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Abstract.
BACKGROUND: Protein-free (PF) foods are routinely used in dietetic management of advanced chronic kidney disease in
diabetic subjects. The enrichment by fiber has the purpose to reduce their impact on postprandial glucose levels.
OBJECTIVE: Aim of this study was to determine the Glycemic Index (GI) of PF bread and pasta enriched with soluble
psyllium and inulin fiber.
METHODS: 14 adults, non obese, well controlled type 2 diabetic subjects consumed a 50 g carbohydrates containing serving
of soluble fiber enriched PF pasta and PF bread. White bread was the reference food. Glucose levels were controlled fasting
and at 30’, 60’, 90’, 120’ and 180’.
RESULTS: PF bread induces a significantly higher glucose increase at 120’ and 180’ (p < 0.05) and PF pasta at 30’ vs white
bread (p < 0.05); PF pasta induces significantly lower glucose levels at 90’ and 120(p < 0.05) after the meal. PF pasta had (a
medium) GI (70,10 ± 22,6%), PF bread a high GI (117,32 ± 26,9%).
CONCLUSIONS: These results confirm the unfavorable effect of PF food on postprandial glucose levels that is not limited
by the addition of soluble fiber. In nutritional counselling it could be useful to suggest pasta to bread and include it in low GI
meals.
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1. Aim of the study
Chronic Kidney Disease (CKD) is a common complication of type 1 and type 2 diabetes and most of Renal
Failure patients are diabetic. Notwithstanding conflicting data in type 2 diabetes [1], dietary protein restriction
plays an important role in the management of advanced CKD [2, 3] but it is difficult to realize it with natural foods.
Protein-free derived cereal food (PF foods) are commonly used in clinical practice but they have a high Glycemic
Index (GI) for the relative large amount of avalaible carbohydrates [4] and may worsen glucose control in CKD
diabetic patients. The GI of a carbohydrate containing food is determined by its physical-chemical properties
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and by protein, fat and fiber content especially soluble fiber. In the last years Food Industry introduced lower
PF foods GI adding soluble fiber to improve postprandial glucose levels and reduce cardiovascular risk and in
CKD diabetic subjects [5]. There are not published data about PF foods GI and about the efficacy of soluble fiber
addiction to reduce it. Aim of this study is to determine the in vivo postprandial glucose levels and GI of soluble
fiber inulin enriched PF pasta, and psyllium-fiber and inulin enriched PF bread in type 2 diabetic subjects.

2. Subjects and methods
14 adult (58 ± 6.5 yrs), non obese (BMI 27 ± 2.0), in good metabolic control (HbA1c 6.3 ± 0.5%) type 2
diabetic subjects were enrolled. The disease duration was 4 ± 2 years. They were treated only by diet without
medication. The patients gave their consent to take part to the meal test.
PF pasta (size “Sedani”; Aproten® ) and PF bread (type “Rosette”; Aproten® ) were served as 50 g containing
carbohydrate portions. The reference food was white bread. Added Fiber content was 1.35 g in pasta (inulin) and
4.56 g (50% inulin and 50% psyllum) in bread for each serving.
The steps indicated on the label were followed during pasta cooking (7 min. in boiling water); salt and seasoning
were not added. The two PF foods and the reference one were administered twice in six different meals at midday
lunch meal. Capillary blood samples (OneTouch Ultra® ,Lifescan, Italy) were collected fasting and 30’, 60’, 90’,
120’, and 180’ after starting to eat; 250 ml of tap water was also served. During the test the subjects avoided any
physical activity [6].
The Student t-test was applied to all measurement times (0’, 30’, 60’, 90’, 120‘and 180’); the temporal trend
of the blood glucose differences between each PF product and the reference food was analyzed.
The GI was calculated according to Food and Agriculture Organization [7] using the trapezoid rule; each
patient’s glucose values series after eating PF pasta and PF bread was matched with the reference food series;
successively the GIs mean of all subjects was calculated. GIs were expressed in mmol/min/l.
PF food GI values were defined “Favorable” if blood glucose was lower than white bread glucose or “Unfavorable” if higher than white bread blood glucose. A Student’s t- two tailed test p < 0.05 result was considered
significant.

