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A B S T R A C T

Aim: People with type 1 diabetes and celiac disease (T1D&CD) have high blood glucose vari-

ability. Processed gluten-free foods have shown to induce a worse metabolic profile

whereas naturally gluten-free foods may represent healthier options. On the other hand,

dietary fibre has shown to reduce postprandial glycemic excursions in individuals with dia-

betes. Thus, we evaluated the acute effect of fibre-enriched buckwheat (FBP) and corn pasta

(CP) on postprandial blood glucose response (PP-BGR).

Methods: Ten adult patients with T1D&CD consumed two meals with the same amount of

carbohydrate while differing only for pasta type (FBP or CP) preceded by the same insulin

bolus. Participants utilized continuous glucose monitoring (CGM) and data over 6 h after

meal were analyzed.

Results: PP-BGR differed between the two meals, being significantly lower in the first period

(0–3 h) after the CP than the FBP meal (iAUC: �38 ± 158 vs. 305 ± 209 mmol/L � 180 min,

p = 0.040), whereas significantly higher in the second period (3–6 h) after the CP than the

FBP meal (iAUC: 432 ± 153 vs. 308 ± 252 mmol/L � 180 min, p = 0.030). Overall, a less variable

postprandial profile was observed after FBP than CP consumption.

Conclusions: In individuals with T1D&CD, the acute consumption of FBP induces significant

differences in PP-BGR compared with CP that may be clinically relevant.
� 2019 Published by Elsevier B.V.
1. Introduction gered by an adverse reaction to dietary gluten, a protein com-
Type 1 diabetes is often associated with celiac disease (gluten-

sensitive enteropathy), an immune-mediated disorder trig-
plex found in almost all cereals [1]. The frequency of celiac

disease in individuals with type 1 diabetes is 1–16% compared

with 0.3–1% in the general population [2].
s, Italy.

http://crossmark.crossref.org/dialog/?doi=10.1016/j.diabres.2019.02.013&domain=pdf
https://doi.org/10.1016/j.diabres.2019.02.013
mailto:rivelles@unina.it
https://doi.org/10.1016/j.diabres.2019.02.013
https://doi.org/10.1016/j.diabres.2019.02.013
https://doi.org/10.1016/j.diabres.2019.02.013
http://www.sciencedirect.com/science/journal/01688227
http://www.elsevier.com/locate/diabres


d i a b e t e s r e s e a r c h a n d c l i n i c a l p r a c t i c e 1 4 9 ( 2 0 1 9 ) 1 5 6 –1 6 2 157
To date, the only therapy for celiac disease is the complete

exclusion of gluten-containing foodstuff from the diet [3]. On

the other hand, nutritional therapy is a cornerstone to achiev-

ing a good blood glucose control and preventing hypo-

glycemia in type 1 diabetic individuals [2,4].

The effect of gluten-free foods on glycemic response in

individuals with type 1 diabetes and celiac disease is still con-

troversial. It has been suggested that the lipid content and the

high glycemic index of some gluten-free products may have

detrimental effect on metabolic control [5].

Moreover, the gluten-free diet may lead to poor diet quality

and nutritional deficiencies, especially in terms of micronu-

trients and fibre intake [3].

Hence, several efforts have been made to find alternative

gluten-free foods that may be suitable from a metabolic point

of view. In this context, naturally gluten-free foods as pseudo-

cereals (i.e. buckwheat, amaranth, and quinoa) have been

suggested as a healthier choice than the commercial gluten-

free products. As a matter of fact, these foods are good

sources of micronutrients (i.e. iron, zinc, copper, manganese,

and magnesium) and dietary fibre [6].

In addition, it is well established that dietary factors such

as soluble fibre content beneficially influence postprandial

glycaemic excursions in individuals with either type 1 or

type 2 diabetes mellitus [7,8]. Thus, the addition of soluble

fibre to naturally gluten-free foods could represent a nutri-

tional strategy to achieve a better blood glucose control in

individuals with type 1 diabetes and celiac disease. In this

regard, food industries are developing new types of products

and, among them, a fibre-enriched buckwheat pasta has

been produced.

