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Abstract

Background: We have worked out an alimentary behaviour based on a meal- after -meal individual limit of
energy intake (IHMP). We have then studied the energy intake, the pre-prandial blood glucose concentration
(blood glucose, BG) and the body weight of a group of children with chronic not specific diarrhea. Finally we
have added BG tolerance tests to clinically healthy adults in order to ascertain a possible association between
IHMP and insulin sensitivity, should functional disorders or overweight problems arise.

Objective: With the present study we want to verify if mothers are capable of maintaining the IHMP and low
pre-prandial BG levels in the eight years following the initial training, also in absence of diarrhea relapses. In
adults the IHMP is associated to a good insulin sensitivity and this fact should be taken into consideration in
order to reduce the increase of non - trasmissible deseases in the Western World.

Methods: We recruited children with not specific chronic diarrhea (bowel functional disorders) and selected
randomly 53 mother-child pairs as the control group and 100 to be trained. Mothers were taught both how to
recognise the correspondence between the individual manifestations of hunger and the BG concentration (Initial
Hunger Meal Pattern, IHMP). The aim was to get low BG levels before each meal, and, thanks to the skill
acquired, to stop the insulin resistance. The energy intake and the pre-prandial BG levels were reported in
weekly diaries while the symptoms were recorded through structured interviews after 3 and 6 months and after
2,4,6,8 years.

Results: Energy intake reductions were significantly larger in trained than in control subjects at all 6 surveys
after recruitment (P < 0.04 to < 0.0001) although growth was similar, Diarrhea and vomiting significantly
dropped both in the trained group and in the control one compared to the beginning of the research. Larger
reductions from base values in days with diarrhea in trained children (compared with controls) were found for
the three initial months and in drug administration at the surveys after 2 years and after 8§ years

Conclusion: Chronic non-specific diarrhea of the second year of life is associated with high energy intake and
high pre-prandial BG for incomplete exhaustion of previous energy intake. In adults, this habit is associated with
fattening/insulin resistance.

Keywords: energy balance, energy intake, even energy balance, blood glucose, even blood glucose
1. Introduction

According to many studies (Ciampolini et al., 1990, 2006, 2010, 2010, 2011, 2012, 2013, 2013, 2013, 2014;
Fisher & Birch., 2002), nutrients disappearing from circulation may settle either on the liver or on the adipose
tissue or being burned out. The storage is however reversible because it is strictly related to a high blood glucose
concentration (BG). The total exhaustion of food added in previous meals is due to oxidation or body growth and
coincides with the arousal of Initial Hunger (IH) and a low pre-prandial BG (76.6 + 3.7 mg/dl in sedentary
people) (Ciampolini et al., 1990, 2012, 2013). This is a low energy level available both in blood and in all tissues.
A too low energy level is associated to persistent hunger which is not acceptable or admissible in a healthy
alimentation. Higher values would allow to refrain reasonably from food. Therefore absence of IH arousal
indicates an incomplete expenditure of nourishments added in the previous meal (see Re-education). This
statement may sound as an obvious axiom to be used as a valid ground for human alimentation. Yet we want to
show that this obvious principle is useful since infancy to prevent fattening/insulin resistance.
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We have chosen to consider the phases of both energy expenditure and energy supply (at meals) in adults as well
as in children. The IH (Ciampolini et al., 1990, 2006, 2010, 2010, 2011, 2012, 2013, 2013, 2013, 2014; Fisher &
Birch, 2002) appeared after suspension of meals as a sensation, i.e. as a subjective (psychic) event in adults and
as a physical manifestation (individual, according to the mothers' evaluation) in children. In the single individual
this event coincided constantly with the same BG. IH acquired an objective value through this demonstration and
three or four IH arousals per day were useful to achieve an even energy balance meal after meal.

