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Background and Aims: During the long-term treatment of patients with hereditary haemochromatosis (HH)
the authors observed that proton pump inhibitors (PPI) reduced the requirement for maintenance phlebotomy.
Gastric acid plays a crucial role in non-haem iron absorption and the authors performed a case review and
intervention study to investigate if PPI-induced suppression of gastric acid would reduce dietary iron
absorption in C282Y homozygous patients.
Methods: Phlebotomy requirements to keep serum ferritin ,50 mg/l before (mean 6.1 (SE 0.6) years) and
during (3.8 (0.9) years) administration of a PPI were evaluated in seven patients and a post-prandial study
was performed to determine whether PPIs reduce absorption of non-haem iron (14.5 mg) from a test meal in
a further 14 phlebotomised patients with normal iron stores.
Results: There was a significant reduction (p,0.001) in the volume of blood removed annually before (2.5
(0.25) l) and while taking (0.5 (0.25) l) a PPI. Administration of a PPI for 7d suppressed absorption of non-
haem iron from the meal as shown by a significant reduction (all p,0.01) in: area under the serum curve
(2145 (374) versus 1059 (219)), % recovery of administered iron at peak serum iron (20.5 (3.2) versus 11.0
(2.0)%) and peak serum iron (13.6 (2.4) vs 6.1 (1.2) mmol/l) (all values are before vs during PPI).
Conclusions: Administration of a PPI to patients with HH can inhibit the absorption of non-haem iron from a
test meal and the habitual diet.

T
he phenotype of HFE-related hereditary haemochromatosis
(HH) results from the progressive accumulation of iron in
the parenchymal cells of the liver, pancreas, anterior

pituitary and cardiac myocytes, and in the absence of treatment
to reduce body iron levels a characteristic picture of tissue
injury and organ failure develops.1 2 The mainstay of treatment
consists of repeated phlebotomy to induce negative iron balance
and remove excess iron stored in the tissues. Introduced as a
treatment over 50 years ago,3 this has proved to be a highly
effective means of removing excess iron and preventing further
iron accumulation in the tissues following removal of the initial
iron burden.4–6 Importantly, if iron stores are removed before
tissue damage in the form of cirrhosis or diabetes has supervened,
then organ failure can be prevented and life expectancy is normal.7

However, phlebotomy provides a powerful stimulus to iron
absorption and following removal of tissue storage iron at
diagnosis, long-term maintenance phlebotomy with the removal
of ,1.8–2.4 l (3–4 units of blood) annually, equivalent to ,0.75–
1.0 g of iron, is required to keep iron stores within normal limits.8 9

Other methods of preventing or reducing the rate of iron re-
accumulation in HH are not routinely practised even though
dietary intervention appears to have the potential to limit
dietary iron absorption. For example, polyphenols supplied by
drinking tea resulted in a 70% reduction in the absorption of
non-haem iron from a test meal in a group of HH patients.10

Gastric acid production is also known to be an important factor
in ensuring optimum conditions for the absorption of non-
haem iron11 and in a recent case report, two anaemic patients
failed to respond to oral iron treatment while taking proton
pump inhibitor (PPI) but iron status improved when the PPI
was withdrawn.12 In an early study, it was reported that a single
dose of cimetidine, an H2-histamine receptor antagonist
(H2RA), resulted in a significant reduction in the absorption
of non-haem iron from a test meal in controls and patients with
idiopathic haemochromatosis.13 However, there are reasons to
revisit this issue. Firstly, the impact that suppression of gastric

acid has on the absorption of non-haem iron has not been
assessed in HH patients homozygous for the C282Y mutation.
Secondly, despite their widespread use long-term pharmacolo-
gical suppression of gastric acid with PPIs is not associated with
an increased risk of iron deficiency anaemia,14 15 possibly
because individuals with normal regulatory mechanisms
governing iron absorption are able to adapt to reduced
bioavailability of non-haem iron by upregulating absorption.
Thirdly, PPIs offer a greater degree of acid suppression than
H2RA and are widely used in the treatment of acid-peptic
disease in primary care.