Therefore, the aim of our study was to evaluate the acute

impact of fibre-enriched buckwheat pasta on postprandial

blood glucose in individuals with type 1 diabetes and celiac

disease using corn pasta as control since it represents one

of the most consumed gluten-free foods.

2. Subjects and methods

2.1. Participants

Ten individuals with type 1 diabetes and celiac disease (8

women and 2 men), treated with continuous subcutaneous

insulin infusion or multiple daily injections of insulin accord-

ing to a basal bolus regimen, and following a strict gluten-free

diet since the diagnosis (18 ± 7 years), were recruited at the

diabetes care unit of the Federico II University of Naples.

Exclusion criteria were positive serology for antibodies to

tissue transglutaminase and endomysium in the previous

6 months, pregnancy/breast feeding, serious microvascular

and macrovascular diabetes complications, and any other

chronic or acute disease apart from diabetes seriously affect-

ing health status.

The study protocol was approved by the Federico II Univer-

sity Ethics Committee and registered at ClinicalTrials.gov,

number NCT03380988. The present study was conducted

according to the guidelines laid down in the Declaration of

Helsinki. All participants gave their written informed consent

to participate in the study.
2.2. Study design

The study was preceded by a 1-week run-in period during

which participants underwent continuous glucose monitor-

ing (CGM) and completed a 7-day dietary record to define

the individual insulin–to–carbohydrate ratio. The study had

a randomized crossover design with each subject studied on

two occasions at least one week apart. Participants were

assigned to consume, in random order, two test meals: a meal

with fibre-enriched buckwheat pasta (FBP) or a meal with

corn pasta (CP), used as control. Over the experimental per-

iod, participants underwent continuous glucose monitoring

(CGM), wearing their sensors 7 days/week. They were

instructed to calibrate 3 times/day using premeal blood glu-

cose capillary tests.

On the morning of the test, subjects consumed the same

standardized breakfast (30 g of carbohydrates), in order to

avoid a second-meal effect bias, and had the usual insulin

bolus. Then, the participants consumed the test meals at

lunchtime. In case of premeal blood glucose levels outside

the 5–8 mmol/L range or a rapid decrease/increase

(3.3 mmol/L) of glucose levels during the last 60 min accord-

ing to CGM measurement, the test meal was postponed.

Premeal insulin doses, injected just before eating, were

based on the individual insulin–to–carbohydrates ratio deter-

mined during the run-in and, for each participant, were the

same on the two occasions.

Moreover, blood was sampled before the test meal and

over 3 h in the postprandial period (30, 60, 90, 120, 150 and

180 min) to evaluate plasma glucose concentrations.

2.3. Test meal

The two meals were composed by the two types of pasta con-

taining 50 g of carbohydrates (FBP: 100 g or CP: 60 g) and

tomato sauce (100 g tomato sauce, 5 g extra-virgin olive oil).

The main difference between the meals was the fibre amount

(FBP: 26.5 g or CP: 3.84 g; Table 1) due to the addition of pea

fibre to the buckwheat pasta during the manufacturing

process.

There were also small differences in total energy (due to

the calculated energy from dietary fibre), and protein and

fat intake due to some differences in the nutritional composi-

tion of the two types of pasta (Table 2).

The test meals were prepared by an expert dietitian with a

standard procedure (1 L water, 8 g salt, cooking time after

boiling: 5 min for FBP and 10 min for CP). Participants were

asked to consume themeal together with 200 ml water within

15–20 min.

2.4. Measurements

Continuous glucose monitoring was performed by Enlite Sen-

sor, Medtronic MiniMed, Inc., Northridge, CA (n = 8 partici-

pants) and Dexcom G4 sensor, San Diego, CA (n = 2

participants). The estimated mean absolute relative differ-

ence (MARD%) was 17.8% and 13.9%, respectively [9]. The sub-

jects used the type of CGM they were accustomed to. Data

from 6-h CGM after the test meals consumption and before

http://ClinicalTrials.gov


Table 1 – Nutritional composition of the two test meals.