In absence of visual, verbal or smell suggestions, the child's manifestation of hunger solicited mothers to supply
energy (Fisher et al., 2002; Ciampolini et al., 2013, 1994, 2000; Cooper et al., 2014; de Graaf et al., 2004). The
onset of initial hunger coincided with an identical reproducible low BG (condition of reduced availability of
energy in circulation i.e. in all tissues). After pre-prandial measurements 3 times a day for a period of two weeks
the BG level was easily and accurately recognized (Ciampolini et al., 2006; Ciampolini et al., 1990; Ciampolini
2012; Ciampolini et al., 2013). The following month in the hospital laboratory, the infants and the mothers for
their children were able to estimate BG, just before breakfast, with an error range of only 2-4 mg/dL compared to
the measurements carried out by means of the autoanalyzer (Ciampolini et al., 2006, 1990, 2012, 2013). The
adults and the mothers for their children were therefore capable of distinguishing the hunger due to suspension of
meals (IH) from conditioned hunger. This implied the acknowledgement of the total expenditure of the energy
taken in the previous meal. Further drops would have implied a hunger endurance, which is not admissible in a
normal healthy alimentation.

In children affected by chronic diarrhea the relapses occurred during a rapid increase of energy administration.
This observation prompted us to assume that the mean or the standard deviation of calorie supply was excessive
(Ciampolini et al., 1990). Without bothering the child we could reduce feeding up to the time of the onset of
demand (Initial hunger) and then give the child the energy amount needed to cover (with no demand) the gap of
the following 3 or 4 hours i.e. up to the following meal (Ciampolini et al., 1990). From this reasoning, originated
the Initial Hunger Meal Pattern (IHMP), a type of alimentation based on the rythm of initial hunger. The IHMP
led to the rapid resolution of chronic diarrhea and prevented recurrences both in adults and in children in
randomly controlled studies (Ciampolini et al., 2010, 2006, 2011, 2010, 2011, 2012, 1990, 2012, 2013).

The IHMP worked the same way with adults, but the effect on symptoms was secondary compared to a much
more important achievement. In the course of our research, adults were trained to take food at the onset of initial
hunger (IHMP). Three times a day 89 adults filled seven -day diaries with pre-prandial BG measurements. They
were put trough a glucose load test (OGTT) (Ciampolini et al., 2011) After five months 15 turned out to be not
compliant, 40 noticed reduced mean BG levels and developed a higher insulin sensitivity by OGTT. In 34
subjects the mean BG was already low at their recruitment and remained the same after adopting the IHMP
(Ciampolini et al., 2011, 2012). In conclusion expending the total energy taken with the previous meal entails
both a low mean BG before meals (76.6 -3.7 mg/dl) and a high level of insulin sensitivity. The IHMP reduced the
insulin resistence by a third on the basis of the reduced area of the glucose load curve (OGTT). The IHMP
reduced also the insulin index and the insulinogenic index (Ciampolini et al., 2011, 2010, 1994, 2000), the
energy intake, the weekly mean BG, the glycated haemoglobin in both overweight and insulin resistant normal
weight subjects. On the contrary the insulin sensitive subjects with a normal weight were not affected
(Ciampolini et al., 2010, 2011, 2010, 2012, 2013). High insulin sensitivity is an important target to achieve for a
child we want to train to become a healthy adult.

After teaching the IHMP (Ciampolini et al., 1990, 2012, 2013) we noticed that diarrhea relapses decreased with a
significant, greater difference from control children in the early days. In our new current study we want to verify
whether the diarrhea stopping is going to continue in the 8 following years and if not, whether it may be due to
an adjustment of the energy intake pattern or rather because, after the 3 first years of age children become
refractory to diarrhea or finally because diarrhea evolves into other symptoms like vomiting, abdominal aches,
acne or cephalea.

We trained 100 mothers of as many two-year old children to recognize the initial hunger (Ciampolini et al., 1990,
2012, 2013) as a hint of the total consumption of the previous meal and as the best time to initiate the following.
Follow — up studies covering a period of more than ten years showed that this alimentation pattern is associated
to a cut of more than 20% of energy intake. We want to verify if the 100 trained children (Ciampolini et al., 1990,
2012, 2013) succeed in maintaining the acquired skill (IHMP) and if they suffer from vomiting and diarrhea for
fewer days than the 53 not trained children. With this target in mind we selected 153 children with non- specific
chronic diarrhea symptoms and followed them up for 8 years.
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2. Materials and Methods
2.1 Participants

