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Abstract: Anemia is considered to be the most frequent extra-intestinal manifestation of Celiac
Disease (CD). We assessed frequency, severity, morphologic features, and pathogenic factors of
anemia in patients of the Sicilian Regional Network of Celiac Disease and attempted to identify
putative pre-diet factors influencing anemia persistence. We retrospectively analyzed CD patients
admitted to three centers between 2016–2020. 159 patients entered the study (129 females). More
than half (54.7%) had mild-moderate, hypochromic and microcytic anemia, associated with below
normal total serum iron and ferritin, indicative of iron deficiency anemia (IDA). One year after
diagnosis, 134 patients were following ‘strict’ GFD. Hypochromic and microcytic anemia persisted
in 46% of subjects who were anemic at diagnosis. Patients with persistent anemia had at diagnosis
a higher prevalence of female gender (p = 0.02), lower body mass index (BMI, p = 0.01), higher
prevalence of poly/hypermenorrhea (p = 0.02) and atopy (p = 0.04), and lower ferritin levels (p =
0.05) than the whole group of non-anemic ones. IDA is found in more than 50% of CD patients
at diagnosis; nevertheless, in a lot of women IDA is not corrected by ‘strict’ GFD. Low BMI and
poly/hypermenorrhea at diagnosis characterize this subgroup, suggesting that IDA might be due to
iron loss rather than malabsorption, or to their coexistence/overlap.

Keywords: Celiac Disease; anemia; iron deficiency; gluten-free diet

1. Introduction

Celiac Disease (CD) has been reported in about 1% of the population [1–4], but it is
often underdiagnosed because numerous patients report very few symptoms or their com-
plete absence. Among these symptoms, the most common, historically, are diarrhea and
weight loss. Currently, iron deficiency anemia (IDA) is often the presenting feature at diag-
nosis, being reported in over half of CD patients (including subclinical CD patients) [5–8],
with a higher prevalence in adults than in children [7]. The associated histological al-
terations (i.e., atrophy of the duodenal mucosa) are responsible for malabsorption and
multiple micronutrient deficiencies (e.g., iron, vitamin B12 and folic acid), which might
be involved in the pathogenesis and morphologic features of the anemia. However, nutri-
tional deficiencies alone cannot explain this phenomenon in all cases. In fact, anemia of
chronic disease (ACD) or anemia of chronic inflammation could be responsible, especially
in hospitalized patients [9].

A gluten-free diet (GFD) is the only effective treatment for resolving CD symptoms,
including IDA. However, although this diet usually improves hemoglobin levels, it has
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been reported that 15−21% of CD patients can remain anemic, even after one or two years
on a strict GFD [5,10].

The aims of this multicentric retrospective study were to evaluate the frequency,
severity, morphologic features, and putative pathogenic factors contributing to anemia
in patients of the “Sicilian Regional Network of Celiac Disease”, and to identify putative
pre-diet factors influencing anemia persistence.

2. Materials and Methods
2.1. Study Design and Population

We retrospectively reviewed the clinical charts of a group of CD patients diagnosed
between January 2016 and July 2020, in three “Hub” Centers of the Sicilian Regional
Network of Celiac Disease [i.e., the Department of Internal Medicine, University Hospital of
Palermo, Italy; the Department of Internal Medicine, “V. Cervello” Hospital, Palermo, Italy;
and the Department of Internal Medicine, Hospital of Sciacca (Agrigento), Italy], two of
which are located in the Province of Palermo and one in the southern Province of Agrigento.
All the centers used a standard data collection form which was recently validated [11].
Data collection was therefore homogeneous in the various regional centers, which made it
possible to evaluate the aspects of CD of greatest interest in our region. Details included
demographic characteristics, family history, clinical features, the presence of intestinal
and extra-intestinal symptoms/manifestations (dermatologic, musculoskeletal, ocular, oral
and gynecological symptoms, neurological and psychiatric conditions, anemia), associated
autoimmune diseases, CD-specific serum antibodies and duodenal histology, as requested
on the Sicilian Regional Network of Celiac Disease form. Coexisting hypersensitivity
conditions [multiple food hypersensitivity (MFH), systemic nickel allergic syndrome, self-
reported milk intolerance (SRMI) and allergic rhino-conjunctivitis/asthma and atopic
dermatitis] were also recorded.

2.2. Celiac Disease Diagnosis

CD was diagnosed following the criteria of the current guidelines (“four-out-of-
five rule”): (1) typical intestinal and extra-intestinal signs and symptoms of CD; (2) antibody
positivity (both immunoglobulin (Ig)A class anti-tTG and EmA in IgA-sufficient or IgG
class anti-tTG and EmA in IgA-deficient subjects); (3) HLA-DQ2 and/or HLA-DQ8 posi-
tivity; (4) intestinal damage (proved by histology on duodenal biopsies according to the
Marsh-Oberhuber classification) [12,13]; (5) clinical response to GFD (e.g., resolution of
intestinal and/or extra-intestinal symptoms) [14,15].

2.3. Inclusion and Exclusion Criteria for CD Patients

Inclusion criteria were: (1) age over 18 years; (2) clinical and laboratory (at least
a complete blood count, ferritin levels, and CD serology) follow-up after one year of GFD;
and (3) at least two outpatient visits during the follow-up period.

Exclusion criteria were: (1) incomplete clinical charts; (2) no clinical or laboratory
follow-up; (3) pregnancy at CD diagnosis or during follow-up; (4) diagnosis of other
concomitant organic disease of the digestive system; and (5) alcohol and/or drug abuse.

