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Abstract: Background: The prevalence of depression in celiac disease (CD) is high, and patients are
often burdened socially and financially by a gluten-free diet. However, the relationship between
depression, somatic symptoms and dietary adherence in CD is complex and poorly understood.
We used a patient powered research network (iCureCeliac®) to explore the effect that depression has
on patients’ symptomatic response to a gluten-free diet (GFD). Methods: We identified patients with
biopsy-diagnosed celiac disease who answered questions pertaining to symptoms (Celiac Symptom
Index (CSI)), GFD adherence (Celiac Dietary Adherence Test (CDAT)), and a 5-point, scaled question
regarding depressive symptoms relating to patients’ celiac disease. We then measured the correlation
between symptoms and adherence (CSI vs. CDAT) in patients with depression versus those without
depression. We also tested for interaction of depression with regard to the association with symptoms
using a multiple linear regression model. Results: Among 519 patients, 86% were female and the mean
age was 40.9 years. 46% of patients indicated that they felt “somewhat,” “quite a bit,” or “very much”
depressed because of their disorder. There was a moderate correlation between worsened celiac
symptoms and poorer GFD adherence (r = 0.6, p < 0.0001). In those with a positive depression screen,
there was a moderate correlation between worsening symptoms and worsening dietary adherence
(r = 0.5, p < 0.0001) whereas in those without depression, the correlation was stronger (r = 0.64,
p < 0.0001). We performed a linear regression analysis, which suggests that the relationship between
CSI and CDAT is modified by depression. Conclusions: In patients with depressive symptoms related
to their disorder, correlation between adherence and symptoms was weaker than those without
depressive symptoms. This finding was confirmed with a linear regression analysis, showing that
depressive symptoms may modify the effect of a GFD on celiac symptoms. Depressive symptoms
may therefore mask the relationship between inadvertent gluten exposure and symptoms. Additional
longitudinal and prospective studies are needed to further explore this potentially important finding.
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1. Introduction

Celiac Disease (CD) is an autoimmune disorder that, by recent estimates, affects roughly 0.7%
of the United States population [1]. The disease is caused by gut mucosal immune activation against
gluten, a protein component of wheat, rye, and barley [2]. The clinical manifestations are numerous
and often differ between adults and children. While potential new therapies are being studied, the only
current treatment is strict avoidance of gluten in the diet [3]; a treatment that for many is expensive,
socially isolating, and can result in anxiety about accidental ingestion [3].

There are many well-described neuropsychiatric manifestations of CD. Many studies have
examined the association between CD and depression [4-12], anxiety [7,10], bipolar disorder [10],
and schizophrenia [3,6]. The prevalence of depression in CD has been reported as anywhere between
6% and 57% [13], and a 2011 meta-analysis showed that depression is more common in CD than the
general population [5]. However, other studies have demonstrated that the prevalence of depression
in CD is the same as in the general population [14] and in other cohorts that suffer from chronic
illness [5,15]. Many pathophysiologic mechanisms behind the CD-depression association have
been postulated and studied including regional cerebral hypoperfusion [12], comorbid autoimmune
thyroid disease [11], and decreased levels of cerebrospinal fluid monoamines in celiac patients,
which improve with a gluten-free diet (GFD) [16,17]. The GFD can be expensive, burdensome,
and socially isolating [3]. It is therefore conceivable that adhering to such a diet may be associated with
worsening of affective symptoms. However, one cross-sectional study demonstrated an association
between less severe depression scores and being on a gluten-free diet for more than five years [8]
and another longitudinal study found improvements in quality of life after one year of treatment
of a GFD, with less improvement in those who adhered poorly [18]. Simsek et al. (2015) identified
improved depression scores in pediatric patients adherent to a GFD [19] as did Borghini et al. [20]
in adult patients, where another study suggested improvement in anxiety only, with no change in
depressive symptoms after one year of a GFD [21]. Furthermore, depressed patients who suffer
from chronic illnesses have been found to be less compliant with treatment than non-depressed
individuals [22]. A recent meta-analysis examined 8 cross-sectional studies and concluded that
an association between poorer GFD adherence and self-reported depressive symptoms is likely [23].
Another study followed 66 patients, randomized to receive or not receive psychological support and
found reduced depression scores and better adherence to their diet at six months in patients receiving
psychological support [24]. This suggests that a relationship may exist between depressive symptoms
and GFD adherence; however, the common use of self-reported depression and dietary adherence
scales challenges the study of the topic. Furthermore, many of these studies do not specifically examine
symptoms of CD. As many common CD symptoms may mimic those of depression, this remains
a challenging relationship to evaluate scientifically.

