International Journal of Obesity

ARTICLE

www.nature.com/ijo

W) Check for updates

Longitudinal body mass index trajectories at preschool age:
children with rapid growth have differential composition of the
gut microbiota in the first year of life
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BACKGROUND/OBJECTIVE: The steep rise in childhood obesity has emerged as a worldwide public health problem. The first 4
years of life are a critical window where long-term developmental patterns of body mass index (BMI) are established and a critical
period for microbiota maturation. Understanding how the early-life microbiota relate to preschool growth may be useful for
identifying preventive interventions for childhood obesity. We aim to investigate whether longitudinal shifts within the bacterial
community between 3 months and 1 year of life are associated with preschool BMI z-score trajectories.

METHODS: BMI trajectories from birth to 5 years of age were identified using group-based trajectory modeling in 3059 children.
Their association with familial and environmental factors were analyzed. Infant gut microbiota at 3 months and 1 year was defined
by 16S RNA sequencing and changes in diversity and composition within each BMIz trajectory were analyzed.

RESULTS: Four BMIz trajectories were identified: low stable, normative, high stable, and rapid growth. Infants in the rapid growth
trajectory were less likely to have been breastfed, and gained less microbiota diversity in the first year of life. Relative abundance of
Akkermansia increased with age in children with stable growth, but decreased in those with rapid growth, abundance of
Ruminococcus and Clostridium at 1 year were elevated in children with rapid growth. Children who were breastfed at 6 months had
increased levels of Sutterella, and decreased levels of Ruminococcus and Clostridium.

CONCLUSION: This study provides new insights into the relationship between the gut microbiota in infancy and patterns of growth
in a cohort of preschool Canadian children. We highlight that rapid growth since birth is associated with bacteria shown in animal
models to have a causative role in weight gain. Our findings support a novel avenue of research targeted on tangible interventions

to reduce childhood obesity.

International Journal of Obesity (2022) 46:1351-1358; https://doi.org/10.1038/s41366-022-01117-z

INTRODUCTION

The steep rise in rates of obesity in the last decades has emerged
as a worldwide public health problem from which children are not
exempt [1]. Obesity as early as 6 months of age has been reported
to track into school age [2], and has been linked to increased risk
of many adverse health conditions in adolescence and adulthood
including cardiometabolic, pulmonary, and psychological disor-
ders [3-6].

The collective consortia of resident bacteria and their functional
genetic capacity making up the microbiota and microbiome,
respectively, is a key regulator of host metabolism and obesity.
With an estimated 10'2 bacteria residing along our digestive tract,

the microbiota both directly shapes nutrient availability within the
gut as well as regulates host metabolic pathways responsible for
transporting and storing those nutrients [7-10]. A number of
studies have investigated the role of the microbiota in obesity in
adult humans and animal models, even going so far as to develop
weight loss therapies using microbial candidates such as
Akkermansia muciniphila [11-14]. However, studies focusing on
children are limited to cross-sectional indicators of obesity, and
only a few analyzed the relationship between the gut microbiota
and longitudinal changes in growth [15].

Longitudinal studies of childhood growth are essential due to
the individual variations in patterns of weight over time, and
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have been shown to have better predictive value over cross-
sectional measures for future body composition and obesity [16].
Furthermore, obesity in the first years of life has been associated
to genetic and early-life environmental factors such as pre-
pregnancy maternal body mass index, gestational weight gain,
feeding practices (i.e., breastfeeding and formula use), and
socioeconomic adversity [17, 18]. Early life also represents a
critical window for microbiota maturation, when exogenous
factors such as mode of delivery, diet, antibiotics exposure, and
built environment heavily influence bacterial membership and
composition within the gut [19]. This results in a dramatic
expansion of diversity as well as fluctuations in bacterial
colonization that stabilizes after 1-3 years of age [19, 20]. The
early-life microbiota has been associated with a number of
disorders that appear later in childhood, however only a few
studies have focused on longitudinal changes within the infant
bacterial community. Since transitions within the infant diet also
occur during this time (e.g., solid food introduction and
reduction of breastmilk/formula), understanding how shifts
within the early-life microbiota relate to rapid growth or obesity
may be particularly useful for identifying potential preventive
interventions.

This study will investigate whether BMIz trajectories of growth
up to age 5 years are associated with longitudinal shifts within the
bacterial community between 3 months and 1 year of life. We
used a data-driven approach to develop longitudinal preschool
BMIz trajectories in children enrolled in the CHILD Cohort Study. In
a subsample of the cohort, we quantified changes in the infant gut
microbiota diversity and composition and determined whether
these changes were associated with rapid growth culminating in
overweight/obesity by age 5 years.

