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Background & aims: While vitamin B12 (B12) deficiency is considered as the hallmark of pernicious
anemia (PA), iron deficiency (ID) is also prevalent. Indeed, this auto immune gastritis is responsible for
parietal cell atrophy and increase in gastric pH, leading to impaired iron absorption. We compared PA
patients’ features according to their iron status at PA diagnosis, and we assessed the iron status recovery
after oral or intravenous iron supplementation.
Methods: We prospectively included patients presenting with a newly diagnosed PA in a tertiary referral
hospital between November 2018 and October 2020. Iron status was assessed at PA diagnosis then
regularly during a standardized follow-up. In case of ID, the decision of treatment with oral and/or
intravenous iron supplementation was left to the clinician convenience.
Results: We included 28 patients with newly diagnosed PA. ID was observed in 21/28 (75.0%) patients:
from the PA diagnosis in 13 patients, or during the follow-up in 8 patients. Iron deficient PA patients had
higher plasma B12 (p ¼ 0.04) and lower homocysteine levels (p ¼ 0.04). Also, ID was independently
associated with the ‘APCA (anti-parietal cell antibodies) alone’ immunological status (absence of anti-
intrinsic factor antibodies) after adjustment for age, gender and B12 level (aOR 12.1 [1.1e141.8],
p ¼ 0.04). High level of APCAwas associated with lower ferritin level. After 3 months of supplementation,
3/11 PA patients normalized the iron status with oral iron supplementation, versus 7/8 with intravenous
iron supplementation (p ¼ 0.02).
Conclusion: The high frequency of iron deficiency in PA highlights the interest of regular assessment of
iron status in this condition. ID was associated with a profile including APCA alone and less pronounced
B12 deficiency. Intravenous iron supplementation seemed to be more efficient than an oral supple-
mentation in these preliminary data.

© 2024 Elsevier Ltd and European Society for Clinical Nutrition and Metabolism. All rights reserved.
1. Introduction

Iron is a critical component of heme groups for binding oxygen
to hemoglobin, and of enzymes involved in crucial pathways such
as mitochondrial respiration and DNA synthesis [1,2]. This is
therefore a key nutrient in human diet. Iron deficiency (ID) is a
widespread nutritional deficiency responsible for microcytic
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hypochromic anemia and non-specific clinical features such as fa-
tigue, poor concentration, headache, alopecia, koilonychia, and
restless legs [3].

Two major mechanisms may lead to ID: an increase in iron
needs (during pregnancy and childhood, or after a blood loss) and a
decrease in iron bioavailability, which could be related to a lack of
intake, an impaired absorption, or systemic inflammation [3]. Diet
provides iron in two chemical forms: a ferrous haeminic form from
meat, and a ferric non haeminic which is present in a variety of
animal and vegetable foods. Iron is mainly absorbed in its ferrous
form in the duodeum and proximal jejunum, which therefore
lism. All rights reserved.
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require the change from ferric to ferrous form [4]. This change is
achieved by a ferrireductase (duodenal cytochrome b, Dcytb) in
acid pH condition [4,5]. Gastric acid therefore promotes reduction
and solubilization of dietary ferric iron and thus improve its ab-
sorption [6]. Consequently, increase in gastric pH contributes to ID,
as observed in patients with chronic proton pump inhibitors (PPIs)
use which inhibits the Hþ/KþATPase of gastric parietal cells [7].

PA is an autoimmune atrophic gastritis whose diagnosis is based
on the association of gastric histological features and immunolog-
ical markers: anti-intrinsic factor antibodies (IFA) and anti-parietal
cell antibodies (APCA) [8,9]. In PA, both the parietal cell damages
and the clearance or inactivation of the intrinsic factor lead to a lack
of intrinsic factor, the enteral cobalamin (vitamin B12, B12) carrier.
As intrinsic factor is needed for the active enteral B12 absorption,
PA therefore leads to a B12 deficiency. However, even if B12 defi-
ciency is a hallmark of PA, ID is also observed in up to 52% of PA
[10e12]. Indeed, the autoimmune gastritis leads to an increase in
gastric pH [13] and therefore impairs the iron absorption. The
disruption in iron absorption also raises questions regarding the
effectiveness of oral iron supplementation in PA.

