedures
This was an observational study in patients having stable
disease when enrolled. Assessments were undertaken
when patients reported being exacerbation-free for at
least 4 weeks and included history, record of exacerba-
tions, clinical examination and spirometry. Resting pulse
oximetry and arterial or capillary blood gas analysis were
performed, and nocturnal mean arterial oxygen satur-
ation and proportion of time spent asleep with SpO2

<90% were also determined (Konica Minolta Pulsox
300i; Stowood Scientific, UK). The St George’s
Respiratory Questionnaire (SGRQ),17 Hospital Anxiety
and Depression (HAD) score18 and Epworth Sleepiness
Score (ESS)19 were also used. All patients underwent
two Shuttle Walk Tests (SWT),20 with the better result
used for analysis. Whole blood was obtained from
patients at the same visit. Full blood count, serum iron,
TSat, ferritin and CRP were measured at a central
laboratory. Serum and plasma were obtained by centrifu-
gation and immediately frozen at −80°C for subsequent
analysis. sTfR and EPO were measured by ELISA
(Quantikine, R&D Systems, Abingdon, UK) as was
hepcidin (Hepcidin-25 EIA Kit, Bachem, Peninsula
Laboratories, San Carlos, California, USA) in accord-
ance with manufacturers’ specifications.

Definition of iron deficiency
Iron deficiency was defined as any one or more of (1)
sTfR >28.1 nmol/L; (2) TSat <16% and (3) serum fer-
ritin <12 µg/L. Patients were classified as iron replete
(IR) if they were not iron deficient (ID) and had TSat
≥20%. Patients who did not meet the definition of iron
deficiency but who had 16% ≤ TSat <20% were viewed
as falling into an indeterminate group. The rationale for
this definition was as follows: in clinical practice,
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measurement of serum ferritin is central to the assess-
ment of iron status with a serum ferritin level <12 µg/L
having a very high positive predictive value for absolute
iron deficiency.21 22 As an acute-phase reactant, however,
its utility is limited in the presence of inflammation.
Therefore, while low serum ferritin is diagnostic of iron
deficiency, normal serum ferritin cannot be used to
exclude it. The transferrin receptor allows cells to take up
iron and a proportion can be detected in a freely circulat-
ing form, sTfR. Inflammation does not significantly affect
sTfR levels, which reflect total transferrin receptor
expression and thus unmet iron requirements. The sTfR
cut-off of 28.1 nmol/L is based on the upper reference
limit (mean plus two SDs) of the assay when used in
healthy sea-level Caucasian patients.14 A TSat ≥20% is
associated with normal red cell indices, while a value
below 16% indicates an insufficient supply of iron to the
erythroid marrow,23 which will eventually manifest as a
microcytic, hypochromic anaemia.

Data analysis
Data were analysed and graphs plotted using SPSS (V.20,
IBM) and SigmaPlot (V.12.3, Systat Software).
Non-parametric data comparisons were made using the
Mann-Whitney U (MWU) test and parametric data ana-
lysed using a two-sided Student t test. To investigate the
effect of possible confounders, analysis of covariance
(ANCOVA) was used. Spearman’s rank correlation coef-
ficient was calculated for analysis of correlation between
iron status rank (treating sTfR and TSat of equal import-
ance) and non-parametric variables. The algorithm used
to generate the matched control cohort was written in
MATLAB (MathWorks).

RESULTS
One hundred and sixteen patients were enrolled in the
COPD cohort, with complete laboratory data available
for 113 patients (74 men, 39 women). The cohort was
thus 65% male with a mean (SD) age of 67.6 (8.77)
years. Patients had moderately severe COPD as evi-
denced by a median FEV1 of 41% predicted, with a
median pack-year history of 43.0, the majority being
ex-smokers. All but two of the patients were Caucasians.
Five patients were receiving long-term oxygen therapy,
and nine more had access to short-burst home oxygen
(supplemental oxygen for intermittent use to relieve
severe dyspnoea). The control cohort consisted of 57
individuals, 37 (65%) of whom were male, with a mean
(SD) age of 67.6 (6.10) years. All were Caucasians.

