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Abstract

On the basis of the circadian nutritional variations present in breast milk, and of the
implications for the sleep/wake cycle of the nutrients present in infant formula milks,
we designed a formula milk nutritionally dissociated into a Day/Night composi-
tion. The goal was to improve the bottle-fed infant’s sleep/wake circadian rhythm.
A total of 21 infants aged 4-20 weeks with sleeping difficulties were enrolled in the
three-week duration study. The sleep analysis was performed using an actimeter
(Actiwatch) placed on an ankle of each infant to uninterruptedly record movements
during the three weeks. The dissociated Day milk, designed to be administered
from 06:00 to 18:00, contained low levels of tryptophan (1.5g/100g protein) and car-
bohydrates, high levels of proteins, and the nucleotides Cytidine 5’'monophosphate,
Guanosine 5 monophosphate and Inosine 5 monophosphate. The dissociated
Night milk, designed to be administered from 18.00 to 06.00, contained high levels
of tryptophan (3.4g/100g protein) and carbohydrates, low levels of protein, and the
nucleotides Adenosine 5 'monophosphate and Uridine 5 monophosphate. Three
different milk-feeding experiments were performed in a double-blind procedure
covering three weeks. In week 1 (control), the infants received both by day and
by night a standard formula milk; in week 2 (inverse control), they received the
dissociated milk inversely (Night/Day instead of Day/Night); and in week 3, they
received the Day/Night dissociated formula concordant with the formula design.
When the infants were receiving the Day/Night dissociated milk in concordance
with their environment, they showed improvement in all the nocturnal sleep
parameters analyzed: total hours of sleep, sleep efficiency, minutes of nocturnal
immobility, nocturnal awakenings, and sleep latency. In conclusion, the use of a
chronobiologically adjusted infant formula milk seems to be effective in improving
the consolidation of the circadian sleep/wake cycle in bottle-fed infants.
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Introduction

Of the physiological functions that are under cir-
cadian control, especially important is the sleep/wake
cycle. Before birth, sleep/activity cycles are entrained
to those of the mother’s body [25, 45]. After birth, these
systems take at least three months to attain the suffi-
cient maturity to be able to adapt to the normal 24-hour
rhythm determined by the rotation of the Earth [4].

Melatonin, a hormone secreted mainly by the pineal
gland, has a circadian rhythm with levels that are high
at night and low during the day, and is responsible for
regulating the sleep/wake cycle. Since the newborn pres-
ents no clear circadian rhythms until 3 months in age,
the rhythmic secretion of melatonin and the sleep/wake
cycle do not become consolidated until this age [1].

Many of the components of breast milk present circa-
dian oscillations, so that breast-feeding has an influence
on the regulation of the infant’s sleep/wake behaviour.
Indeed, breast-fed infants have better sleep patterns and
a better entrained sleep/wake cycle than bottle-fed babies
[13].

Tryptophan is one of the most important amino
acids in infant nutrition, since it is the precursor of the
neurotransmitter serotonin and the neurosecretory
hormone melatonin. This amino acid has a circadian
rhythm in breast milk, with the acrophase at 03:00 [3].
These oscillations in the tryptophan concentrations
of the milk occur in phase with oscillations in levels of
6-sulfatoxymelatonin excreted in the infant’s urine [3].

The oral administration of tryptophan modifies the
circulating levels of melatonin and serotonin [14], which
are key substances in the regulation and quality of sleep.
The synthesis of the hormone and the neurotransmit-
ter depend on the percentage of carbohydrates and of
proteins in the diet. Changes in these macronutrients
affect the tryptophan/LNAA (large neutral amino acid)
ratio and the circulating serotonin levels, parameters
which influence both the absorption of tryptophan and
its passage across the blood-brain barrier [18, 47]. The
Adenosine is an important molecule in the initiation of
sleep, as it excites a subset of sleep-promoting neurons
via A2A receptors in the ventrolateral pre-optic nucleus
[11]. Uridine is another sleep-promoting nucleoside, its
action apparently being through uridine receptors in the
Central Nervous System (CNS), and its interaction with
gamma aminobutyric acid (GABA) receptors [26]. Such
macronutrients as the medium-chain triglyceride (MCT)
lipids act to improve the infant’s sleep/wake cycle thanks
to their ease of digestion and their thermogenic character
[44]. Finally, micronutrients such as vitamin B12 can also
act on nocturnal rest [43].