This study aimed at analyzing the frequency of iron deficiency in
PA patients, then comparing phenotypes of PA patients, notably
their clinical, biological and immunological features, according to
their iron status at the time of PA diagnosis. Also, we assessed the
iron status recovery after oral or intravenous iron supplementation.

2. Methods

2.1. Study population and PA diagnosis

We included inpatients and outpatients over 18 years present-
ing at the Department of Internal medicine and clinical immu-
nology in a tertiary referral hospital (Angers University Hospital,
Angers, France), between November 2018 and October 2020. We
conducted prospective screening for PA in cases of B12 deficiency
and subsequently included patients with a confirmed diagnosis of
PA.

Among B12 deficient patients, the diagnosis of PAwas defined in
case of.

i) B12 deficiency associated with IFA, due to the very high
specificity of IFA for PA diagnosis [14],

ii) B12 deficiency associatedwith either IFA and/or APCA in case
of typical gastric histology with fundic atrophy and antral
sparing [15,16],

iii) B12 deficiency associatedwith either IFA and/or APCA in case
of compatible gastric histology (pangastric atrophy, or fundic
gastritis with intense inflammatory infiltrates but no atrophy
[15,16]) or in the absence of gastric biopsy (in case were
gastroscopy was not suitable), with a low oral B12 absorption
defined as a high daily oral B12 supplementation of cyano-
cobalamin 1000 mg requirement for maintaining a normal
plasma B12 with at least 1 year of follow-up [17]. Indeed, we
previously demonstrated that the evolution of plasma
vitamin B12 during oral supplementation help to differen-
tiate true and false positives APCA for PA diagnosis [17].

Diagnosis of PA was therefore ruled out in patients presenting
neither IFA nor APCA, and in patients with isolated APCA without
typical fundic atrophy and having low or transient oral B12 needs.

2.2. Definitions of biological abnormalities

B12 deficiency was defined by a total plasma B12 � 200 ng/l, or
the combination of total plasma B12 between 201 and 350 ng/l and
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elevated homocysteine (�13 mmol/l for women, �15 mmol/l for
men, �20 mmol/l in patients older than 65 years), plasma methyl-
malonic acid (pMMA, �0.35 mmol/l) [18], or a urinary methyl-
malonic acid/creatinine ratio (uMMA/C, �1.45 mmol/mmol) [19],
according to expert recommendations [13,20,21]. In severe renal
failure withMDRD (Modification of Diet in Renal Disease) clearance
<30ml/min/1.73 m2, only total plasma B12 andMMAu/C were used
to define B12 deficiency [19].

Iron deficiency was defined as: i) ferritin �30 mg/l, or ii) ferritin
�100 mg/l and transferrin saturation <20% in patients with C-
reactive protein (CRP) �10 mg/l [3,22].

Anemia was defined as hemoglobin <120 g/l in women and
<130 g/l in men. Microcytosis was defined as MCV (mean corpus-
cular volume) < 80 fl, and macrocytosis as MCV >100 fl.

2.3. Follow-up, biological assessments, and iron supplementation

Patients were prospectively followed during 1 year with stan-
dardized clinical and biological assessment at the PA diagnosis
(visit M0, baseline), then over the months following the introduc-
tion of oral B12 supplementation at visit M1, M3, M6, M9 and M12
(1, 3, 6, 9, 12 months).

Biological assessment included parameters of B12 status (total
plasma B12, homocysteine, pMMA, uMMA/C), iron status (ferritin,
transferrin saturation coefficient), blood count, and parameters
needed for interpreting other results (CRP, creatinine and MDRD
clearance). All patients were tested for Helicobacter pylori gastritis
at baseline with urea breath test.

When iron deficiency was detected, the clinician had the
discretion to determine the chosen route of administration, the
molecule and the dosage to be employed.

2.4. Immunological bioassays

IFA were tested using immunodot (Biermer atrophic gastritis
dot, Alphadia, Mont-Saint-Guibert, Belgium). ACPA were tested
using immunodot (Biermer atrophic gastritis dot, Alphadia, Mont-
Saint-Guibert, Belgium) and by indirect immunofluorescence (IIF)
on rat stomach tissue (Biosystems, Barcelona, Spain).