Iron deficiency is common in COPD
Twenty patients with COPD (17.7%) were ID, 81 (71.7%)
IR and 12 (10.6%) indeterminate (figure 1A). This con-
trasts with 3 (5.3%), 51 (89.5%) and 3 (5.3%), respect-
ively, for the control cohort (p=0.029, χ2) (figure 1B).
For the COPD cohort, there were no differences between
the ID and IR groups in sex, smoking status, median

number of pack years smoked or proportion receiving
oxygen therapy. FEV1 appeared to be lower in the ID
group but this difference was not statistically significant.
Equally, in the COPD cohort as a whole, there was not a
significant correlation between FEV1 and any index of
iron status, be it sTfR, TSat or overall iron status rank
(r=−0.068, p=0.477; r=0.111, p=0.240 and r=0.083,
p=0.384; respectively). Characteristics of the COPD
cohort are given in table 1.

Inflammation is prevalent in COPD and associates with
iron deficiency
In the COPD cohort, 37 patients (33%) had a CRP
greater than 8 mg/L, the upper limit of normal for the
assay used (figure 2A). In contrast, there was none in
the control cohort (p<0.001, χ2). For the patients with
COPD, CRP was significantly higher in the ID than in
the IR group (median 10.5 vs 4.0, p<0.001; figure 2B), a
relationship that persisted after adjustment for differ-
ences in FEV1 (p=0.028). The ID group had a higher
self-reported rate of exacerbations in the year prior to
enrolment (median 3 (IQR 2–6) vs 2 (IQR 1–4);
p=0.024). Again, this relationship persisted after adjust-
ment for differences in FEV1 (p=0.045).

Figure 1 (A) Venn diagram showing proportions of patients

with COPD who were iron deficient, of indeterminate iron

status or iron replete. No patients with COPD had a serum

ferritin <12 µg/L. (B) Corresponding diagram for healthy

control cohort. No healthy control participant had an sTfR

>28.1 nmol/L (COPD, chronic obstructive pulmonary disease;

sTfR, soluble transferrin receptor; TSat, transferrin saturation).
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Iron status and inflammation influence ferritin
and hepcidin levels
Figure 3 shows cumulative frequency plots for ferritin and
hepcidin. These were similar for COPD and control
cohorts. A positive correlation between hepcidin and fer-
ritin values was seen for patients with COPD as well as for
healthy controls (figure 3E). For both COPD and control
cohorts, ferritin and hepcidin levels were significantly
lower in ID versus IR individuals (COPD cohort medians:
ferritin 28.3 vs 79.9 µg/L, p<0.001; hepcidin 21.4 vs
33.4 µg/L, p=0.013; control cohort medians: ferritin 10.5
vs 76.3 µg/L, p=0.008; hepcidin 3.33 vs 35.1 µg/L,
p=0.007). For the COPD cohort, linear regression analysis
indicated CRP was a significant factor determining both
ferritin (p<0.001) and hepcidin (p<0.001). This was not
the case for the healthy control cohort, where CRP values
were low. Consistent with the elevation of ferritin and hep-
cidin by inflammation, the values for these were signifi-
cantly higher in the COPD ID subgroup compared with
the control ID subgroup (median ferritin 28.3 vs 10.5 µg/L,
p=0.040; median hepcidin 21.4 vs 3.33 µg/L, p=0.020).

Iron deficiency is associated with severity of hypoxaemia
Within the COPD cohort, resting daytime SpO2 was sig-
nificantly lower in the ID group, as were PO2 on a

capillary or arterial blood gas sample and mean noctur-
nal SpO2. Additionally, the proportion of time spent
with nocturnal SpO2 <90% was much higher in the ID
group. Figure 4 illustrates these findings. All these rela-
tionships persisted after adjustment for FEV1 (p<0.001,
p=0.006, p=0.001 and p=0.001, respectively).

Haemoglobin concentration does not differ according
to iron status in COPD
Haemoglobin levels were not significantly different in
patients with COPD between ID and IR groups despite a
significantly higher EPO level in the ID group (figure 5).
However, the mean cell volume (MCV) was lower in the
ID group (mean 88.8 vs 93.1 fL; p=0.001).

Iron status and functional performance
Exercise ability, as measured by the SWT, was worse in
the ID group (median 165 vs 240 m, p=0.035; figure 6)
but statistical significance was lost after adjusting for dif-
ferences in FEV1 (p=0.081). Differences in SGRQ
scores, HAD scores, and ESS between ID and IR groups,
did not reach statistical significance (mean 33.5 vs 30.1,
p=0.056; median 13.5 vs 11, p=0.133 and median 8 vs 5,
p=0.279, respectively).