The present study was prompted by our observation that
patients taking a PPI or H2RA had a reduced requirement for
maintenance phlebotomy. A case review of patients with
haemochromatosis undergoing maintenance phlebotomy at
this institution was conducted to evaluate the potential effect
of these agents on iron re-accumulation. A comparison of
paired data was made in a group of patients where phlebotomy
records were available for a substantial period when no acid
suppressant agents were taken, and then, during a subsequent
period following administration of a PPI. A further group of
patients who had never taken a PPI was also studied. The case
review was followed by an intervention study of post-prandial
iron absorption in fully treated patients with HH before and
during administration of a PPI to look for evidence that these
agents reduce the absorption of dietary non-haem iron.

PATIENTS AND METHODS
These studies were approved by the Local Research Ethics
Committee of King’s College Hospital and patients gave their
informed consent.

Abbreviations: AUC, area under the serum iron curve; HCl, hydrochloric
acid; HH, hereditary haemochromatosis; H2RA, H2-histamine receptor
antagonist; NSAIDs, non-steroidal anti-inflammatory drugs; PPI, proton
pump inhibitor
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Case review
Clinical records of 15 patients who were homozygous for the
C282Y mutation in HFE and attending the Institute of Liver
Studies, King’s College Hospital, London were reviewed. In a
study of seven patients, a paired design was used to compare
phlebotomy treatment before and during administration of a
PPI, when this had been administered for at least 12 months.
These seven patients represent all those identified and,
specifically, no patients who met these criteria were excluded
from the analysis. A further eight patients who had never taken
a PPI acted as case controls in an unpaired analysis. Of the
seven patients in the paired analysis, five had undergone liver
biopsy (fibrosis, 3; cirrhosis, 2) while in the unpaired group, six
had undergone liver biopsy (fibrosis, 3; cirrhosis, 3). All liver
biopsies showed grade 4 siderosis.16 All patients had been fully
treated and were undergoing maintenance phlebotomy of
600 ml per session performed at a frequency to maintain
serum ferritin ,50 mg/l.8 9 Review was routinely conducted at
three-monthly intervals and the serum ferritin and haemoglo-
bin concentration from the previous visit used to inform the
decision to carry out phlebotomy. An increase or decrease in the
frequency with which phlebotomy was performed was deter-
mined by the corresponding change in serial serum ferritin
values compared to the target level of 50 mg/l. The iron burden
at diagnosis was calculated by assuming that 600 ml whole
blood contains ,0.25 g iron and noting the volume of blood
removed by the initial course of phlebotomy leading to a
reduction in serum ferritin to ,50 mg/l and a transient fall in
haemoglobin to between 12 and 13 g/dl. The long-term use of
non-steroidal anti-inflammatory drugs (NSAIDs) was noted.
Serum ferritin was measured by immunoassay with chemilu-
minescent sensing on core equipment (Advia Centaur; Bayer
Diagnostics, Newbury, UK) in the Department of Clinical
Biochemistry, King’s College Hospital.

Statistical analyses were carried out using SPSS, Version 10
for Windows (SPSS Inc, Chicago, IL, USA). The paired
Student’s t test was used for a within-group comparison of:
(1) the number of years used to assess quantity of blood
removed before versus during administration of a PPI; (2)
average serum ferritin and haemoglobin levels over the course
of both recording periods; (3) quantity of blood removed
annually to maintain serum ferritin ,50 mg/l during both
recording periods. Comparison of these parameters between
paired and unpaired groups was performed using one-way
ANOVA and an unpaired t test used to compare mean age at the
time of analysis.