2.5. Statistical analysis

The quantitative variables were presented as medians and
quartiles, and compared by the Student t-test or the
ManneWhitney U test according to the normality of the distribu-
tion, assessed by the ShapiroeWilk normality test. Categorical
variables were presented as absolute values and percentages, and
compared by the Fisher's exact test or Chi-square test. The alpha
risk was set at 5%.

To assess the independent association between a variable and
the iron status, multivariate analysis was performed by means of
logistic regression. Multivariate models were adjusted for age and
sex. We only included in multivariate logistic regression the vari-
ables associated with iron deficiency in univariate analysis. For
logistic regression, continuous variables were considered as binary
variables by using the median values as thresholds. The adjusted
odds ratios (aOR) were presented with a 95% confidence interval
(CI).

In order to represent ferritin level according to the APCA titer,
different linear, logarithmic, and semi-logarithmic mathematical
models were compared and selected according to the information
criteria of Akaike [23].

Time-to-event curves for occurrence of iron deficiency during
follow-up were presented as KaplaneMeier curves and were
compared with a log-rank test. Loss of follow-up was censored.
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The analyses were performed using Graphpad Prism v6.01
(Graphpad Software, La Jolla, CA, USA) and Jamovi software v2.3.9.

2.6. Ethics

This study was approved by the bioethics committee of the
Angers University Hospital (n�2018/63). It was conducted in
compliance with the Declaration of Helsinki and according to the
STROBE (Strenghtening The Reporting of OBservational studies in
Epidemiology) recommendations for cohort studies. Written con-
sent was systematically obtained from patients.

3. Results

3.1. Study population

We included 28 newly diagnosed PA patients (Fig. 1), whose
characteristics are detailed in Table 1. The study cohort had a me-
dian age of 62 [45e76] years and comprised 19/28 (67.9%) women.
Among the 24/28 participants who underwent gastric endoscopy,
19/24 (79.2%) exhibited typical fundic atrophy with antral sparing.
In the 4 patient who did not underwent gastric endoscopy, 2 pa-
tients had IFA ( ± APCA), and 2 patients had isolated APCA with
demonstrated high oral vitamin B12 needs in the absence of other
cause of B12 deficiency. The gastric endoscopy and biopsies were
either contra-indicated or refused by these 4 patients. About
immunological markers of PA, 2/28 (7.1%) patients had IFA alone,
19/28 (67.9%) had APCA alone, and 7/28 (25.0%) exhibited both IFA
and APCA concurrently. At PA diagnosis, 14/28 (50.0%) patients
presented with anemia, and 8 of them experienced related symp-
toms such as asthenia, pallor, and dyspnea.

3.2. Iron deficiency in PA

ID was observed in 13/28 (46.4%) patients at PA diagnosis, and 8
other patients developed ID during the one-year follow-up (Fig. 2).

A concurrent cause of iron deficiency was identified in 6 pa-
tients: chronic PPI use in 3 patients, menorrhagia or metrorrhagia
Fig. 1. Flowchart. Notes: PA: pernicious anemia; IFA: anti-intri
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in 2 patients, and a vegetarian diet in 1 patient. No patient pre-
sented H. pylori-related gastritis, coeliac disease, Crohn's disease,
ulcerative colitis, colorectal cancer, peptic ulcer, severe undernu-
trition, or gastrointestinal bleeding.

3.3. Features associated with iron deficiency in pernicious anemia

The comparison between patients having PA with ID at diag-
nosis and PA with normal iron status is detailed in Table 2. ID
tended to be associated with a younger age, female sex, and the
presence of a second cause of ID, however without statistical sig-
nificance (p ¼ 0.10, p ¼ 0.11, and p ¼ 0.07, respectively).

The iron deficient PA patients also differed from PA patients
with normal iron status according to the degree of B12 deficiency
(Table 2): iron deficient patients had higher plasma B12 (p ¼ 0.04)
and lower homocysteine levels (p ¼ 0.04). Higher hemoglobin
levels (p¼ 0.05) and lower proportion of anemic patients (p¼ 0.02)
were also observed in PA patients with ID and so less profound B12
deficiency. Clinical consequences of B12 deficiency however did not
differ between the two groups.