The Paediatric Gastroenterology Unit of the University of Florence recruited 153 mother-child pairs as it had
occurred in a previous research carried out from 1986 to 1992 (Ciampolini et al., 1990, 2012, 2013). At their
recruitment children were 6 - 36 months old (Table 1) with symptoms of intestinal functional disorders (non-
specific chronic diarrhea) (Ciampolini et al., 1990, 2012, 2013), though clinically healthy. We excluded allergies
by measuring the total IgEs in the blood plasma and by using Paper Radio Immuno Sorbent tests. We examined
every child's feces to seek parasites, viruses or pathogenic bacteria. Positive subjects were excluded. The reactive
protein C was normal. According to the Helsinky Declaration the research was approved by the ethic Board of
the University. Informed consent was obtained for every child. Initially a list assigned 2 children at random to
the trained group or one to the control one (in the proportion of 2 to 1 following Armitage's list of even or odd
numbers) (Gavin, 2001 ).

Table 1. Time from recruitment, Age, Body weight, Weight per age, Energy intake and Mean weekly blood
glucose (BG, Mean + SD)

CONTROL TRAINED
Survey Age (m) Energy Weight Weight (%) Age (m) Energy Cal’lkg BG mg/dL Weight Weight Survey
Cal/kg (4 (kg) @ G.4 6] (kg (%,1,2)
Base 18572  95£19.1 9.7+2.1 87.4+15.0 17,7£6.7  100£22.2 89,6+12.6  10.1£2.0  90.2+12.1 Base
3m. 21.447.0  93+17.3 10.6+1.6  90.6+8.7 22.4+103  71£19.8 81,3+5.8 11.0£2.5 92.2+12.1 3m.
6m. 249+6.1  94+18.2 11.3+1.9  89.0+10.9 27.9+10.8  71£20.3 77.1+7.5 122425  94.4+12.2 6 m.
2y. 4294104 77£19.5 15.7+5,8  97.6+10.4 42.0£13.8 64+16.2 78,7+6.5 14.8+3.7 94.4+13.5 2y.
4y. 65.2429.0 70+17.5 19.2+3.5  100.6£17.0 64.7+18.5 62+17.6 81.0+7.9 18.6+4.0 97.9+13.4 4y.
6y. 86.7+15.2 59+15.2 24.0+5.8 103.0+18.8 87.4+10.1 53+14.0 80,4+7.2 23.9+5.1 102.1£16.7 6y.
8y. 112.6+11.3 48+14.3 30.7+8.5 102.6+25.0 111.8+11.6 44+11.5 83,1+8.5 31.0£7.3 104.6£20.6 8.
Survey Age (m.)  Energy Weight Weight (%) Age(m.) Energy Cal’kg BG mg/dL Weight Weight Survey
Cal’kg (4)  (kg) M G.4 ®) (kg) (%,1,2)
CONTROL TRAINED

(1) Significant increases over base, except at the 3 m. survey (P <0.001).

(2) No significant difference in the survey value and in the increase over base from controls.

(3) Significant differences in the survey value and in the decrease from base in comparison with controls (P <0.04).
(4) Daily mean intake from weekly diaries in kcal per kg body weight.

(5) Mean pre-prandial BG from weekly diaries. Values following base are all significant versus base (P <0.0001).

2.2 Method of Survey

The study consisted in a comparison between trained pairs and a number of random controls during a eight-year
follow-up period. The protocol provided for 6 medical examinations after the first one, i.e. after 3 and 6 months
and after 2,4,6,8 years. After an initial clinical examination anthropometric measures were taken (Ciampolini et
al., 1990, 2012, 2013). Through structured interviews mothers were asked about the symptoms and the
administration of antibiotics and antinflammatory medicines. Mothers reported the number of days in the last 3
months with occasional vomiting, diarrhea or abdominal aches as well as the number of days in the last month
with temperature or taking of the above mentioned medicines. Besides mothers filled in a structured food diary
covering 7 days (Ciampolini et al., 1990, 2012, 2013). A few children did not report for the fixed examination.
The missing data were obtained on the telephone through structured interviews.

