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Abstract: Coeliac disease (CeD) is an immune-mediated inflammatory enteropathy triggered by the 

ingestion of gluten in genetically susceptible individuals. Gastrointestinal (GI) hormone response 

related to appetite and glucose metabolism is still under-investigated in patients with CeD. This 

study aimed at shedding light on the appetite sensations, glycaemia and hormone response induced 

by a complex meal in patients with coeliac disease. Twenty-two women with CeD, nine at the 

diagnosis (CeDD) and thirteen under a gluten-free diet (CeDGF), and ten healthy subjects (HS) were 

enrolled in a single day intervention study. All subjects consumed a test meal, recorded their 

appetite sensations, and blood was collected over three hours after meal consumption. The study 

found a lower decrease in hunger in CeDD compared to CeDGF and HS after meal intake. Data 

showed no difference of fullness and satiety between the groups. CeDD had lower insulin and 

glucose-dependent insulinotropic polypeptide (GIP) than CeDGF and HS. Both CeDD and CeDGF 

experienced a lower post-prandial response of glucose than HS. Data suggested that patients with 

CeD have an impaired glucose absorption after more than 12 months of gluten-free diet. 

Postprandial GIP may play a significant role in appetite cues and insulin response to a complex 

meal. 
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1. Introduction 

The incidence of coeliac disease (CeD) has significantly increased over the recent decades 

especially among adults [1,2]. It is well known that a gluten-free diet (GFD) is the mainstay of 

treatment for CeD but a spectrum of disorders often coexists in patients with CeD [3] that are not 

completely solved by a GFD such as the gastrointestinal functional disorders [4]. Mounting evidence 

shows that some health conditions may even be worsened by GFD because it has been associated 

with increased risk of metabolic syndrome, obesity, and cardiovascular disease [3] which may be 

dramatic in CeD patients who are genetically predisposed to develop type 2 diabetes [5]. The 

increased risk of overweight or obesity was reported in patients with CeD who were normal weight 

or overweight and even experiencing cholesterol levels below the normal range at diagnosis [6–9]. 

This observation was associated with both the improved intestinal absorption induced by the GFD 

and to the unhealthy dietary behaviour adopted by CeD patients [10,11] who frequently have diets 

rich in lipids, sugars and proteins [12–14] as well as low in dietary fibre [12,13,15]. The abuse of 

commercial gluten-free (GF) products usually having a higher content of fats (mainly saturated) and 
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lower amount of micronutrients than the same products with gluten may account for the overall 

nutritional inadequacy of GFD and the associated health effect [16–18]. Regarding the cardiovascular 

disease risk associated with the GFD, a recent systematic review of the intervention and observational 

studies focused on the effects of a GFD for at least 6 months on clinical markers of cardiometabolic 

risk, showed that GFD increased total cholesterol, high density lipoproteins, fasting glycaemia and 

body mass index [19]. Moreover, the authors reported that the main difficulty to determine the effect 

of the GFD on risk of disease is the absence of literature studies including a healthy control group 

which would also be useful to evaluate the adequacy of adopting a GFD from healthy people, that is 

a current dietary trend [18]. 

From a physiological perspective, long-term metabolic effect of diets results from fine 

homeostatic and non-homeostatic (reward) mechanisms taking place in the post-prandial state. 

Indeed, nutrient sensing along the gastrointestinal (GI) tract and hormonal response can modulate 

both food choice and frequency of eating by regulation of appetite sensations [20]. 

Glucose plays a metabolic role in the control of hunger, satiety and the regulation of body energy 

balance [21]. The glucostatic theory of appetite control suggests that reduced glucose utilisation in 

critical brain regions leads to perception and expression of hunger [22]. Therefore, pre-prandial 

hypoglycaemia, reduced availability of glucose for metabolism and a decreased level of body 

carbohydrate stores or liver glycogen are stimuli for increased food intake [21]. Insulin and the major 

incretins, glucose-dependent insulinotropic polypeptide (GIP) and glucagon-like peptide-1 (GLP-1) 

with their glucoregulatory functions play a key role on appetite [23]. GIP dose-dependently controls 

postprandial glucose mainly through an increased insulin release, while GLP-1 also acts by an initial 

slowing of gastric emptying [23]. As a consequence, once L-cells of distal ileum and gut sense fats 

and carbohydrates, they stimulate GLP-1 that inhibits the acid secretion in the stomach and 

decelerates the gastric emptying by inducing an anorexigenic effect [24]. On the contrary ghrelin, that 

is mainly secreted by oxyntic glands of the gastric fundus, accelerates gastric emptying [25] and elicits 

appetite [26] acting both at peripheral and central level. Therefore, circulating ghrelin concentration 

is high in fasting state and decreases in the postprandial period [27]. 