METHODS

Study design

The CHILD Cohort Study is a population-based prospective birth cohort
study in Canada. It recruited 3621 pregnant mothers across four sites in
Canada (Vancouver, Edmonton, Manitoba, and Toronto) between 2008 and
2012, from which 3455 delivered healthy, full-term infants, and were
eligible to commence the study. The CHILD Cohort Study has been
described in detail elsewhere [21]. This study was approved centrally by
the Hamilton Integrated Research Ethics Board (HIiREB #07-2929) and all
local ethics boards, and informed consent was obtained from a parent or
legal guardian.

Anthropometric measurements

Birthweight of all children was collected from birth charts. All subsequent
weight and height measurements were performed by trained research
assistants using standardized procedures, at a home visit when children
were 3 months of age, and at clinic visits when children were 1, 3 and 5
years old. Shoes and outerwear were removed for weight (Scaletronix
scale) and height (standard stadiometer) measurements.

BMI at each time point was calculated and age and sex BMI z-scores
(BMIz) were derived according to the World Health Organization (WHO)
child growth standards for children younger than 5 years [22], and for 5-19
years for those children that were slightly older than 5 years old at the date
of measurement [23].

Growth trajectories

Growth trajectories were identified by group-based trajectory models
(GBTM) and latent class mixed models (LCMM). Exact age at the time of
measurement (and gestational age at birth) and BMIz at birth, 3 months, 1,
3 and 5 years were included in the analysis. Modeling was restricted to
subjects with measurements available for at least three of the five time
points, and was performed separately for boys and girls. Model
performance was evaluated from two to eight trajectories. Optimal
number of classes was chosen based on Bayes information criteria (BIC),
Akaike information criteria (AIC), Log Bayes Factor (2loge(B1o)), median
posterior probability of assignment of at least 0.70, and on trajectories
being distinct and interpretable. After comparison of trajectories between
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models, GBTM classifications were used in all subsequent analyses. Details
on trajectory modeling can be found in the Supplementary Material.

Stool sample collection and microbiota analysis

Fecal samples were collected at a home visit (3-4 months; mean [SD], 3.7
[1.1] months) and a clinic visit (12 months; mean [SD], 12.5 [1.7] months);
DNA was extracted using the commercial kits (Qiagen Mo Bio PowerSoil)
optimized for the Thermofisher KingFisher® robot.

Our approach to defining the gut microbiota of infants of the CHILD
cohort has been previously described [24, 25]. Briefly, the V4 hypervariable
region of the 165 rRNA gene of fecal DNA was amplified by PCR using
universal bacterial primers (V4-515f: V4-806r). Paired-end sequences were
pre-processed using Dada2 in Qiime2 v.2018.6 (www.giime2.org). Taxo-
nomic identity was assigned to the resulting Amplicon Sequence Variants
by alignment to the Greengenes reference (v13.8) database at 99%
sequence similarity. Sequences were further filtered to remove those that
were present at less than 0.005% of the total sequences. Demultiplexed
sequencing data used in this study are deposited into the Sequence Read
Archive of NCBI and can be accessed via accession numbers PRINA657821.

Samples were rarefied to 8000 sequencing reads per sample prior to
computing all diversity metrics. Gut microbiota a-diversity was measured
by Shannon index. Changes in microbiota diversity over time were
calculated in paired samples as the difference between 3 months and 1
year of age. Analyses were completed in R software, version 4.0.2.

Statistical analyses

Differences in continuous measures between weight trajectories are
presented as median [Interquartile range] and evaluated by Wilcoxon rank
test or Kruskal-Wallis test were appropriate. Differences in categorical
variables are presented as frequencies (%) and evaluated by Pearson’s Chi-
square test, post hoc tests for multiple comparisons of groups were
performed by Dunn test. p values were adjusted for multiple comparisons
using the Benjamini-Hochberg procedure.

After identification of BMIz trajectories, adjusted odds ratios (OR) and
95% confidence intervals (Cl) from weighted multinomial regression were
used to examine factors associated with each trajectory. Weights were
based on individual posterior probabilities. All models were adjusted for
prenatal smoke exposure, self-reported ethnicity (Caucasian vs. non-
Caucasian), study site, and postpartum maternal BMI (measured when the
child was 1 year of age). Next, the relationship between significant risk
factors from adjusted models in relation to BMIz trajectories and the gut
microbiota was analyzed by Kruskal-Wallis test for categorical factors and
Spearman correlation for continuous factors.