In univariate analysis, ID was associated with the ‘isolated APCA’
(APCAwithout IFA) serological status (p¼ 0.03, Table 2 and Fig. 3A).
In multivariate analysis, the immunological status ‘APCA alone’was
independently associated with iron deficiency at PA diagnosis (aOR
12.1 [95%CI: 1.1e141.8], p ¼ 0.04) after adjustment for age (<62
versus �62 years, 62 years being the median value in whole pop-
ulation), gender, and vitamin B12 level at PA diagnosis (<205 versus
�205 ng/l, 205 being the median value in whole population). Also,
high level of APCA in IIF assay was associated with lower ferritin
level (Fig. 3B). The semi-logarithmic model was the most appro-
priate to represent the ferritin level according to the APCA titer
(Fig. 3C).

Histological gastric features did not differ according to the iron
status in PA, a majority of patients in both groups having fundus
atrophy with antral sparing and fundus metaplasia (Table 2). Also,
gastrin level did not statistically differ according to the iron status:
908 [602e1336] ng/l in case of ID versus 719 [365e921] ng/l in case
of normal iron status (p ¼ 0.20).
nsic factor antibodies; APCA: anti-parietal cell antibodies.



Table 1
Characteristics of the study population.

Pernicious anemia (whole
population, n ¼ 28)

Demographic characteristics
Age (years) 62.0 [45.5e76.0]
Gender (women) 19 (67.9%)
Duration of follow-up after PA diagnosis

(months)
21 [12e27]

Other causes of iron deficiency
Gynecologic bleeding (menorragy,

metrorragy)
2 (7.1%)

Gastrointestinal bleeding (rectorragy,
melena)

0 (0%)

Chronic use of Proton Pump Inhibitor 3 (10.7%)
Helicobacter pylori gastritis 0 (0%)
Vegetarian or vegan diet 1 (3.6%)
Factors favoring a potential bleeding
Anticoagulant treatment 4 (14.3%)
Antiaggregant treatment 4 (14.3%)
Baseline features of pernicious anemia
Gastric histology
Mild inflammation in fundus without

atrophya
3/24 (12.5%)

Fundic atrophy with antral sparinga 19/24 (79.2%)
Pangastric atrophya 2/24 (8.3%)
Fundic metaplasiaa 20/24 (83.3%)
Fundic dysplasiaa 1/24 (4.2%)
Immunological markers of pernicious anemia
IFA with immunodot assay 9 (32.1%)
APCA with immunodot assay 26 (92.9%)
APCA with indirect immunofluorescence

assay
17 (60.7%)

Assessment of iron and B12 deficiencies
Plasma total vitamin B12 (ng/l) 205.5 [159.0e295.5]
Homocysteine (mmol/l) 22.0 [13.7e4.67]
Plasma methylmalonic acid (mmol/l) 0.56 [0.32e1.08]
Urinary methylmalonic acid/creatinine

ratio (mmol/mmol)
0.39 [0.30e2.35]

Vitamin B12 deficiency 28 (100%)
Ferritin (mg/l) 43.5 [17.3e159.3]
Transferrin saturation (%) 20 [10e28]
Iron deficiency 13 (46.4%)
Biological and clinical consequences of iron and B12 deficiencies
Hemoglobin (g/l) 122 [108e131]
Mean corpuscular volume (MCV, fl) 94.2 [90.5e100.4]
Anemia (hemoglobin < 120 g/l in women,

< 130 g/l in men)
14 (50.0%)

Microcytosis (MCV < 80 fl) 1 (3.6%)
Macrocytosis (MCV > 100 fl) 7 (25.0%)
Clinical signs of anemia (asthenia, pallor,

dyspnea)
8 (28.6%)

Glossitis 5 (17.8%)
Polyneuropathy 9 (32.1%)
Pyramidal involvement 7 (25.0%)
Proprioceptive involvement 2 (7.1%)

Notes: IFA: Anti-Intrinsic Factor Antibodies; APCA: Anti-Parietal Cell Antibodies.
a Among patients in which gastric endoscopy was performed.

