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Abstract

Background Immaturities present at birth, such as in the gut microbiome and digestive, nervous, and immune
system, resolve with time. Nevertheless, this may result in mild digestive symptoms early in life, particularly in formula-
fed infants. Formula composition and processing may impact this discomfort. This study therefore aimed to assess
stool characteristics and gastrointestinal symptoms of healthy infants fed different formulae.

Methods A multicenter, cross-sectional, observational trial was performed in Mexico between November 2019

and January 2022, where exclusively formula-fed infants (n =342, aged 1-4 months) were studied in four groups
based on their existing formula use. Feeding was continued per practice following label instructions. For 7 days,
parents/caregivers were requested to record fecal characteristics, using the Amsterdam Infant Stool Scale, and rate
gastrointestinal symptoms. Stool samples were collected to determine pH, dry matter content, and fecal calprotectin
levels.

Results Most infants had a soft/formed stool consistency, although odds for hard stools were different between
groups. Gastrointestinal symptom scores revealed significant differences for burping and diarrhea, while other
symptoms did not differ between groups. No significant differences between groups were found for stool frequency,
dry matter content, and fecal pH. Although calprotectin was within the expected healthy ranges, significant
differences among groups were seen. Furthermore, calprotectin significantly correlated with the severity of the
gastrointestinal symptoms burping, flatulence, abdominal distension, and diarrhea.

Conclusions Differences in stool characteristics and specific differences in gastrointestinal symptoms were
observed between different formula brand users. This may potentially be explained by the different composition and
processing of the formulae, although there are multiple factors that influence the assessed outcomes.
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Trial registration The study was registered in the Netherlands Trial Registry (NL7805), linked to https://trialsearch.

who.int/, on 11/06/2019.

Keywords Infant nutrition, Digestive symptoms, Fecal characteristics, Infant formula

Background

The gastrointestinal system of infants is still underdevel-
oped. For example, the production of pancreatic enzymes
is still low and the small intestine is relatively short [1].
Therefore, the capacity of digestion and absorption of
nutrients is lower in infants, compared to the adult situ-
ation [2]. Furthermore, the gut microbiome, nervous,
and immune system of the gastrointestinal tract is in an
immature state [3]. These immaturities resolve with time
as the gastrointestinal tract matures. However, early in
life these immaturities may contribute to the develop-
ment of mild gastrointestinal symptoms including colic,
regurgitation, diarrhea, and constipation, particularly in
formula-fed infants [4, 5]. These symptoms could result
in distress for the infant. Roughly 50% of the infants
develop at least one of these symptoms, of which regurgi-
tation, infantile colic, and functional constipation are the
most common [5]. Diet is an important factor in devel-
oping these gastrointestinal complications [6]. This is one
of the many reasons why it is universally accepted that
the optimal nutrition for a newborn infant is breastmilk.
When a mother is unable to breastfeed her infant, infant
formulae are the only food products that fulfill the nutri-
tional requirements of infants during the first months
of life [7]. With respect to formula-fed infants, particu-
larly the protein source [8—10] and the optional ingredi-
ents pre- and probiotics [11, 12] have been considered as
factors influencing these symptoms. It has been shown
that formula-fed infants have a higher excretion of pro-
teins compared to breastfed infants, which is caused by a
reduced efficacy of protein absorption from the intestinal
lumen [13, 14]. Besides general compositional differences
between human milk and infant formula, such as pro-
tein, lipid, and carbohydrate complexity, the decreased
absorption of infant formula is likely related to the pro-
cessing of infant formulae [1, 15]. Predominantly heat-
ing during the processing of infant formulae can impact
protein digestion [15]. Variations in formula composition
and processing may thus impact gastrointestinal symp-
toms in infants. This study therefore aimed to assess the
performance of four different formulae, that varied in
composition and processing, with regard to stool- and
gastrointestinal-related outcomes in a real-life setting. It
was hypothesized that the different formulae would result
in different stool- and gastrointestinal-related outcomes.