2.4. Gluten-Free Diet Adherence Assessment

We evaluated adherence to the GFD after one year of follow-up. Patients were inter-
viewed by experienced physicians about their clinical condition and self-reported adher-
ence, using a validated score [16]. Only patients with an adherence score of three to four
(i.e., following a strict GFD), were included in the analysis of anemia persistence.
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2.5. Outcomes
2.5.1. Primary Outcome Assessment: Prevalence and Main Features of Anemia in
CD Patients

The frequency, severity, and morphologic characteristic of anemia were assessed by
evaluating hemoglobin concentration (HGB), hematocrit (HCT), mean corpuscular volume
(MCV), and mean corpuscular HGB (MCH). Anemia was defined as values below 12 g/dL
in women and 13 g/dL in men. For the other reference values of the parameters, see
Table S1.

As they were possibly associated to the anemia, the following factors were determined:
sex, age at onset, diagnostic delay, Body Mass Index (BMI), clinical presentation, weight loss,
poly/hypermenorrhea, associated autoimmune diseases, and coexisting hypersensitivity
conditions. The following parameters were assayed with commercial kits: total serum
iron, ferritin, transferrin, erythrocyte sedimentation rate (ESR), C-reactive protein (CRP),
vitamin B12, folic acid and thyroid-stimulating hormone (TSH). For the reference values of
the parameters, see Table S1.

In all patients suffering from IDA a validated diagnostic flow-chart was used to
identify underlying causes [17].

2.5.2. Secondary Outcome Assessment: Persistence of Anemia after GFD

To assess the frequency, severity, and morphologic features of anemia in the subgroup
of CD patients following a strict GFD for one year, the same hematochemical parameters
were evaluated (see ‘Primary Outcome Assessment’ section and Table S1 for the reference
values). Moreover, the possible use of drugs to correct anemia (i.e., iron supplements) was
evaluated and recorded for all the patients.

Finally, we compared the pre-diet clinical and hematochemical features of patients
with persisting anemia to those of the other patients included in order to identify putative
pre-GFD factors contributing to the persistence of anemia.

2.6. Statistical Analysis

Data were expressed as mean ± standard deviation (SD) when the distribution was
Gaussian, and a Student’s t-test was used to evaluate differences in means between
groups. Otherwise, data were expressed as median and range, and then analyzed with
the Mann-Whitney U test. The χ2 test and Fisher’s exact test were used when appropriate.
All analyses were performed using the SPSS software package (version 27.0, SPSS Inc.,
Chicago, IL, USA).

All subjects agreed to participate in the study. This study was performed in line with
the principles of the Declaration of Helsinki. The study protocol was approved by the Ethics
Committee of the University Hospital of Palermo and registered on the ClinicalTrials.gov
website (registration number: NCT05172895, accessed on 29 December 2021).

3. Results

During the study period a total of 373 subjects were diagnosed with CD; of these, 214
were excluded on the basis of the exclusion criteria and 159 entered the present study (see
Figure S1) (129 females, mean age 35.4 ± 14.7 years). Table S2.1 shows the demographic,
clinical, histological, and serological features of the patients.

3.1. Prevalence and Main Features of Anemia in CD Patients

More than half (n = 87, 54.7%) of the total CD patients showed mild-moderate anemia
[HGB (mean ± SD) 10.3 ± 1.6 g/dL], characterized by hypochromic, microcytic and
anisopoikilocytosis features (data not shown).

Table 1 shows the main demographic, clinical and histological differences between
the forementioned subgroups. Anemia was more commonly associated with female sex
(p = 0.0001), a longer diagnostic delay (p = 0.05), and extra-intestinal symptoms (p = 0.0001).
No other statistically significant differences were demonstrated.

ClinicalTrials.gov
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Table 1. Demographic, clinical and histological characteristics of anemic and non-anemic CD patients.

CD * Patients without
Anemia (n = 72) (%)

CD * Patients with Anemia
(n = 87) (%) p-Value

Sex
Female 49 (68.1) 80 (92.0) 0.0001
Male 23 (31.9) 7 (8.0)

Age (years) at the onset 32.6 ± 14.6 31.3 ± 14.3 NS *(mean ± SD *)
Diagnostic delay

(months) [median (range)] 24 (1−336) 48 (2−732) 0.05
BMI * (mean ± SD *) 22.9 ± 4.9 23.1 ± 2.9 NS *
IBS *-like symptoms

None 13 (18.0) 19 (21.8) NS *
Diarrhea 41 (57.0) 42 (48.3) NS *

Constipation 11 (15.3) 13 (15.0) NS *
Alternating bowel movements 7 (9.7) 13 (15.0) NS *

Dyspepsia 35 (48.6) 32 (36.8) NS *
Extra-intestinal symptoms 38 (52.8) 70 (80.5) 0.0001

Weight loss 26 (36.1) 29 (33.3) NS *
Poly/hypermenorrhea 13 (18.0) 26 (29.9) NS *

Associated autoimmune diseases 21 (29.2) 34 (39.1) NS *
MFH * 8 (11.1) 4 (4.6) NS *

Nickel hypersensitivity 8 (11.1) 7 (8.0) NS *
SRMI * 21 (29.2) 27 (31.0) NS *
Atopy * 15 (20.8) 11 (12.6) NS *

Marsh-Oberhuber classification
2 5 (6.9) 2 (2.3) NS *
3 67 (93.1) 85 (97.7) NS *

* BMI = Body Mass Index; CD = Celiac Disease; IBS = Irritable Bowel Syndrome; MFH = Multiple Food Hypersen-
sitivity; NS = Not significant; SD = Standard Deviation; SRMI = Self-Reported Milk Intolerance. Atopy includes:
Allergic rhino-conjunctivitis/asthma and atopic dermatitis.