2.3 Re-Education

After the first short period of diarrhea stopping, the group was trained for 7 weeks under the researchers' revision.
The first step was suspending meals until the child gave signs of hunger (Ciampolini et al., 1990, 2012, 2013).
The claim for food might consist in a change of mood from tedious to capricious. Mothers assessed the child's
initial hunger before showing (him/ her) food or a laid table. At the first request, before serving the meal,
mothers were asked both to memorize the manifestations of restlessness and to measure BG. On other occasions
the child himself/herself moved around in search of food or showed his/her wish with words or gestures. The
first meal was postponed from 0 to 48 hours, 2 hours on average. At the following meals mothers repeated the
new strategies, by soliciting energy expenditure rather than by offering new energy. Energy- giving food with
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more than 60kcal/100 g. was allowed initially in a limited amount but in a growing quantity after the request for
food and after eating fruit or vegetables. The portion recommended was 150gs vegetables before lunch and
dinner and 200gs fruit before breakfast. The energy-giving food was calculated in such a way as to evoke a new
request before the time fixed for the following meal. After a 3 — 14 day training mothers had learned how to
evaluate both the energy left in circulation (BG) from the preceding meal and the one needed to cover the gap up
to the time fixed for the following meal (Ciampolini et al., 1990, 2012, 2013). Mothers found a way to make the
child manifest the initial hunger (request for food, IH) 4 times a day before satisfying it. Each time the amount of
food, the content and the time of meal could be adjusted. After few days of attempts and errors, and at times, of
irregular mealtimes, mothers succeeded in obtaining the child's request/meal 3 or 4 times a day with an average
error of less than 30 minutes in 90% of cases. Such alimentary rhythm is called as Recognizing Hunger or Initial
Hunger Meal Pattern IHMP (Ciampolini et al., 1990, 2012, 2013). Mothers of the children belonging to the
control group (53) as well as mothers of the children following the new alimentation programme were assured of
the temporary nature of diarrhea and encouraged to increase outdoor physical activity.

2.4 Statistics

In a previous research, we encountered, a difference of 8 days + a standard deviation of 13 days in the means of
diarrhea days between the trained group and the control one. Such difference indicated that the pattern adopted
was having satisfactory results. Based on this target, the subjects needed for the study were to be at least 49 for
each group compared in order to highlight a similar difference among the means with a 90% power and a 0.05
unilateral alpha. The values are indicated in means + standard deviation. We used Yates' test and the 2-sided
Student's t test on paired or non paired samples to evaluate the statistical significance of differences. The
significance was set at P < 0.05 for the single comparisons (Armitage et al., 1994). All data have been reported
on Microsoft Excel (Microsoft Corporation, Redmond, WA) for the statistical analyses and the presentation of
results.

3. Results

The fifty-three control pairs and the one hundred trained subjects were of the same age. Their body weight and
the percentage weight of the mean of reference (NCHS, US) for the same age were similar at the beginning of
the research (Table 1). Differences in body growth between the two groups in absolute terms as well as in
percentage terms were not found. Dropouts during the follow-up stage were similar while the needed data were
collected on telephone. Losses of information at each assessment owing to changes of address are reported in
Table 2.

Table 2. Days with diarrhea out of previous 90 days at different times after recruitment

CONTROL TREATED
Surwey dropouts MeantSD' dropouts Mean+SD '"**  Surwey
Base 49.4+26.0 47.9+24.9 Base
3m. 2 13.1+20.4 3 1.9+3.5 3m.
6 m. 3 8.7+11.8 4 2.0+3.7 6 m.
2y. 3 2.9+52 5 2.2+3.7 2y.
4y. 2 4,1£14,0 4 2.0+3,3 4y.
6y. 4 3,6x11,7 5 1.9+4.9 6y.
8y. 5 0,4+1,0 7 1.3+3.4 8y.
Surwey dropouts Mean+SD' dropouts Mean+SD '**  Surwey
CONTROL TREATED

(1)  Significant decreases from base at all surveys (P < 0.001).
(2)  Significant differences from controls at the surveys after 3 and 6 months (P <0.03).
(3)  Significant difference in the decrease from the base(longitudinal) only at the three month survey (P < 0.03).