Methods

Study design

A multicenter, cross-sectional, observational study was
performed, in which exclusively formula-fed infants were
studied in four different groups based on their existing
use of infant formula (IF A (FrieslandCampina, Amers-
foort, The Netherlands), IF B, IF C, and IF D). The four
different IFs were selected based on differences in com-
position and processing, the latter as illustrated by differ-
ent blocked-lysine levels (shown in Additional Table 1),
that were analyzed as indicators for protein glycation
(as a result of the Maillard reaction) [16]. Feeding was
continued per practice following the label instructions.
Additional Table 1 displays the composition of the IFs, as
presented on the labels, and from analyses.

This study was approved by the Ethical Committee
of Hospital SMIQ S de R.L. de C.V. (CONBIOETICA-
22-CEI-003-20171130, #16CI22014059) and by the
Ethical Committee of Sociedad de Beneficencia Espa-
fiola, LA.P. (CONBIOETICA-09-CEI-009-20170421,
#15CI109016029) and was performed in accordance with
the Declaration of Helsinki and its later amendments
[17]. The study has been registered in the Netherlands
Trial Registry, NL7805, on 11/06/2019 and was registered
and approved by COFEPRIS (193300410D0017/2019) in
Mexico.

Participants

In total 364 subjects were enrolled between November
2019 and January 2022 by four different sites in Mex-
ico; Clinica Pediatrica Pigiii and Hospital Star Médica
Hip in Mexico City, Clinica VITALI in Guadalajara, and
Hospital Christus Muguerza Sur in Monterrey. Healthy,
term infants (gestational age 37-42 weeks, birth weight
2.5-4 kg), aged 1-4 months, were included. They were
exclusively fed with a commercially available IF of interest
for at least 3 weeks prior to inclusion in the study. For an
infant to be included, parents/caregivers of the subjects
had to agree to offer no weaning foods over the course
of the study, had to be 18 years or older, should be fluent
in Spanish, and own a smartphone with internet access.
Subjects were excluded from the study if they: (I) had a
birth weight-for-length (WFL) percentile>85 or <5, (II)
had a congenital condition and/or previous or current ill-
ness that could interfere with the study as judged by the
healthcare provider, (III) had a known or increased risk
of cow’s milk allergy and/or lactose intolerance (i.e. one
of the biological parents/caregivers and or siblings diag-
nosed with cow’s milk allergy, asthma, fever, etc.), (IV)
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were participating in another survey or trial, (V) had
parents/caregivers that seemed unable or unwilling to
comply with the protocol requirements, (VI) used anti-
biotics and/or other medication that influences the study
outcomes as judged by the healthcare provider, as well as
probiotic and/or prebiotic supplements (other than those
found in the formula itself), at the time of screening and/
or two weeks prior to the start of the study.

Study procedures and questionnaires

After the study was properly explained, parents/care-
givers were asked to sign the informed consent form.
Subsequently, a screening visit took place in which
anthropometric measurements were performed, and
screening questionnaires were conducted to check the
in- and exclusion criteria. Once enrolled in the study, the
parents/caregivers received instructions on how to access
and use the app which was used to fill in the question-
naires. Parents/caregivers were able to login with their
individual account and see a listing of the task per day.
They could open each of the questionnaires to insert the
corresponding data. The app would prompt parents/care-
givers to complete the required activities on a daily basis.
Furthermore, stool sample kits were provided. To check
the type of IF that was consumed, the parents/caregiv-
ers were requested to upload a picture of the IF used for
feeding into the app as well.

Parents/caregivers were requested to complete daily
diaries, to record time and description of each bowel
movement, according to the Amsterdam Infant Stool
Scale [18], for one week. This entailed the characteriza-
tion of each stool on consistency (watery, soft, formed,
hard), amount (four categories), and color (six catego-
ries). The primary endpoint of this study was stool con-
sistency of the first stool per day for 7 days, where the
categories soft and formed were grouped together as
beneficial, compared to the categories watery and hard.
Furthermore, stool frequency was extracted from these
diaries based on the number of entries. These diaries
were split in daily tasks to minimize recall bias.

Parents/caregivers were also asked to rate certain gas-
trointestinal symptoms in the daily diaries (score per day
absent=0 — very severe=5), including abdominal disten-
sion, burping, flatulence, diarrhea, constipation, colic,
diaper dermatitis, arching of the back, vomiting, and spit
ups/regurgitation.

