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elevated in active disease compared with controls, 
but that also several antioxidants show decreased 
serum levels. Furthermore, NO is elevated and 
antioxidants (vitamin E, glutathione perodixase) 
are decreased—to a smaller extent—in dietary­
‑controlled celiac patients. NO even shows a sig­
nificant correlation with intestinal mucosal dam­
age, although this correlation is low. 

Piątek‑Guziewicz et al5 are by far not the first 
to focus on the NO pathway. It has been known 
for years that colonic NO synthesis is increased 
in active ulcerative colitis.6,7 Toxicity and inflam­
mation can lead to increased transcription of pro­
inflammatory cytokines and enzymes including 
inducible NO synthase (iNOS, expressed in en­
terocytes), which in turn leads to higher NO lev­
els promoting oxidative stress.8 In CD, adult pa­
tients have been shown to have higher iNOS ac­
tivity, which was partly corrected by GFD.9 Spen­
cer et al10 further showed that plasma NO end 
products fell rapidly after introduction of GFD 
and were related to histological disease grade. 
The novelty presented in the study by Piątek­
‑Guziewicz et al5 is that even in adult patients 
with nonclassic symptoms, the oxidative imbal­
ance can be used to differentiate patients with ac­
tive CD from those without CD and, to some ex­
tent, from treated CD patients. Moreover, the au­
thors showed that other markers of oxidative im­
balance such as elevated uric acid might also be 
applied. The fact that there is ongoing oxidative 
imbalance in treated patients compared with con­
trols raises several questions: did patients simply 
not adhere to GFD? Or is an ongoing oxidative 
imbalance an indicator of noncontrolled mucosal 
damage? Is there any clinical impact of patients 
with normal serology and absence of symptoms, 
but oxidative imbalance?

Given the correlation of increased NO with mu­
cosal damage and the known gap between clini­
cal, serological, and histological disease activity, 

Celiac disease (CD) is a systemic immune-medi­
ated disorder triggered by gluten intake in genet­
ically predisposed individuals.1 Gluten‑free diet 
(GFD) is the cornerstone of CD treatment and is 
highly efficacious in inducing and maintaining 
clinical remission. However, GFD with life‑long 
elimination of wheat, rye, and barley has dramatic 
consequences for the patient’s everyday life. Ad­
herence to GFD is variable,2 and current guide­
lines strongly support a follow‑up, particularly 
in the first year after diagnosis to assess diet ad­
herence and disease activity. This includes assess­
ment of clinical symptoms, dietary review, sero­
logical assessment, and, in some cases, follow­
‑up biopsies.3 Although GFD is highly efficacious 
regarding clinical and serological disease remis­
sion, with the latter being used for assessment 
of GFD adherence in particular, there is a signif­
icant mismatch between clinical and serological 
disease activity on one side, and histological dis­
ease activity on the other. Dickey et al4 demon­
strated that more than 80% of patients with per­
sistent villous atrophy had normal levels of sero­
logical markers. In general, the rates of mucosal 
healing under GFD are reported to be only 57% 
to 76%.3 However, whether follow‑up endosco­
pies are needed for every patient remains an is­
sue of ongoing debate. Current guidelines rec­
ommend routine follow‑up biopsies only in pa­
tients with clinical nonresponse or increased risk 
of lymphoma (or both). However, there certain­
ly is an unmet need for noninvasive markers be­
ing in between serological and endoscopic dis­
ease evaluation.

In this issue of the Polish Archives of Internal 
Medicine (Pol Arch Intern Med), Piątek‑Guziewicz 
et  al5 pursue an  approach of implementing 
the previously studied oxidative imbalance as 
a marker for CD activity. They demonstrated that 
not only oxidative stress measured by fasting 
serum nitride oxide (NO) levels is significantly 

EDITORIAL

Too much stress for enterocytes in celiac 
disease? On the way to better control of 
treatment outcome

Stephan R. Vavricka, Thomas Greuter
Division of Gastroenterology and Hepatology, University Hospital Zurich, Zurich, Switzerland

Correspondence to:
Stephan R. Vavricka, Professor MD, 
Division of Gastroenterology and 
Hepatology, University Hospital 
Zurich, Rämistrasse 100, 8091 Zürich, 
Switzerland, phone: +41 44 255 11 11, 
e‑mail: stephan.vavricka@usz.ch
Received: June 17, 2017.
Accepted: June 17, 2017.
Published online: August 3, 2017.
Conflict of interests: none declared.
Pol Arch Intern Med. 2017; 
127 (7-8): 471-472
doi:10.20452/pamw.4071
Copyright by Medycyna Praktyczna, 
Kraków 2017



POLISH ARCHIVES OF INTERNAL MEDICINE  2017; 127 (7-8)472

REFERENCES

1  Fasano A, Catassi C. Clinical practice. Celiac disease. N Engl J Med. 
2012; 367: 2419-2426.

2  Vavricka SR, Stelzer T, Lattmann J, et al. Celiac disease is misdiagnosed 
based on serology only in a substantial proportion of patients. J Clin Gastro-
enterol. 2016. [Epub ahead of print].