The chronic diarrhea and frequent vomiting are associated during the period of high energy intake and of high
pre-prandial BG, i.e. when the energy taken in previous meals is not completely consumed. The situation
changes by adopting an alimentary pattern based on the recognition of initial hunger (Initial Hunger IH, and IH
Meal Pattern IHMP). During each data collection we examined the changing of intake and symptoms by using 3
types of statistical analysis. We compared survey values with the basal values and carried out two comparisons
between the trained group and the control group i.e. we compared the absolute survey values and the survey
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differences with the base values. The daily mean energy intake per kg body weight was calculated from diary

reports (Table 1). Each survey highlighted a lower intake by the trained children as compared to controls (P from

< 0.04 to < 0.0001). Consistently, the mean weekly value of pre-prandial BG (trained children only) was

significantly lower than at the beginning of the study (P < 0.0001). After recruitment, days with diarrhea and

vomiting significantly diminished both in the trained group and in the control one (Tables 2 and 3). However, the

numbers of days with fever and of days with administration of antibiotics or anti-inflammatory substances (drugs)
decreased from recruitment in trained children at all surveys; in control children, fever significantly decreased

after two years from recruitment and at subsequent 3 surveys. Drug administration decreased only at the survey

after 2 years from recruitment.

Table 3. Days with vomiting out of previous 90 days

CONTROLS TRAINED
Surwey Mean=SD' Mean=SD'*®  Surwey
Base 4.9+12.8 4.2+11.7 Base
3m. 1.4£3.9 0.3+0.7 3m.

6 m. 1.24£2.7 0.3+0.6 6 m.

2y. 2.246.3 0.7+£3.0 2y.

4y. 1.7£5.0 0.6+2.3 4y.

6y. 0.842.3 0.7£2.1 6y.

8y. 0.3£0.8 0.2+0.5 8y.

Surwey Mean+SD' Mean+SD'**  Surwey
CONTROLS TRAINED

(1)  Significant decreases from base at all surveys (P < 0.02).
(2)  Significant differences from controls at the surveys after 3 and 6 months, 2 and 4 years (P <0.04).
(3) No significant longitudinal differences from baseline between trained and control subjects.

Comparing the control group with the trained one at each survey, significantly lower values of diarrhea are found
in the trained subjects up to the second year. In all 6 surveys, the value in the trained subjects remains lower
(compared with the control group) in 5 out of 6 comparisons (Table 3). The Chi Square test for trend points out a
significant difference (P < 0.05). As regards vomiting, significantly lower values are observed in trained children
up to four years of age. As far as days with fever and days with drug adninistration are concerned, the trained
group turned out to be less feverish after six years from the start of the study.

The difference between trained and control children having a scientific value of demonstration concerns the
reduction from base values. Energy intake reductions are significantly larger in trained than in control subjects at
all 6 surveys after recruitment (P < 0.04), days with diarrhea only after 3 months, drug administration at the
surveys after 2 years and after 8 years.

4. Discussion

The current results (Tables 1, 2 and 3) confirm what already published by the international scientific press.
Chronic diarrhea and frequent vomiting occur during periods of high energy intake and high pre-prandial BG
levels, i. e. when the energy previously taken is not completely expended. In adults, this condition is known as
fattening/insulin resistance, The situation changes by adopting an alimentary behaviour based on the recognition
of Initial Hunger (IHMP) that is associated at every age to a significant decrease of energy intake and a low BG
level before meals (Ciampolini et al., 2010, 2006, 2011, 2011, 2010, 2012, 1990, 2012, 2013). In adults the
IHMP and the low BG concentration are associated to a high insulin sensitivity. Allegedly children should be
trained to follow this pattern (IHMP) in order to become high insulin sensitive adults.

The research has been carried out on clinically healthy children with a temporary functional disorder so the
usefulness of every intervention was doubtful before this investigation. Diarrhoeic children have thinner
skinfolds (a thinner subcutaneous layer) compared with the normal reference (NCHS, US) (Ciampolini et al.,
1990, 2012, 2013). Thinness does not depend on the diarrhoeic condition, it is rather family related (Cooper et al.,
2014; de Graf et al., 2004). According to the present study, diarrhoeic children (2 years old) reach a standard
average body weight (for their age) at about 4 years (Table 1), but maintain a low basal insulin level and show a
scarce development of the subcutaneous layer (Cooper et al., 2014; de Graf et al., 2004). This means that at 4 - 6
years children develop more lean mass than normal children do (Cooper et al., 2014). On the other hand the
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scarce development of the subcutaneous layer entails a precocious limit to energy accumulation. Chronic
diarrhoeic children require that a high attention is given to achieve an even balance of meals. BG becomes
oxidized earlier than other nutrients until its total expenditure (Elliott et al., 2002; Borg et al., 2011; Matsuda et
al., 1999; Wiesli et al., 2004), and we use BG as an index of the energy available in circulation. These notions
recommend mothers to assess the energy supply at each meal to barely get over the inter-meal period without the
onset of hunger (IH). This even balance does not coincide with a steady pre-prandial BG level but with a low BG
at the same physiological conditions (i.e., before meals). A high pre-prandial BG fosters fattening/insulin
resistance even if steady. A low pre-prandial BG is a necessary as well as a sufficient condition to have an even
energy balance (homeostasis) (Ciampolini et al., 2011, 2013; Fisher et al., 2002).