On day 7 parents/caregivers were requested to fill in
the IGSQ (Infant Gastrointestinal Symptoms Question-
naire). The score was computed by summing the scores
of all 13 items (range 13-65) [19].

Stool sampling and analyses
Parents/caregivers were asked to collect stool samples
from their child’s diaper on three different days, place
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these samples in a sterile plastic container, keep them at
-20 °C, and bring them to the last visit on day 8. At the
site, samples were stored at -20 °C and transported to the
laboratory where they were stored at -80 °C until further
analysis. Fecal samples were thawed at room tempera-
ture and homogenized for analyses. Standard pH strips
(Merck-Milipore) were used to measure pH of diluted
(1:10, sterile water) samples. Dry matter content was
measured by lyophilizing a 100-200 mg aliquot for 24 h
and weighing it. Levels of fecal calprotectin, an inflam-
matory marker [20, 21], were determined with a calpro-
tectin ELISA kit (EK-CAL; Bithlmann Laboratories AG)
according to the manufacturer’s instructions.

Statistical analysis

A sample size of 100 subjects per group was based on a
similar study comparing formulae on stool characteris-
tics [22]. Accounting for a 10% drop-out rate this resulted
in 440 subjects to be recruited. For continuous variables,
means with standard deviations or medians with inter-
quartile ranges were calculated, while for categorical
variables percentages were computed. Stool consistency
and stool color were analyzed with General Estimating
Equation (GEE) applying multinomial logistic regression
with repeated measurements, including all study days
and IF groups. For stool amount and gastrointestinal
symptoms, a similar GEE model but with ordinal multi-
nomial accumulated responses was applied. If the vari-
able IF type had an influence on the outcome measures
(i.e. was significant in the GEE model) pair-wise post-hoc
product comparisons were performed using Bonferroni
adjustments.

Data normality of continuous variables was assessed
with the Shapiro-Wilcoxon test. Since all the variables
analyzed showed a nonparametric distribution, outliers
were identified using 1.5xIQR. For comparison among
IF groups of IGSQ scores, pH, dry matter content, and
calprotectin levels, a Kruskal-Wallis test was used with
Dunn’s post-hoc test to determine significant differ-
ences between groups, and Bonferroni adjusted p-val-
ues were used to correct for multiple comparisons. For
IGSQ scores the Quade test was used as a nonparametric
alternative to adjust for covariates. All analyses were per-
formed unadjusted, and adjusted for sex (male/female),
type of birth (C-section/natural), and age.

Intention to Treat (ITT) population entailed all
included subjects. For the Per Protocol (PP) dataset all
randomized subjects without protocol violations or devi-
ations (e.g. out-of-window visit, prohibited medication
use, or formula incompliance), and that had complete
primary outcome data available were included. Due to
the real-life setting of this study and the absence of large
differences between ITT and PP populations, only ITT
analyses are presented, with differences to PP indicated
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where applicable. Missing data were not imputed. Statis-
tical analyses were performed in SPSS, SAS, and R, with
p-values<0.05 being considered statistically significant.

Results

Baseline characteristics and demographics

Of the 367 subjects screened, 364 were enrolled in the
study, see flow diagram in Additional Fig. 1. In total 342
subjects completed the study; IF A: 102 subjects, IF B:
105 subjects, IF C: 100 subjects, and IF D: 35 subjects.
The recruitment target of IF D was lowered (35 vs. 100)
given the difficulties in recruitment due to a lower use of
this product at the study locations in Mexico. In the PP
analysis set, 296 subjects were taken along. Stool samples
were available for 326 subjects, where 20 subjects were
excluded due to protocol violations/deviations. Fur-
thermore, for some subjects, not enough material was
present for all analyses to be performed, therefore the
objective measurements of pH, dry matter content, and
calprotectin were conducted in 306, 302, and 304 sam-
ples respectively.

Table 1 displays the demographic characteristics of the
four study groups. All groups contained slightly more
boys than girls, ranging from 57 to 60%. The average age
at enrollment was about 3 months. Small differences
were found in weight and length.