Table 2 reports the main laboratory differences between anemic and non-anemic CD
patients. Anemic patients presented with below normal range total serum iron, ferritin and
vitamin B12, and, on the contrary, with above normal ESR. No other statistically significant
differences were demonstrated.

Table 2. HGB, iron metabolism, ESR, CRP, vitamin B12, folic acid and TSH of anemic and non-anemic
CD patients.

CD * Patients without
Anemia (n = 72) (%)

CD * Patients with
Anemia (n = 87) (%) p-Value

HGB * (g/dL) (mean ± SD *) 13.6 ± 1.1 10.3 ± 1.6 0.05
Total serum iron (below normal value-number and %) 7 (9.7) 72 (82.8) 0.0001

Total serum iron (µg/dL) [median (range)] 75.5 (36−157) 37 (18−79) 0.0001
Ferritin (below normal value-number and %) 19 (26.4) 82 (94.2) 0.0001

Ferritin (ng/mL) [median (range)] 36 (2−284) 5 (2−44) 0.0001
ESR * (above normal value-number and %) 7 (9.7) 61 (70.1) 0.001

ESR * (mm/h) [median (range)] 16 (2−42) 31.5 (3−75) 0.003
CRP * (above normal value-number and %) 6 (8.3) 11 (12.6) NS *

CRP* (mg/dL) [median (range)] 0.81 (0.1−7.1) 0.5 (0.06−32) NS *
Vitamin B12 (below normal value-number and %) 0 (0.0) 49 (56.3) 0.001

Vitamin B12 (pg/mL) [median (range)] 666 (201−727) 398 (113−903) NS *
Folic acid (below normal value-number and %) 27 (37.5) 49 (56.3) NS *

Folic acid (ng/mL) [median (range)] 2.3 (1−3) 4.8 (0.6−11.5) NS *
TSH * (above normal value-number and %) 21 (29.1) 16 (18.4) NS *

TSH * (µU/mL) [median (range)] 2 (0.8−7.6) 1.6 (0.7−8.03) NS *

* CD = Celiac Disease; CRP = C-Reactive Protein; ESR = Erythrocyte Sedimentation Rate; HGB = Hemoglobin;
NS = Not significant; SD = Standard Deviation; TSH = Thyroid-Stimulating Hormone. Reference values:
C-reactive protein (CRP) <5 mg/L; Erythrocyte Sedimentation Rate (ESR) 2–20 mm/h; Ferritin 15–150 ng/mL;
Folic acid 3.89–26.8 mcg/L; Hemoglobin (HGB) Male 13–18 g/dL, Female 12–16 g/dL; Thyroid-Stimulating
Hormone (TSH) 0.35–4.94 µU/mL; Total Serum Iron Male 65–180 µg/dL, Female 30–170 µg/dL; Vitamin B12
197–890 ng/L.
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3.2. Persistence of Anemia after GFD

We interviewed the whole enrolled CD population after one year of GFD, assessing
their compliance to the diet with the above-mentioned adherence score. In total, 134 (84.3%)
patients had a score of three to four (“strict” GFD), and these patients were therefore
reassessed to identify the frequency of anemia persistence. All these patients reported
either a significant improvement in symptoms compared with those at diagnosis or their
complete resolution and negativization of serological CD markers.

Moreover, all these patients have assumed iron supplementation (ferrous sulphate,
595–1190 mg daily) for at least 3 months during the 1 year of GFD.

The persistence of anemia [HGB (mean ± SD) 11.0 ± 0.9 g/dL] with hypochromic and
microcytic features was proved in 40 patients (46% of the subjects anemic at diagnosis),
with a higher prevalence in females (p = 0.02). Table 3 shows the pre-GFD demographic,
clinical, and hematochemical features of these patients compared to the whole group of
non-anemic ones (non-anemic before GFD plus non-anemic after GFD). Patients with
persistent anemia had lower BMI (p = 0.01) and ferritin levels (p = 0.05), but a higher
prevalence of poly/hypermenorrhea (p = 0.02) and atopy (which includes allergic rhino-
conjunctivitis/asthma and atopic dermatitis) (p = 0.04), and above normal ESR values
(p = 0.012). No other statistically significant differences were demonstrated.

Table 3. Pre-GFD demographic, clinical, and hematochemical features of patients with persistent
anemia after one year of “strict” GFD compared to the whole non-anemic ones (non-anemic before
GFD plus non-anemic after GFD).

Whole Non-Anemic
CD Patients (n = 94) (%)

Persisting Anemic CD
Patients (n = 40) (%) p-Value

Sex
Female
Male

74 (78.7)
20 (21.3)

38 (95.0)
2 (5.0)

0.02

Age (years) at diagnosis (mean ± SD *) 33.2 ± 14.2 35.8 ± 14.3 NS *
Diagnostic delay (months) [median (range)] 24 (1−456) 48 (2–660) NS *

BMI * (mean ± SD *) 24.3 ± 4.5 22.2 ± 3.44 0.01
Dyspepsia 27 (28.7) 14 (35.0) NS *

Extraintestinal symptoms 63 (67.0) 32 (80.0) NS *
Weight loss 37 (39.4) 18 (45.0) NS *

Poly/hypermenorrhea 19 (20.2) 16 (40.0) 0.02
Associated autoimmune diseases 38 (40.4) 16 (40.0) NS *

Hashimoto thyroiditis 19 (20.2) 8 (20.0) NS *
MFH * 9 (9.6) 3 (7.5) NS *
Atopy * 20 (21.3) 16 (40.0) 0.04

MCV * (below normal value-number and %) 52 (55.3) 25 (62.5) NS *
RDW * (above normal value-number and %) 13 (13.8) 10 (25.0) NS *
Ferritin (below normal value-number and %) 59 (62.8) 35 (87.5) 0.05
ESR * (above normal value-number and %) 29 (30.8) 33 (82.5) 0.012