Fig. 2. Occurrence of iron deficiency at diagnosis and during the first year of follow-up.
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3.4. Changes in iron status after oral or intravenous iron
supplementation

Nineteen patients with iron deficiency were supplemented with
iron during follow-up: 11 patients received oral iron supplemen-
tation and 8 patients received intravenous supplementation as first
line therapy. Oral iron supplementation included ferrous sulfate
80 mg/day in 10 patients, and ferrous fumarate 198 mg/day in 1
patient. All the 8 patients treated intravenously received ferric
carboxymaltose 1000 mg.

Normalization of iron status was observed three months after
initiating supplementation in 3/11 patients with oral iron medica-
tion and 7/8 patients who received iron infusion (p ¼ 0.02, Fig. 4).
Among the 8 patients orally supplemented who did not achieve a
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normal iron status after 3 months of supplementation, 2 achieved a
normal iron status after 3 extra months, while 6/11 (54.5%) patients
treated with oral iron supplementation never corrected their ID
during follow-up, and were thereafter treated intravenously.

4. Discussion

B12 deficiency is considered as the hallmark of PA, but PA is also
responsible for iron deficiency. Only few studies assessed ID in PA,
mainly with descriptive objectives [11,12,24e26] and several
studies included heterogeneous causes of gastritis [5,10,27]. We
hypothesized that the subgroup of PA patients having ID could have
specific biological, immunological or histological features, which
could be either the cause or the consequence of ID. In our study, we
demonstrated that i) ID is frequent at PA diagnosis and during the 1
first year of follow-up, ii) ID is mainly associated in PA patients
having APCA alone and a high titer of APCA in IIF assay, iii) ID occurs
in PA patients having less pronounced B12 deficiency, and iv) oral
iron supplementation is only marginally effective to correct ID in
PA.

ID was very frequent in our cohort, affecting 13/28 (46.4%) of
patients at PA diagnosis, and 8/28 (28.6%) other patients during the
first year of follow-up. In previous cohorts, the frequency of ID in PA
was estimated between 24% and 52%, with various diagnosis
criteria of PA and various duration of follow-up [10,11,24e26].
These data strongly argue for careful assessment of iron status at PA
diagnosis and during follow-up. Some authors even hypothesized
that ID could be unmasked during the first months of B12 sup-
plementation with renewed erythropoiesis [28e30]. We therefore
recommend dosing the ferritin in PA at time of diagnosis and
regularly during follow-up, at the same times as plasma B12
measurements.

Some studies noted a predominance of women among PA pa-
tients having ID [11,12,26], mainly young non-menopausal women
[11,12]. In our work, ID tended to bemore frequent inwomen and in
younger patients, however without statistical significance. The
absence of statistical difference could be explained by the median
age of our population (62.0 [45.5e76.0] years) which mainly
included post-menopausal women. Although it was not surprising
to findmore ID in non-menopausal women, our results highlighted
that it is not the only explanation for ID in PA, thus suggesting a
specific role of PA in ID.



Table 2
Comparison of features between iron deficient and others among PA patients.