Post-prandial iron absorption study
Fourteen patients who were homozygous for the C282Y
mutation in HFE and undergoing maintenance phlebotomy
took part in a study of the effect of a PPI on the absorption of
dietary non-haem iron. Mean age at the time of the study was

57.1 (SE 3.1) years and mean length of time since diagnosis
was 8.7 (SE 2.1) years. Liver biopsy performed at diagnosis
showed grade 4 siderosis16 with fibrosis (n = 10) or cirrhosis
(n = 4) and the iron burden calculated as described above was
12.8 (SE 1.8) g. Serum ferritin and haemoglobin concentration
at the time of study were 87.8 (SE 14.1) mg/l and 13.8 (SE
0.4) g/dl respectively.

We estimated iron absorption by measuring the increase in
serum iron concentration after ingestion of a test meal
containing highly bioavailable iron, a technique previously
validated in individuals who were avid for iron.17 The increase
in serum iron following ingestion of the meal prepared as a
single batch was measured after an overnight fast on two
occasions—before and during administration of a PPI daily for
7 days, with patients thereby acting as their own controls. After
baseline blood samples had been drawn, patients consumed the
meal at a similar time (between 08:30 and 09:15) to avoid
possible confounding by diurnal variation in serum iron
concentration. The meal has been previously shown to promote
absorption (high vitamin C, low polyphenols and phytates) of
non-haem iron and consisted of vegetarian shepherd’s pie, fruit
salad and orange juice.17 The meal contained a total of 14.5 mg
of iron—comprising 4.5 mg intrinsic iron18 and 10 mg extrinsic
iron in the form of a FeCl3 solution added to the meal
immediately before consumption.17

The patients received one of two PPIs, at pharmaco-
equivalent doses, namely lansoprazole (30 mg) or omeprazole
(20 mg) daily. Both PPIs increase intragastric pH to a similar
degree and duration over a 24 h period.19 PPIs were taken in the
morning for 7 days, starting on the day after the first iron
absorption test with the final dose taken on the morning of the
second iron absorption test.

Following ingestion of the meal patients were allowed to
consume only water for a period of 4 h. During this time, blood
was taken every 30 min for measurement of total serum iron on
a Cobas Mira autoanalyzer using a ferrozine-based colorimetric
assay20 with absorption measured at 562 nm. The parameters of
the serum iron curves used as indicators of iron absorption
were: the area under the serum iron curve for 4 h (AUC0–4)
calculated using the trapezium rule, the maximum increase in
serum iron concentration (D iron max) and percentage iron
recovered at peak (max).17 A repeated-measures ANOVA was
used to compare the post-prandial increase in total serum iron
in patients before and during administration of the PPI using
SPSS version 10.

RESULTS
Case review
In the first study, paired data were employed to minimise
factors other than a PPI that could have influenced iron stores.
Records of blood removed from seven patients during main-
tenance phlebotomy over an extended period, on average

Table 1 Phlebotomy requirements and iron indices in 7 patients before and during PPI
treatment (paired) and in 8 patients not prescribed a PPI (unpaired)

Paired group (n = 7) Unpaired group (n = 8)

Before PPI During PPI p Value p Value� p Value`

Recording period (years) 6.1 (0.2)* 3.8 (0.9) 0.2 NS 7.8 (1.5) 0.9 NS 0.06 NS
Haemoglobin (g/dl) 14 (0.2) 14.3 (0.4) 0.6 NS 13.5 (0.3) 0.7 NS 0.3 NS
Serum ferritin (mg/l) 81.4 (17.1) 38.5 (8.5) 0.1 NS 55.3 (4.7) 0.3 NS 0.9 NS
Annual phlebotomy
requirements (litres)

2.5 (0.2) 0.5 (0.2) ,0.001 2.3 (0.1) 1.0 NS ,0.001

NS, not significant.
*All values are mean (SEM) �compared to before PPI `compared to during PPI.
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,10 years, were available for evaluation, together with
repeated haematological and iron biochemical indices. The
length of the two recording periods—before and during
administration of a PPI—did not differ significantly (table 1,
paired group). In addition, haemoglobin concentration and
serum ferritin levels before and during administration of a PPI
did not differ significantly (table 1) indicating that there was
no substantial change in iron stores over the two periods
evaluated.