Given this background, a new bottle-feeding formula
was developed to facilitate the consolidation of sleep/
wake rhythms in the newborn. The components of the
milk formula were distributed into two preparations
according to their value as facilitating either sleep or
wakefulness. The sleep-promoting milk contained higher
levels of L-tryptophan and carbohydrates, lower levels

of proteins, and MCT and the nucleotides Adenosine
5 'monophosphate and Uridine 5'monophosphate. The
activity-promoting milk contained lower levels of L-
tryptophan and carbohydrates, higher levels of proteins,
and the nucleotides Cytidine 5'monophosphate, Guano-
sine 5'monophosphate and Inosine 5 monophosphate.
To carry out the study, the Day/Night dissociated milk
was administered to infants of up to 5 months old, who
preferentially presented sleep problems. Their sleep was
monitored by recording their activity/inactivity on an
actimeter (Actiwatch) placed on an ankle throughout the
duration of the study (3 weeks). The actimetry measure-
ments were complemented with a sleep diary in which the
parents conscientiously noted how long the baby slept as
well as any observation that they considered pertinent.

Materials and Methods

Dissociated Day/Night formulas. A new formula
milk has been developed for bottle-fee ding to facilitate
the consolidation of the sleep/wake cycle in infants. The
components of a commercial infant formula milk were
dissociated into two formulas according to their com-
ponents which promote either wakefulness or sleep. The
Night formula milk has MCTs, the nucleotides Adenosine
5 'monophosphate and Uridine 5 monophosphate, and
higher L-tryptophan and carbohydrate content. The Day
formula milk has lower tryptophan and carbohydrate
content, higher protein, and the nucleotides Cytidine
5 'monophosphate, Guanosine 5 monophosphate and
Inosine 5 'monophosphate. Both satisfy the 1996/49/CE
and 2003/14/CE directives for infant milk formulas. Table
I lists the nutritional composition of the Blemil Plus Day
and Night formula milks, elaborated by Laboratorios
Ordesa S.L.

Subjects. Healthy infants (n=21) of both sexes, fed
with artificial milk before the beginning of their recruit-
ment were selected in collaboration with the pediatric
service of the primary medical care of the local Social
Security organization, and private clinics. To be selected,
the infants had to be in good health at the beginning of
the study and at most 20 weeks old. (It is known that the
first signs of circadian rhythms begin to be present at 12
weeks, and in many infants with sleeping difficulties are
well established at 20 weeks.) In addition, no relation-
ships existed within the group of infants, so that the
families were unable to exchange experiences about the
intermediate results of the experiments. The parents gave
their informed consent, and the study was approved by
the Ethical Research Committee of Extremadura Univer-
sity, Badajoz (Spain).

Study protocol. The different formula milks were
administered to each infant in a double blind proce-
dure, each formula being administered for one week.
The day period was taken to be from 06:00 to 18:00,
and the night period from 18:00 to 06:00. In one week
(control), the infants always received the same standard
milk (Blemil Plus I Forte, Ordesa S.L.) both by day
and at night. In another week (inverse control), they
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Table I. Nutrient composition of the BLEMIL 1 PLUS NIGHT and BLEMIL 1 PLUS DAY formulas, both of which
satisfy the 1996/49/CE and 2003/14/CE directives for infant milk formulas.

NUTRIENTS
(per 100 g milk powder)

BLEMIL 1 PLUS NIGHT BLEMIL 1 PLUS DAY
(3.4 g tryptophan / 100 g protein) (1.5 g tryptophan /100 g protein)

Macronutrients

Proteins 10.7 9 12¢g
Tryptophan total 0409 0.189g
Fats 269 269
Vegetable 16.4 g (63%) 25.7 9 (98.75%)
MCT 9.6 g (37%)
Formulaid 0.39(1.25%)
Carbohydrates 5939 58¢g
Lactose 4489 4489
Maltodextrin 14549 13.29
Taurine 32mg 32mg
L-carnitine 17 mg 17 mg
Minerals
Minerals 259 259
Sodium 175 mg 175 mg
Potassium 535 mg 535mg
Chlorine 290 mg 290 mg
Calcium 420 mg 420 mg
Phosphorus 230mg 230 mg
Iron 6 mg 6 mg
Magnesium 42 mg 42 mg
Zinc 4.4mg 44 mg
Copper 300 mcg 300 mcg
lodine 70 mcg 70 mcg
Manganese 50 mcg 50 mcg
Selenium 10.7 mcg 10.7 mcg
Ca/P ratio 1.8 1.8
Vitamins
Vitamin A 500 mcg /1756 1U 640 mcg /2133 1U
Vitamin D 10.3mcg/4121U 10.3mcg /412U
Vitamin E 12.2mg 25mg
Vitamin K 42 mcg 42 mcg
Vitamin B1 520 mcg 520 mcg
Vitamin B2 620 mcg 620 mcg
Vitamin B6 825 mcg 825 mcg
Vitamin B12 2 mcg 2.5 mcg
Vitamin C 50 mg 60 mg
Folic acid 42 mcg 42 mcg
Calcium pantothenate 3.2mg 3.2mg
Nicotinamide 6 mg 6 mg
Biotin 16 mcg 16 mcg
Nucleotides
Cytidine 5’'monophosphate 7.9 mg
Uridine 5'monophosphate 5.3 mg
Adenosine 5'monophosphate 2.7 mg
Guanosine 5'monophosphate 1.6 mg
Inosine 5’'monophosphate 1.6 mg