In order to involve patients in clinical research, the Patient-Centered Outcomes Research Institute
(PCORI) created the National Patient-Centered Clinical Research Network. As an outcome of this
initiative, the Celiac Disease Foundation created iCureCeliac®, a patient-governed forum for clinical
research. We implemented this tool to study the effect of self-reported depressive symptoms as relating
to CD on the association between CD symptoms and adherence to a GFD. We hypothesized that the
presence of depressive symptoms modifies the symptomatic response to a GFD.

2. Patients and Methods

We performed a cross-sectional analysis of pre-existing study data, utilizing the research
questionnaire from iCureCeliac® a patient-powered research network. Beginning in January 2016,
the questionnaire was posted on the Celiac Disease Foundation website and reminders were
periodically emailed to newsletter subscribers. Patients had the option to enter as much or as little
data as they desired on an entirely voluntary basis with no financial incentive offered.
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2.1. Inclusion Criteria

At the time of data analysis, the iCureCeliac® questionnaire included data from 1724 individuals,
with gluten-related disorders that included CD, non-celiac gluten sensitivity, dermatitis herpetiformis,
wheat allergy, and self-diagnosed gluten-related disorder. We included patients of all ages who
indicated in the questionnaire a diagnosis of CD, diagnosed at any age by endoscopy and biopsy and
who answered the questions that applied to our study between the inception of the patient-powered
research network on 30 January 2016 and 25 August 2016. A parent or legal guardian completed
responses for children. Although per ACG and AGA guidelines [25,26], a diagnosis of CD is made
using a combination of serology and a confirmatory biopsy of the small bowel to diagnose CD in
patients with typical signs and symptoms, we assumed that biopsy-proven diagnoses were made in
patients with symptoms and serology suggestive of celiac disease.

2.2. Data Collection

We collected basic demographic information including age, sex, education level, time to diagnosis
from symptom onset, and degree of adherence to a gluten-free diet. We extracted data from one
question asking patients about depression as it relates to their gluten-related disorder, phrased as
follows: “I feel depressed because of my gluten-related disorder”. Five responses were offered
ranging from “not at all” to “very much”. We considered the responses “somewhat”, “quite a bit”,
and “very much” to indicate the presence of depressive symptoms, whereas “not at all” and “a little
bit” to indicate the absence of depressive symptoms. A smaller subset of patients responded to the
PROMIS (Patient Reported Outcomes Measurement Information System) Depression instrument.
PROMIS is a set of validated, self-reported measures that evaluate various physical, psychological
and social symptoms designed for use in adult and pediatric populations for research. The PROMIS
Depression instruments include a complete 28-item assessment, as well as 4-, 6-, and 8-question short
forms. Upon completion of the questionnaire, a raw score is generated, which corresponds to a T-score
(based on a conversion table provided) with an instrument-specific range (41.0 to 79.4 for the 4-question
short form used in the iCureCeliac® questionnaire). The T score is compared to the population mean
with standard errors provided.

We also extracted data from questions administered to questionnaire respondents relating to
symptoms and dietary adherence, which comprised most of the Celiac Symptom Index (CSI) and
Celiac Dietary Adherence Test (CDAT) questions outlined by Leffler et al. [27,28]. The CSI and CDAT
are clinically oriented, easily administered, questionnaires with 16 and 7-items, respectively. The CSI
performed well as a surrogate measure of disease activity [27] and the CDAT was shown to perform
better than tissue transglutaminase titers for evaluating dietary adherence [28].

2.3. Data Analysis

The iCureCeliac® questionnaire asked fifteen of the sixteen questions included in the CSI (missing
question: “How much physical pain have you had during the last 4 weeks”?) and five out of the
seven questions included in the CDAT (missing scaled questions: “I do not consider myself a failure”
and “Before I do something, I carefully consider the consequences”). As not all of the CSI and CDAT
questions were included in the initial iCureCeliac® questionnaire, the instruments are incomplete.
We therefore analyzed these responses out of a total of 75 and 25 possible points, respectively (compared
with 80 and 35, respectively). Higher CSI scores correlate with more severe symptoms and higher
CDAT scores correlate with poorer dietary adherence, as described by Leffler et al. [27,28].