Table 1 COPD cohort patient characteristics

All patients (113) Iron deficient (20) Iron replete (81) Statistical comparison

Male sex; n (%) 74 (65) 12 (60) 53 (66) χ2 (p=0.793)
Age, years; mean (SD) 67.6 (8.77) 67.5 (9.86) 67.5 (8.47) t test (p=0.980)

FEV1, % predicted; mean (SD) 43.8 (17.1) 39.7 (16.5) 44.8 (17.0) t test (p=0.236)

Current smoker; n (%) 17 (15) 4 (20) 11 (13.6) χ2 (p=0.710)
Pack years; median (IQR) 44.0 (28.5–62.0) 44.0 (37.0–67.0) 45.0 (27.8–62.8) MWU test (p=0.799)

BMI, kg/m2; median (IQR) 27.6 (21.7–30.3) 27.8 (21.6–31.9) 27.5 (21.7–30.6) MWU test (p=0.855)

Long-term oxygen therapy; n (%) 5 (4) 2 (10) 3 (4) χ2 (p=0.531)
Any home oxygen therapy; n (%) 14 (12) 5 (25) 8 (10) χ2 (p=0.151)

BMI, body mass index; COPD, chronic obstructive pulmonary disease; FEV, forced expiratory volume in 1 s; MWU, Mann-Whitney U.

Figure 2 (A) Cumulative frequency plot for C reactive protein (CRP). Data for the chronic obstructive pulmonary disease

(COPD) cohort are plotted with a solid line and those for the control cohort with a dashed line; the shaded area indicates the

normal range for the assay. (B) Box plot (boxes show IQR and median, whiskers show 10th and 90th centiles, circles are

outliers) showing distribution of results for CRP by iron status in the COPD cohort. CRP was significantly higher in the

iron-deficient (ID) group (median 10.5 vs 4.0 mg/L, p<0.001).

4 Nickol AH, et al. BMJ Open 2015;5:e007911. doi:10.1136/bmjopen-2015-007911

Open Access



DISCUSSION
This study has demonstrated a high prevalence of non-
anaemic iron deficiency in COPD that may be driven by
inflammation. Patients with iron deficiency were more
hypoxaemic even though they did not have significantly
worse airflow limitation. Such marked daytime and noc-
turnal hypoxaemia in the ID group was unexpected. One
possible explanation arises from the essential role of iron
as a cofactor in a key cellular pathway that senses
hypoxia, and modulates levels of the hypoxia-inducible
factor family of transcription factors.6 8 9 Tissue iron defi-
ciency alters the effect of hypoxia on the pulmonary
vasculature,8 and thus may impair physiological ventila-
tion to perfusion matching and worsen hypoxaemia.
Irrespective of the underlying mechanisms, the high
prevalence of iron deficiency in COPD and the newly
identified association of iron deficiency with hypoxaemia
are potentially of considerable clinical significance.

The major hormone that acts to determine iron avail-
ability and distribution is hepcidin. Serum levels of hep-
cidin are influenced by iron, hypoxia, erythropoietic
drive and inflammation.12 The importance of inflam-
mation in regulating iron availability in COPD is illu-
strated by the failure of the combination of iron
deficiency and hypoxia to suppress hepcidin completely
in the ID COPD group, whereas it is barely detectable
in the ID healthy controls. This ‘inappropriate expres-
sion’ of hepcidin is similar to that seen in the anaemia
of chronic disease.24

Within the ID COPD group, despite significantly lower
ferritin and MCV, anaemia was uncommon and mean
haemoglobin concentration was not lower than in the IR
patients. The ID group had higher EPO levels, consist-
ent with appropriate sensing of hypoxaemia, but a
failure of the marrow to respond accordingly. It appears
as a tension exists here between erythropoietic drive and

Figure 3 (A and B) Cumulative

frequency plots for ferritin and

hepcidin. Data for the chronic

obstructive pulmonary disease

(COPD) cohort are plotted with a

solid line and those for the control

cohort with a dashed line; the

shaded area indicates the normal

range for each assay. (C and D)

Box plots showing distribution of

results for ferritin and hepcidin by

iron status in the COPD cohort.