received Blemil Plus I Night milk (Ordesa S.L.) during
the day, and Blemil Plus I Day milk (Ordesa S.L.) dur-
ing the night. In the experimental week, they received
Blemil Plus I Day milk (Ordesa S.L.) during the day,
and Blemil Plus I Night milk (Ordesa S.L) during the
night. Hence, each infant acted as its own control.
Measurement. Non-invasive actigraphic monitor-
ing was used to record and display the temporal pat-
terns of the infant’s activity and rest. All infants had
a programmed wrist actimeter (Actiwatch, Cambridge

Neurotechnology Ltd., UK.) which was uninterrupt-
edly (excepting for bath time) attached to the ankle to
record motor activity. These actimeters weigh 22 g and
measure 37 mm X 27 mmx 9 mm each. An internal
acceleration sensor records movements and accumu-
lates them over a pre-set 2-minute interval. These sums
are saved on an internal microchip. The activity logged
between lights-off and waking next morning was ana-
lyzed to measure the different sleep parameters.
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Figure 1. Hours of real nocturnal sleep (X£SD) of each day, in
infants less than 20 weeks old, fed during the first week with

the control combination (06:00-18:00 Standard Formula Milk,
18:00-06:00 Standard Formula Milk), the second week with the
inverse control combination (06:00-18:00 Night Formula Milk,
18:00-06:00 Day Formula Milk), and the third week with the
experimental dissociated combination (06:00-18:00 Day Formula
Milk, 18:00-06:00 Night Formula Milk). a. (p<0.001) with respect
to the week of the control combination. b. (p<0.001) with respect
to the week with the inverse control combination. (n=21)

Before the study, the parents were instructed on how
to maintain a daily sleep diary, recording the hours
asleep, as well as the timing and the amount of milk
ingested.

Sleep analysis. The dark-period sleep patterns
were recorded actigraphically (Actiwatch, Cambridge
Neurotechnology Ltd., UK.) for 7-day periods, with
the device on the infant’s ankle. Sleep was automati-
cally registered based on the activity data, and analyzed
with the software package Sleep Analysis (Cambridge
Neurotechnology Ltd., U.K.).

After retrieving the logs of the activity for a week, we
proceeded to the study of the following sleep param-
eters:

o Actual sleep: The time of the sleep period in which
activity is below a threshold denominated sensitiv-
ity, which was established automatically by the Sleep
Analysis software package for each individual.

« Sleep efficiency: Percentage of time asleep relative to
the time in the crib.

o Minutes of immobility: Minutes during which there
was an unbroken period of inactivity.

» Waking episodes: Number of episodes of increased
activity during the period of sleep.

« Sleep latency: The time lapse from laying the baby in
the crib until sleep.

Also, the parents maintained at home a sleep diary
which consisted in recording the infant’s periods of
sleep over 24 hours, together with the number of bottle
feeds and any observations or incidences that might
have affected the baby’s rest. At the end of the study, the
parents were asked as to which week they had observed
improvement in their child’s sleep.

Statistical analysis. The results were analyzed for
significance of the differences between weeks using a
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Figure 2. Nocturnal sleep efficiency (X+SD) of each day, in infants
less than 20 weeks old, fed during the first week with the control
combination (06:00-18:00 Standard Formula Milk, 18:00-06:00
Standard Formula Milk), the second week with the inverse control
combination (06:00-18:00 Night Formula Milk, 18:00-06:00

Day Formula Milk), and the third week with the experimental
dissociated combination (06:00-18:00 Day Formula Milk, 18:00-
06:00 Night Formula Milk). a. (p<0.001) with respect to the week
of the control combination. b. (p<0.001) with respect to the week
with the inverse control combination. (n=21)

proprietary statistical package (Statitiscas). ANOVAs
followed by post hoc LSD tests were used to determine
differences between specific weeks. A value of p<0.05
was considered statistically significant. The actual type
of milk administered remained unknown by both
parents and experimenters until the experiments and
the corresponding statistical analyses had been finished
for all infants.