The patients were heavily iron loaded at diagnosis as
indicated by marked iron overload on liver biopsy (grade 4
siderosis) and the removal of 14.3 (SEM 5.1) g of iron by the
initial course of phlebotomy and it can be anticipated that such
patients would require the annual removal of ,4 units of blood
(2–2.5 l) per year to prevent re-accumulation of iron stores.8 9

Annual phlebotomy requirements were found to be 2.5 (SEM
0.25) l in the period before administration of a PPI (fig 1) while
administration of a PPI over a ,4-year period (tables 1 and 2)
resulted in a significant reduction in the amount of blood
removed annually (0.5 (SEM 0.25) l, p ,0.001) in order to
maintain ferritin levels close to the target level of ,50 mg/l
(fig 1). The rationale for the administration of a PPI is
summarised in table 2.

In all patients a PPI was administered following upper
gastrointestinal endoscopy that was performed because of the
development of a new symptom of epigastric pain.
Histologically proven Barrett’s oesophagus was demonstrated
in two patients (1 and 4) while changes of mild to moderate
reflux oesophagitis were found in the remaining patients. This
was associated with long-term NSAID use in patients 3 and 7
that was continued while taking a PPI. In all patients upper
gastrointestinal endoscopy excluded possible sources of hae-
morrhage from the oesophagus, stomach and duodenum
including varices, portal hypertensive gastropathy and peptic
ulceration.

As well as using paired data to investigate the effect of a PPI
on iron stores, the records of eight case control patients who
had never taken a PPI were also analysed. This unpaired group
did not differ significantly when compared with the paired
group in terms of mean age (years (SEM)) at time of analysis
(55.8 (4.9) vs 63.6 (5.0) (paired), p = 0.29) or initial iron
burden (15.9 (3.9) vs 14.3 (5.1) g (paired), p = 1.0). In
addition, the length of the recording period, haemoglobin
concentration and serum ferritin level (mg/l) did not differ
significantly when compared with the paired group, either
before or during a PPI (table 1). Annual phlebotomy require-
ments for the unpaired group compared with the paired group
before PPI did not differ significantly, while, as expected, there

was a highly significant reduction when compared with the
paired group during PPI (table 1). It is unlikely that increased
age played a part in this reduction, because the mean age of the
paired group while on the PPI did not differ significantly from
the unpaired group and yet phlebotomy requirements were
significantly reduced (table 1).

Post-prandial iron absorption study
Fourteen fully treated patients took part in an investigation of
the effect of a PPI on iron absorption. Serum iron curves were
generated on two occasions following ingestion of a meal
containing highly bioavailable non-haem iron, the first before
taking a PPI and the second a week later, having taken a PPI for
7 days. As shown in figure 2 the presence of a PPI resulted in a
significant reduction (p,0.01) in the maximum increase in
serum iron concentration (D iron max) following ingestion of
the meal. Administration of a PPI led to a significant reduction
(p,0.01) in other parameters, namely the area under the serum
iron curve for 4 h (AUC0–4) and % recovery of administered iron
at peak (max), that were derived from the serum iron curves
and used as indicators of iron absorption (table 3).

DISCUSSION
Our investigations suggest that administration of a PPI to
patients with HH can inhibit absorption of dietary non-haem
iron, and limit the accumulation of iron in tissue stores.

The advantage of measuring serum iron increase after
ingestion of oral iron is that it directly addresses the issue of
iron absorption rather than erythrocyte use as shown by most
isotope-based techniques (see reference 17 for discussion). We
have demonstrated a significant PPI-related reduction in the
absorption of non-haem iron in patients with HH, and this,
together with our observation that there was a significant
reduction in phlebotomy requirements in patients taking PPIs
over a long period, suggests that gastric acid suppression can
inhibit the absorption of non-haem iron from the habitual diet
in HH.