Previous literature focused on the dosage of ghrelin in patients with CeD, described a higher 

level of this peptide in CeD patients at diagnosis and a lower level in patients on a GFD [28,29], 

probably due to the changes in the nutritional state [30] or to the reduction of systemic inflammation 

after diagnosis [31]. 

In this frame, a gap of knowledge still exists in the literature on the GI peptide response to a 

meal in association to appetite sensations in CeD patients. 

This study aimed to evaluate the post-prandial appetite sensations induced by a mixed meal in 

patients with CeD at diagnosis (CeDD) and on a GFD (CeDGF) and to clarify the role of GI hormone 

response. 

To this purpose, a single day intervention study was conducted in coeliac and healthy subjects 

who consumed a test meal, recorded their appetite sensations and were subjected to blood drawings 

over 3 h after the meal. Plasma samples were analysed to monitor GI hormone response related to 

appetite and glucose metabolism. 

2. Material & Methods 

2.1. Subjects 

Enrollment of CeD patients was carried out at the CeD outpatient clinic of the University of 

Salerno and the Federico II University of Naples. Eligible subjects were adult women, aged 18–40 

years with normal weight (BMI 18.5–25 kg/m2) and with CeD, diagnosed according to the latest 

Guidelines from the British society of gastroenterology [1]. CeD diagnosis was based on the presence 

of GI symptoms, Marsh ≥ 2 histology and antigliadin antibodies up to the year 1999 (when the 

modern tests were not available) and from the year 2000 (when specific and sensitive serology 

became available) in the presence of Marsh ≥ 2 histology and with both anti-tissue transglutaminase 

(a-tTG) IgA > 7 U/mL and positive anti-endomysial (EMA). Patients were at diagnosis (CeDD), if they 
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had received the CeD diagnosis over a month before the enrollment, and on a GFD (CeDGF) if they 

were on a GFD from at least 12 months. 

A control group of healthy women was also recruited among the patients’ friends and the 

hospital staff. The inclusion criteria were the same as CeD patients but with the exclusion of the 

diagnosis of CeD, and any food allergy/intolerance and gastrointestinal disease. 

For both groups of subjects (CeD and healthy), those with eating disorders evidenced by Three-

Factor Eating Questionnaire [32] were excluded. Enrollment took place between May 2012 and June 

2015. All subjects gave their written informed consent, and the Ethical Committee of the University 

of Salerno approved the study protocol. 

2.2. Study Design 

It was a one-day study based on a test meal. The day before the experimental session subjects 

were asked to avoid doing vigorous physical activity and to have a dinner consisting of a 

standardized meal including one portion of meat, one of cooked vegetable, two slices of bread (all 

type except wholegrain bread), and one piece of fruit, within 9 p.m. The maximum time of the dinner 

was fixed to have subjects fasting since at least 11 h and to avoid a metabolic effect of the time of 

previous meal on the test meal at the next day [33,34]. Similarly, subjects were recommended to avoid 

wholegrain wheat bread because it might attenuate the glycemic response at the subsequent meal 

(second meal effect) [35]. At dinner, subjects consumed the amount of allowed foods according to 

their actual appetite. Time of the dinner as well as types and amounts of foods consumed were 

recorded by subjects and referred to the experimenters on the next day. Indeed, on the experimental 

day, fasting subjects were invited to reach the laboratory at 8 a.m. by using car or bus, and were 

checked for the health condition, absence of menstruation, and compliance to the dinner 

recommendations. For those who did not satisfy this check, the experiment was postponed. The 

others had 10 min of resting before a cannula needle was put in their arm vein. After 5 min of resting, 

a first blood sample was collected (0 min, baseline). Then a test meal was offered and subjects were 

asked to consume it in 15 min. At 30 min, 60 min, 120 min and 180 min after food intake other blood 

samples were collected. At each time point and immediately before blood collection, subjects 

recorded their appetite sensations (including hunger, fullness and satiety) by visual analogue scale 

(VAS). 

