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Abstract

We report, for the first time, the case of amyotrophic lateral sclerosis (ALS) onset in a 54-year-
old woman not following a strict gluten-free diet (GFD) for six years after the diagnosis of celiac
disease (CD). The patient did not display any sign of gluten toxicity, malabsorption, or CD-
related comorbidity. Previous cases reported in medical literature showed ALS-like forms
secondary to gluten intolerance, with symptom remission after a strict GFD. Even after
correcting dietary flaws, the clinical manifestation of ALS did not improve in our patient. The
main neurological involvement was a muscular weakness of upper and lower limbs, and
dysphagia causing a weight loss for reduced food intake without any signs of malabsorption.
Only vitamin D and folate levels were observed below normal; therefore, nutritional
management required an oral supplementation of nutrients and vitamins. Muscle wasting was
confirmed by an electrophysiological study using electromyography (EMG); body composition
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was assessed using bioimpedentiometry. Even after implementing a stricter GFD, clinical
manifestations of the ALS did not improve. Therefore, the diagnosis of secondary neurological
involvement in gluten ingestion was ruled out with ALS as an exclusionary diagnosis, at the end
of the routine diagnostic pathway. The patient is currently under neurological and nutritional
follow up for both ALS and CD as per standard of care to ensure her nutritional support and
maintain the best possible quality of life during the progressive prognosis of the neurological
diagnosis.
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1. Case Report

Amyotrophic lateral sclerosis (ALS) is a progressive motor neuron disease with degeneration of
descending motor pathways. Its etiology and pathophysiologic mechanisms remain incompletely
understood; therefore, ALS is often an exclusion diagnosis after ruling out different diseases, causing
similar manifestations.

We report the case of a 54-year-old woman, not adhering to a gluten-free diet (GFD), showing ALS
onset six years after being diagnosed with celiac disease (CD). She tested positive at serology (both
IgA and 1gG positive endomysium and anti-tissue transglutaminase, with normal anti-gliadin
antibodies, and normal total IgA count), endoscopy, and histological tests (villous atrophy and crypt
hyperplasia with lymphocytes infiltration of the mucosa at the duodenal biopsies that were staged 3c
as per the Marsh-Oberhuber classification) for CD during her first pregnancy at 48 years of age, after
three previous miscarriages. At that time, she had reported a 15% weight loss recorded in three
months and a chronic iron deficiency; nevertheless, she, by following a strict GFD during the
pregnancy, successfully delivered her baby. Thereafter, she was lost to follow-up and recently was
referred to us. She started weekly exceptions to the GFD after delivery. She reported no other
comorbidities, no family history of CD, and no other autoimmune or neurological diseases. Five years
after the CD onset, she reported cervical rigidity, muscular weakness in upper and lower limbs. No
fasciculation, cramp, or sensory loss was reported. She also displayed dysphagia for solid and liquid
food, and pulmonary dysfunction with dyspnea on exertion, as measured by a spirometry test.

Routine examinations to confirm motor-neuron disease involved conducting laboratory tests,
electrocardiogram, electromyography (EMG), abdominal ultrasound, magnetic resonance (MR) of the
brain and spinal cord with fiber tracking diffusion tensor imaging (DTI).

Blood tests revealed an elevated creatine phosphokinase level, low level of Vitamin D, and folate
without any other metabolically relevant abnormality (Table 1). The patient reported no other
serological follow up during the preceding six years after implementing a GFD.
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Table 1 Laboratory results.

Reference values  CD Diagnosis CD Diagnosis ALS diagnosis
(2014) (2019) (2020)