To identify potential bacterial genera driving significant differences
between trajectories, DESeg2 on raw count data with relative log
expression normalization was applied, models were adjusted by self-
reported ethnicity and study site. Genera that statistically discriminated
between children with normative and high stable or rapid growth
trajectories were selected. Ordinal logistic regression adjusted for
ethnicity and study site was applied to analyze diversity trends of the
selected genera across BMIz trajectories. Changes in genera with
significant trends were further contrasted to the rapid growth trajectory.

RESULTS

Growth trajectories

We modelled BMIz trajectories for 3059 participants within the
CHILD Study (53.1% boys) who had at least three BMiIz
measurements available between birth and age 5 years. BIC and
AIC statistics improved with increased number of classes in both
LCMM and GBTM. The four-trajectory model from GBTM was
favored based on approximation to the log of the Bayes factor,
and median membership probability >0.70 for all classes in both
boys and girls (Supplementary Table 1). Trajectories from both
sexes had similar trends over time and were pooled together into
one dataset for further analyses (Supplementary Fig. 1). The four
trajectories were designated: low stable, normative, high stable
and rapid growth (Fig. 1).

The normative trajectory contained 60% of participants (n =
1849), mean BMiIz in this group started at —0.5 BMIz and trended
toward zero by age 5 years. A total of 289 (9.4%) participants
were placed in the low-stable weight trajectory, which followed a
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Fig. 1 BMIz trajectories in the CHILD Cohort Study. a Predicted BMI z-score trajectories obtained from group-based trajectory modeling, and
b proportion of overweight, obese children at 5 years per World Health Organization classification of BMI z-scores.

steady trend of —1 z-scores up to 5 years of age. The high stable
trajectory had 782 (25.6%) participants and a mean BMIz of 0.5
up to 3 months, which increased to 1 BMIz at age 1 year. By age 3
years, 12% of subjects in this trajectory were classified as
overweight, and 0.7% as obese. Finally, the rapid growth
trajectory contained 139 (4.5%) participants and was character-
ized by a rapid increase in BMIz from birth, with a mean over 2.5
BMIz by age 3 years. Over 70% children in the rapid growth
trajectory were overweight or obese by age 3 years, and 89% by
age 5 years (Fig. 1).

We analyzed familial and environmental risk factors of early-life
overweight and obesity to identify whether they were significantly
associated to a certain BMIz trajectory. Adjusted models showed
that children not breastfed at 3 or 6 months of age had 70%
higher odds of belonging to the rapid growth trajectory,
compared to the normative trajectory (3 months BF aOR 1.70,
95% 1.09, 2.64; 6 months BF aOR 1.67, 95% Cl 1.13, 2.47) while
increased duration of breastfeeding (in months) was associated
with decreased risk of rapid growth (Fig. 2). We observed similar
associations in the high stable trajectory, although only nominally
significant for both 3 months (aOR 1.27, 95% Cl 0.99, 1.64) and
6 months breastfeeding (aOR 1.20, 95%Cl 0.97, 1.48). Increase in
maternal BMI was significantly associated with 31% higher risk of
belonging to the high stable trajectory (interquartile aOR 1.31,
95% Cl 1.19, 1.45), and 63% for the rapid growth trajectory (aOR
1.63, 95%1.39, 1.91). Prenatal smoke exposure, delivery mode,
reported antibiotic use in the first year of life, and race were not
significantly associated to BMIz trajectories (Fig. 2 and Supple-
mentary Table 2).

Growth trajectories and gut microbiota diversity

In order to determine whether components of the infant
microbiota differed among BMIz trajectories, we utilized results
from 988 participants with stool collected at 3 months (n = 826)
and/or 1 year (n=842). A total of 680 participants contained
paired data from both timepoints. The microbiota subgroup
was similar to those in the overall cohort, including the
proportion of subjects in each BMIz trajectory (Table 1 and
Supplementary Table 3).