Results

The results obtained from the Actiwatch activity
recordings are shown in the following figures.

Figure 1 shows the daily mean for each week of the
hours of actual sleep during the nocturnal rest. There
was a clear and significant increase (p<0.001) for the
week in which the infants were fed the dissociated Day/
Night formula milk relative to the control and the inverse
control weeks. Also, there were no differences between
the control and the inverse control.

Figure 2 shows the results for the sleep efficiency
— the ratio between the hours of actual nocturnal sleep
and the hours that the child is in its crib. Of the three
weeks studied, the greatest value was 79.19 + 1.09 corre-
sponding to the week during which the infants were fed
the Day/Night formula. The difference was significant
(p<0.01) with respect to the other two weeks.

The results for the minutes of nocturnal immobility
per night are shown in Fig. 3. The mean for the week
in which the infants were fed the dissociated Day/Night
formula was 411.52 + 14 minutes. This was significantly
greater (p<0.001) than the control (327 + 9 minutes), and
than the inverse control (306.5 + 6.5 minutes).

The following two parameters also showed the same
trends.

Figure 4 displays the results for the nocturnal
awakenings. These were significantly fewer (p<0.001)
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Figure 3. Minutes of nocturnal immobility (X+SD) of each day, in
infants less than 20 weeks old, fed during the first week with the
control combination (06:00-18:00 Standard Formula Milk, 18:00-
06:00 Standard Formula Milk), the second week with the inverse
control combination (06:00-18:00 Night Formula Milk, 18:00-06:00
Day Formula Milk), and the third week with the experimental
dissociated combination (06:00-18:00 Day Formula Milk, 18:00-
06:00 Night Formula Milk). a. (p<0.001) with respect to the week
of the control combination. b. (p<0.001) with respect to the week
with the inverse control combination. (n=21)
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Figure 5. Nocturnal sleep latency (X+SD) of each day, in infants
less than 20 weeks old, fed during the first week with the control
combination (06:00-18:00 Standard Formula Milk, 18:00-06:00
Standard Formula Milk), the second week with the inverse control
combination (06:00-18:00 Night Formula Milk, 18:00-06:00

Day Formula Milk), and the third week with the experimental
dissociated combination (06:00-18:00 Day Formula Milk, 18:00-
06:00 Night Formula Milk). a. (p<0.05) with respect to the week of
the control combination. b. (p<0.05) with respect to the week with
the inverse control combination. (n=21)

in the week in which the infants were fed the dissoci-
ated Day/Night formula than in the control and inverse
control weeks.

The last sleep parameter (Fig. 5) determined by
actimetry was the sleep latency (the time from the
child’s being put into the crib for the night until it falls
asleep). The shortest sleep latency (20.5 + 2 minutes)
was for the week in which the infants were fed the dis-
sociated Day/Night formula. This was significantly less
(p<0.05) than the control and inverse control weeks.

Finally, Fig. 6 shows the hours of sleep noted by
the parents in the sleep diaries analyzed by week. The
number was greater (p<0.05) in the Day/Night experi-
mental week than in the control and the inverse control
weeks, confirming the results obtained by actimetry. In
their responses to the question as to which of the three
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Figure 4. Percentage of nocturnal waking episodes (X+SD) of each
day, in infants less than 20 weeks old, fed during the first week
with the control combination (06:00-18:00 Standard Formula

Milk, 18:00-06:00 Standard Formula Milk), the second week with
the inverse control combination (06:00-18:00 Night Formula

Milk, 18:00-06:00 Day Formula Milk), and the third week with the
experimental dissociated combination (06:00-18:00 Day Formula
Milk, 18:00-06:00 Night Formula Milk). a. (p<0.001) with respect to
the week of the control combination. b. (p<0.001) with respect to
the week with the inverse control combination. (n=21)
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Figure 6. Percentage of Hours of nocturnal sleep (X+SD) recorded
by the parents in the daily sleep diaries, in infants each week with
one of the three combinations of initiation formula milk: control,
inverse control, and experimental dissociated Day/Night formula.
a. (p<0.05) with respect to the control week. b. (p<0.05) with
respect to the inverse control week. (n=21)

weeks of the study their child had slept better, 75% of
the parents reported that they had noted improvement
in their child’s sleep during the third week.