Pernicious anemia with iron deficiency
n ¼ 13

Pernicious anemia with normal iron status
n ¼ 15

p-value

Demographic characteristics
Age (years) 56.0 [42.0e66.0] 68.0 [49.5e82.5] 0.10
Gender (women) 11 (84.6%) 8 (53.3%) 0.11
Women <50 years 4 (30.8%) 2 (13.3%) 0.37
Concurrent causes
Presence of other cause (non-PA) of iron deficiency 5 (38.5%) 1 (6.7%) 0.07
Gastric histology
Mild inflammation in fundus without atrophya 2/12 (16.7%) 1/12 (8.3%) 0.25
Fundus atrophy with antral sparinga 8/12 (66.6%) 11/12 (91.7%)
Pangastric atrophya 2/12 (16.7%) 0/12 (0%)
Immunological markers of pernicious anemia
Isolated IFA 0 (0%) 2 (13.3%) 0.03
Association of IFA and APCA 1 (7.7%) 6 (40.0%)
Isolated APCA 12 (92.3%) 7 (46.7%)
Other biological markers
Vitamin B12 (ng/l) 276.0 [199.0e308.0] 173.0 [132.0e228.0] 0.04
Homocysteine (mmol/l) 14.3 [11.3e17.7] 36.0 [17.3e54.8] 0.04
pMMA (mmol/l) 0.57 [0.24e1.03] 0.55 [0.32e1.71] 0.44
uMMA/C (mmol/mmol) 0.38 [0.34e0.87] 0.44 [0.25e3.22] 0.86
Gastrine (ng/l) 908.4 [602.3e1336.4] 718.6 [364.8e920.7] 0.20
Chromogranine A (ng/ml) 162.8 [121.0e258.9] 98.1 [78.4e208.3] 0.15
Biological and clinical consequences of iron and B12 deficiencies
Hemoglobin (g/l) 12.4 [12.1e13.1] 10.9 [9.8e12.9] 0.053
MCV (fl) 91.4 [87.6e94.3] 95.5 [93.8e103.3] 0.052
Anemia (Hb < 120 g/l in women, < 130 g/l in men) 3 (23.1%) 11 (73.3%) 0.02
Microcytosis (MCV < 80 fl) 1 (7.7%) 0 (0%) 0.46
Macrocytosis (MCV > 100 fl) 2 (15.4%) 5 (33.3%) 0.40
Clinical signs of anemia 3 (23.1%) 5 (33.3%) 0.69
Neurological features of B12 deficiency 6 (46.2%) 7 (46.7%) 0.99
Mucosal features of B12 deficiency 1 (7.7%) 6 (40.0%) 0.12

Notes: PA: Pernicious anemia; PPI: Proton pump inhibitor; IFA: Anti-Intrinsic Factor Antibodies; APCA: Anti-Parietal Cell Antibodies; pMMA: plasma methylmalonic acid;
uMMA/C: urinary methylmalonic acid/creatinine ratio.

a Among the patients who had gastric endoscopy and biopsies (12/13 PA patients with iron deficiency, and 12/15 PA patients with normal iron status). Clinical signs of
anemia included asthenia, pallor, and dyspnea. Neurological features of B12 deficiency included polyneuropathy, pyramidal and/or proprioceptive involvement. Mucosal
features of B12 deficiency included glossitis, buccal ulcerations and/or tongue dysesthesia.
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We demonstrated that PA patients having ID had a less severe
B12 deficiency with a lower plasma homocysteine, this probably
explain why patients were less prompt to have anemia in ID group.
The association between ID and a milder B12 deficiency and milder
hematological consequences of B12 deficiency interrogated about
the time of the development of ID in the PA history. Indeed, B12
deficiency and its hematological consequences progressively
worsen as the disease progresses until the diagnosis and the
beginning of the B12 supplementation. Our data were therefore in
linewith those of Hershko et al. who postulated that iron deficiency
would develop earlier than B12 deficiency in the disease history of
atrophic gastritis [10]. Also, we demonstrated that the “isolated
APCA” serological status was associated with ID, and high titer of
APCAwas associated with lower ferritin level. Our results therefore
led to two major hypotheses. First, one could hypothesize two
distinct PA subgroups: PA with APCA alone responsible for ID and
milder B12 deficiency in one hand, and PA with FI associated with
less ID and an important B12 deficiency. However, this would imply
more severe gastritis and atrophy in PA-APCA subgroups, which
was not obvious in our cohort. Second, we could hypothesize that
ID could be an early sign of in the PA disease history, whose the
immunological markers vary during the disease evolution. Indeed,
titer of APCA is known to decrease in the disease history of PA, until
the APCA negativation, due to the progressive target autoantigen
disappearance when gastric atrophy gradually increases [31].

Whereas IFA results in clearance or inactivation of intrinsic
factor [32], APCA targets the Hþ/KþATPase of gastric parietal cells. It
is not clear if APCA contributes to the inactivation of this membrane
enzyme, to the parietal cell destruction through antibody-
1029
dependent cell-mediated cytotoxicity, or both [33]. Even if PA in-
volves a T CD8þ immune reaction responsible for fundic atrophy
common to the different serological profiles [33,34], the different
targets of the two antibodies could explain mild phenotypic dif-
ferences among a same disease. Notably, the 2 PA patients having
isolated IFA in our study were exempt of ID, whereas most of ‘iso-
lated APCA’ patients had ID. As the increase in gastric pH is
considered to be the key element of ID in PA [4,6,10,27,35], the
inverse relationship between APCA titer and ferritin is supported by
physiological hypotheses related to the target of these
autoantibodies.