3  Ludvigsson JF, Bai JC, Biagi F, et al. Diagnosis and management of adult 
coeliac disease: guidelines from the British Society of Gastroenterology. Gut. 
2014; 63: 1210-1228.

4  Dickey W, Hughes DF, McMillan SA. Patients with serum IgA endomysi-
al antibodies and intact duodenal villi: clinical characteristics and manage-
ment options. Scand J Gastroenterol. 2005; 40: 1240-1243.

5  Piątek­‑Guziewicz A, Zagrodzki P, Paśko P, et al. Alterations in serum lev-
els of selected markers of oxidative imbalance in adult celiac patients with 
extraintestinal manifestations: a pilot study. Pol Arch Intern Med. 2017; 127: 
532-539.

6  Middleton SJ, Shorthouse M, Hunter JO. Increased nitric oxide synthe-
sis in ulcerative colitis. Lancet. 1993; 341: 465-466.

7  Roediger WE, Lawson MJ, Nance SH, et al. Detectable colonic nitrite 
levels in inflammatory bowel disease - mucosal or bacterial malfunction? 
Digestion. 1986; 35: 199-204.

8  Ferretti G, Bacchetti T, Masciangelo S, et al. Celiac disease, inflamma-
tion and oxidative damage: a nutrigenetic approach. Nutrients. 2012; 4: 
243-257.

9  Murray IA, Daniels I, Coupland K, et al. Increased activity and expres-
sion of iNOS in human duodenal enterocytes from patients with celiac dis-
ease. Am J Physiol Gastrointest Liver Physiol. 2002; 283: G319‑G326.

10  Spencer HL, Daniels I, Shortland J, et al. Effect of a  gluten
‑free diet on plasma nitric oxide products in coeliac disease. Scand J 
Gastroenterol. 2004; 39: 941-945.

11  Lebwohl B, Granath F, Ekbom A, et al. Mucosal healing and mortality in 
coeliac disease. Aliment Pharmacol Ther. 2013; 37: 332-339.

12  Lebwohl B, Granath F, Ekbom A, et al. Mucosal healing and risk for 
lymphoproliferative malignancy in celiac disease: a population‑based cohort 
study. Ann Intern Med. 2013; 159: 169-175.

NO may indeed be a more reliable surrogate than 
any clinically applied serological marker. However, 
NO and antioxidants should be tested as diagnos­
tic and follow‑up markers, respectively, and com­
pared to the gold standard (biopsy) in more de­
tail in order to allow the receiver operating char­
acteristic curve analysis and calculation of posi­
tive and negative predictive values. This, howev­
er, was beyond the scope of this study.

Nonetheless, the reported results have to be 
interpreted with caution, because the study is 
purely descriptive, and it therefore remains un­
clear whether the oxidative imbalance is a con­
tributor to the disease or a simple result of it. If 
it is “the chicken or the egg”, it has to be studied 
in experimental models. Furthermore, the study 
was certainly underpowered to detect smaller dif­
ferences between treated CD patients and con­
trols, and the cross‑sectional design instead of 
a long‑term follow‑up with several serum sam­
ples over time in every patient is a clear limita­
tion, since there might have been significant in­
terindividual variation.

The question remains why we have to care about 
ongoing mucosal damage despite clinical and se­
rological remission? Well, because there is still 
the possibility of CD complications. However, 
data on this are conflicting: persistent mucosal 
disease activity is not associated with overall mor­
tality.11 Nonetheless, the lack of mucosal healing 
might be a risk factor for autoimmune disease, 
pregnancy, and lymphoma.3 The latter has been 
shown to be significantly associated with persis­
tent villous atrophy.12

Due to the lack of a marker in between serolo­
gy and endoscopy, and given the fact that the lat­
ter is not cost‑efficient in the context of the low 
number of patients with CD complications, guide­
lines still recommend assessment of clinical and 
serological disease activity as the first step and 
reserve endoscopy for a selected subset of pa­
tients only. Nonetheless, recommended follow­
‑up assessments are underused. We have recent­
ly shown that less than 70% of CD patients had 
a follow‑up serology within 1 year after their diag­
nosis. Although the rate was higher when patients 
were followed by a gastroenterologist, a signifi­
cant proportion of the specialists did not adhere 
to the current guidelines.2 So, while better non­
invasive markers are needed, physicians—gen­
eral specialists and gastroenterologists in par­
ticular—should be aware of the importance of 
a follow‑up management in patients with CD. Re­
garding the unmet need of surrogates in between 
serology and endoscopy, NO and other indica­
tors of oxidative imbalance may close an impor­
tant gap some day. We are not there yet; howev­
er, the results of the study by Piątek‑Guziewicz 
et al5 are a further piece in this complex puzzle.