The nutritional composition of the meal is reported in Table 1. It included: 100 g of gluten-free 

bread, 50 g of ham, 30 g of cheese (stracchino type), 10 g of butter, yoghurt and one apple. 

Table 1. Nutritional composition of the meal test.  

Meal Test 
Protein 

(g) 
Fat 

(g) 
SFA 

(g) 
MUFA 

(g) 
PUFA 

(g) 
CHO 

(g) 
Fiber 

(g) 
Energy 

(kcal) 

Gluten free bread 100 g 3.2 2.5 0.4 0 0 45.3 6.3 229 

Ham 50 g 13.4 1.6 0.5 0.1 0.1 0 0 68 

Cheese 30 g 5.6 7.5 4.7 2.4 0.3 0 0 90 

Butter 10 g 0.1 8.3 4.9 2.4 0.3 0.1 0 75.8 

Yogurt 125 g 4.8 4.9 2.6 1.1 0.2 5.4 0 82.5 

Apple 150 g 0.5 0.2 0 0 0 20.6 3 79.5 

Total 27.4 25.0 13.1 5.99 0.78 71.3 9.30 624.8 
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SFA: saturated fatty acids; MUFA: monounsaturated fatty acids; PUFA: polyunsaturated fatty acids; 

CHO: carbohydrates. 

2.3. Blood Sample Collection and Preparation 

For each time point, two different vacutainer® tubes of 4 mL each were used to collect plasma 

samples. A protease inhibitor mix, consisting of dipeptidyl peptidase IV (DPP-IV) inhibitor 

(Millipore’s DPP-IV inhibitor; St Charles, MO, USA), protease inhibitor cocktail (Sigma, St. Louis, 

MO, USA) and 4-(2-Aminoethyl)-benzenesulfonyl fluoride hydrochloride (AEBSF, Pefabloc® SC, 

Roche-diagnostics, Sigma, St. Louis, MO, USA), was immediately added only into the blood destined 

to the GI peptide. After sample preparation, tubes were centrifuged at 4000 g for 10 min and plasma 

samples were aliquoted and frozen at −80 °C, within 30 min from the collection. 

Plasma samples were analysed for GI peptides concentration. Luminex Technology (Bio-Plex; 

Bio-Rad, Nazareth, Belgium) was used to determine GI peptides. A magnetic bead panel kit 

provided by Milliplex® (Merck Millipore S.p.A., Darmstadt, Germany) allowed the simultaneous 

determination of the following four hormones: ghrelin, glucagon-like peptide-1 (GLP-1), glucose-

dependent insulinotropic polypeptide (GIP), and insulin. The sensitivity levels of the assay (in 

pg/mL) were: ghrelin 2.0; GIP 0.6; GLP-1 7.0; insulin 58.0. The intra-assay coefficient of variation 

(%CV) was 2% for ghrelin, 3% for GIP and insulin; 7% for GLP-1. The inter-assay %CV was 5% for 

GIP; 6% for insulin; 8% for ghrelin; 10% for GLP-1. 

2.4. Statistical Analysis 

The analysis of variance (ANOVA) was performed to evaluate the differences between groups 

at each time points for both biochemical analysis and appetite scores. Since no difference at baseline 

for appetite scores was found, the results were analysed and expressed as the absolute changes from 

the baseline. The subjective appetite sensations, the glycaemia and the response of hormones were 

tested for the effect of time as a factor by the ANOVA for repeated measures. The linear trapezoidal 

rule was used to calculate the total area under the curves (AUC) for the appetite sensations and 

biochemical markers. Results are expressed as means ± SEM and were considered statistically 

significant for p < 0.05. Statistical analyses were performed using Statistical Package for Social 

Sciences (version 16.0; SPSS, Inc., Chicago, IL, USA). 

3. Results 

3.1. Subjects 

Two eligible women were excluded, one because affected with an eating disorder, the second 

affected with type 1 diabetes. Twenty-two CeD patients (9 at diagnosis, CeDD, and 13 on a GFD, 

CeDGF) and 10 healthy subjects (HS) participated in the study. Table 2 reports their general 

characteristics (mean ± SD). The three groups were homogeneous for age (p = 0.09) and BMI (p = 0.3). 

Six subjects in the CeDGF group were on a GFD for more than 5 years in, 4 of them for 3 years, 2 

subjects for 2 years, and 1 subject for one year. 

Table 2. Characteristics of study participants. 