Vitamin B12 (below normal value-number and %) 31 (33.0) 16 (40.0) NS *
Folic acid (below normal value-number and %) 48 (51.1) 22 (55.0) NS *

TSH * (above normal value-number and %) 29 (30.9) 6 (15.0) NS *
ANA * positivity (above normal value-number and %) 41 (43.6) 11 (27.5) NS *

* ANA = Anti-Nuclear Antibodies; BMI = Body Mass Index; CD = Celiac Disease; ESR = Erythrocyte Sedimentation
Rate; GFD = Gluten-Free Diet; MCV = Mean Corpuscular Volume; MFH = Multiple Food Hypersensitivity;
NS = Not Significant; RDW = Red Cell Distribution Width; SD = Standard Deviation; TSH = Thyroid-Stimulating
Hormone. References values: Anti-Nuclear Antibodies (ANA) negative; Erythrocyte Sedimentation Rate (ESR)
2–20 mm/h; Ferritin 15–150 ng/mL; Folic acid 3.89–26.8 mcg/L; Mean Corpuscular Volume (MCV) 80–99 fL; Red
Cell Distribution Width (RDW) 11–15%; Thyroid-Stimulating Hormone (TSH) 0.35–4.94 µU/mL; Vitamin B12
197–890 ng/L. Atopy includes: allergic rhino-conjunctivitis/asthma and atopic dermatitis.

4. Discussion

In Western countries, IDA prevalence in adults varies according to age and sex: it is
<1% in men under 50 years, 2–4% in men over 50 years, 9–20% in menstruating teenagers
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and young women, and 5–7% in post-menopausal women [18]. The most common patho-
genetic mechanisms of IDA in adults are increased menstrual flow, occult intestinal bleeding
or reduced iron absorption, as occurs in CD [19,20].

Several studies have investigated the prevalence of CD in IDA patients, finding
variability across time and geographical areas [21]; however, many of them were biased
by the methodologic diagnostic approach used: some studies considered only antibody
positivity to CD, reporting a pooled CD prevalence of 1.4%, whereas studies based on
biopsy-confirmed CD reported a prevalence of 0.7% [22]. More relevant data were reported
in a metanalysis by Mahadev et al.; the authors analyzed 18 studies from several countries
(including Italy), reporting a biopsy-confirmed CD prevalence in 3.2% of IDA patients.
This value rose to 5.5% when only the eight studies fulfilling all the quality criteria were
considered [6].

Anemia is probably the most frequent extra-intestinal manifestation of CD [23]. A re-
cent metanalysis showed that its prevalence varies widely between studies, ranging from
12% to up to 85%, and it is more common in the female sex [22]. In our study, 54.7%
of CD patients were anemic and almost all of them were women (92%, p = 0.0001), con-
firming the above-reported literature data. Of note, 70 of them also presented other
extra-intestinal symptoms, much more frequently than non-anemic CD patients (80.4%
vs. 43.6%, p = 0.0001), and a greater diagnostic delay (median 48 vs. 24 months, p = 0.05).
This evidence is in line with other reports in the literature [24–26], confirming that, in CD
patients, anemia is the main or the only clinical evidence for a long time, and this lack
of intestinal symptoms could delay diagnosis and aggravate malabsorption, as well as
increase the risk of complications, such as liver damage and neuropathy [27].

The morphologic and laboratory data of our population are typical of IDA, and both
circulating and deposit levels of iron were significantly lower in the anemic than in the
non-anemic CD patients. In addition, vitamin B12 and/or folic acid deficiencies were found
in more than half (56.3%, for both) of the anemic patients. Our evidence is higher than in the
literature data, which reported a prevalence of vitamin B12 and/or folic acid deficiency at
CD diagnosis in 8–41% and 20–30% patients, respectively [28]. Morphologic features of the
red blood cells, however, did not include macrocytosis; this could probably be explained
by considering the absolute values of vitamin B12 and folic acid in the anemic CD patients,
which were just slightly below the normal range, and no statistically significant differences
compared with the non-anemic CD patients were found. Such deficiencies would therefore
seem to be an additional factor influencing hyporegenerative anemia, which, however, is
probably mainly caused by iron metabolism alterations.

Usually, IDA is associated with atrophy of the villi, becoming more marked as the
histological degree of the lesions increases [29], even if it is also present in CD patients
with less atrophy [30]. Of note, in our study 152 (95.6%) patients (anemic plus non-anemic)
had Marsh 3 lesions and the remaining seven had Marsh 2 lesions, proving that there was
no statistical difference between the anemic and non-anemic populations. Unfortunately,
the low number of patients with moderate lesions did not allow a comparison to assess
whether patients with lower degree lesions had equivalent or higher HGB values.

Furthermore, a chronic disease, with an associated chronic inflammatory status, could
play a possible pathogenetic role in CD anemic patients; however, we did not specifically
study the CD inflammatory cytokine profile (e.g., interleukin-6, and interferon-γ), which
can modify erythropoiesis [31–33], as we analyzed only CRP and ESR. The former is known
to be rarely abnormal in CD patients, either with or without anemia [5,34], while the latter
is usually higher in anemic subjects “per se” because of the change in the blood to plasma
ratio [35]. In our patients, we only demonstrated more above-normal values and higher
absolute values of ESR in the anemic than in the non-anemic CD patients, which could
simply be explained by the anemic status per se.