Stool characteristics

No significant differences between groups were reported
in stool frequency, dry matter content, or fecal pH (data

Table 1 Demographics

IFA IFB IFC IFD
N enrolled 105 112 108 39
N completed 102 105 100 35
Sex (% male) 57.1% 60.7% 57.4% 59%
Ageatenrolment 30+12  29+1.1 32+10 3.1+1.
(months)
Weightatenrol-  55+12°  57+£12°  62+12*  57+12%
ment (kg)"
Lengthatenrol-  57.9+45° 596+44° 605+44° 592+46%
ment (cm)”
Head circumfer-  39.14+22° 397+20°° 404+21°  39.8+4.0*
ence at enrol-
ment (cm)*
Mode of delivery  34.3% 44.6% 49.1% 38.5%
(% vaginal)
Gestationalage  386+1.0° 390+12° 389+12* 389+12%°
(weeks)”
Birth weight (kg) 3.1+04 3.1+04 3.1+04 3.1+05
Birth length (cm)  49.7+22  502+20  500+26 490427
Twins/triplets (%)  10.5% 4.5% 0% 15.4%

Mean values +SD are shown for continuous variables.'Indicates statistically significant
ANOVA, *Indicates statistically significant Kruskal Wallis test. Superscript letters indicate
significant differences by post hoc Bonferroni or Dunns test respectively, adjusted for
multiple comparisons.
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not shown). Figure 1 shows the stool characteristics per
formulae. For stool amount it was found that infants con-
suming IF A had lower odds of high amounts of stool
compared to infants consuming IF B (OR 0.6 (95%CI
0.4—0.8)). Most stools were of a soft/formed consis-
tency. Infants on IF D had a higher odds of hard stools
vs. soft/formed compared to infants consuming IF B
and IF C (OR 8.2 (95% CI 1.3-51.7) and OR 11.2 (95%
CI 1.2-105.1) respectively). Infants consuming IF A had
higher odds of having stool color I vs. III compared to the
other IFs. All these differences remained significant after
adjusting for sex, delivery mode, and age.

No differences were observed in general gastrointes-
tinal symptoms between the four IFs, since the average
IGSQ scores were similar for the four groups, between 23
and 24. For most individual gastrointestinal symptoms no
differences between the four IFs were observed. Except
for burping and flatulence, all gastrointestinal symptoms
were reported to be absent in the majority of the regis-
trations (percentages can be found in Additional Table 2).
Infants consuming IF A had lower odds of more severe
burping compared to infants consuming IF C (Table 2).
Furthermore, infants consuming IF A had lower odds
of having more severe diarrhea compared to the groups
consuming IF B and IF D. These significances remained
after adjustment with covariates, but in the PP analysis
the difference between IF A and IF B on diarrhea was not
found to be significance anymore. In the adjusted model
the tendency of IF C having lower odds of more severe
diarrhea compared to IF D became significant in both
ITT and PP populations.

Gastrointestinal scores were also correlated to fecal
calprotectin levels. More severe ratings of burping, flatu-
lence, and diarrhea correlated significantly with higher
calprotectin levels (Fig. 2B). Although calprotectin lev-
els were in the expected range for healthy infants [23],
levels were lower in fecal samples from infants on IF A
compared to infants on IF D (Fig. 2A). This effect was not
shown when outliers were excluded.

Discussion

In this observational, real-life setting study in Mexico,
gastrointestinal and digestion-related outcomes of differ-
ent commercially available infant formulae were studied
in healthy term subjects. Most infants had soft or formed
stools, although odds for having hard stools were differ-
ent between groups. Further significant differences were
found in stool amount and color. No significant differ-
ences between groups were reported on stool frequency,
dry matter content, or fecal pH. Gastrointestinal symp-
tom scores revealed significant differences for burping
and diarrhea, while other gastrointestinal symptoms
did not differ. Interestingly, although calprotectin lev-
els were within the expected ranges for healthy infants,
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Fig. 1 Stool characteristics. Figure shows the percentages of Stool amount (1A), Stool consistency (1B), Stool color (1C) of the first stool each day grouped
per IF brand from the ITT population, according to the Amsterdam Infant Stool Scale.

differences among groups could be established. Fur-
thermore, calprotectin levels correlated with the sever-
ity of the gastrointestinal symptoms burping, flatulence,
abdominal distension, and diarrhea.