 CeDD CeDGF HS p value 

Age (years) 29.4 ± 2.3 30.6 ± 3.6 31.6 ± 4.0 0.1 

BMI (kg/m2) 21.9 ± 20.1 22.2 ± 1.9 22.0 ± 1.9 0.3 

a-tTG (U/mL) 142.8 ± 28.2 2.84 ± 0.02 − <0.001 
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CeDD: coeliac disease patients at diagnosis; CeDGF: coeliac disease patients on a gluten-free diet; HS: 

healthy subjects. Data was reported as mean ± standard deviation. 

3.2. Appetite 

No significant difference of hunger, fullness and satiety sensations at baseline between the 

groups was found. Figure 1 shows the variations from baseline of appetite ratings over time. Data 

showed a lower decrease in hunger in CeDD compared to CeDGF and HS after food intake. 

 

Figure 1. Post-prandial appetite. Variations from baseline and area under the curve (AUC) of hunger 

(A) fullness (B) and satiety (C) feelings recorded during the study. Different letters on appetite 

feelings’ lines indicate significant differences between times and groups; different letters on AUC bars 

indicate significant differences between groups (ANOVA and post-hoc Tukey test, p < 0.05). 

3.3. Hormone Responses 

Figure 2 shows the time-concentration curve, the variation from baseline and the area under the 

curve (AUC) of circulating ghrelin, insulin, GIP and GLP-1. 

Data showed that CeDD tended to have lower reductions of ghrelin in the post-prandial phase 

than CeDGF and HS but a significant difference was recorded only at 120 min between CeDD and 

HS. The AUC of plasma ghrelin over the three hours post-lunch was not significantly different 

between groups. CeDD showed a lower response of insulin than CeDGF and HS. Patients with coeliac 

disease (both CeDD and CeDGF) showed a lower concentration of plasma GLP-1 at baseline and over 

the post-prandial phase than HS. 
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Figure 2. Post-prandial gastro-intestinal hormone response. Concentration-time response, variation 

from baseline and AUC of plasma concentration of ghrelin (A), insulin (B), GIP (C) and GLP-1 (D) 

over the study, into the three groups of subjects. Different letters on hormone plasma concentration 

lines indicate significant differences between times and groups; different letters on AUC bars indicate 

significant differences between groups (ANOVA and post-hoc Tukey test, p < 0.05). 

3.4. Blood Glucose 

Figure 3 shows the blood glucose concentration-time curve over the study and the AUC of 

glucose in the three groups. Data showed that patients with coeliac disease (both CeDD and CeDGF) 

experienced lower post-prandial response of glucose than HS (p < 0.05). 
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Figure 3. Post-prandial blood glucose. (A) The concentration-time response over three hours post-

meal consumption in subjects with CeD at diagnosis (CeDD), on a GFD (CeDGF) and in healthy 

subjects (HS); (B) AUC of blood glucose over three hours post-meal in the three groups of subjects. 

Different letters on blood glucose concentration lines indicate significant differences between times 

and groups; different letters on AUC bars indicate significant differences between groups (ANOVA 

and post-hoc Tukey test, p < 0.05). 

4. Discussion 

To the best of our knowledge, this is the first study investigating the post-prandial effect of a 

mixed gluten free meal on appetite sensations, blood glucose response and GI hormone response in 

patients with CeD at the diagnosis (before starting a GFD) and on a GFD (under a GFD since at least 

12 months) in comparison with healthy subjects (HS). 

The main finding of this study was that in the post-prandial phase CeDD showed a sustained 

hunger sensation and a reduced response of plasma GIP and insulin compared to CeDGF and HS. In 

CeDD, the lower hunger reduction could be explained by the lower GIP response than in CeDGF and 

HS, in association with the lower GLP-1 than HS. Indeed, GIP and GLP-1 delay gastric emptying at 

physiological concentration [36]. Therefore, a lower response of GIP in CeDD, in addition to the low 

GLP-1 level (as in CeDGF vs. HS), could determine a faster gastric emptying and, in turn, a faster 

returning of hunger. The ghrelin response recorded over time in the three groups were similar and 

confirmed the previous evidence that the delayed gastric emptying in CeD patients was not 

associated with reduced ghrelin levels [29]. 