After one year of a strict GFD (adherence score of 3–4, disappearance of symptoms and
negative CD antibodies), we reassessed anemia in our population, proving its persistence
in 40 subjects (46%) [HGB (mean ± SD) 11.0 ± 0.9 g/dL]. Our results are in line with other
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studies: De Falco et al. reported that in 45.4% of 229 adult CD and IDA patients, anemia
persisted after one year of GDF [34], and Sansotta et al. demonstrated similar results
(about 30%) after one year of GFD, falling to 15% after 2 years of GFD [10]. By contrast,
other studies have reported a lower prevalence of IDA persistence on GFD: recently, in
a prospective study, Roldan et al. showed that anemia persisted in 20% of patients following
GFD for one year and in 11% of subjects following GFD for two years [36]. However, the
patients enrolled in our study are almost 10 years younger than those in Roldan’s paper (31
vs. 41 years old); this can lead to a greater number of young fertile females in our population.
This evidence could suggest a relevant role of menstrual blood loose in our population, in
which anemia is characterized by hypochromic, microcytic and anisopoikilocytosis features
that more closely reflects IDA criteria than those of the Roldan study group, in which the
anemia is normocytic and, therefore, probably due to a multifactorial etiology.

In a small study in 26 newly diagnosed CD patients, Annibale et al. reported the
persistence of anemia in just 5.6% of subjects after one to two years of GFD. Interestingly,
the authors proved that despite IDA resolution, 55.5% of patients had sideropenia after
two years of GFD [37]. It is possible that continuing our analysis for over one year (maybe
two to three years of GFD) might reveal a further reduction in IDA.

Assuming that gluten stimulation in CD patients is the main culprit behind the anemia
(as reported, several pathways could be hypothesized), our results might suggest the
existence of two types of CD patients: those who do not have anemia or have a typical
anemia resolution on GFD, and those who remain anemic on GFD. Thus, we decided
to compare these two possible subtypes to identify putative pre-diet factors influencing
anemia persistence. In a Finnish study involving 163 adults with confirmed CD (68%
women), 38 of them (23%) had anemia at CD diagnosis, and 10 (6%) had it after one year
of GFD. Anemia was more common in women, possibly reflecting the generally higher
need for iron in premenopausal women, and a lower BMI was evident in the subjects with
persistent IDA [26]. Our study confirms the persistence of IDA in CD women, with a lower
BMI at diagnosis (p = 0.02 and 0.01, respectively), suggesting that this subgroup of patients
could have had a worse iron deficiency condition that was not corrected despite one year
of GFD.

To our knowledge, no studies have focused on poly/hypermenorrhea as a cause of
blood loss and anemia persistence in CD women. As shown in our results, there was
a significant prevalence of poly/hypermenorrhea (p = 0.02) in the persistent IDA patients,
suggesting that IDA might be due to iron loss rather than malabsorption, or to their
coexistence/overlap.

We also proved a correlation between atopy and IDA persistence. The association
between atopy and CD has not yet been satisfactorily established. In a Danish study,
subjects diagnosed with CD had a significantly higher prevalence of IgE sensitization
to food mix (p = 0.050), wheat (p = 0.014) and D. pteronyssinus (p = 0.014) compared
with individuals without CD. They also had significantly more skin prick reactivity for
D. Pteronyssinus (p = 0.009) compared to non-CD patients. However just nine of 2297
(0.4%) patients screened had a confirmed CD diagnosis, so no definitive conclusion can be
drawn [38]. In another study, over 213 CD subjects, including only 15 women (7.0% of the
whole population) reported a history of atopy [39]. Comparing anemic vs non-anemic CD
patients after one year of GFD, we noticed that the subgroup with persisting anemia was
significantly associated with a history of atopy. As the relationship between atopy and CD
is still under study, it is unknown if atopy may have a role in anemia refractory to GFD.

The higher percentage of patients with low serum ferritin levels after GFD in the
persistent anemia subgroup probably reflected a worse and uncorrected iron deficit. Pa-
tients’ clinical records showed that all patients have assumed iron supplementation (ferrous
sulphate, 595–1190 mg daily) for at least three months during the one year of GFD. Un-
fortunately, since the analysis we performed was retrospective, we cannot assess whether
vitamin B12 or folate were prescribed. Nevertheless, it has already been proved that GFD
alone, without iron supplementation, can solve IDA [37]. Moreover, some studies have
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pointed out that genetic conditions might be responsible for the altered iron metabolism
regulation and consequent IDA persistence in CD patients, such as the A736V TMPRSS6
polymorphism and human factor engineering (HFE) gene variants [35]. This condition,
although rare, might also be present in our population.

Our study has several limitations that must be mentioned. Firstly, as it was a retro-
spective study, we excluded many CD patients diagnosed in our centers over the time
period considered, including patients with complete clinical charts and laboratory findings
(this explains the quite low number of patients included). This probably created a selection
bias, with more complicated cases being evaluated, which consequently required more
visits and laboratory tests. Another limitation of this study is the absence of an endoscopic
re-evaluation of patients after GFD to certify the resolution or otherwise of the histological
lesions (villous atrophy) that could have determined anemia persistence, as reported by
some authors [6,40,41]. In fact, we did not perform an endoscopic examination, as the
patients showed a significant clinical improvement and negative serology after one year of
GFD. In addition, we did not perform a genetic polymorphism analysis, which might have
explained some of the cases of persisting anemia.

However, our study also has some strong points. The high specialization of all the
centers involved also allowed us to identify CD in subjects who would otherwise have
likely been overlooked. Moreover, we included in the subgroup analysis only patients who
reported a strict GFD (score three to four), thus excluding the primary cause of anemia
persistence: non-adherence to GFD [5,22].