Several gastrointestinal disorders are associated with
changes in stool characteristics, causing them to be mon-
itored by parents and in clinical practice [18]. Odds for
having hard stools were higher for infants on IF D com-
pared to IF B and IF C, although differences in dry matter
content were not found. This could relate to the limited
sample size in the current study, since dry matter content
(as determined by lyophilization) was different among
the consistency categories, as similarly demonstrated
previously in adults [24]. Breastfed infants generally have
softer stools compared to formula-fed infants, with for-
mula composition affecting factors such as fecal soap for-
mation, that may explain variations among formula-fed
infants [25]. Also fecal color from healthy infants varies,
ranging from yellow to green, where breastfed infants
more often have a yellow color compared to formula-fed
infants [26]. The current study showed that infants con-
suming IF A had higher odds of having a yellow stool
color compared to the other IFs. The physiological rel-
evance of color variations within the healthy range is

unknown, and clinically less relevant than discriminating
category 5 and/or 6 from others. However, the current
study thus suggests that fecal color may differ per the
consumed formula type, similar as stool consistency.

Next to the stool characteristics, gastrointestinal symp-
toms were also studied. As the study population con-
sisted of healthy infants, it was in line with expectations
that many gastrointestinal symptoms were reported to be
absent or very mild in many of the registrations. This is
in line with observations of several countries where mild
gastrointestinal disorders have previously been observed
in otherwise healthy infants [4]. In this study, only burp-
ing and flatulence were reported more often. Due to the
low prevalence of GI symptoms, the differences between
study products were expected to be limited. Nonethe-
less, the current study revealed that infants consuming IF
A had lower odds of more severe burping and diarrhea
compared to infants consuming IF C and infants on IF B
and IF D, respectively. Significant differences were thus
found in otherwise healthy infants.

The inflammatory marker calprotectin was lower in
fecal samples of infants consuming IF A compared to
IF D. Interestingly, fecal calprotectin correlated with
the gastrointestinal symptoms burping, flatulence, and
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Table 2 Gastrointestinal symptom severity odd ratio’s

IFAvs.IFC IFAvs.IFD IFBvs.IFC IFBvs.IFD IFCvs.IFD

IFAvs.IFB

OR (95% IC) P-value

P-value

OR (95% IC)

P-value

OR (95% IC)

P-value

OR (95% IC)

P-value

OR (95% 1C)

P-value

OR (95% IC)

(2023) 23:634

00

1.

0.72
0.64
091
0.50
0.64
041
0.63

0.94
0.57
0.89
1.02
0.72
0.77
0.59
0.55

0
0
00

1.

1
0.5

1.30
0.90
0.86
1.13

145
1.20
145
0.87

0
.00
0

1.0
1
1

1.18
0.78
0.58
114
0.87
0.76
0.26
0.50

1.00

1.63
122
0.55
1.26
174
118

0.63
0.79

0
0

1
1

1.25
1.35
0.65
112

1.20
0.98
044
0.92

Abdominal distention
Arching of the back
Burping

Diaper dermatitis

Constipation
Diarrhea
Flatulence

Colic

Unadjusted odds ratio’s ITT population GEE model, WALD Type 3 test, p value with Bonferroni adjustment. P < 0.05
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diarrhea. With respect to gastrointestinal complica-
tions, fecal calprotectin has limited use in standard clini-
cal practice [20]. Fecal calprotectin is, for example, only
informative in the diagnosis and monitoring of inflam-
matory bowel disease and to distinguish it from func-
tional gastrointestinal disorders, whereas application in
the diagnosis of colic and constipation is limited [20].
Although clinical relevance will therefore be limited in
healthy infants, the correlation of fecal calprotectin with
the symptoms burping, flatulence, and diarrhea may
highlight a potential mechanistic interaction which may
be interesting for future studies.