Control
pasta meal

Fibre-enriched
buckwheat pasta meal

Energy (kcal) 275 363
Carbohydrates (g) 53.1 53.7
Sugars (g) 3.14 3.61
Fibre (g) 3.84 26.5
Protein (g) 5.15 10.7
Total fat (g) 5.59 7.60
SFA (g) 0.81 1.24
MUFA (g) 3.65 3.65
PUFA (g) 0.38 0.38

MUFA: monounsaturated fatty acids, PUFA: polyunsaturated fatty

acids; SFA: saturated fatty acids.

Table 2 – Composition of the two types of pasta expressed
for 100 g.

Control pasta Fibre-enriched
buckwheat pasta

Energy (kcal) 353 300
Carbohydrates (g) 78.3 47.6
Sugars (g) 0.24 0.61
Fibre (g) 3.90 25
Protein (g) 6.42 9.40
Fat (g) 0.66 2.40
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the next meal were downloaded by dedicated informatics

platforms.

Plasma glucose concentrations were assessed by enzy-

matic colorimetric methods (ABX Diagnostics, Montpellier,

France; Roche Diagnostics, Milan, Italy) on a ABX Pentra 400

(HORIBA Medical, Montpellier, France).

2.5. Statistical analysis and calculation

The sample size was calculated on the primary outcome, i.e.,

postprandial blood glucose iAUC, on the basis of a previous

study [10] where a 7 ± 6 mmol/L � 3h difference in postpran-

dial blood glucose iAUC was detected in subjects with type 1

diabetes consuming test meals differing for glycemic index.

This sample size would allow the detection of a difference

of this magnitude in the postprandial blood glucose response

with an 80% power and a 5% significance level.

Data are expressed asmeans ± SD unless otherwise stated.

Postprandial glucose incremental areas were calculated by

the trapezoidal method.

Differences in postprandial blood glucose profiles were

evaluated by two-tailed Student’s t test for paired samples.

Statistical analysis was performed according to standard

methods using the Statistical Package for Social Sciences soft-

ware version 21.0 (SPSS/PC; SPSS, Chicago, IL, USA).

3. Results

3.1. Participants’ characteristics

The participants were 32 ± 8 years old and had a BMI of 22.7

± 3 kg/m2. Mean diabetes duration was 23 ± 6 years and they
had an acceptable blood glucose control (HbA1c 7.3 ± 1.0%).

As for insulin therapy, 5 participants used continuous subcu-

taneous insulin infusion, whereas 5 participants used multi-

ple daily injections of insulin according to a basal bolus

regimen. No patient had signs or symptoms of autonomic

neuropathy.
3.2. Postprandial Glycemia

The 6-h CGM profile showed rather different shapes for the

two meals (Fig. 1a). In fact, after CP meal, glucose concentra-

tions were lower in the first part of the curve, in particular

from 60 to 220 min, with values that bordered hypoglycemia

(3.89 mmol/L) and registered hypoglycemic events in four par-

ticipants. In two cases, the reduction of glucose concentra-

tions resulted in symptomatic hypoglycemic events. On the

contrary, in the second part of the postprandial period (3–

6 h), glucose concentrations increased with mean values

above 8.89 mmol/L.

A less variable postprandial profile was observed after the

FBP meal: a higher glucose response was observed in the first

period (from 60 to 220 min), whereas lower values were

detected in the second part of the curve (from 220 to

360 min), with mean glucose concentrations that did not

exceed 8.89 mmol/L over the whole 6-h period.

The differences in postprandial profile between the two

meals were particularly evident evaluating postprandial glu-

cose response as iAUC. As a matter of fact, in the first 3 h of

the postprandial response (Fig. 1b) glucose iAUC was signifi-

cantly lower after the CP meal (CP meal: �38 ± 158 vs. FBP:

305 ± 209 mmol/L � 180 min, p = 0.040 by two-tailed Student’s

t test for paired samples).