Previous studies have demonstrated the importance of bacterial
diversity for maintaining healthy weight in both humans and
mouse models, and much of this diversification of the microbiota
occurs during the first year of life as infants are exposed to new
colonizing microbes [7, 26, 27]. A published analysis from the
CHILD study linked increased diversity at 3 months with greater
risk of weight gain [28]. Supporting this, we found a significantly
negative correlation between diversity at 3 months and diversity
at 1 year (Spearman, p=—0.2, p<0.0001) (Fig. 3a). Thus, early
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diversification may limit overall diversity at 1 year. Moreover, after
quantifying changes in bacterial diversity over time, we observed
that infants in the rapid growth trajectory gained less diversity (as
measured by Shannon Index) between 3 months and 1 year of age
compared to the normative BMIz trajectory (Fig. 3b, c). These
differences in diversity were not significant at either 3 months
(p=0.10) or 1 year (p=0.65) time points alone, but instead
represent a cumulative change in diversification within the gut
and emphasize the value of longitudinal sampling.

We performed a differential abundance analysis to understand
whether the reduced diversification observed in the rapid growth
trajectory coincided with changes in specific bacterial taxa. A
number of genera were significantly altered at the 1 year visit, but
none at the 3 months visit, including Akkermansia, unclassified
Enterobacteriaceae members, Clostridium, Sutterella, and Rumino-
coccus (Fig. 4a).

To understand whether any of the observed taxa may be
associated with the other weight trajectories in these children,
we performed ordinal logistic regression, including all BMI-z
trajectory groups as outcome and the change in abundance of
each of the genera above. Only the relative abundance of
Akkermansia had a significantly decreasing trend at 1 year (p =
0.01) and across time (p=0.009) between the four BMIz
trajectories (Fig. 4b, c). This was accompanied by a reduction in
overall colonization accumulation between 3 months and 1 year
in the rapid growth trajectory, suggesting that Akkermansia
abundance may have a direct impact on overall BMIz gaining
trajectories beginning in infancy.

Gut microbiota diversity and risk factors for rapid growth
Maternal BMI and breastfeeding during early life were both
associated with BMIz trajectories, and recent studies have
implicated these in influencing the early-life microbiota composi-
tion as well [24, 29, 30]. We therefore investigated whether
maternal BMI, breastfeeding duration and presence of breastfeed-
ing were associated with microbiota diversification or changes in
taxonomic relative abundance related to BMIz trajectories.
Breastfeeding at 6 months of age was significantly associated
with increased diversification of the infant gut over the first year of
life (Fig. 5a, b). By comparison, postpartum maternal BMI was not
associated with diversification (data not shown). Influences of
breastfeeding were also seen on relative abundance of genera
associated with rapid growth at 1 year of age (Fig. 5c). These
include Ruminococcus and Clostridium, which were negatively
correlated with breastfeeding duration, and Sutterella, which
increased with breastfeeding duration. We did not identify any
significant correlations with maternal BMI and any of the genera
associated with rapid growth.
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Fig. 2 Adjusted odds ratio and 95% CI for the associated risk of individual factors on BMIz trajectories from weighted multinomial
regression (normative trajectory used as reference group). All models adjusted for maternal BMI, prenatal smoke exposure, study site, and
race. AOdds ratio per interquartile increase of exposure variable (in maternal postpartum BMI and breastfeeding duration models).

Table 1.

Overall Cohort

(N = 3059)
Sex (Male) 1624 (53.1)
Race (Caucasian) 1957 (64.7)
Delivery mode (Vaginal) 2253 (74.6)
Gestational age 9.10 (0.31)
(Months)
Prenatal smoke 547 (18.2)
exposure (Yes)
Maternal BMI (kg/m?) 25.38 (5.86)
Antibiotic use—birth 573 (19.4)
to age 1
Breastfeeding duration 10.70 (6.82)
(Months)
Breastfeeding at 3 months
Exclusive 1775 (60.2)
Partial 768 (26.1)
None 404 (13.7)
Breastfeeding at 6 months
Exclusive 530 (18.4)
Partial 1694 (58.7)
None 661 (22.9)
Annual family income
<$50K 358 (13.3)
$50K-<$100K 915 (34.0)
$100K-<$150K 756 (28.1)
>$150K 661 (24.6)
BMI-z classification at 3 years
Underweight 22 (0.8)
Normal range 2562 (92.1)
Overweight 166 (6.0)
Obese 32(1.2)
BMI-z classification at 5 years
Underweight 24 (0.9)
Normal range 2159 (79.1)
Overweight 379 (13.9)
Obese 166 (6.1)

SPRINGER NATURE

Low-stable
(N =289, 9.4%)

167 (57.8)
158 (55.2)
224 (77.5)
9.08 (0.32)

41 (14.9)

23.29 (4.60)
51 (18.1)

12.19 (6.36)

190 (67.6)
70 (24.9)
21 (7.5)

56 (20.2)
184 (66.4)
37 (13.4)