We calculated correlation coefficients with 95% confidence intervals between: (1) adherence to
a GFD (CDAT) and CD symptoms (CSI); (2) depression and CD symptoms (CSI); and (3) depression
and adherence to a GFD (CDAT). We then stratified patients based on the presence of depressive
symptoms so as to determine whether these symptoms modify the association between adherence to
a GFD and CD symptoms. To formally test for interaction, we constructed a multiple linear regression
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model with CSI score as the outcome, and CDAT score, the presence of depression, and the interaction
term (depression*CDAT) as the dependent variables.

As a means of validating our chosen screening question for depressive symptoms, we calculated
a correlation coefficient to compare our question to the 4-item PROMIS depression score in the smaller
subset of respondents who completed both sets of questions regarding depression. For all PROMIS
Depression instruments, a T-score of 50 is equivalent to the mean of the general population with
a standard deviation of 10. The 4-item depression short form has been validated against the Center for
Epidemiologic Studies Depression Scale [29]. For the purpose of this study, patients with a raw score
greater than or equal to 11 (corresponding to a T score of, >60.5 or 1 SD above the mean of the general
population) were considered to have a positive depression screen.

We used the guidelines set forth by Evans [30] for interpretation of correlation coefficient values.

We used SAS version 9.4 (SAS Institute Inc. 2013, Cary, NC, USA) to calculate Pearson correlation
coefficients for the variables listed above. Although the study was designed after data collection,
our hypothesis was developed prior to data analysis. Informed consent was obtained from each patient
prior to completion of the survey. This study conforms to the ethical guidelines set forth by the 1975
declaration of Helsinki and was approved by the Institutional Review Board of Columbia University
Medical Center on 22 September 2016.

3. Results

We identified 519 patients with biopsy-diagnosed CD who met criteria for inclusion in our
study. The characteristics of our study population are displayed in Table 1. The participants were
predominantly female (86%). The mean age was 40.9 years (standard deviation (SD) & 16.7), 26 patients
were aged 16 years or less, 92% of our study population self-reported their race as white and 65%
had completed at least one year of college-level education. Feeling depressed was reported by 46%
of respondents (“very much” by 6.7%, “quite a bit” by 12.5%, and “somewhat” by 26.8%). The mean
(£SD) CDAT score was 12.81 (£2.53, out of a 25-point scale, IQR = 16) and the mean (+SD) CSI score
was 36.1 (£11.2 out of a 75-point scale, IQR = 11).

Depression had a weak correlation with worse symptoms (r = 0.35, 95% CI 0.26-0.43, p < 0.0001)
and a weaker correlation with GFD adherence (r = 0.25, 95% CI 0.16-032, p < 0.0001). There was
a moderate correlation between worse symptoms and poorer GFD adherence (r = 0.60, 95% CI
0.53-0.66, p < 0.0001).

In patients with a positive depression screen, there was a moderate correlation between worsening
symptoms and worsening dietary adherence (r = 0.50, 95% CI 0.37-0.60, p < 0.0001) whereas in those
without depression, the correlation was still moderate, although stronger (r = 0.64, 95% CI 0.55-0.71,
p <0.0001). When patients <16 years of age were removed from the analysis (1 = 370), the results were
unchanged. The difference in CSI vs. CDAT scores in depressed vs. non-depressed patients is shown
in Figure 1. When formally testing for interaction (n = 392), the beta coefficient for CDAT*depression
was —0.935 (95% CI —1.65-—0.22, p = 0.0109), suggesting that the relationship between CSI and CDAT
is modified by depression.