Another important finding was the lower post-prandial glycaemia of patients with CeD, both 

CeDD and CeDGF, than HS. That finding was in agreement with the known condition for coeliac 

patients of a decreased glucose absorption as observed in an old study by measuring jejunal 

transmural potential differences [37] and as more recently demonstrated [38]. These authors reported 

in duodenal biopsies of active coeliac patients a reduced expression of the main solute transporters 

such as the Na+/glucose co-transporter 1 (SGLT1), the H+/oligopeptide transporter 1 (PEPT1) and 

Na+/H+ exchanger 3 (NHE3) thus revealing a clear mechanism underpinning impaired glucose, 

oligopeptide and sodium absorption in those patients. Moreover, they showed that tissue expression 

of the transporters was restored entirely in coeliac patients consuming a GFD for at least 12 months. 

Our data suggested that this was not the case for our subjects even if they were all under a GFD for 

a time longer than 12 months. However, the different hormonal response found into the two groups 

let us hypothesize the occurrence of concomitant mechanisms underpinning post-prandial 

glycaemia. In CeDD, additionally to a supposed impaired glucose absorption, the low glycaemia was 

coherently associated with low responses of the incretins GIP and GLP-1 as well as of insulin. 

Contrarily, CeDGF showed post-prandial insulin and GIP curves that were similar to HS. GIP can 

reduce postprandial blood glucose by prolonging insulin release or by improving glucose uptake 

directly in the liver or other peripheral tissues, as well as by inhibiting glucose output from the liver 

[23]. Therefore, supposing a similar absorption rate of glucose, hormonal data suggested that 

increased sensitivity of insulin and GIP in CeDD compared to CeDGF and HS might occur; this might 
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explain the similar glucose curve of CeDD and CeDGF irrespective from GIP and insulin responses. 

In other words, GIP and insulin were more effective in glucose uptake at the cellular level in CeDD 

than CeDGF. Such a phenomenon may be an adaptive physiological response of the body to the 

condition of malabsorption typical of CeDD and is coherent with mechanisms occurring after weight 

loss [39]. 

Interestingly, patients with coeliac disease (both CeDD and CeDGF) showed a lower blood GLP-

1 concentration than HS at every time point as previously shown in fasting children with CeD [40]. 

Since no difference for post-prandial blood glucose between CeDD and CeDGF was found, similar 

circulating level of GLP-1 in the two groups supported a central role of this peptide in glucose 

management as well as the hypothesis (above discussed) of a similar expression/activity of SGLT-1 

in CeDD and CeDGF in our study[41]. 

The hypercaloric/iperlipidic content of commercially available gluten free foods [42] may cause 

the reported weight gain and frequency of obesity of CeDGF [43] with increase of cardiovascular risk. 

The present findings add a piece of information to the understanding of the post-prandial 

response to a GF meal that may contribute to the nutritional and metabolic consequences of a GFD 

in the long period. 

5. Conclusions 

This study shows the evolution of appetite sensations, blood glucose and the GI peptide 

response in CeD patients both on a gluten-containing diet and on GFD in comparison with HS over 

three hours after the consumption of a gluten free meal. 

Main findings showed that CeDD experienced a sustained hunger sensation and a reduced 

response of plasma GIP and insulin compared to CeDGF and HS and coeliac patients (both CeDD 

and CeDGF) showed a lower post-prandial glycaemia and plasma GLP-1 than HS. 

Overall data suggested that CeD subjects after more than one year of a GFD did not recover a 

complete functionality of the intestinal hormone response to a meal. We hypothesize that the 

described alteration might determine an abnormal adaptive hormone postprandial response that 

could influence post-prandial appetite sensations and insulin resistance over some time after 

diagnosis, thus contributing to the weight gain. However, we cannot exclude that the presence of 

sustained hunger sensation will disappear during long-lasting GFD. 

Author Contributions: P.V. and C.C. designed the study; F.Z. and C.C. performed the experiments; P.V. and 

N.V. analyzed plasma samples and appetite ratings, plasma hormone and blood glucose data; P.V. wrote the 

first draft of the manuscript; P.V., F.Z., N.V. and C.C. revised and accepted the final manuscript 

Funding: This study has been partly supported by the Regione Campania educative project Le Patologie della 

nutrizione e del metabolismo nell’adulto in Campania (Ciacci and Zingone) and in part by the Fondazione 

Celiachia research grant n. 008_FC_2015. 

Acknowledgments: This study has been  supported by the Regione Campania project Le Patologie della 

nutrizione e del metabolismo nell’adulto in Campania and  by the Fondazione Celiachia research grant n. 