3. Results
The results are reported in Table 1. Blood glucose levels after PF bread were significantly higher than white
bread ones at 120’ and 180’ (p < 0.05) (Fig. 1). On the contrary, PF pasta induces a significant early blood glucose
increase at 30’ (p < 0.05), but significantly lower values at 90’ and 120’ vs the reference food (p < 0.05) (Fig. 2).
The GI (mean ± standard deviation value of all subjects), was 117,32 ± 26,9% for PF bread and 70,10 ± 22,6%
for PF pasta. The sample variability, expressed as standard deviation, is higher for PF bread than PF pasta. The
incremental areas are: 10516,5 mgmin/dl for white bread,12339 mgmin/dl for PF bread, 7372,06 mgmin/dl for
PF pasta.
Table 1

mg/dl

0’

30’

60’

120’

180’

Protein-free bread

109 ± 5

128 ± 10

180 ± 12

191 ± 10

186 ± 9◦

150 ± 8◦

White bread
Protein-free pasta

111 ± 4
98 ± 8

127 ± 9
139 ± 6◦

187 ± 18

190 ± 9

168 ± 10

122 ± 7

166 ± 11

159 ± 7∗

148 ± 7∗

124 ± 8

(p < 0.05) ◦ higher than white bread. ∗ lower than white bread.
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Fig. 1. Blood glucose levels after PF bread were significantly higher than white bread ones at 120’ and 180’ (p < 0.05).

Fig. 2. PF pasta induces a significant early blood glucose increase at 30’ (p < 0.05), but significantly lower values at 90’ and 120’ vs the
reference food (p < 0.05).

4. Discussion
Despite PF foods have been used in clinical practice for several decades and are recommended by the nephrology guidelines, there are no studies on their GI. PF pasta determines postprandial blood glucose levels significantly
lower than white bread and has a favorable medium GI (GI = 70,10); however it is higher than durum wheat one
(GI = 49 ± 2%); PF bread significantly increases late glucose levels at 120’ and 180’ and has an unfavorable GI
(GI = 117,32 ± 26,9%) that is higher than white bread [8]. Our results show how industrial soluble fiber addition
does not seem to play a relevant role in decreasing the postprandial glucose response and it is not effective to
determine low GI in PF cereal derived foods. Conflicting data on the GI reduction by fiber addition are reported:
it seems effective in reducing biscuits (21%) and bread (41%) GI [9]. This effect has been recently quantified
by the Glycemic Reduction Index Potential (GRIP) [10], though the addition of different amounts (4, 8, 12 g)
of mixed soluble fiber to muffins failed to reduce their GI [11]. Not all fibers work similarly: in our experience
the addition of ␤-glucan to oven-baked products (crackers) failed to reduce postprandial glycemia [12]. These
conflicting results could depend on the inadequate amount of added fiber, stemming from the need to maintain
an acceptable taste and texture, but also the starch type, the food processing, and the addition of simple sugars
play a role. In pasta production, starch undergoes a molecular remodeling, that slows the digestion rate; however,
there is a significant difference between common pasta (GI = 49 ± 2%) [8] and PF pasta (GI = 70,10 ± 22,6%)
for to the different composition and processing of the two products: in PF pasta wheat flour is replaced with high
GI rice, tapioca, potato derived starches; furthermore, extrusion and the use of high temperatures increase starch
digestion rate. In our study the small sample size (14 subjects) does not invalidate the GI estimation error (around
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10 for GI values of 80 and 95% confidence interval [6]. Further studies are needed about in vitro analytical data
(resistant starch and fiber) of PF foods.
Despite PF pasta produced a lower blood glucose arise, individual variability was greater than that observed
after bread intake. Furthermore, a recent meta-analysis on 15 studies confirmed that dietary protein restriction is
beneficial to slow the progression of chronic kidney disease in non diabetic and in type 1 diabetes, but not in type
2 diabetes [1] suggesting to circumscribe the prescription of PF foods to the patients with the most compromised
kidney function in this population.

Conclusions
PF pasta (size “sedani”) may be classified as a medium GI and bread (type “rosette”) as a high GI food.
The soluble fiber amount added to these products seems to have a modest influence in GI lowering; on
the contrary, starch physical structure and its processing to produce PF pasta may have played a key role in
maintaining a relatively low GI.
Since the maintenance of good glycemic control in diabetic subjects with advanced CKD represents an important therapeutic goal [13, 14, 15, 16], our observations suggest to find more effective fiber mixtures and different
food industrial processing to reduce the GI of PF cereal derived foods; furthermore, it is advisable to prefer PF
pasta to PF bread in clinical practice and associate it to fiber rich vegetables to compound lower GI meals; however, in type 2 diabetic subjects with advance CKD who need severe protein restriction, intensive pharmacological
therapy (by insulin) is generally required to achieve a good metabolic goal.
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