137 patients answered the 4-item PROMIS Depression instrument. Using a cutoff of one standard
deviation above the mean, 24 patients (17.5%) met criteria for depression (T score > 11) and 113 (82.5%)
were not depressed (T score < 10). The mean PROMIS raw score was 6.9 (SD =+ 3.6) corresponding to
a T score of 53.9 (SE 2.4). 91 patients (66.4%) scored below the mean and 46 (33.6%) patients scored
above the mean. Our chosen depression screening question correlated moderately (r = 0.48, p < 0.0001)
with the PROMIS score. Furthermore, in the same subset of patients, we found a similarly moderate
correlation between symptoms and adherence in depressed patients (r = 0.46, p = 0.03) and moderate,
although stronger correlation in patients who were not depressed (r = 0.57, p < 0.0001).
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Table 1. Patient characteristics of our study population. As the questionnaire was voluntary,
some questions are missing responses from all 519 participants.

Characteristic Study Population (n = 519)
Gender
Male 74 (14%)
Female 445 (86%)
Age (mean =+ SD) 40.9 (+16.7)
Race/Ethnicity (n = 509)
Black/African American 3 (0.6%)
Latino/Hispanic 8 (1.6%)
White 469 (92.1%)
Other (including more than 1) 29 (5.7%)
Highest education level (n = 207)
Less than a college degree 60 (29%)
College degree or equivalent 85 (41.1%)
Master’s degree or degree beyond Bachelor’s degree 49 (23.7%)
Doctorate degree 13 (6.3%)
Currently working (n = 209)
Yes 149 (71.3%)
No—on disability 5 (2.4%)
No—retired 24 (11.5%)
No—other 24 (11.5%)
Degree of Strict Gluten Free Diet Adherence (1 = 516)
Always 453 (87.3%)
Often 51 (9.8%)
Sometimes 9 (1.7%)
Rarely 2 (0.4%)
Never 1 (0.2%)
Skipped/Missing 3 (0.6%)
Length of time from symptom onset to Celiac Disease diagnosis
<5 years 356 (68.6%)
5-15 years 67 (12.9%)
>15 years 38 (7.3%)
Don’t Know /missing 58 (11.2%)
Depressed (n = 519)
Very Much 35 (6.7%)
Yes Quite A bit 65 (12.5%)
Somewhat 139 (26.8%)
N A little bit 157 (30.3%)
®  Notatall 125 (23.7%)
Celiac Dietary Adherence Test (n = 519)
Mean (£SD) 12.8 (£2.5)
First Quartile 3
Median 13
Third Quartile 14
Interquartile Range 11

Celiac Symptom Index (1 = 392)

Mean (+SD) 36.1 (+11.2)
First Quartile 27
Median 36
Third Quartile 43

Interquartile Range 16
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Figure 1. Celiac Dietary Adherence Test vs. Celiac Symptom Index Scores in patients with depressive
symptoms versus those without depressive symptoms.

4. Discussion

In this cross-sectional study of 519 patients with biopsy-diagnosed CD, we found that self-reported
depressive symptoms were common, occurring in 46% of the respondents. We also found that the
relationship between CD symptoms and adherence to a GFD may be attenuated based on the presence
of depressive symptoms related to having celiac disease. In those without depressive symptom:s,
the correlation between symptoms and dietary adherence was moderate, although stronger than
in those with a positive depression screen. This was further supported by our regression analysis
demonstrating significant interaction of depression on the relationship between GFD adherence and
CD symptoms. These results suggest that the presence of depressive symptoms may attenuate the
relationship between adherence to a GFD and symptoms of CD as those with depression may have
less symptomatic relief from better adherence to a GFD than those without depressive symptoms.

We also found a weak correlation between higher levels of depression (based on our screening
question) and poor dietary adherence. The association between adherence to a GFD and depression
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was further evaluated in a recent meta-analysis, which found a likely association between poor
GFD adherence and worsened depressive symptoms. Furthermore, Addolorato et al. demonstrated
that CD patients who received six months of psychological counseling had better adherence to
their diets and lower rates of depression [24]. The weak correlation found in our study does not
support the relationship between poor dietary adherence and depression described by others [23].
Rather, our results suggest that depression affects the relationship between adherence to a GFD and
CD symptoms. One possible, reason for this effect modification is that patients with depression may
have their symptoms driven or exacerbated by factors other than gluten exposure, which may manifest
physically. However, there are many other potential causes of symptoms in CD including functional
bowel disorders, inadvertent gluten exposure, and concomitant food intolerances. The relationship
between celiac symptoms and depressive symptoms is complex and identifying which symptoms are
attributable to each process can be challenging for clinicians.