Ferritin (median 28.3 vs 79.9 µg/L;

p<0.001) and hepcidin (median

21.4 vs 33.4 µg/L; p=0.013) were

both lower in the iron-deficient

(ID) group. (E) Scatter plot

showing relationship between

hepcidin and ferritin in the COPD

cohort (filled circles) and control

cohort (empty circles); the

regression line is for both groups

taken together; individual

regression lines were not

significantly different.
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iron availability, with inflammation-driven, hepcidin-
mediated iron sequestration constraining a rise in
haemoglobin. In support of this suggestion, it was noted
50 years ago that individuals with severe lung disease
tended to increment their haemoglobin only if given
intramuscular iron.25

The findings in the present study have parallels with
those from studies exploring iron homoeostasis in other
chronic respiratory diseases. In pulmonary vascular
disease, iron deficiency is common.26–28 In patients with
idiopathic pulmonary arterial hypertension, the preva-
lence of non-anaemic iron deficiency approaches
two-thirds, and severity of iron deficiency correlates with
WHO functional class and worsening exercise capacity,
independent of haemoglobin concentration.29 Recently,

iron deficiency has been shown to be associated with
worse lung function, and higher iron stores negatively
correlated with risk of asthma, in a large cohort of north
American women.30 Whether intravenous iron therapy
may be beneficial for patients with idiopathic pulmonary
arterial hypertension is the subject of a large ongoing
randomised-controlled clinical trial,31 and a small pilot
study has recently described short-term improvement in
functional outcomes with intravenous iron in this
setting, though no data on pulmonary artery pressure
were reported.32 With respect to COPD, pulmonary
hypertension11 and hypoxaemia10 are both predictors of
mortality, and therefore iron deficiency and hypoxaemia
may interact in a particularly deleterious way in this
condition.

Figure 4 Box plots showing

distribution of (A) resting

peripheral oxygen saturation

(SpO2), (B) resting PO2 on blood

gas, (C) mean nocturnal SpO2

and (D) percentage of nocturnal

SpO2 recordings <90%, all by

iron status, in the chronic

obstructive pulmonary disease

(COPD) cohort. All measures

were significantly worse in the

iron-deficient (ID) group (medians

92 vs 95%, p<0.001; 7.97 vs

9.05 kPa, p=0.008; 88.6 vs

91.2%, p=0.015; and 75.3 vs

16.4%; p=0.005, respectively).

Figure 5 Box plots showing

distribution of (A) erythropoietin

(EPO) and (B) haemoglobin (Hb)

concentration, by iron status in

the chronic obstructive pulmonary

disease (COPD) cohort. EPO was

significantly higher in the

iron-deficient (ID) group (median

23.9 vs 13.5 mIU/mL, p=0.001)

but Hb did not differ (mean 13.4

vs 13.8 g/dL; p=0.260).
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In adult patients with another chronic inflammatory
respiratory disorder, cystic fibrosis, an impaired erythro-
poietic response to hypoxaemia has also been
described,33 apparently associated with inflammation, as
in our COPD cohort. In a separate study, a 3-month
course of oral iron was shown not to increase haemoglo-
bin in a subgroup of patients with cystic fibrosis and
functional iron deficiency (defined as TSat <16%).34

However, a very small case series of adult patients with
cystic fibrosis given intravenous iron for anaemia refrac-
tory to oral iron found that haemoglobin concentration
and MCV rose significantly within days of therapy.35

These findings are consistent with suppression of iron
absorption by hepcidin. Figure 7 gives a schematic repre-
sentation of the influence of hepcidin in the setting of
chronic inflammation.
Non-invasive assessment of iron status is challenging in

COPD, as in other chronic inflammatory conditions,
since serum ferritin may be normal or raised despite
inadequate iron availability. None of the patients with
COPD had a serum ferritin level that would be consid-
ered strictly diagnostic of absolute iron deficiency.
However, the lower MCV in the ID group argues that we
did identify individuals with iron-restricted erythropoi-
esis. Importantly, the relationships observed between iron
status, hypoxaemia and inflammation were essentially
unchanged when additional analyses were performed
using definitions of iron deficiency based either solely on
low TSat, solely on raised sTfR, or on an even more
restrictive requirement for both low TSat and low sTfR.
We would therefore argue that, in this setting, each
measure detects iron sequestration, the locking-away of
iron such that it is unavailable for a particular physio-
logical process,13 and thus functional iron deficiency.
The ID patients in our cohort had a significantly

higher rate of self-reported exacerbations in the preced-
ing year. This is important, since exacerbations contrib-
ute to COPD progression and strongly predict
outcome.36–38 Furthermore, our study may suggest

greater impairment of exercise capacity in ID patients
with COPD, though statistical significance was lost after
correction for differences in FEV1. When our COPD
cohort was established, the SWTwas chosen over the self-
paced 6 min walk test because the performance has been
reported to correlate strongly with maximum oxygen
consumption,39 40 which itself may be affected by iron
deficiency. Numerically, the ID group managed only
two-thirds the SWT distance of their IR counterparts. The
minimum clinically important difference in the SWT,
based on data from a cohort similar to ours undergoing a
pulmonary rehabilitation programme, has been deter-
mined as 47.5 m, with patients reporting additional
benefit at 78.7 m.41 Interestingly, this latter figure is
approximately the difference between medians of the ID
and IR groups. The SWT has been shown independently
to predict survival in patients with COPD, with one study
finding nearly a threefold higher mortality during an
average of 4½ years of follow-up when SWT distance fell
below 170 m,42 a value higher than the median distance
achieved by our ID group. However, one of the limita-
tions of the present study is that the size of our COPD