In the second part of the curve (3–6 h; Fig. 1c) the glycemic

response reversed with significantly higher glucose values for

the CP meal compared to FBP meal (432 ± 153 vs. 308

± 252 mmol/L � 180 min, p = 0.030).

As for the overall 6-h response, the difference between the

two meals was less marked, even if lower iAUC values were

detected for CP than FBP meal (425 ± 24 vs. 597 ± 33 mmol/

L � 360 min, p = 0.017; Fig. 1d).

Measurement of plasma glucose concentrations over the

first 3 h (Fig. 2a) were in line with CGM results, with signifi-

cantly lower levels after CP than FBP at 90 min (p = 0.043)

and as iAUC was significantly lower after the CP meal than

FBP meal (217 ± 208 and 545 ± 236 mmol/L � 180 min,

p = 0.026; Fig. 2b).

All CGM-derived results remained similar when the two

participants treated for the symptomatic hypoglycemic

events were excluded from the analyses.
4. Discussion

The main result of this study is that CGM clearly reveals that

the shape of the 6-h postprandial blood glucose response to

fibre-enriched buckwheat pasta is different from that induced

by corn pasta, after the injection of the same dose of insulin,

in individuals with type 1 diabetes and celiac disease. The

shape of the postprandial response to fibre-enriched buck-

wheat pasta seems to be more stable with lower risk of



Fig. 1 – (a) CGM profiles after the corn pasta meal (white square) and fibre-enriched buckwheat pasta meal (black square). (b, c,

d) CGM response after the two test meals expressed as 0–3 h iAUCs (b), 3–6-h iAUCs (c), and 6-h iAUCs (d). Data are shown as

mean ± SEM. *p < 0.05 from 60 to 220 min by two-tailed Student’s t test for paired samples.
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hypoglycemia during the first 2–3 h, andwith lower blood glu-

cose concentrations during the late postprandial phase (3–6 h)

being constantly lower than 8.89 mmol/L.

On the contrary, after corn pasta intake the risk of hypo-

glycemia was substantial, with four participants having blood

glucose concentrations below 3.89 mmol/L in the first post-

prandial phase, and two of them having symptomatic hypo-

glycemia. Of course, with corn pasta there was a greater

rebound of blood glucose response in the late postprandial

period, with mean blood glucose concentrations above

8.89 mmol/L.

Therefore, although the overall 6-h postprandial glucose

response was lower after corn pasta consumption, there

was a higher stability after fibre-enriched buckwheat pasta -

especially with a lower risk of hypoglycemia in the first post-

prandial period. This reduction in postprandial glucose vari-

ability could mean, in the long-term, a better blood glucose

control that is very challenging in individuals with diabetes

and celiac disease.

In addition, while gluten-free diet is considered to be a suf-

ficient therapeutic intervention for treating celiac disease,

patients simultaneously feel that it is difficult to comply with

a strict, gluten-free diet. This feeling is associated with a

poorer quality of life and a worse glycemic control [11]. In this
light, having more dietetic options would increase dietary

compliance thus improving general health status and quality

of life [12].

On the other hand, no side effects have been reported with

the use of the fibre-enriched buckwheat pasta.

Since the two test meals used in this acute experiment had

the same amount of carbohydrates, the different blood glu-

cose response may be due only to the type of pasta: corn

pasta or fibre-enriched buckwheat pasta. There was also a

small difference in protein content between the two test

meals (5.15 g in corn pasta and 10.7 g in fibre-enriched buck-

wheat pasta). Although a higher protein intake could induce

an increase in insulin secretion, this could not be the case

in this study because of the lack of insulin secretion in these

type 1 diabetes patients. However, it is known that dietary

protein may also delay gastric emptying rate and reduce

chyme pH, thus reducing carbohydrates digestion and

absorption in healthy subject [13,14] as well as in individuals

with diabetes [15,16]. As a consequence, even if the difference

in protein intake between the twomeals was small, a possible

effect of protein on postprandial glucose response cannot be

totally excluded.