This study has a number of limitations, some of which are inherent to its retrospective,
self-reported and observational nature. The study was compiled from a voluntary questionnaire
in a patient-powered research network. Although there was no financial incentive to complete the
questionnaire, the study population represents a self-selected cohort of patients, who may be more
aware of their illnesses and therefore may be more adherent to a GFD than the general CD population.
This is supported by the high percentage (87%) of patients reporting they “always” adhere to a GFD.
Furthermore, the majority of our research cohort was comprised of white, highly educated females.
Unfortunately, the initial questionnaire did not contain all of the questions that make up the CSI and
the CDAT, so each of these instruments is incomplete. However, for the purpose of our study, the trend
(higher CDAT scores representing worse dietary adherence and higher CSI scores representing more
symptomatic patients) was sufficient to evaluate our research question. Moreover, we feel that the
correlation of higher CD symptom scores (worse symptoms) with poorer dietary adherence suggests
validity, despite the abbreviated indices available.

Another limitation was in our utilization of a single question to screen patients for depression.
Our screening question demonstrated moderate correlation with the validated 4-item PROMIS
Depression instrument. However the PROMIS questions were completed by only a small subset
of participants, which may lead to selection for more depressed patients. By PROMIS criteria,
the prevalence of depression in our study was 17.5%. In contrast, using our 1-item screening question,
depressive symptoms in our study were more common, with nearly half of respondents (46%) reporting
that they felt at least “somewhat” depressed with regards to their disease. This difference may
be due to the use of the chosen depression screening question which may signify the emotional
reaction to having CD as opposed to clinical depression. Addolorato et al. [21] demonstrated a 57%
prevalence of depression in their study, but others have shown the prevalence of active depressive
symptoms in CD patients to be lower [4]. The prevalence of depression found in our study should
therefore be interpreted with caution, as it may represent a self-selecting, more symptomatic population.
Furthermore, these results represent self-reported data at a point in time, and not diagnoses made by
health care professionals.

5. Conclusions

In conclusion, our analysis of data provided through a CD patient-powered research network,
suggests that depression may modify the relationship between adherence to a GFD and the presence
of symptoms in CD. In patients who screened positive for depressive symptoms, the correlation
between CD symptoms and response to a GFD was attenuated. These findings support that screening
for depression should be considered in patients with CD, as those with depression may have less
improvement in symptoms despite better adherence to the diet than those without depression.
The study of this topic remains a challenge due to a lack of longitudinal and prospective studies.
The relationship between dietary adherence and depression remains complex and the direction of the
association remains unclear [23]. As suggested previously, patients receiving psychological counseling
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may show better adherence to a GFD [24], but further prospective and randomized studies are needed
to explore whether or not treatment for depression improves how patients respond symptomatically
to a GFD. Ideally, future studies will encompass more diverse groups that represent the true CD
population in the United States with validated measures of depression to further substantiate these
findings. Our study also provides demonstrable evidence of the value of patient-powered research
networks in the ongoing study of celiac disease.

Author Contributions: Andrew M. Joelson researched the study and wrote and submitted the manuscript.
Marilyn G. Geller assisted with questionnaire data acquisition. Haley M. Zylberberg assisted with statistical
analysis. Peter H. R. Green and Benjamin Lebwohl assisted with study planning and revisions.

Acknowledgments: Special thanks to Marilyn G. Geller for her assistance with the iCureCeliac questionnaire,
Haley M. Zylberberg for her assistance with data analysis, Peter H. R. Green and Benjamin Lebwohl for their
guidance and oversight. The iCureCeliac Patient Powered Research Network is funded by an Engagement Award
from the Patient-Centered Outcomes Research Institute (Award #1306-04899).

Conflicts of Interest: The authors declare no conflicts of interest.