Non-haem iron, of which the majority is in the ferric form,21

supplies at least two thirds of dietary iron requirements and the
availability of iron in this pool, unlike that in the haem pool, is
critically dependent on meal composition and other factors
operating in the stomach and duodenum.11 22 Of these, gastric
hydrochloric acid (HCl) is the most important luminal factor
acting to promote optimum absorption by reducing ferric iron
to the more soluble ferrous form, aiding in the release of iron
from food matrices and facilitating chelation in the stomach of
remaining ferric iron by ascorbic acid, sugars and amino acids.11

The role of the pH of gastric juice in the solubilisation and
absorption of non-haem food iron, as determined by gastric
HCl, has been previously investigated in normal subjects and
patients with idiopathic haemochromatosis using combined in
vitro and in vivo approaches. In vitro experiments investigating

Figure 1 Bar chart showing that the quantity of blood removed annually
to maintain serum ferritin at ,50 mg/l in patients with HH before (filled
bar) and during administration of a PPI (open bar) was significantly
different (p,0.001). Values are mean (SEM), n = 7. The recording periods
‘‘before’’ and ‘‘during administration’’ of a PPI were 6.1 (SEM 0.6) years
and 3.8 (SEM 0.9) years respectively.

Table 2 Rationale for the use of a PPI

Patient
Proton pump
inhibitor

Duration of use
(years) Reason for use

1 Omeprazole 20 mg 3 Barrett’s oesophagus
2 Lansoprazole 30 mg 1 GORD
3 Omeprazole 20 mg 4 GORD
4 Omeprazole 20 mg 5 Barrett’s oesophagus
5 Omeprazole 20 mg 8 GORD
6 Lansoprazole 15 mg 4 GORD
7 Lansoprazole 15 mg 1.5 GORD

3.8 (0.9)*

GORD, gastro-oesophageal reflux disease.
*Mean (SEM).
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the capacity of gastric juice produced by pentagastrin challenge,
to release radioiron through solubilisation from biosynthetically
labelled bread, showed that below pH 2.5 there was a linear
relation between pH and percentage solubility.23 In contrast,
samples of gastric juice with pH values above 2.5 released
negligible amounts of iron, whereas in linked, in vivo studies a
close correlation was demonstrated between iron absorption
and the capacity of gastric juice to release food iron in both
controls and patients. The finding that above pH 2.5 there was
a failure to solubilise and absorb non-haem iron23 is highly
relevant to the current study because PPIs are potent inhibitors
of gastric acid; for example, the administration of 20 mg
omeprazole daily leads to an intragastric pH of .4 for at least
8 h in 67% of individuals and a median intragastric pH over
24 h of .3.6.24 At these levels of gastric acidity, negligible
amounts of non-haem iron would be released from dietary
components23 and reduction of ferric iron and formation of
ferric chelates would be impaired.11 This would have a major
impact on iron absorption because ferrous iron and ferric
chelates normally remain soluble in the alkaline environment
of the bulb/post bulbar regions,25 26 facilitating the transport of
iron across the intestinal epithelium by mucosal iron transpor-
ters and accessory proteins.21