Buckwheat has showed to be a good source of dietary fibre

and micronutrients (i.e. iron, zinc, copper, manganese, and



Fig. 2 – (a) Postprandial plasma glucose profiles after the corn pasta meal (white square) and fibre-enriched buckwheat pasta

meal (black square). (b) Postprandial plasma glucose response expressed as 3-h iAUC. Data are shown as mean ± SEM. *

p < 0.05 by two-tailed Student’s t test for paired samples.
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magnesium) [6,17]. Therefore, buckwheat-based products

may represent a suitable tool to increase fibre andmicronutri-

ents intake, thus contributing to the improvement of dietary

quality in individuals with type 1 diabetes and celiac disease.

As for glucose metabolism, buckwheat-based food intake

has been shown to induce a lower or more stable blood glu-

cose response in healthy [18,19] and type 2 diabetic individu-

als [19–21]. However, no information was available in type 1

diabetic subjects with or without celiac disease. On the other

hand, the beneficial effect of fibre-rich foods or fibre-enriched

supplements on blood glucose response is well documented

in healthy subjects and in diabetic individuals. In particular,

the addition of pea fibre to a mixed meal induced prolonged

lower blood glucose concentrations in the postprandial period

in healthy volunteers [22,23]. No information was available on

the combination of the two components, buckwheat and pea

fibre, and, to our knowledge, this is the first study evaluating

alternative gluten-free foods enriched in soluble fibre for

celiac subjects with type 1 diabetes.

Due to the high amount of fibre added to the buckwheat

pasta (26.5 g), we would have expected a greater reduction

of glucose response. Likely, food processing may have

affected the physical state of pea fibre, thus, reducing its

glucose-lowering activity, as reported in previous studies

[24–26]. As a matter of fact, it has been demonstrated that

physical disruption and heat exposure are the main determi-

nants of fibre degradation in fibre-containing foods [24]. Thus,

it can be hypothesized that the fibre-enriching process may

have deeply modified the physical form of pea fibre thus

reducing its potential biological effect. On the other hand, it
is possible that isolated pulses-derived fibres are not as effec-

tive as those naturally contained in pulses. Indeed, it is well

known that food matrix influences the biological activity of

bioactive compounds [27].

Our study is an acute experiment as participants con-

sumed the fibre-enriched buckwheat pasta in one occasion;

therefore, our results should be confirmed by evidence from

medium/long-term clinical trials. However, our results sug-

gest that fibre-enriched buckwheat pasta may induce a more

stable postprandial blood glucose profile as compared to corn

pasta, one of the most used food by individuals with celiac

disease. In particular, fibre-enriched buckwheat pasta

reduces the risk of hypoglycemia in the first hours after the

meal and the subsequent rebound of blood glucose concen-

trations in the late phase of the postprandial period.

Of course, our finding cannot be directly transferred to

other populations (i.e. healthy individuals, patients with

celiac disease without type 1 diabetes, and patients with

type 1 diabetes without celiac disease) due to some specific

features of our study group (patients with type 1 diabetes

and celiac disease) that could have affected the glucose

response. In particular, increased intestinal permeability to

carbohydrates is a major trigger of postprandial glucose vari-

ability in patients with type 1 diabetes [28] and, even more,

in patients with both type 1 diabetes and coeliac disease

[29].

In addition, patients with type 1 diabetes or celiac disease

showed differences in the composition of the gut microbiota

compared to healthy controls [30] associated with worse gly-

cemic control [31].
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Nevertheless, to the best of our knowledge, there are no

studies comparing microbiota composition between individu-

als with type 1 diabetes or celiac disease and those presenting

both diseases and we did not perform any measurement of

microbiota composition and intestinal permeability. Hence,

we have no information about how these two factors might

have affect our results.

In conclusion, the consumption of fibre-enriched buck-

wheat pasta may represent a useful strategy to induce a more

stable glucose response in the postprandial period in subjects

with type 1 diabetes and celiac disease. Further studies are

necessary to evaluate the medium/long-term effects and to

investigate possible mechanisms behind these effects.
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