References

1. Rubio-Tapia, A.; Ludvigsson, ].F; Brantner, T.L.; Murray, ].A.; Everhart, J.E. The prevalence of celiac disease
in the United States. Am. J. Gastroenterol. 2012, 107, 1538-1544. [CrossRef] [PubMed]

2. Green, PH,; Cellier, C. Celiac disease. N. Engl. |. Med. 2007, 357, 1731-1743. [CrossRef] [PubMed]

3. Lebwohl, B.; Ludvigsson, J.E; Green, PH. Celiac disease and non-celiac gluten sensitivity. BM] 2015,
351, h4347. [CrossRef] [PubMed]

4. Ludvigsson, ].E; Reutfors, J.; Osby, U.; Ekbom, A.; Montgomery, S.M. Coeliac disease and risk of mood
disorders—A general population-based cohort study. . Affect. Disord. 2007, 99, 117-126. [CrossRef]
[PubMed]

5. Smith, D.F,; Gerdes, L.U. Meta-analysis on anxiety and depression in adult celiac disease. Acta Psychiatr. Scand.
2012, 125, 189-193. [CrossRef] [PubMed]

6. Jackson, J.R; Eaton, WW.; Cascella, N.G.; Fasano, A.; Kelly, D.L. Neurologic and psychiatric manifestations
of celiac disease and gluten sensitivity. Psychiatr. Q. 2012, 83, 91-102. [CrossRef] [PubMed]

7.  Zingone, E; Swift, G.L.; Card, T.R,; Sanders, D.S.; Ludvigsson, ].F.; Bai, ].C. Psychological morbidity of celiac
disease: A review of the literature. United Eur. Gastroenterol. J. 2015, 3, 136-145. [CrossRef] [PubMed]

8. Van Hees, N.J.; Van der Does, W.; Giltay, E.J. Coeliac disease, diet adherence and depressive symptoms.
J. Psychosom. Res. 2013, 74, 155-160. [CrossRef] [PubMed]

9. Addolorato, G.; Stefanini, G.E; Capristo, E.; Caputo, F; Gasbarrini, A.; Gasbarrini, G. Anxiety and depression
in adult untreated celiac subjects and in patients affected by inflammatory bowel disease: A personality
“trait” or a reactive illness? Hepatogastroenterology 1996, 43, 1513-1517. [PubMed]

10. Carta, M.G.; Conti, A.; Lecca, E,; Sancassiani, F.; Cossu, G.; Carruxi, R.; Boccone, A.; Cadoni, M.; Pisanu, A.;
Francesca, M.; et al. The Burden of Depressive and Bipolar Disorders in Celiac Disease. Clin. Pract. Epidemiol.
Ment. Health 2015, 11, 180-185. [CrossRef] [PubMed]

11. Carta, M.G.; Hardoy, M.C.; Boi, M.F.,; Mariotti, S.; Carpiniello, B.; Usai, P. Association between panic disorder,
major depressive disorder and celiac disease: A possible role of thyroid autoimmunity. . Psychosom. Res.
2002, 53, 789-793. [CrossRef]

12. Addolorato, G.; Di Giuda, D.; De Rossi, G.; Valenza, V.; Domenicali, M.; Caputo, F.; Gasbarrini, A.;
Capristo, E.; Gasbarrini, G. Regional cerebral hypoperfusion in patients with celiac disease. Am. J. Med. 2004,
116, 312-317. [CrossRef] [PubMed]

13. Garud, S.; Leffler, D.; Dennis, M.; Edwards-George, J.; Saryan, D.; Sheth, S.; Schuppan, D.; Jamma, S.;
Kelly, C.P. Interaction between psychiatric and autoimmune disorders in coeliac disease patients in the
Northeastern United States. Aliment. Pharmacol. Ther. 2009, 29, 898-905. [CrossRef] [PubMed]

14. Hauser, W,; Janke, K.H.; Klump, B.; Gregor, M.; Hinz, A. Anxiety and depression in adult patients with celiac
disease on a gluten-free diet. World ]. Gastroenterol. 2010, 16, 2780-2787. [CrossRef] [PubMed]

15. Fera, T.; Cascio, B.; Angelini, G.; Martini, S.; Guidetti, C.S. Affective disorders and quality of life in adult
coeliac disease patients on a gluten-free diet. Eur. ]. Gastroenterol. Hepatol. 2003, 15, 1287-1292. [CrossRef]
[PubMed]