5. Conclusions

IDA is a frequent condition in CD patients, occurring in approximately 50% of cases;
it represents the most frequent extra-intestinal CD manifestation, and is often the main
or the only clinical evidence for a long time. In these cases, CD diagnosis can be delayed
and malabsorption aggravated; thus, physicians should carefully exclude CD diagnosis
in all IDA subjects. The treatment of this condition is strict adherence to a GFD, which
can resolve, alone or with iron supplementation, the underlying iron malabsorption and
deficit. However, despite correct GFD adherence, in several IDA patients HGB levels do
not normalize, indicating that other factors could be (co)responsible. We proved that a large
percentage (40%) of the women with persistent IDA on a strict GFD had a low BMI and
presented poly/hypermenorrhea at diagnosis, suggesting that IDA might be due to iron
loss rather than malabsorption, or to their coexistence/overlap. Finally, a certain role could
also be attributed to a coexisting history of atopy, but further studies with a prospective
design are required to clarify the relevance of all these conditions.

Regardless, these data could suggest the need for personalized diagnostic and thera-
peutic approaches in patients with anemia and CD based on gender, BMI, and a history of
gynecological disorders.
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Table S2.2: Frequency of extra-intestinal symptoms referred in the whole CD population; Table S2.3:
Frequency of autoimmune diseases referred in the whole CD population; Table S2.4: Blood count
in 159 CD patients; Table S2.5: Iron metabolism, ESR, CRP, vitamin B12, folic acid, and TSH in 159
CD patients.

Author Contributions: A.C. and P.M. had full access to all the data in the study and take responsibility
for the integrity of the data and the accuracy of the data analysis. Conceptualization, A.C., P.M. and
A.S.; methodology, A.C.; investigation, S.C., D.C., G.C. (Giorgia Cavallo), G.C. (Giorgio Chiarello),
G.D.C., A.N., M.C., F.M., A.G. and R.D.; software, M.S.; formal analysis, M.S.; data curation: P.M.,
A.S. and M.S.; writing−original draft preparation, A.C., P.M. and A.S.; writing−review & editing,
A.C., P.M. and A.S. All authors have read and agreed to the published version of the manuscript.

https://www.mdpi.com/article/10.3390/jpm12101582/s1
https://www.mdpi.com/article/10.3390/jpm12101582/s1


J. Pers. Med. 2022, 12, 1582 9 of 10

Funding: This research received no external funding.

Institutional Review Board Statement: This study was performed in line with the principles of the
Declaration of Helsinki. The study protocol was approved by the Ethics Committee of the University
Hospital of Palermo (report number: 01/2018) and registered on the ClinicalTrials.gov website
(registration number: NCT05172895, accessed on 29 December 2021).

Informed Consent Statement: All subjects agreed to participate in the study.

Data Availability Statement: The data presented in this study are available on request from the
corresponding author. The data are not publicly available due to restriction about patient’s privacy.

Acknowledgments: We wish to thank all the patients who agreed to participate in the study.

Conflicts of Interest: The authors declare that they have no conflict of interest regarding the publica-
tion of this paper.

References
1. Mäki, M.; Mustalahti, K.; Kokkonen, J.; Kulmala, P.; Haapalahti, M.; Karttunen, T.; Ilonen, J.; Laurila, K.; Dahlbom, I.; Hansson, T.;

et al. Prevalence of Celiac disease among children in Finland. N. Engl. J. Med. 2003, 348, 2517–2524. [CrossRef] [PubMed]
2. Fasano, A.; Berti, I.; Gerarduzzi, T.; Not, T.; Colletti, R.B.; Drago, S.; Elitsur, Y.; Green, P.H.; Guandalini, S.; Hill, I.D.; et al.

Prevalence of celiac disease in at-risk and not-at-risk groups in the United States: A large multicenter study. Arch. Intern. Med.
2003, 163, 286–292. [CrossRef] [PubMed]

3. West, J.; Logan, R.F.; Hill, P.G.; Lloyd, A.; Lewis, S.; Hubbard, R.; Reader, R.; Holmes, G.K.; Khaw, K.T. Seroprevalence, correlates,
and characteristics of undetected coeliac disease in England. Gut 2003, 52, 960–965. [CrossRef] [PubMed]

4. Bingley, P.J.; Williams, A.J.; Norcross, A.J.; Unsworth, D.J.; Lock, R.J.; Ness, A.R.; Jones, R.W. Avon Longitudinal Study of Parents
and Children Study Team. Undiagnosed coeliac disease at age seven: Population based prospective birth cohort study. BMJ 2004,
328, 322–323. [CrossRef]

5. Stefanelli, G.; Viscido, A.; Longo, S.; Magistroni, M.; Latella, G. Persistent Iron Deficiency Anemia in Patients with Celiac Disease
Despite a Gluten-Free Diet. Nutrients 2020, 12, 2176. [CrossRef]

6. Mahadev, S.; Laszkowska, M.; Sundström, J.; Björkholm, M.; Lebwohl, B.; Green, P.H.R.; Ludvigsson, J.F. Prevalence of Celiac
Disease in Patients With Iron Deficiency Anemia-A Systematic Review With Meta-analysis. Gastroenterology 2018, 155, 374–382.
[CrossRef]

7. Bottaro, G.; Cataldo, F.; Rotolo, N.; Spina, M.; Corazza, G.R. The clinical pattern of subclinical/silent celiac disease: An analysis
on 1026 consecutive cases. Am. J. Gastroenterol. 1999, 94, 691–696. [CrossRef]

8. Kolho, K.L.; Färkkilä, M.A.; Savilahti, E. Undiagnosed coeliac disease is common in Finnish adults. Scand. J. Gastroenterol. 1998,
33, 1280–1283.