008_FC_2015.   

Conflicts of Interest: No conflict of interest 

References 

1. Ludvigsson, J.F.; Bai, J.C.; Biagi, F.; Card, T.R.; Ciacci, C.; Ciclitira, P.J.; Green, P.H.R.; Hadjivassiliou, M.; 

Holdoway, A.; Van Heel, D.A.; et al. Diagnosis and management of adult coeliac disease: Guidelines from 

the British society of gastroenterology. Gut 2014, 63, 1210–1228. 

2. Iovino, P.; Ciacci, C.; Sabbatini, F.; Acioli, D.M.; D’Argenio, G.; Mazzacca, G. Esophageal impairment in 

adult celiac disease with steatorrhea. Am. J. Gastroenterol. 1998, 93, 1243–1249. 

3. Bai, J.C.; Ciacci, C.; Melberg, J. World Gastroenterology Organisation Global Guidelines: Celiac Disease 

February 2017. J. Clin. Gastroenterol. 2017, 51, 755–768. 

4. Passananti, V.; Siniscalchi, M.; Zingone, F.; Bucci, C.; Tortora, R.; Iovino, P.; Ciacci, C. Prevalence of eating 

disorders in adults with celiac disease. Gastroenterol. Res. Pract. 2013, 2013, 491657. 



Nutrients 2019, 11, 82 9 of 10 

5. Smyth, D.J.; Plagnol, V.; Walker, N.M.; Cooper, J.D.; Downes, K.; Yang, J.H.M.; Howson, J.M.M.; Stevens, 

H.; McManus, R.; Wijmenga, C.; et al. Shared and Distinct Genetic Variants in Type 1 Diabetes and Celiac 

Disease. N. Engl. J. Med. 2008, 359, 2767–2777. 

6. Ciacci, C.; Cirillo, M.; Giorgetti, G.; Alfinito, F.; Franchi, A.; Di Pietralata, M.M.; Mazzacca, G. Low plasma 

cholesterol: A correlate of nondiagnosed celiac disease in adults with hypochromic anemia. Am. J. 

Gastroenterol. 1999, 94, 1888–1891. 

7. Ciacci, C.; Ciclitira, P.; Hadjivassiliou, M.; Kaukinen, K.; Ludvigsson, J.F.; McGough, N.; Sanders, D.S.; 

Woodward, J.; Leonard, J.N.; Swift, G.L. The gluten-Free diet and its current application in coeliac disease 

and dermatitis Herpetiformis. United Eur. Gastroenterol. J. 2015, 3, 121–135. 

8. Stein, A.C.; Liao, C.; Paski, S.; Polonsky, T.; Semrad, C.E.; Kupfer, S.S. Obesity and Cardiovascular Risk in 

Adults with Celiac Disease. J. Clin. Gastroenterol. 2016, 50, 545–550. 

9. Assa, A.; Frenkel-Nir, Y.; Tzur, D.; Katz, L.H.; Shamir, R. Cardiovascular Risk Factors in Adolescents with 

Celiac Disease: A Cross-sectional Population-Based Study. J. Pediatr. Gastroenterol. Nutr. 2017, 65, 190–194. 

10. Tortora, R.; Capone, P.; De Stefano, G.; Imperatore, N.; Gerbino, N.; Donetto, S.; Monaco, V.; Caporaso, N.; 

Rispo, A. Metabolic syndrome in patients with coeliac disease on a gluten-free diet. Aliment. Pharmacol. Ther. 

2015, 41, 352–359. 

11. Emilsson, L.; Semrad, C.E. Obesity, Metabolic Syndrome, and Cardiac Risk Factors: Going Gluten-Free, for 

Better or Worse? Dig. Dis. Sci. 2017, 62, 2215–2216. 

12. Mariani, P.; Viti, M.G.; Montuori, M.; La Vecchia, A.; Cipolletta, E.; Calvani, L.; Bonamico, M. The gluten-

free diet: A nutritional risk factor for adolescents with celiac disease? J. Pediatr. Gastroenterol. Nutr. 1998, 27, 

519–523. 

13. Dickey, W.; Kearney, N. Overweight in celiac disease: Prevalence, clinical characteristics, and effect of a 

gluten-free diet. Am. J. Gastroenterol. 2006, 101, 2356–2359. 