http://dx.doi.org/10.1038/ajg.2012.219
http://www.ncbi.nlm.nih.gov/pubmed/22850429
http://dx.doi.org/10.1056/NEJMra071600
http://www.ncbi.nlm.nih.gov/pubmed/17960014
http://dx.doi.org/10.1136/bmj.h4347
http://www.ncbi.nlm.nih.gov/pubmed/26438584
http://dx.doi.org/10.1016/j.jad.2006.08.032
http://www.ncbi.nlm.nih.gov/pubmed/17030405
http://dx.doi.org/10.1111/j.1600-0447.2011.01795.x
http://www.ncbi.nlm.nih.gov/pubmed/22128768
http://dx.doi.org/10.1007/s11126-011-9186-y
http://www.ncbi.nlm.nih.gov/pubmed/21877216
http://dx.doi.org/10.1177/2050640614560786
http://www.ncbi.nlm.nih.gov/pubmed/25922673
http://dx.doi.org/10.1016/j.jpsychores.2012.11.007
http://www.ncbi.nlm.nih.gov/pubmed/23332531
http://www.ncbi.nlm.nih.gov/pubmed/8975957
http://dx.doi.org/10.2174/1745017901511010180
http://www.ncbi.nlm.nih.gov/pubmed/26962323
http://dx.doi.org/10.1016/S0022-3999(02)00328-8
http://dx.doi.org/10.1016/j.amjmed.2003.09.037
http://www.ncbi.nlm.nih.gov/pubmed/14984816
http://dx.doi.org/10.1111/j.1365-2036.2009.03942.x
http://www.ncbi.nlm.nih.gov/pubmed/19183153
http://dx.doi.org/10.3748/wjg.v16.i22.2780
http://www.ncbi.nlm.nih.gov/pubmed/20533598
http://dx.doi.org/10.1097/00042737-200312000-00006
http://www.ncbi.nlm.nih.gov/pubmed/14624151

Nutrients 2018, 10, 538 90f9

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

Hernanz, A.; Polanco, I. Plasma precursor amino acids of central nervous system monoamines in children
with coeliac disease. Gut 1991, 32, 1478-1481. [CrossRef] [PubMed]

Hallert, C.; Sedvall, G. Improvement in central monoamine metabolism in adult coeliac patients starting
a gluten-free diet. Psychol. Med. 1983, 13, 267-271. [CrossRef] [PubMed]

Nachman, F,; del Campo, M.P,; Gonzélez, A.; Corzo, L.; Vazquez, H.; Sfoggia, C.; Smecuol, E.; Sanchez, M.L;
Niveloni, S.; Sugai, E.; et al. Long-term deterioration of quality of life in adult patients with celiac disease is
associated with treatment noncompliance. Dig. Liver Dis. 2010, 42, 685-691. [CrossRef] [PubMed]

Simsek, S.; Baysoy, G.; Gencoglan, S.; Uluca, U. Effects of Gluten-Free Diet on Quality of Life and Depression
in Children with Celiac Disease. J. Pediatr. Gastroenterol. Nutr. 2015, 61, 303-306. [CrossRef] [PubMed]
Borghini, R.; Di Tola, M.; Salvi, E.; Isonne, C.; Puzzono, M.; Marino, M.; Donato, G.; Picarelli, A. Impact of
gluten-free diet on quality of life in celiac patients. Acta Gastroenterol. Belg. 2016, 79, 447-453. [PubMed]
Addolorato, G.; Capristo, E.; Ghittoni, G.; Valeri, C.; Masciana, R.; Ancona, C.; Gasbarrini, G. Anxiety
but not depression decreases in coeliac patients after one-year gluten-free diet: A longitudinal study.
Scand. ]. Gastroenterol. 2001, 36, 502-506. [CrossRef] [PubMed]

DiMatteo, M.R.; Lepper, H.S.; Croghan, T.W. Depression is a risk factor for noncompliance with medical
treatment: Meta-analysis of the effects of anxiety and depression on patient adherence. Arch. Intern. Med.
2000, 160, 2101-2107. [CrossRef] [PubMed]

Sainsbury, K.; Marques, M.M. The relationship between gluten free diet adherence and depressive symptoms
in adults with coeliac disease: A systematic review with meta-analysis. Appetite 2018, 120, 578-588. [CrossRef]
[PubMed]

Addolorato, G.; De Lorenzi, G.; Abenavoli, L.; Leggio, L.; Capristo, E.; Gasbarrini, G. Psychological
support counselling improves gluten-free diet compliance in coeliac patients with affective disorders.
Aliment. Pharmacol. Ther. 2004, 20, 777-782. [CrossRef] [PubMed]