9. Martín-Masot, R.; Nestares, M.T.; Diaz-Castro, J.; López-Aliaga, I.; Alférez, M.J.M.; Moreno-Fernandez, J.; Maldonado, J.
Multifactorial Etiology of Anemia in Celiac Disease and Effect of Gluten-Free Diet: A Comprehensive Review. Nutrients 2019,
11, 2557. [CrossRef]

10. Sansotta, N.; Amirikian, K.; Guandalini, S.; Jericho, H. Celiac Disease Symptom Resolution: Effectiveness of the Gluten-free Diet.
J Pediatr. Gastroenterol. Nutr. 2018, 66, 48–52. [CrossRef]

11. Mansueto, P.; Spagnuolo, G.; Calderone, S.; D’Agate, C.C.; Cosenza, S.; Leonardi, G.; Camilleri, S.; Pistone, M.; Seminara, G.;
Alaimo, C.; et al. Improving the diagnostic approach to celiac disease: Experience from a regional network. Dig. Liver Dis. 2022,
54, 771–775. [CrossRef] [PubMed]

12. Marsh, M.N. Gluten; major histocompatibility complex, and the small intestine. A molecular and immunobiologic approach to
the spectrum of gluten sensitivity (‘celiac sprue’). Gastroenterology 1992, 102, 330–354. [CrossRef]

13. Oberhuber, G.; Granditsch, G.; Vogelsang, H. The histopathology of coeliac disease: Time for a standardized report scheme for
pathologists. Eur. J. Gastroenterol. Hepatol. 1999, 11, 1185–1194. [CrossRef] [PubMed]

14. Catassi, C.; Fasano, A. Celiac disease diagnosis: Simple rules are better than complicated algorithms. Am. J. Med. 2010, 123,
691–693. [CrossRef] [PubMed]

15. Caio, G.; Volta, U.; Sapone, A.; Leffler, D.A.; De Giorgio, R.; Catassi, C.; Fasano, A. Celiac disease: A comprehensive current
review. BMC Med. 2019, 17, 142. [CrossRef]

16. Biagi, F.; Bianchi, P.I.; Marchese, A.; Trotta, L.; Vattiato, C.; Balduzzi, D.; Brusco, G.; Andrealli, A.; Cisarò, F.; Astegiano, M.; et al.
A score that verifies adherence to a gluten-free diet: A cross-sectional, multicentre validation in real clinical life. Br. J. Nutr. 2012,
108, 1884–1888. [CrossRef] [PubMed]

17. Goddard, A.F.; James, M.W.; McIntyre, A.S.; Scott, B.B. British Society of Gastroenterology. Guidelines for the management of
iron deficiency anaemia. Gut 2011, 60, 1309–1316. [CrossRef]

18. Levi, M.; Simonetti, M.; Marconi, E.; Brignoli, O.; Cancian, M.; Masotti, A.; Pegoraro, V.; Heiman, F.; Cricelli, C.; Lapi, F. Gender
differences in determinants of iron-deficiency anemia: A population-based study conducted in four European countries. Ann.
Hematol. 2019, 98, 1573–1582. [CrossRef]

ClinicalTrials.gov
http://doi.org/10.1056/NEJMoa021687
http://www.ncbi.nlm.nih.gov/pubmed/12815137
http://doi.org/10.1001/archinte.163.3.286
http://www.ncbi.nlm.nih.gov/pubmed/12578508
http://doi.org/10.1136/gut.52.7.960
http://www.ncbi.nlm.nih.gov/pubmed/12801951
http://doi.org/10.1136/bmj.328.7435.322
http://doi.org/10.3390/nu12082176
http://doi.org/10.1053/j.gastro.2018.04.016
http://doi.org/10.1016/S0002-9270(98)00819-3
http://doi.org/10.3390/nu11112557
http://doi.org/10.1097/MPG.0000000000001634
http://doi.org/10.1016/j.dld.2021.11.016
http://www.ncbi.nlm.nih.gov/pubmed/34952810
http://doi.org/10.1016/0016-5085(92)91819-P
http://doi.org/10.1097/00042737-199910000-00019
http://www.ncbi.nlm.nih.gov/pubmed/10524652
http://doi.org/10.1016/j.amjmed.2010.02.019
http://www.ncbi.nlm.nih.gov/pubmed/20670718
http://doi.org/10.1186/s12916-019-1380-z
http://doi.org/10.1017/S0007114511007367
http://www.ncbi.nlm.nih.gov/pubmed/22321199
http://doi.org/10.1136/gut.2010.228874
http://doi.org/10.1007/s00277-019-03707-w


J. Pers. Med. 2022, 12, 1582 10 of 10

19. De Franceschi, L.; Iolascon, A.; Taher, A.; Cappellini, M.D. Clinical management of iron deficiency anemia in adults: Systemic
review on advances in diagnosis and treatment. Eur. J. Intern. Med. 2017, 42, 16–23. [CrossRef]

20. Cook, J.D. Diagnosis and management of iron-deficiency anaemia. Best Pract. Res. Clin. Haematol. 2005, 18, 319–332. [CrossRef]
21. Singh, P.; Arora, A.; Strand, T.A.; Leffler, D.A.; Catassi, C.; Green, P.H.; Kelly, C.P.; Ahuja, V.; Makharia, G.K. Global Prevalence of

Celiac Disease: Systematic Review and Meta-analysis. Clin. Gastroenterol. Hepatol. 2018, 16, 823–836. [CrossRef] [PubMed]
22. Montoro-Huguet, M.A.; Santolaria-Piedrafita, S.; Cañamares-Orbis, P.; García-Erce, J.A. Iron Deficiency in Celiac Disease:

Prevalence, Health Impact, and Clinical Management. Nutrients 2021, 13, 3437. [CrossRef] [PubMed]
23. Halfdanarson, T.R.; Litzow, M.R.; Murray, J.A. Hematologic manifestations of celiac disease. Blood 2007, 109, 412–421. [CrossRef]