29 (12.0)
89 (36.9)
59 (24.5)
64 (26.6)

15 (5.6)
255 (94.4)
0 (0.0)

0 (0.0)

12 (4.5)
253 (95.5)
0 (0.0)

0 (0.0)

Normative
(N = 1849, 60.4%)

973 (52.6)

1204 (65.8)
1378 (76.0)
9.08 (0.32)

322 (17.7)

24.94 (5.48)
338 (19.0)

11.04 (6.90)

1113 (62.8)
437 (24.7)
222 (12.5)

351 (20.3)
1009 (58.4)
369 (21.3)

213 (13.0)
552 (33.7)
460 (28.1)
411 (25.1)

6 (0.4)
1651 (98.6)
16 (1.0)

2 (0.1)

12 (0.7)
1516 (91.7)
112 (6.8)
14 (0.8)

Characteristics of all participants (N =3059) in the CHILD Cohort Study and by BMIz trajectory groups.

High stable
(N =782, 25.6%)

448 (57.3)
510 (65.9)
550 (70.3)
9.15 (0.28)

151 (19.7)

26.54 (6.33)
154 (20.1)

9.71 (6.55)

410 (53.7)
224 (29.3)
130 (17.0)

110 (14.6)
437 (58.1)
205 (27.3)

91 (13.1)

230 (33.2)
207 (29.9)
165 (23.8)

1(0.1)
621 (87.2)
85 (11.9)
5 (0.7)

0 (0.0)
376 (54.7)
232 (33.7)
80 (11.6)

Rapid growth
(N =139, 4.5%)

36 (25.9)
85 (63.0)
101 (72.7)
9.10 (0.30)

33 (24.6)

29.07 (7.53)
30 (22.4)

8.73 (6.98)

62 (47.7)
37 (28.5)
31 (23.8)

13 (10.2)
64 (50.4)
50 (39.4)

25 (20.8)
44 (36.7)
30 (25.0)
21 (17.5)

0 (0.0)

35 (28.0)
65 (52.0)
25 (20.0)

0 (0.0)

14 (11.6)
35 (28.9)
72 (59.5)
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DISCUSSION

In this study, we harnessed the power of the longitudinal CHILD
Cohort Study to provide new insights into the relationship
between the gut microbiota composition in infancy and growth
trajectories beginning at birth and up to 5 years of life. Using a
cohort of full-term, healthy children, we identified four BMIz
trajectories that coincided with different rates of growth based on
BMI z-scores: low stable, normative growth, high stable, and rapid
growth from birth. Importantly, while our observed trajectories
were not fully in line with clinical BMIz outcomes at 3 and 5 years
of age (per WHO standards), they were similar to those observed in
other studies, such as a consortium study of eight European birth
cohorts [31], as well as a study of 1957 children from the Quebec
Longitudinal Study of Child Development [32]. Furthermore, these
trajectories were associated with familial and environmental
factors previously reported in the literature [33-35]. Thus, the
utilization of these growth trajectories that exist prior to obvious
differences in BMIz allow for early identification of at-risk children
during infancy in order to address modifiable factors involved in
development of childhood obesity.

M.E. Reyna et al.

The associations between obesity and rapid weight gain in
infancy and its tracking to subsequent obesity in later life are well
established [2, 36, 37], however studies aiming to generate
mechanistic insights into childhood obesity have focused on snap
shots of children who are already experiencing clinical signs of
metabolic disorders. Here we coupled growth trajectories that
exist between birth and 5 years with changes in microbiota
composition between ages 3 months and 1 year, when the
microbiota is undergoing its most dynamic changes in diversity
and colonization in response to environmental exposures and
dietary changes. We found that infants in the rapid growth
trajectory experienced significantly less diversification of their gut
microbiota during the first year of life and displayed an altered
microbiota composition by 1 year when compared to normative
infants. Many of these genera have been identified in other
human and mouse studies of obesity, however, whether some of
these are contributors or bystanders of weight gain has been
difficult to parse out [38, 39]. We therefore investigated whether
the colonization of any of these genera trended over all growth
trajectories. In particular, the expansion of Akkermansia, the genus