RBC 4-10 *103/pL 4.46 4.81 4.61
Hb 12-15.5 g/dL 11.7 13.7 12.9
Ht 36-46 % 35.7 41.5 39.8
MCV 82-98 fL 71 86.3 86.3
Iron 50-170 pg/dL 16 97 51
Transferrin 250-380 mg/dL 276 72 168
Ferritin 10-291 ng/mL 21 114 140
Proteins 6.4-8.3 g/dL 6.7 6.1 6.7
Albumin 3.4-4.8 g/dL 3.8 3.51 4.3
Glucose 70-100 mg/dL 68 91 84
Vitamin D 30-100 ng/mL 7 19.7 27.5
Vitamin B12 211-911 pg/mL 213 340 375
Folate >3 ng/dL 24%* 3.4 15.73
Tot Cholesterol 0-200 mg/dL 162 177 172
Triglycerides 45-170 mg/dL 194 121 248
Total IgA 70-400 mg/dL 172
IgA tTg <20CU 11 1.77 5.9
IgA AGA <20CU 72 3.04
IgG AGA <20CU 5.4 3.87
EMA Positive/Negative  + - -

RBC Red Blood Cells; Hb Hemoglobin;, Ht Hematocrit; MCV Mean Cellular Volume; Ig
Immunoglobulins A and G; AGA Anti-Gliadin Antibodies; EMA Endomysium Antibodies; BP Blood
Pressure.

*with oral supplements

Other autoimmune neurological or rheumatological diseases, including heavy metal poisoning and
endocrine disruption, were ruled out. No pathologic spinal cord disc conditions were found.

Both spinal and bulbar regions were involved at the EMG test with neuronal denervation, muscle
weakness, and hyperreflexia. Lymph nodes were slightly swollen along the cervical spine without
clinical relevance (< 2 cm). A speech-language pathologist diagnosed dysphagia by a swallowing
assessment, evaluating weakness of mouth, tongue, and facial muscle including pharyngeal phase
impairment, voice impairment, drooling, and need for a modified consistency diet with a liquid
thickening.

During the diagnosis of CD and the flawed GFD, the patient regained the lost weight at the CD
onset and turned slightly overweight at ALS onset (26.1 kg/m?). Unfortunately, her dysphagia was
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progressing rapidly, and during the next six months, the swallowing muscle weakness increased. She
reported prolonged meal time and fatigue, restricted food intake recording a 10-12% weight loss that
required oral nutritional supplementation (ONS).

We also performed a bioimpedentiometric analysis showing marked sarcopenia for muscle wasting
at the phase angle and body cellular mass (BCM), as shown in Figure 1 and Table 2.
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Figure 1 Bioimpedentiometry graph.
Rz Resistance; Xc Reactance.
Table 2 Body composition parameters.
Reference values Units
BMI 26.2 18.0-25.0 kg/m?
PhA 33 5.6-7.4 °
BCM 9.5 >10.0 kg/m
FFM 26.2 23.0-28.0 kg/m
FM 12 7.0-14.0 kg/m
TBW 27.1 15.0-22.0 L/m

BMI body mass index; PhA phase angle; BCM body cellular mass; FFM fat-free mass; FM fat mass;
TBW total body water.
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2. Discussion

Celiac Disease (CD) is an intestinal enteropathy triggered by the ingestion of gluten in genetically
predisposed individuals and leads to an autoimmune-mediated inflammatory response with duodenal
villous atrophy and nutrients malabsorption. Typical presentation includes abdominal distension,
diarrhea, steatorrhea, weight loss, iron deficiency anemia, and osteoporosis. Diagnosis relies on
serological parameters (tissue transglutaminase and endomysial IgA) and duodenal biopsies (villous
atrophy and increased intraepithelial lymphocytes) [1-2]. However, diagnosis is sometimes
challenging due to atypical presentation, such as neurological symptoms (with or without
gastrointestinal symptoms) including gluten ataxia, motor neuron disease-like neuropathy, small fiber
type neuropathy, cognitive impairment, and Parkinsonism resulting from vitamin and mineral
deficiencies.

A possible pathophysiologic role of anti-gliadin antibodies in a neurotoxic autoimmune process has
been suggested in some previous studies [3-4]. Besides, other immunological disorders could overlap
with CD, including Hashimoto thyroiditis, type 1 diabetes mellitus (T1DM), rheumatoid arthritis, and
IgA deficiency [2].

An atypical presentation can even mimic signs and symptoms of ALS, such as severe, relentless,
and progressive neurodegenerative motor neuron disease, resulting in increasing weakness of
voluntary muscles until death from respiratory failure occurring within few years [5].