Figure 6 Box plots showing distribution of (A) Shuttle Walk Test (SWT) distance and (B) St George’s Respiratory Questionnaire

(SGRQ) score, by iron status in the chronic obstructive pulmonary disease (COPD) cohort. SWT distance was lower in the

iron-deficient (ID) group (median 165 vs 240 m, p=0.035) although statistical significance was lost after correction for difference in

FEV1 (p=0.081). The difference in SGRQ scores was not statistically significant (mean 33.5 vs 30.1, p=0.056).

Figure 7 Relationships between hypoxia, inflammation and

iron homoeostasis, mediated by hepcidin (EPO, erythropoietin).
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cohort limits the power of functional comparisons
between groups, so these data await validation in larger
studies. A further limitation is that our patients were
almost all Caucasian and had moderately severe COPD,
so our findings may not apply to other ethnic groups or
to those with disease of greater or lesser severity.
Recently, others have begun to consider the import-

ance of disturbed iron homoeostasis in COPD, but
anaemia continues to be a central focus.43 44 It is cer-
tainly the case that, as in other chronic conditions,
anaemia predicts a worse outcome in COPD,45 both in
the setting of admission with an acute exacerbation46

and in the long term.47 48 Taken as a whole, though, our
findings suggest greater attention should be paid to iron
deficiency irrespective of the presence or absence of
anaemia. Novel therapeutic possibilities include both
the manipulation of iron status through intravenous iron
therapy and, tantalisingly, hepcidin antagonists becom-
ing available.

Author affiliations
1Oxford Centre for Respiratory Medicine and the Oxford Respiratory Trials
Unit, Oxford University Hospitals NHS Trust, Churchill Hospital, Oxford, UK
2Department of Physiology, Anatomy and Genetics, University of Oxford,
Oxford, UK
3Weatherall Institute of Molecular Medicine, University of Oxford, John
Radcliffe Hospital, Oxford, UK
4Nuffield Department of Medicine, University of Oxford, Oxford, UK

Acknowledgements The Oxford Respiratory Trials Unit including Melissa
Dobson (Operations Director), Emma Hedley (Clinical Trials Manager), Jack
Quaddy (Data Coordinator), Assunta Sabia (Data Clerk), Rachel Shaw (Clinical
Trials Manager) and Mithun Sortur (Data Manager).

Contributors AHN, FMH, PJR and PAR conceived and designed the study.
FMH, AM, BMM, TH-W, H-YC, KLD and AHN recruited the participants. AM,
BMM, TH-W, H-YC and MCF acquired the data. H-YC, MCF, KAP, NKB, MKC,
SK, AHN and AEA analysed the samples. AHN, MCF, H-YC, DPO, NMR, AEA,
HD and PAR analysed and interpreted the data. AHN, MCF and PAR drafted
the manuscript. KLD, PJR, NMR, AEA and HD revised the article critically for
important intellectual content. AHN and PAR are the guarantors of the data,
had full access to all data in the study, and take responsibility for the integrity
of the data and the accuracy of the data analysis. All authors approved the
submitted version of the manuscript.

Funding This work was supported by the NIHR Biomedical Research Centre,
based at Oxford University Hospitals NHS Trust, Oxford, and by a grant from
The Dunhill Medical Trust to KLD (grant number: R178/1110).

Competing interests PAR has received grant funding from Vifor Pharma for
basic science studies of iron biology, including in support of work by MKC
unrelated to that presented here. PJR is a co-founder and holds equity in
ReOx Ltd, a University spin-out company that aims to develop HIF
hydroxylase inhibitors for therapeutic use.

Disclaimer The views expressed are those of the authors and not necessarily
those of the NHS, the NIHR or the Department of Health.

Ethics approval NHS South Central Berkshire Research Ethics Committee.

Provenance and peer review Not commissioned; externally peer reviewed.

Data sharing statement No additional data are available.