We studied 24 similar infants by food diaries, indirect calorimetry and doubly labelled water before and after
training IHMP (Ciampolini et al., 1990, 2012, 2013). The resting metabolic rate and the total energy expenditure
confirmed the energy intake that mothers reported in food diaries, and explained a 15.5% pre/post difference in
energy intake. Another 3% -4% was explained by lower energy fecal loss (Ciampolini et al., 2001). In this study
the non-specific diarrhea appears as a temporary disorder typical of the second year of life, due to disappear
automatically. The stopping of diarrhea in the control group does not imply recovery of health. The huge
increase in total daily energy metabolism, in resting metabolic rate, in energy malabsorption, in BG as index of
energy availability suggests a heavy education to the adults’ fattening/insulin resistance that, in their turn, are
associated to the development of sterile inflammation. The overall sterile inflammation or pro-inflammatory
state represents one of the most important notions acquired by medical physiopathology in the last century
(Brandtzaeg et al., 1989; Hecht et al., 2007; Festa et al., 2000; Reaven 2006; Smith 2007; Bigorgne et al., 2008;
Cani et al., 2007; Stratton et al., 2000; Bruun et al., 2003; Davidson et al., 1984; Van der Waaij et al., 2008;
Sartor, 2008). Such a state is associated both to increased vascular, autoimmune and tumor risks but also to
degenerative and functional disorders (Ciampolini et al., 1990, 2006, 2010, 2010, 2011, 2012, 2012, 2013, 2013,
2013, 2013, 2014; Fisher & Birch., 2002). In addition it facilitates the onset of autoimmune and allergic diseases
like arthritis and eczema. In the last 50 years there has been an increase in the number of children affected by
asthma, autism, congenital malformations, dyslexia, attention deficit, hyperactivity, schizophrenia, obesity and
diabetes. The US researchers have tried to find out the causal factors by planning the National Children's Study
(NCS, Landrigan, 2015). The Children's Health Act allowed an epidemiological study involving 100000 children
from birth up to 21 years of age. On December 12" 2014 Francis Collins, director of the National Institute of
Health (NIH) decided to put an end to the NCS by claiming that “the study was not feasible in its originary
design”.

5. Conclusion

The level of energy (i.e. of glucose, fats, proteins) in circulation and in tissues should not be the highest possible,
but optimal. We taught how to recognize the correspondence between the subjective sensation of hunger (trend
with hunger at meals, AFP or IHMP) and the BG. The aim was both to obtain, meal by meal, a low pre-prandial
BG concentration and, thanks to the skill acquired, to curb fattening/ insulin resistance. The optimal energy
intake corresponded to a low BG level before meals that turned out to be the same in several studies carried out
on different subjects (about 76.6 + 3.7 mg/dL in sedentary people). Such level can be easily maintained after a
two-week training of BG measurements (Initial Hunger). Ignoring Initial Hunger may contribute to increase in
children asthma, autism, congenital malformations, dyslexia, attention deficit, hyperactivity, schizophrenia,
obesity and diabetes (37). A new formulation of the National Children's Study (NCS, US) should both highlight
the current ignorance between a subjective sensation of hunger and the BG and plan a new awareness of the
relationship between hunger sensation and meals. Developing such awareness is within the population's reach. At
recruitment a remarkable minority of (untrained) children showed pre-prandial BG concentrations alike those of
children whose mothers had been trained not to offer food (12).
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