Iron absorption consists of an uptake step in which iron is
transported across the apical membrane of the enterocyte, and
transfer, the movement of iron across the basolateral membrane
into the portal circulation.21 The apical and basolateral
transporters have recently been identified as divalent metal
transporter 1 (DMT1) and ferroportin respectively, (reviewed in
Pietrangelo1 and Bomford2) and, furthermore, the duodenal
expression of both carriers is increased in HH.27–29 The increase
in ferroportin expression is caused by a relative lack of the iron
regulatory hormone hepcidin, a peptide that regulates cellular
iron efflux by binding to ferroportin and inducing its

internalisation.30 Hepcidin is deficient in both treated and
untreated HH,31 32 resulting in uncontrolled activity of ferro-
portin and increased efflux of iron from the enterocyte. While
low levels of intracellular iron in the enterocyte could result in
increased expression of the apical transporter, by stabilising
mRNA transcripts through enhanced binding of iron-respon-
sive protein to the 39 iron-responsive element, this is not known
with certainty.27 In spite of the increased activity and expression
of iron transporters and the powerful stimulus to iron
absorption provided by phlebotomy,33 iron absorption and
tissue iron accumulation can be significantly reduced by
administration of a PPI. This contrasts with tea drinking which
significantly inhibits iron absorption from a test meal but has
only a modest effect on phlebotomy requirements needed to
maintain normal iron balance.10 PPIs, being powerful inhibitors
of gastric acid, disrupt the speciation of dietary iron and this
may be a more effective way of inhibiting non-haem iron
absorption than by binding luminal iron with polyphenols
present in tea.

Long-term use of PPIs has not been reported to compromise
iron status in normal subjects,14 15 possibly because individuals
with intact regulatory mechanisms of iron absorption are able
to adapt to impaired bioavailablity of non-haem iron. One
interpretation of our results is that such adaptation does not
occur in HH. These patients demonstrate an expression profile
of mucosal iron transporters27 and iron absorption kinetics
more in common with iron deplete than with iron replete
individuals,34–36 and, as a result may not be able to further
increase iron absorption. Nevertheless, our finding that patients
with HH who were taking a PPI still required the removal of 0.5
(0.2) l of blood annually to maintain normal iron balance
suggests that an additional source of iron was available in the
habitual diet. We would argue that this was likely to be haem
iron because absorption of this form of iron is not dependent on
gastric HCl34 37 and, furthermore, is increased in haemochro-
matosis.34 It is also possible that absorption of haem iron plays
an important role in ensuring dietary iron availability in normal
subjects on a long-term PPI. Further investigation of this
question would be possible using the study design described
here.

Phlebotomy remains the mainstay of treatment and is well
tolerated by the majority of patients with HH, although for
some the procedure is burdensome because of pain and
discomfort and disruption to their daily routine.38 In addition,
a minority of patients have such poor venous access that even
intermittent phlebotomy becomes an intolerable burden. Our
observations suggest that administration of a low-dose PPI, a
class of compounds that have an excellent long-term safety
profile, could be a useful adjunct to phlebotomy in the
management of HH, particularly as patient compliance deterio-
rates over time.39 Finally, the pharmacological control of gastric
acid secretion should be explored as a simple means of limiting
iron overload in conditions such as thalassaemia intermedia
and pyruvate kinase deficiency in which erythroid expansion
can lead to a 5–10-fold increase in iron absorption and a
marked increase in tissue iron stores and in whom phlebotomy
is not possible because of severe anaemia.40

Figure 2 Serum iron curves were generated following ingestion of a meal
containing non-haem iron (14.5 mg) before (closed squares) and at the
end of a 7 d course of a PPI (open squares). Values are means (SEM),
n = 14. PPI resulted in a significant reduction (all p,0?01) in (i) maximum
increase in serum iron concentration (D iron max), (ii) area under the serum
iron curve over 4 h (AUC0–4), and (iii) percentage of administered iron
recovered at peak (max).

Table 3 Parameters derived from serum iron curves and used as indicators of iron absorption

Area under the serum curve
(AUC0–4)

Maximum increase in serum iron
(D iron max)

% recovery of iron at peak
(max)

Before PPI 2145 (374)* 13.6 (2.4) mmol/l 20.5 (3.2)
During PPI 1059 (219) 6.1 (1.2) mmol/l 11.0 (2.0)
p value ,0.01 ,0.01 ,0.01

*All values are mean (SEM), n = 14.
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