14. Valletta, E.; Fornaro, M.; Cipolli, M.; Conte, S.; Bissolo, F.; Danchielli, C. Celiac disease and obesity: Need 

for nutritional follow-up after diagnosis. Eur. J. Clin. Nutr. 2010, 64, 1371–1372. 

15. Ferrara, P.; Cicala, M.; Tiberi, E.; Spadaccio, C.; Marcella, L.; Gatto, A.; Calzolari, P.; Castellucci, G. High fat 

consumption in children with celiac disease. Acta Gastroenterol. Belg. 2009, 72, 296–300. 

16. Miranda, J.; Lasa, A.; Bustamante, M.A.; Churruca, I.; Simon, E. Nutritional Differences Between a Gluten-

free Diet and a Diet Containing Equivalent Products with Gluten. Plant Foods Hum. Nutr. 2014, 69, 182–187. 

17. Kabbani, T.A.; Goldberg, A.; Kelly, C.P.; Pallav, K.; Tariq, S.; Peer, A.; Hansen, J.; Dennis, M.; Leffler, D.A. 

Body mass index and the risk of obesity in coeliac disease treated with the gluten-free diet. Aliment. 

Pharmacol. Ther. 2012, 35, 723–729. 

18. Pellegrini, N.; Agostoni, C. Nutritional aspects of gluten-free products. J. Sci. Food Agric. 2015, 95, 2380–

2385. 

19. Potter, M.D.E.; Brienesse, S.C.; Walker, M.M.; Boyle, A.; Talley, N.J. Effect of the gluten-free diet on 

cardiovascular risk factors in patients with coeliac disease: A systematic review. J. Gastroenterol. Hepatol. 

2018, 33, 781–791. 

20. Berthoud, H.R.; Münzberg, H.; Morrison, C.D. Blaming the Brain for Obesity: Integration of Hedonic and 

Homeostatic Mechanisms. Gastroenterology 2017, 152, 1728–1738. 

21. Chaput, J.P.; Tremblay, A. The glucostatic theory of appetite control and the risk of obesity and diabetes. 

Int. J. Obes. 2009, 33, 46–53. 

22. Mayer, J. Glucostatic mechanism of regulation of food intake. N. Engl. J. Med. 1953, 249, 13–16. 

23. Edholm, T.; Degerblad, M.; Grybäck, P.; Hilsted, L.; Holst, J.J.; Jacobsson, H.; Efendic, S.; Schmidt, P.T.; 

Hellström, P.M. Differential incretin effects of GIP and GLP-1 on gastric emptying, appetite, and insulin-

glucose homeostasis. Neurogastroenterol. Motil. 2010, 22, 1191-e315. 

24. Gutzwiller, J.P.; Göke, B.; Drewe, J.; Hildebrand, P.; Ketterer, S.; Handschin, D.; Winterhalder, R.; Conen, 

D.; Beglinger, C. Glucagon-like peptide-1: A potent regulator of food intake in humans. Gut 1999, 44, 81–

86. 

25. Levin, F.; Edholm, T.; Schmidt, P.T.; Grybäck, P.; Jacobsson, H.; Degerblad, M.; Höybye, C.; Holst, J.J.; 

Rehfeld, J.F.; Hellström, P.M.; et al. Ghrelin stimulates gastric emptying and hunger in normal-weight 

humans. J. Clin. Endocrinol. Metab. 2006, 91, 3296–3302. 

26. Schwartz, M.M.W.; Woods, S.S.C.; Porte, D.; Seeley, R.J.; Baskin, D.G.; Porte, D., Jr.; Seeley, R.J.; Baskin, 

D.G.; Porte, D. Central nervous system control of food intake. Nature 2000, 404, 661–671. 

27. Le Roux, C.W.; Aylwin, S.J.B.; Batterham, R.L.; Borg, C.M.; Coyle, F.; Prasad, V.; Shurey, S.; Ghatei, M.A.; 



Nutrients 2019, 11, 82 10 of 10 

Patel, A.G.; Bloom, S.R. Gut hormone profiles following bariatric surgery favor an anorectic state, facilitate 

weight loss, and improve metabolic parameters. Ann. Surg. 2006, 243, 108–114. 

28. Jarocka-Cyrta, E.; Kasacka, I.; Kaczmarski, M. The ghrelin-positive cells number is increased in duodenum 

in children with celiac disease. J. Endocrinol. Investig. 2010, 33, 165–170. 