Gastric achlorhydria related to parietal cell atrophy is indeed
pointed as the main explanation of ID in PA by impairing of the
transformation from ferric to ferrous iron forms. Among patients
with atrophic gastritis from different causes, gastrin levels were
higher in patients having ID [10,27]. In our study restricted to PA,
gastrin levels were also higher in patients with ID, however
without statistical significance. Also, the low efficiency of oral
ferrous iron supplementation argued for the existence of other
mechanisms, because the absorption of ferrous iron form does not
require acid pH conditions. Other hypotheses have been formulated
to explain the ID in PA, which could be associated: the co-deficiency
of vitamin C (as vitamin C plays an important role in the iron ab-
sorption) [5,36], a decrease in the conversion of pepsinogen to
pepsin (as pepsin acts in iron absorption) [37], and the increased
iron requirements to assume the restart of erythropoiesis after the
initiation of B12 supplementation [38].

We finally described the efficiency of oral and intravenous
iron supplementation in PA. In our study, a 3-month course of



Fig. 3. Association between the serological markers of PA and the iron status or ferritin level. Notes: PA: pernicious anemia; IFA: anti-intrinsic factor antibodies; APCA: anti-parietal
cell antibodies.

Fig. 4. Correction of the iron deficiency under iron supplementation during the first 100 days following the beginning of oral iron supplementation of after the infusion of IV iron
supplementation.
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oral supplementation was ineffective to correct ID in most PA
patients. We did not compare the efficiency of oral iron supple-
mentation in PA and in other conditions, but the proportion of
our PA patients achieving a normal status after a 3-months oral
treatment (3/11, 27.3%) was lower than previously described in
other conditions. Indeed, in non-menopausal women having ID,
1030
the response rate for ID correction was between 76.9% and 97.3%
after an oral supplementation with ferrous sulfate 30e80 mg
during 10e16 weeks [39e41]. This supported the interest of
intravenous iron supplementation in PA, all the more so as the
intravenous iron supplementation is better tolerated than the
oral route [42,43].
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Our study had some limitations. Despite being one of the largest
PA cohorts, we were limited by our population size, which could
have prevented us to identify other specific features associated to
ID in PA. However, we were voluntarily strict in the inclusion
criteria to only include patients with a diagnosis of PA, to strictly
focus on this disease, contrary to previous works which often
included patients with different causes of atrophic gastritis or
probable false positive APCA [5,10,27]. Second, we only included PA
patients with B12 deficiency. This avoided to include patients with
false positive APCA, but this prevented us to explore the possible ID
appearing before the B12 deficiency. Indeed, our results supported
that ID appeared early in the disease history of most patients, so it
would be of interest in further studies to explore the consequences
of PA on iron status before the B12 deficiency occurred. This would
be of interest to assess if ID is an early sign of PAwhatever the initial
immunological profile or only when APCA are present (associated
or notwith IFA). Finally, both the route of iron supplementation and
the monitoring of iron status after the first year of follow-up were
left to the clinician convenience. The comparison of efficiency be-
tween the oral and the IV route should therefore be interpreted
with caution.

5. Conclusion

Iron deficiency was very frequent in our cohort of PA patients,
affecting 46.4% of patients at PA diagnosis, and other 28.6% patients
during the first year of follow-up. ID was associated with an
immunological profile including APCA alone, high titer of APCA,
and less pronounced B12 deficiency, which could argue for the
occurrence of ID early in the disease history. The gastric achlor-
hydria could explain the iron deficiency and the low rate of
response to oral iron supplementation, but other mechanisms un-
related to gastric pH could be involved. Our results argued for
searching an ID at the PA diagnosis then monitoring the iron status
during follow-up, and to rather propose an iron supplementation
through IV route due to the low efficiency rate of oral iron
supplementation.
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