[PubMed]
24. Bhadada, S.K.; Rastogi, A.; Agarwal, A.; Kochhar, R.; Kochhar, R.; Bhansali, A. Comparative study of clinical features of patients

with celiac disease & those with concurrent celiac disease & type 1 diabetes mellitus. Indian J. Med. Res. 2017, 145, 334–338.
[PubMed]

25. Nurminen, S.; Kivelä, L.; Huhtala, H.; Kaukinen, K.; Kurppa, K. Extraintestinal manifestations were common in children with
coeliac disease and were more prevalent in patients with more severe clinical and histological presentation. Acta Paediatr. 2019,
108, 681–687. [CrossRef]

26. Saukkonen, J.; Kaukinen, K.; Koivisto, A.M.; Mäki, M.; Laurila, K.; Sievänen, H.; Collin, P.; Kurppa, K. Clinical Characteristics
and the Dietary Response in Celiac Disease Patients Presenting With or Without Anemia. J. Clin. Gastroenterol. 2017, 51, 412–416.
[CrossRef]

27. Laurikka, P.; Nurminen, S.; Kivelä, L.; Kurppa, K. Extraintestinal Manifestations of Celiac Disease: Early Detection for Better
Long-Term Outcomes. Nutrients 2018, 10, 1015. [CrossRef]

28. García-Manzanares, A.; Lucendo, A.J. Nutritional and dietary aspects of celiac disease. Nutr. Clin. Pract. 2011, 26, 163–173.
[CrossRef]

29. Harper, J.W.; Holleran, S.F.; Ramakrishnan, R.; Bhagat, G.; Green, P.H. Anemia in celiac disease is multifactorial in etiology. Am. J.
Hematol. 2007, 82, 996–1000. [CrossRef]

30. Akbari, M.R.; Mohammadkhani, A.; Fakheri, H.; Javad Zahedi, M.; Shahbazkhani, B.; Nouraie, M.; Sotoudeh, M.; Shakeri, R.;
Malekzadeh, R. Screening of the adult population in Iran for coeliac disease: Comparison of the tissue-transglutaminase antibody
and anti-endomysial antibody tests. Eur. J. Gastroenterol. Hepatol. 2006, 18, 1181–1186. [CrossRef]

31. Nilsen, E.M.; Jahnsen, F.L.; Lundin, K.E.; Johansen, F.E.; Fausa, O.; Sollid, L.M.; Jahnsen, J.; Scott, H.; Brandtzaeg, P. Gluten
induces an intestinal cytokine response strongly dominated by interferon gamma in patients with celiac disease. Gastroenterology
1998, 115, 551–563. [CrossRef]

32. Ciccocioppo, R.; Di Sabatino, A.; Bauer, M.; Della Riccia, D.N.; Bizzini, F.; Biagi, F.; Cifone, M.G.; Corazza, G.R.; Schuppan, D.
Matrix metalloproteinase pattern in celiac duodenal mucosa. Lab. Investig. 2005, 85, 397–407. [CrossRef] [PubMed]

33. Mullarky, I.K.; Szaba, F.M.; Kummer, L.W.; Wilhelm, L.B.; Parent, M.A.; Johnson, L.L.; Smiley, S.T. Gamma interferon suppresses
erythropoiesis via interleukin-15. Infect. Immun. 2007, 75, 2630–2633. [CrossRef] [PubMed]

34. De Falco, L.; Tortora, R.; Imperatore, N.; Bruno, M.; Capasso, M.; Girelli, D.; Castagna, A.; Caporaso, N.; Iolascon, A.; Rispo, A.
The role of TMPRSS6 and HFE variants in iron deficiency anemia in celiac disease. Am. J. Hematol. 2018, 93, 383–393. [CrossRef]
[PubMed]

35. Jurado, R.L. Why shouldn’t we determine the erythrocyte sedimentation rate? Clin. Infect. Dis. 2001, 33, 548–549. [CrossRef]
[PubMed]

36. Roldan, G.A.; Goyes, D.; Villafuerte-Gálvez, J.A.; Urquiaga, M.; Dennis, M.; Murray, J.A.; Leffler, D.A.; Kelly, C.P. Anemia etiology
and the response to a gluten-free diet in untreated patients with celiac disease: A 2-year follow-up. Am. J. Gastroenterol. 2022.
[CrossRef]

37. Annibale, B.; Severi, C.; Chistolini, A.; Antonelli, G.; Lahner, E.; Marcheggiano, A.; Iannoni, C.; Monarca, B.; Delle Fave, G.
Efficacy of gluten-free diet alone on recovery from iron deficiency anemia in adult celiac patients. Am. J. Gastroenterol. 2001, 96,
132–137. [CrossRef]

38. Kårhus, L.L.; Skaaby, T.; Madsen, A.L.; Thuesen, B.H.; Schwarz, P.; Rumessen, J.J.; Linneberg, A. The association of celiac disease
and allergic disease in a general adult population. United Eur. Gastroenterol. J. 2019, 7, 78–89. [CrossRef]

39. Kotze, L.M.D.S.; Kotze, L.R.; Moreno, I.; Nisihara, R. Immune mediated diseases in patients with celiac disease and their relatives:
A comparative study of age and sex. Arq. Gastroenterol. 2018, 55, 346–351. [CrossRef]

40. Stenling, R.; Fredrikzon, B.; Engberg, S.; Falkmer, S. Surface ultrastructure of the small intestine mucosa in children with celiac
disease. I. Untreated disease and effects of long-term gluten elimination and challenge. Ultrastruct. Pathol. 1984, 6, 295–305.
[CrossRef]
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