Discussion

The makers of infant formula milk have taken
pains to achieve formulas as similar as possible to the
breast-milk gold standard. However, complete equal-
ity is impossible due, amongst other causes, simply
to the proteins or cell elements of the milk of each
animal species being essentially different. But differ-
ences have also been documented in relatively simple
components, such as the high uridine and tryptophan
content of breast milk. Up to now, these have not been
reflected in commercial infant formula milks. Indeed,
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it has been shown that the tryptophan in breast milk is
around 2.5% of the total protein content, while there
are many registered formula milks with only 1-1.5% of
tryptophan [15].

There are marked circadian variations in the com-
position of human milk that must have a key functional
importance in the development of the infant. However,
no infant formula milks at all have been developed that
take these aspects into account, in spite of the circadian
variability of human milk being known for decades [35].
For example, there exist numerous literature references
demonstrating differing values of the acrophase and
nadir according to the component in question. Thus
the amino acid tryptophan is at maximum levels in
breast milk during the night [3], and maximum levels
are reached at dusk for the sleep-inducing peptide [13],
cortisol, sodium and potassium [24], and folates and
lipids [20,21,42]. The maximum of cytoplasm organ-
elles dispersed in the milk occurs after nightfall, while
the maximum concentrations of copper, zing, iron [7,
23, 35], and lactose [46] occur in the morning, this last
being inversely correlated with other oligosaccharides.

Sleep perturbations have been the object of growing
attention on the part of health professionals because
of their importance with respect to the general state of
health. One of the groups suffering such perturbations
is that of people with very young children. The sleep
disorders of babies not only affect the development of
the infant’s nervous system, since the abundant amount
of sleep in neonatal life serves an important function in
brain maturation and plasticity [32], but also affects the
rhythm of work and the mood of the parents [10].

The development of the sleep circadian rhythm has
its origin in the feetal period. Both quiet (NREM) and
active (REM) sleep are distinguishable during the last
10 weeks of gestation [32]. The circadian rhythms have
an endogenous character, being generated by a central
clock located in the hypothalamic suprachiasmatic
nucleus (SCN) which is present by mid-gestation in
the human [37]. The ultradian rhythm to which the
newborn is subject has to evolve to a circadian rhythm
in synchrony with external time, which is not achieved
until approximately 12 weeks in age [1]. This age, how-
ever, varies widely, and it is currently reported that over
30% of infants suffer some kind of sleep perturbation
in the first year of life [6,30]. Despite the endogenous
nature of the rhythm, certain environmental periodic
factors, such as the light/dark cycle or feeding patterns,
can act as synchronizers (zeitgebers) of the circadian
rhythms [31]. Indeed, in the first moments of life, the
interactions of the mother and the baby are funda-
mental for the optimal development of the circadian
rhythm [28].

The essential amino acid tryptophan is a precursor
of the neurotransmitter serotonin and the hormone
melatonin in the brain [19]. The exogenous administra-
tion of tryptophan increases the levels of serotonin and
melatonin in the brain [5, 14, 16, 19]. Both substances
—serotonin and melatonin— have important actions

involved in sleep. Serotonin promotes the quantity of
slow wave sleep [48, 49], and melatonin sets the sleep/
wake cycle [29]. There have been attempts to improve
the quantity and quality of sleep by administering the
amino acid tryptophan rhythmically, and indeed today
it is frequently used in the treatment of depression and
sleep disorders [5, 36].

Another factor to bear in mind with respect to tryp-
tophan is the quantity of LNAAs that are administered
at the same time [8, 9], because these compete with
tryptophan for blood-brain barrier transport [34]. Since
dietary carbohydrates and proteins affect the plasma
concentration of tryptophan and the other LNAAs, these
macronutrients also effect brain tryptophan concentra-
tions, and thereby serotonin synthesis and release [38,
39, 47]. Dietary carbohydrates produce major, insulin-
mediated decreases in the branched-chain amino acids
but lesser reductions in plasma tryptophan, thus raising
the plasma tryptophan ratio and facilitating tryptophan’s
entry into the brain [8]. Proteins, in contrast, lower the
plasma tryptophan ratio because they contribute less
tryptophan than do other LNAAs to the circulation.