ALS is less frequent than CD (prevalence range in European population 1.1-8.2/100,000 vs. 1/100)
with a later peak age at onset (58-63 years and 47-52 years for sporadic and familial forms,
respectively, vs. a double peak in early childhood and the third-to-fourth decade, respectively). ALS
etiology and pathogenesis remain undetermined, warranting further investigation of genetic causes
and the contribution of environmental factors [6-7].

To our knowledge, the current case report is the first case of ALS reported in a patient with CD
following a partially-compliant GFD. Previously reported cases showed an atypical presentation of CD,
with neurological symptom onset classified as secondary ALS (ALS-like syndrome) that improved after
a strict GFD implementation [2, 8-11].

Ham H et al. [9] reported an emblematic case of a sexagenarian man showing chronic progressive
motor weakness within the last two years, highly suspected of having ALS. Since he reported loose
stools and weight loss in the previous seven months, an esophagogastroduodenoscopy (EGD) was
performed, and the histopathological examination revealed villous atrophy, crypt hyperplasia, and
severe lymphocytic cells infiltration. According to higher serum endomysial antibody titer, the patient
received a CD diagnosis, and after four months of GFD, the neurological manifestations showed an
improvement.

Even Brown et al. [2] presented a case of a young man with progressive neurologic symptoms and
brain MR imaging suggestive of ALS. They also diagnosed CD with neurological and imaging
improvements through GFD. Other similar ALS-mimicking cases were reported [8-10].

ALS etiology is not completely known, and its relationship with CD remains still incompletely
established. A higher prevalence of autoimmune associated diseases has been described [10, 12] in
epidemiologic studies on ALS patients, but a causative relationship remains still to be established.
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Conversely, two earlier studies analyzing this relation showed no genetic correlation in a genome-
wide association study (GWAS) and established no serological evidence of gluten-related involvement
in ALS etiology [13, 14].

Ludvigsson et al. [13] compared a large cohort of CD patients (diagnosed by small intestine
biopsies) with the general population, finding no higher risk of ALS onset (H 1.0; 95% CI 0.5-1.8). Even
CD-associated HLA allele frequencies were observed similar in ALS patients and controls, excluding
any correlation between the two diseases [14].

Besides, a unique report [4] showed a higher frequency of seropositive ALS patients to the newly
identified neuronal transglutaminase 6 (TG6) without manifesting any difference in the clinical
neurological features of the disease. Since this report suggested an association of ALS with
autoimmunity and gluten sensitivity, but data are still inconclusive, further investigations in this field
are required.

Besides vitamin deficient status, an imbalance in redox species at a pathogenetic level was
proposed as a possible link between autoimmune disorders and neurodegenerative diseases [15].

In our patient, the risk of developing an autoimmune disease might have been triggered by
multiple exceptions to the GFD, but no evidence of a causal relation between CD and ALS has ever
been described to support this hypothesis. On the other hand, an atypical neurological presentation
of CD, defined as secondary ALS, could be ruled out as our patient re-started on stricter GFD after
being diagnosed with ALS, and her symptoms did not improve accordingly. Indeed, laboratory blood
tests at ALS onset showed complete remission of gluten-related impairments with negative serology
for CD and no vitamin deficiencies (Table 1). Therefore, the current report rules out the possibility of
ALS getting triggered by sporadic gluten ingestion, and cannot elucidate the genetic correlation of ALS
and CD.

While CD has a benign prognosis due to the total remission of symptoms and intestinal lesions a
few months after the beginning of a GFD, ALS is a rapidly progressive neurodegenerative disease
associated with poor quality of life and fatal prognosis.

3. Conclusion

In summary, it is suggested to rule out the diagnosis of CD onset when presenting with atypical
neurological symptoms. Patients require a thorough investigation, with CD-antibodies serological
screen to assess CD or compliance with GFD and accurate analysis for malabsorption and nutritional
deficiencies that might be related to the neurological manifestations.

No evidence of causal relation could be found on the basis of such a limited number of cases, but
more research is suggested with a focus on individuals not strictly adhering to GFD to follow-up the
risk of autoimmune disease, especially those not genetically related to CD-HLA, such as ALS.
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