Open Access This is an Open Access article distributed in accordance with
the terms of the Creative Commons Attribution (CC BY 4.0) license, which
permits others to distribute, remix, adapt and build upon this work, for
commercial use, provided the original work is properly cited. See: http://
creativecommons.org/licenses/by/4.0/

REFERENCES
1. Friedmann B, Weller E, Mairbaurl H, et al. Effects of iron repletion on

blood volume and performance capacity in young athletes. Med Sci
Sports Exerc 2001;33:741–6.

2. Murray-Kolb LE. Iron status and neuropsychological consequences
in women of reproductive age: what do we know and where are we
headed? J Nutr 2011;141:747S–55S.

3. Klip IT, Comin-Colet J, Voors AA, et al. Iron deficiency in chronic
heart failure: an international pooled analysis. Am Heart J
2013;165:575–82.

4. Anker SD, Comin Colet J, Filippatos G, et al. Ferric carboxymaltose
in patients with heart failure and iron deficiency. N Engl J Med
2009;361:2436–48.

5. Ponikowski P, van Veldhuisen DJ, Comin-Colet J, et al. Beneficial
effects of long-term intravenous iron therapy with ferric
carboxymaltose in patients with symptomatic heart failure and iron
deficiency. Eur Heart J 2015;36:657–68.

6. Schofield CJ, Ratcliffe PJ. Oxygen sensing by HIF hydroxylases.
Nat Rev Mol Cell Biol 2004;5:343–54.

7. Robinson JC, Graham BB, Rouault TC, et al. The crossroads of iron
with hypoxia and cellular metabolism. Implications in the
pathobiology of pulmonary hypertension. Am J Respir Cell Mol Biol
2014;51:721–9.

8. Smith TG, Balanos GM, Croft QP, et al. The increase in pulmonary
arterial pressure caused by hypoxia depends on iron status.
J Physiol 2008;586(Pt 24):5999–6005.

9. Smith TG, Talbot NP, Privat C, et al. Effects of iron supplementation
and depletion on hypoxic pulmonary hypertension: two randomized
controlled trials. JAMA 2009;302:1444–50.

10. Kent BD, Mitchell PD, McNicholas WT. Hypoxemia in patients with
COPD: cause, effects, and disease progression. Int J Chron
Obstruct Pulmon Dis 2011;6:199–208.

11. Chaouat A, Naeije R, Weitzenblum E. Pulmonary hypertension in
COPD. Eur Respir J 2008;32:1371–85.

12. Drakesmith H, Prentice AM. Hepcidin and the iron-infection axis.
Science 2012;338:768–72.

13. Goodnough LT, Nemeth E, Ganz T. Detection, evaluation, and
management of iron-restricted erythropoiesis. Blood
2010;116:4754–61.

14. Allen J, Backstrom KR, Cooper JA, et al. Measurement of soluble
transferrin receptor in serum of healthy adults. Clin Chem
1998;44:35–9.

15. Rabe KF, Hurd S, Anzueto A, et al. Global strategy for the
diagnosis, management, and prevention of chronic obstructive
pulmonary disease: GOLD executive summary. Am J Respir Crit
Care Med 2007;176:532–55.

16. Pellegrino R, Viegi G, Brusasco V, et al. Interpretative strategies for
lung function tests. Eur Respir J 2005;26:948–68.

17. Jones PW, Quirk FH, Baveystock CM, et al. A self-complete
measure of health status for chronic airflow limitation. The
St. George’s Respiratory Questionnaire. Am Rev Respir Dis
1992;145:1321–7.

18. Zigmond AS, Snaith RP. The hospital anxiety and depression scale.
Acta Psychiatr Scand 1983;67:361–70.

19. Johns MW. A new method for measuring daytime sleepiness:
the Epworth sleepiness scale. Sleep 1991;14:540–5.

20. Singh SJ, Morgan MD, Scott S, et al. Development of a shuttle
walking test of disability in patients with chronic airways obstruction.
Thorax 1992;47:1019–24.

21. Cavill I. Iron status as measured by serum ferritin: the marker and its
limitations. Am J Kidney Dis 1999;34(4 Suppl 2):S12–17.

22. Cook JD, Skikne BS. Serum ferritin: a possible model for the
assessment of nutrient stores. Am J Clin Nutr 1982;35(5 Suppl):
1180–5.

23. Bainton DF, Finch CA. The diagnosis of iron deficiency anemia.
Am J Med 1964;37:62–70.

24. Weinstein DA, Roy CN, Fleming MD, et al. Inappropriate expression
of hepcidin is associated with iron refractory anemia: implications for
the anemia of chronic disease. Blood 2002;100:3776–81.