Combined, the differences in gastrointestinal symp-
toms and fecal calprotectin might partly be related to the
different formulae consumed, with diet impacting diges-
tive challenges that may be caused by the immature gas-
trointestinal system in early life [4].

Different infant formulae are available on the market,
with variation in composition, predominantly related to
the protein and fat source, and the presence of optional
ingredients. With respect to the protein source, hydro-
lyzed protein formulae have previously been dem-
onstrated to reduce digestive complications mostly
associated with regurgitation [8]. Furthermore, fat
sources, i.e. bovine milk or plant oil-derived and modi-
fied plant oils, such as beta-palmitate, can impact gas-
trointestinal outcomes through their effect on fecal soap
formation. This may impact clinical outcomes, such as
bone strength, gut microbiome composition, and crying
in infants [9, 10, 27, 28]. Pre- and probiotics are consid-
ered for the management of pediatric gastrointestinal
disorders as well, as has been reviewed in detail by the
ESPGHAN taskforce for pre- and probiotics [11, 12].
Recommendations for the use of specific probiotic strains
were made by this taskforce for the management of func-
tional abdominal pain disorders and infant colic, among
others [12]. More recently, characteristics related to pro-
cessing [15, 29] and casein mineralization [30] have also
been suggested to impact digestion and gastrointestinal-
related outcomes. For example, protein denaturation and
glycation have been demonstrated to impact overall IF
protein digestion [15, 31, 32] and may thus warrant fur-
ther investigation. All formulae in this study contained
non-hydrolyzed protein sources and three of the four
formulae contained different oligosaccharides (IF A, C,
D). Three IFs included a human milk oligosaccharide
(IF A, B, D), and one was supplemented with a probi-
otic (IF B) (see Additional Table 1). Moreover, formulae
varied in indicators of glycation, ranging from a blocked
lysin percentage of 6.1% (IF A) to 18.5% (IF C). These lev-
els are indicative for differences in heating applied dur-
ing formula production and may impact digestion and
absorption as indicated by both in vitro and in vivo stud-
ies [29, 33, 34]. Combined, the differences in formula
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2B Calprotectin-Gl correlations
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Fig. 2 Calprotectin levels. 2A Median calprotectin levels with IQR per IF group. 2B Spearman’s rho correlation coefficients for calprotectin levels and
gastrointestinal symptom severity scores. Green indicates a positive correlation meaning higher calprotectin levels correlated with a higher severity score,
red indicates a negative correlation meaning higher calprotectin levels correlated with a lower severity score. *p <0.05.

composition (particularly related to optional ingredients
such as oligosaccharides and probiotics) and processing
might therefore have contributed to the differences seen
in this study. Theoretically, this effect could be either
direct and/or through alterations in the gut microbiome.
However, a direct association between IF characteristics
with clinical outcomes in this observational study is not
possible, as assessed outcomes are multifactorial and can
be affected by many factors.

Strengths of this study include the observational set-
ting, which enables real-world data collection. Subjects
were recruited in different centers across Mexico, mak-
ing the results generalizable to the wider population of, at
least, Mexican infants. A limitation of the study was that
outcomes were assessed based on parental reports, likely
increasing the variation. Therefore, several objective
and potential mechanistic measures, and the validated
Amsterdam Infant Stool Scale [18] were also included in
the current study. Furthermore, the lower number of sub-
jects in one of the four groups, although representative
of the frequency of use, could have resulted in reduced
statistical power to determine significant differences.
Additionally, no breastfed reference was included. Lastly,
due to the observational nature of the study and cross-
sectional assessment of the outcome measures no longi-
tudinal data was obtained meaning no causal conclusions
can be drawn.

Conclusion

Exclusively formula-fed infants, using different commer-
cially available formulae, were compared in this study.
Although only healthy subjects were included, differences
in stool characteristics and gastrointestinal symptoms
were observed. Despite the fact that assessed outcomes
are multifactorial, variations may potentially be explained
by the different compositions and processing conditions
of the formulae. Interestingly, fecal calprotectin corre-
lated with the severity of the gastrointestinal symptoms

burping, flatulence, abdominal distention, and diarrhea
which may be a subject for further studies.
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