In breast milk, the levels of tryptophan are high dur-
ing the night, and low during the day [3], and formula
milks have lower tryptophan content than breast milk
[15, 40]. Also, the hormone melatonin - the key in the
regulation of the sleep/wake cycle, and whose precur-
sor is the amino acid tryptophan— is present in breast
milk [22]. In both the mother and the breast-fed infant,
the urine levels of its excretion metabolite — 6-sulfatox-
ymelatonin - follow a circadian rhythm which parallels
that of the tryptophan concentration in the milk [3].
There is evidence that, compared with the breast-fed
infant, the formula-fed infant has poorer arousability
[17], and greater anxiety and more irregular intervals
of activity-inactivity.

Adenosine and uridine are two nucleosides present
in breast milk [41]. They both are clearly involved in
the regulation of sleep [26, 11]. Indeed, in monophasic,
bihemispheric animals (similar to man) such as the
ringdove (Streptopelia roseogrisea), it has been found that
in young animals the oral administration of adenosine
increases nocturnal rest [12].

Other nutrients present in infant-formula milks have
an influence on sleep. The MCTs have a rapid thermo-
genic action which is reflected in an improvement of
sleep in the infant [44]. Vitamin B12 may act in synergy
with other nutrients as a hypnotic [43, 27].

Given this context, the Day/Night dissociated
formula milk was designed by considering the nutri-
tional components that are involved in the infant’s
sleep/wakefulness. The Day formula contained the
nucleotides Cytidine 5 monophosphate, Guanosine
5 'monophosphate and Inosine 5 'monophosphate, high
levels of proteins, and low levels of tryptophan and
carbohydrates. The Night formula contained Adenosine
5 'monophosphate, Uridine 5 monophosphate, MCTs,
high levels of tryptophan, carbohydrates, and low levels
of proteins. The proportions of both formulas were
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within the limits of the 1996/49/CE and 2003/14/CE
directives for infant formula milks. For the study, 21
infants were enrolled who presented sleep problems
(more than three nocturnal awakenings), under the
supervision of their padiatricians. They presented no
health problem at the time of introduction into the
study. They wore an Actiwatch on an ankle which logged
their 24-hour activity/inactivity for the three weeks’
duration of the study. On the basis of previous trials
carried out by our team, and given the time lapse for
the absorption and transformation of tryptophan into
serotonin and melatonin [2, 47], it was decided that the
Night dissociated formula milk should be administered
in the period 18:00-06:00, and the Day dissociated
formula milk in the period 06:00-18:00. The amounts
were those recommended by their padiatricians, and
were recorded by the parents daily in the sleep diaries.

The results were very clear with respect to the
improvement in the quality and quantity of the infants’
sleep. The Day/Night dissociated formula milks were
administered during the third week of the study. With
respect to the two previous weeks, during that week
there were significant increases in the hours of sleep
as quantified by the real sleep, the sleep efficiency, and
the minutes of immobility in the crib, and a significant
reduction in sleep latency. In sum, therefore, during this
third week the infants showed a significant improve-
ment in their nocturnal sleep.

Another interesting finding was that there were no
differences in the sleep parameters between the first
two weeks, i.e., that corresponding to when the infants
were fed with control formula milk (Blemil Plus I Forte)
both by day and at night, and that corresponding to
when they were fed the dissociated formula milk in the
inverse order (inverse control).

The actimetry results for the week in which the
nocturnal rest improved were confirmed both by the
parents’ subjective evaluation of an improvement and
by the data that they recorded daily in the sleep diaries.
Nonetheless, it has to be noted that the subjectivity of
their assessment of an improvement could lead to a
bias in their recording the sleep diary data, so that these
must be seen as having less reliability than the more
technical sleep data.

Given everything discussed above, it would seem
that in the first months of life the ideal feed at each
moment of the day could act as a zeitgeber, helping in
the maturation and consolidation of the sleep/wake
cycle and immune system [33]. Our results open a door
to Chrononutrition based on the understanding that
feeding must not only be considered from a nutritional
standpoint, but that it should also be in harmony with
the environment and in concordance with intestinal
motility, intestinal secretions, hormone levels, liver
metabolism, metabolic rate, etc. Knowledge of the
proper rhythm of feeding in synchrony with our inter-
nal rhythms is of great importance both for healthy
individuals and for subjects with certain pathologies
such as sleep disorders, obesity, and diabetes.

In sum, the use of chronobiologically adjusted infant
formula milk seems to be effective in improving the
consolidation of the circadian sleep/wake cycle in
bottle-fed infants.
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