25. Fielding J, Zorab PA. Polycythaemia and iron deficiency in
pulmonary “emphysema”. Lancet 1964;2:284–6.

26. Soon E, Treacy CM, Toshner MR, et al. Unexplained iron deficiency
in idiopathic and heritable pulmonary arterial hypertension. Thorax
2011;66:326–32.

27. Ruiter G, Lankhorst S, Boonstra A, et al. Iron deficiency is common
in idiopathic pulmonary arterial hypertension. Eur Respir J
2011;37:1386–91.

28. Ruiter G, Lanser IJ, de Man FS, et al. Iron deficiency in systemic
sclerosis patients with and without pulmonary hypertension.
Rheumatology 2014;53:285–92.

8 Nickol AH, et al. BMJ Open 2015;5:e007911. doi:10.1136/bmjopen-2015-007911

Open Access

http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://dx.doi.org/10.1097/00005768-200105000-00010
http://dx.doi.org/10.1097/00005768-200105000-00010
http://dx.doi.org/10.3945/jn.110.130658
http://dx.doi.org/10.1016/j.ahj.2013.01.017
http://dx.doi.org/10.1056/NEJMoa0908355
http://dx.doi.org/10.1093/eurheartj/ehu385
http://dx.doi.org/10.1038/nrm1366
http://dx.doi.org/10.1165/rcmb.2014-0021TR
http://dx.doi.org/10.1113/jphysiol.2008.160960
http://dx.doi.org/10.1001/jama.2009.1404
http://dx.doi.org/10.2147/COPD.S10611
http://dx.doi.org/10.2147/COPD.S10611
http://dx.doi.org/10.1183/09031936.00015608
http://dx.doi.org/10.1126/science.1224577
http://dx.doi.org/10.1182/blood-2010-05-286260
http://dx.doi.org/10.1164/rccm.200703-456SO
http://dx.doi.org/10.1164/rccm.200703-456SO
http://dx.doi.org/10.1183/09031936.05.00035205
http://dx.doi.org/10.1164/ajrccm/145.6.1321
http://dx.doi.org/10.1111/j.1600-0447.1983.tb09716.x
http://dx.doi.org/10.1136/thx.47.12.1019
http://dx.doi.org/10.1053/ajkd.1999.v34.aajkd0344b0012
http://dx.doi.org/10.1016/0002-9343(64)90212-8
http://dx.doi.org/10.1182/blood-2002-04-1260
http://dx.doi.org/10.1016/S0140-6736(64)93048-X
http://dx.doi.org/10.1136/thx.2010.147272
http://dx.doi.org/10.1183/09031936.00100510
http://dx.doi.org/10.1093/rheumatology/ket331


29. Rhodes CJ, Howard LS, Busbridge M, et al. Iron deficiency and
raised hepcidin in idiopathic pulmonary arterial hypertension: clinical
prevalence, outcomes, and mechanistic insights. J Am Coll Cardiol
2011;58:300–9.

30. Brigham EP, McCormack MC, Takemoto CM, et al. Iron status is
associated with asthma and lung function in US women. PLoS ONE
2015;10:e0117545.

31. Howard LS, Watson GM, Wharton J, et al. Supplementation of iron
in pulmonary hypertension: rationale and design of a phase II
clinical trial in idiopathic pulmonary arterial hypertension. Pulm Circ
2013;3:100–7.

32. Viethen T, Gerhardt F, Dumitrescu D, et al. Ferric carboxymaltose
improves exercise capacity and quality of life in patients with
pulmonary arterial hypertension and iron deficiency: a pilot study.
Int J Cardiol 2014;175:233–9.

33. Fischer R, Simmerlein R, Huber RM, et al. Lung disease
severity, chronic inflammation, iron deficiency, and erythropoietin
response in adults with cystic fibrosis. Pediatr Pulmonol
2007;42:1193–7.

34. Pond MN, Morton AM, Conway SP. Functional iron deficiency in
adults with cystic fibrosis. Respir Med 1996;90:409–13.

35. Hoo ZH, Wildman MJ. Intravenous iron among cystic fibrosis
patients. J Cyst Fibros 2012;11:560–2.

36. Groenewegen KH, Schols AM, Wouters EF. Mortality and mortality-
related factors after hospitalization for acute exacerbation of COPD.
Chest 2003;124:459–67.

37. Tanabe N, Muro S, Hirai T, et al. Impact of exacerbations on
emphysema progression in chronic obstructive pulmonary disease.
Am J Respir Crit Care Med 2011;183:1653–9.