Rubio-Tapia, A.; Hill, LD.; Kelly, C.P,; Calderwood, A.H.; Murray, ].A.; American College of Gastroenterology.
ACG clinical guidelines: Diagnosis and management of celiac disease. Am. J. Gastroenterol. 2013, 108, 656—676.
[CrossRef] [PubMed]

Rostom, A.; Murray, J.A.; Kagnoff, M.F. American Gastroenterological Association (AGA) Institute technical
review on the diagnosis and management of celiac disease. Gastroenterology 2006, 131, 1981-2002. [CrossRef]
[PubMed]

Leffler, D.A.; Dennis, M.; Edwards George, J.; Jamma, S.; Cook, E.F; Schuppan, D.; Kelly, C.P. A validated
disease-specific symptom index for adults with celiac disease. Clin. Gastroenterol. Hepatol. 2009, 7, 1328-1334.
[CrossRef] [PubMed]

Leffler, D.A.; Dennis, M.; Edwards George, ].B.; Jamma, S.; Magge, S.; Cook, E.E,; Schuppan, D.; Kelly, C.P.
A simple validated gluten-free diet adherence survey for adults with celiac disease. Clin. Gastroenterol. Hepatol.
2009, 7, 530-536. [CrossRef] [PubMed]

Pilkonis, P.A.; Yu, L.; Dodds, N.E.; Johnston, K.L.; Maihoefer, C.C.; Lawrence, S.M. Validation of the
depression item bank from the Patient-Reported Outcomes Measurement Information System (PROMIS) in
a three-month observational study. J. Psychiatr. Res. 2014, 56, 112-119. [CrossRef] [PubMed]

Evans, ].D. Straightforward Statistics for the Behavioral Sciences; Brooks/Cole Pub. Co.: Pacific Grove,
CA, USA, 1996.

@ © 2018 by the authors. Licensee MDPI, Basel, Switzerland. This article is an open access
@ article distributed under the terms and conditions of the Creative Commons Attribution

(CC BY) license (http:/ /creativecommons.org/licenses/by/4.0/).


http://dx.doi.org/10.1136/gut.32.12.1478
http://www.ncbi.nlm.nih.gov/pubmed/1773952
http://dx.doi.org/10.1017/S003329170005087X
http://www.ncbi.nlm.nih.gov/pubmed/6192458
http://dx.doi.org/10.1016/j.dld.2010.03.004
http://www.ncbi.nlm.nih.gov/pubmed/20399159
http://dx.doi.org/10.1097/MPG.0000000000000799
http://www.ncbi.nlm.nih.gov/pubmed/26322559
http://www.ncbi.nlm.nih.gov/pubmed/28209104
http://dx.doi.org/10.1080/00365520119754
http://www.ncbi.nlm.nih.gov/pubmed/11346203
http://dx.doi.org/10.1001/archinte.160.14.2101
http://www.ncbi.nlm.nih.gov/pubmed/10904452
http://dx.doi.org/10.1016/j.appet.2017.10.017
http://www.ncbi.nlm.nih.gov/pubmed/29050807
http://dx.doi.org/10.1111/j.1365-2036.2004.02193.x
http://www.ncbi.nlm.nih.gov/pubmed/15379838
http://dx.doi.org/10.1038/ajg.2013.79
http://www.ncbi.nlm.nih.gov/pubmed/23609613
http://dx.doi.org/10.1053/j.gastro.2006.10.004
http://www.ncbi.nlm.nih.gov/pubmed/17087937
http://dx.doi.org/10.1016/j.cgh.2009.07.031
http://www.ncbi.nlm.nih.gov/pubmed/19665584
http://dx.doi.org/10.1016/j.cgh.2008.12.032
http://www.ncbi.nlm.nih.gov/pubmed/19268725
http://dx.doi.org/10.1016/j.jpsychires.2014.05.010
http://www.ncbi.nlm.nih.gov/pubmed/24931848
http://creativecommons.org/
http://creativecommons.org/licenses/by/4.0/.

	Introduction 
	Patients and Methods 
	Inclusion Criteria 
	Data Collection 
	Data Analysis 

	Results 
	Discussion 
	Conclusions 
	References