b c
8 [Spearman (ho=10.2, ™) 4 4 P
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Fig.3 Alpha diversity of the gut microbiome over time in CHILD Cohort Study infants. a Paired Shannon index measures at 3 months and 1
year and corresponding Spearman correlation. Darker color indicates lower diversity at 3 months. b Shannon index over time by BMI-z
trajectory groups. ¢ Boxplot of changes in Shannon index between paired 3 months and 1 year samples. p values calculated from Wilcoxon
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predominantly comprised of Akkermansia muciniphila, was
blunted throughout the first year of life in infants experiencing
rapid BMIz gain and displayed a significantly inverse trend in
expansion with overall BMIz gain. Our findings that a significant
overlap exists between Akkermansia abundance and patterns of
growth supports a mechanistic link between this commensal and
longitudinal weight gains that exist prior to obesity and may be
sensitive to modification during infancy. Notably, Akkermansia is
currently being investigated as a live biotherapeutic product,
which may complement current family-based life style interven-
tions that have shown only modest effect on weight loss [40].

In accordance to previous studies, we found that breastfeeding
status and duration were significantly associated with different
BMIz trajectories, particularly in the rapid growth trajectory [33].
Previous studies observed a dominant influence of breastfeeding
on the infant microbiome when compared to maternal BMI, and
our findings support this [29]. While we did not identify correlation
between maternal BMI and the infant microbiota composition, we
did observe significant associations between occurrence and
duration of breastfeeding and both diversification and the relative
abundance of genera that were increased within the rapid growth
trajectory. Moreover, our finding that microbiota diversity at

3 months was higher in non-breastfed children aligns with that of
a separate subset of 1087 children from the CHILD cohort
published previously [28]. Similar to our findings, Forbes et al.
additionally showed that infants who were overweight or at risk of
being overweight at 1 year of age (as defined per WHO weight for
length z-scores) had significantly higher richness of microbiota at
3 months of age [28], although the association was not significant
in our analysis. While they postulated that increased energy
extraction from a more diverse gut early in life increases the risk of
being overweight at 1 year, their analysis did not include the
longitudinal impact of early diversification on the microbiota.
Indeed, our analyses indicate that early, high diversity may
impede newly colonizing bacteria within the first year and limit
total diversification. While we did not find direct associations
between Akkermansia and breastfeeding duration, our analyses
did not incorporate the heterogeneity of breastmilk metabolites,
which have been demonstrated to influence Akkermansia in
animal models [14]. Furthermore, Akkermansia expansion in our
study was weakly correlated with diversification (spearman: p =
0.27, p =4.6e—11), suggesting that they are intertwined.
Following the definitions used in Forbes et al. in our study
sample, 62% (n =412) and 22% (n = 147) of children classified as
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Fig. 5 Gut microbiome diversity, composition and risk factors for rapid growth. a Shannon index over time by breastfeeding status at
6 months. b Boxplot of changes in Shannon index between paired 3 months and 1 year samples by breastfeeding status at 6 months.
¢ Spearman-rank correlation of maternal BMI or breastfeeding duration and relative abundance of genera associated with rapid growth.
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overweight or at risk of overweight at 1 year were placed into the
high stable and normative trajectories, respectively. The remaining
16% (n=106) of children were classified in the rapid growth
trajectory in which we observed most relevant changes in
microbiota. The fundamental differences in our findings may
suggest that although overweight measures restricted to the
infancy period may point to specific perturbations of the
microbiota in early life, the identification of longitudinal pheno-
types of obesity described in this study provide additional
information about the role of the infant microbiota in preschool
obesity that could otherwise be missed.

The CHILD cohort is unique in that it comprises a general
population of multi-ethnic children, but considering it is an
observational study, it is important to address the limitations of
our study. Despite the clear associations between early-life BMI
and chronic co-morbidities presented in other studies [5], there is
ongoing debate as to the utility of BMI as an indicator of adiposity
in infancy. Future studies should analyze gut microbiota regula-
tion in early life with respect to body composition measures.
Secondly, to minimize the inherent limitations of mixture
modeling for identifying trajectories of growth, we relied on
statistical criteria for class enumeration, performed stratified
modeling by sex, and incorporated posterior probabilities into
regression modeling [41]. Nevertheless, the associations reported
here need to be validated by experimental models and replicated
in independent human populations.

The burden in quality of life, mental and physical health as early
as preschool age due to childhood obesity co-morbidities are well
documented, but the underlying mechanisms and the role of the
microbiota maturation in childhood obesity regulation remain
unclear. This study provides evidence of the underlying biological
alterations in children with different BMIz trajectories over time.
The most striking associations were found in those children with a
steep increase in BMI during the first year of life that continues up
to 5 years of age. Our findings support a novel avenue of research
on the human microbiota, targeted on tangible interventions to
reduce childhood overweight and obesity.
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