38. Halpin DM, Decramer M, Celli B, et al. Exacerbation frequency
and course of COPD. Int J Chron Obstruct Pulmon Dis
2012;7:653–61.

39. Singh SJ, Morgan MD, Hardman AE, et al. Comparison of oxygen
uptake during a conventional treadmill test and the shuttle walking
test in chronic airflow limitation. Eur Respir J 1994;7:2016–20.

40. Green DJ, Watts K, Rankin S, et al. A comparison of the shuttle and
6 minute walking tests with measured peak oxygen consumption in
patients with heart failure. J Sci Med Sport 2001;4:292–300.

41. Singh SJ, Jones PW, Evans R, et al. Minimum clinically important
improvement for the incremental shuttle walking test. Thorax
2008;63:775–7.

42. Ringbaek T, Martinez G, Brondum E, et al. Shuttle walking test as
predictor of survival in chronic obstructive pulmonary disease
patients enrolled in a rehabilitation program. J Cardiopulm Rehabil
Prev 2010;30:409–14.

43. Schneckenpointner R, Jorres RA, Meidenbauer N, et al. The clinical
significance of anaemia and disturbed iron homeostasis in chronic
respiratory failure. Int J Clin Pract 2014;68:130–8.

44. Silverberg DS, Mor R, Weu MT, et al. Anemia and iron deficiency in
COPD patients: prevalence and the effects of correction of the
anemia with erythropoiesis stimulating agents and intravenous iron.
BMC Pulm Med 2014;14:24.

45. Portillo K, Martinez-Rivera C, Ruiz-Manzano J. Anaemia in chronic
obstructive pulmonary disease. Does it really matter? Int J Clin Pract
2013;67:558–65.

46. Martinez-Rivera C, Portillo K, Munoz-Ferrer A, et al. Anemia is a
mortality predictor in hospitalized patients for COPD exacerbation.
COPD 2012;9:243–50.

47. Boutou AK, Karrar S, Hopkinson NS, et al. Anemia and survival in
chronic obstructive pulmonary disease: a dichotomous rather than a
continuous predictor. Respiration 2013;85:126–31.

48. Martinez FJ, Foster G, Curtis JL, et al. Predictors of mortality in
patients with emphysema and severe airflow obstruction. Am J
Respir Crit Care Med 2006;173:1326–34.

Nickol AH, et al. BMJ Open 2015;5:e007911. doi:10.1136/bmjopen-2015-007911 9

Open Access

http://dx.doi.org/10.1016/j.jacc.2011.02.057
http://dx.doi.org/10.1371/journal.pone.0117545
http://dx.doi.org/10.4103/2045-8932.109923
http://dx.doi.org/10.1016/j.ijcard.2014.04.233
http://dx.doi.org/10.1002/ppul.20717
http://dx.doi.org/10.1016/S0954-6111(96)90114-6
http://dx.doi.org/10.1016/j.jcf.2012.05.002
http://dx.doi.org/10.1378/chest.124.2.459
http://dx.doi.org/10.1164/rccm.201009-1535OC
http://dx.doi.org/10.2147/COPD.S34186
http://dx.doi.org/10.1016/S1440-2440(01)80038-4
http://dx.doi.org/10.1136/thx.2007.081208
http://dx.doi.org/10.1097/HCR.0b013e3181e1736b
http://dx.doi.org/10.1097/HCR.0b013e3181e1736b
http://dx.doi.org/10.1111/ijcp.12216
http://dx.doi.org/10.1186/1471-2466-14-24
http://dx.doi.org/10.1111/ijcp.12125
http://dx.doi.org/10.3109/15412555.2011.647131
http://dx.doi.org/10.1159/000338792
http://dx.doi.org/10.1164/rccm.200510-1677OC
http://dx.doi.org/10.1164/rccm.200510-1677OC

	A cross-sectional study of the prevalence and associations of iron deficiency in a cohort of patients with chronic obstructive pulmonary disease
	Abstract
	Introduction
	Methods
	Patient selection criteria
	Control cohort
	Study design and procedures
	Definition of iron deficiency
	Data analysis

	Results
	Iron deficiency is common in COPD
	Inflammation is prevalent in COPD and associates with iron deficiency
	Iron status and inflammation influence ferritin and hepcidin levels
	Iron deficiency is associated with severity of hypoxaemia
	Haemoglobin concentration does not differ according to iron status in COPD
	Iron status and functional performance

	Discussion
	References