29. Rocco, A.; Sarnelli, G.; Compare, D.; De Colibus, P.; Micheli, P.; Somma, P.; Marotti, B.; Cuomo, R.; 

Nardone, G. Tissue ghrelin level and gastric emptying rate in adult patients with celiac disease. 

Neurogastroenterol. Motil. 2008, 20, 884–890. 

30. Lanzini, A.; Magni, P.; Petroni, M.L.; Motta, M.; Lanzarotto, F.; Villanacci, V.; Amato, M.; Mora, A.; 

Bertolazzi, S.; Benini, F.; et al. Circulating ghrelin level is increased in coeliac disease as in functional 

dyspepsia and reverts to normal during gluten-free diet. Aliment. Pharmacol. Ther. 2006, 23, 907–913. 

31. Malandrino, N.; Capristo, E.; Farnetti, S.; Leggio, L.; Abenavoli, L.; Addolorato, G.; Gasbarrini, G. Metabolic 

and nutritional features in adult celiac patients. Dig. Dis. 2008, 26, 128–133. 

32. Stunkard, A.J.; Messick, S. The three-factor eating questionnaire to measure dietary restraint, disinhibition 

and hunger. J. Psychosom. Res. 1985, 29, 71–83. 

33. Depner, C.M.; Melanson, E.L.; McHill, A.W.; Wright, K.P. Mistimed food intake and sleep alters 24-hour 

time-of-day patterns of the human plasma proteome. Proc. Natl. Acad. Sci. USA 2018, 115, E5390–E5399. 

34. Patterson, R.E.; Sears, D.D. Metabolic Effects of Intermittent Fasting. Annu. Rev. Nutr. 2017, 37, 371–393. 

35. Nilsson, A.C.; Östman, E.M.; Holst, J.J.; Björck, I.M.E. Including Indigestible Carbohydrates in the Evening 

Meal of Healthy Subjects Improves Glucose Tolerance, Lowers Inflammatory Markers, and Increases 

Satiety after a Subsequent Standardized Breakfast. J. Nutr. 2008, 138, 732–739. 

36. Marathe, C.S.; Rayner, C.K.; Jones, K.L.; Horowitz, M. Relationships between gastric emptying, 

postprandial glycemia, and incretin hormones. Diabetes Care 2013, 36, 1396–1405. 

37. Read, N.W.; Levin, R.J.; Holdsworth, C.D. Electrogenic glucose absorption in untreated and treated coeliac 

disease. Gut 1976, 17, 444–449. 

38. Laforenza, U.; Miceli, E.; Gastaldi, G.; Scaffino, M.F.; Ventura, U.; Fontana, J.M.; Orsenigo, M.N.; Corazza, 

G.R. Solute transporters and aquaporins are impaired in celiac disease. Biol. Cell 2010, 102, 457–467. 

39. Asmar, M.; Arngrim, N.; Simonsen, L.; Asmar, A.; Nordby, P.; Holst, J.J.; Bülow, J. The blunted effect of 

glucose-dependent insulinotropic polypeptide in subcutaneous abdominal adipose tissue in obese subjects 

is partly reversed by weight loss. Nutr. Diabetes 2016, 6, e208. 

40. Papastamataki, M.; Papassotiriou, I.; Bartzeliotou, A.; Vazeou, A.; Roma, E.; Chrousos, G.P.; Kanaka-

Gantenbein, C. Incretins, amylin and other gut-brain axis hormones in children with coeliac disease. Eur. 

J. Clin. Investig. 2014, 44, 74–82. 

41. Oguma, T.; Nakayama, K.; Kuriyama, C.; Matsushita, Y.; Yoshida, K.; Hikida, K.; Obokata, N.; Tsuda-

Tsukimoto, M.; Saito, A.; Arakawa, K.; et al. Intestinal Sodium Glucose Cotransporter 1 Inhibition Enhances 

Glucagon-Like Peptide-1 Secretion in Normal and Diabetic Rodents. J. Pharmacol. Exp. Ther. 2015, 354, 279–

89. 

42. Fry, L.; Madden, A.M.; Fallaize, R. An investigation into the nutritional composition and cost of gluten-free 

versus regular food products in the UK. J. Hum. Nutr. Diet. 2018, 31, 108–120. 

43. Theethira, T.G.; Dennis, M. Celiac disease and the gluten-free diet: Consequences and recommendations 

for improvement. Dig. Dis. 2015, 33, 175–182. 

© 2019 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/). 


