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ABSTRACT

Background: Children raised in socioeconomically disadvantaged environments experience poorer health out-
comes than their more advantaged peers. Evidence examining infancy, a period of intense neuroplasticity, re-
mains limited.

Objective: To identify (i) the specific domains of motor development and the assessment time points during
follow-up in which infants exposed to poverty score lower than their non-exposed peers; and (ii) contextual risk
factors associated with atypical motor development.

Methods: This prospective, longitudinal study included 50 infants exposed to poverty (Exposed Group, EG) and 38
infants not exposed. Motor development was assessed using the Infant Motor Profile (IMP). Multiple linear and
logistic regressions with backward selection were conducted with Generalized Estimating Equations.

Results: At six months, EG infants had significantly lower scores in variation, fluency, and total IMP. At seven
months, they showed significantly lower scores in fluency. The main risk factor for atypical motor development
was male sex (odds ratio [OR] = 2.57; 95 % confidence interval [95 % CI]: 1.28-5.17) and single-parent status
(OR = 1.23; 95 % CI: 1.08-1.75). Protective factors included a higher number of fine motor toys (OR = 0.84; 95
% CI: 0.74-0.97) and age at time of assessment. Older infants demonstrated a higher IMP score (OR = 0.34; 95 %
CI: 0.24-0.49) as part of the expected developmental progression.

Conclusions: Six months may represent a sensitive period for motor development among infants exposed to
poverty. Cohabiting caregivers and access to fine motor toys appear to be protective factors against atypical
variation, indicator associated with central nervous system impairments.

1. Introduction

2016). Although the impact of environmental factors is well recognized,
longitudinal studies examining these contextual risks remain limited,

Infancy is a highly sensitive period for motor development, influ-
enced by both protective and risk-related environmental factors (Black
et al., 2017). Contextual risks include poverty, limited maternal edu-
cation, restricted physical space, and reduced access to toys and stim-
ulation (Da Rocha Neves et al., 2016; Koutra et al., 2012; Pereira et al.,

particularly those focusing on specific domains of motor development.
Most existing research has focused on infants exposed to biological risks
such as prematurity, low birth weight, or hospitalization (Pridham et al.,
2002; Saccani et al., 2013; Wang et al., 2010), or has relied primarily on
parent-reported questionnaires (Bishwokarma et al., 2022). Given the
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complexity of contextual influences, findings regarding their effects on
motor development can vary across studies (Domagalska-Szopa et al.,
2022).

Among environmental factors, poverty is a global concern. It is
associated with malnutrition, exposure to violence, illicit drug use, and
limited parent-infant interaction (Rocha et al., 2020; Walker et al.,
2011). Worldwide, an estimated 1.43 billion children live in poverty
based on the international poverty line of US$6.85 per person per day.
Among them, approximately 829 million children survive on less than
US$3.65 per day, and 333 million live in extreme poverty, earning less
than US$2.15 per day, according to the latest reports from the World
Bank (World Bank, 2020) and the United Nations International Chil-
dren’s Emergency Fund (2025). About 67 % of children in extreme
poverty reside in Sub-Saharan Africa, with another 18 % living in South
Asia (World Bank, 2020). Brazil ranks among the world’s most unequal
countries, where the wealthiest 10 % earn 29 times more than the
poorest 50 % of the population (Chancel et al., 2022). In Brazil, 44.7 %
of children live in poverty (< US$5.50 per day), and 12.7 % of the total
population lives in extreme poverty (Salata et al., 2022).

Poverty and inequality are linked to changes in central nervous
system (CNS) structures and functions, beginning prenatally and per-
sisting throughout life (Fernald & Gunnar, 2009; Hair et al., 2022). In-
fants from low socioeconomic backgrounds exhibit global reductions in
brain volume and cortical gyrification (Blair & Raver, 2016). Chronic
stress and limited stimulation can disrupt the hypothalamic-pituitary-
adrenal axis, increasing the risk of physical and mental health disor-
ders (Fernald & Gunnar, 2009). Empirical studies also demonstrate that
children living in poverty experience delays in language, social, gross
motor, and fine motor skills (Bishwokarma et al., 2022). At six months,
infants living in poverty performed fewer functional reach movements
than preterm infants in the sample (Aratjo Rohr et al., 2021). In
contrast, infants from higher socioeconomic backgrounds show more
advanced motor, cognitive, and language development, likely due to
greater opportunities for interaction and exploration (Tella et al., 2018).
Additionally, access to sanitation, clean water, and higher parental ed-
ucation are predictors of developmental outcomes in early childhood
(Sania et al., 2019).

A comprehensive approach to assessing motor development requires
tools that extend beyond simple milestone checklists. The Infant Motor
Profile (IMP) provides detailed information across five domains: varia-
tion, adaptability, symmetry, fluency, and performance (Hadders-Algra
& Heineman, 2021; Heineman et al., 2008, 2011; Heineman et al.,
2010). This tool has primarily been applied to infants exposed to bio-
logical risks, such as those at very high risk for cerebral palsy, where
developmental trajectories have predicted later outcomes, including
cognitive and behavioral disorders (Coxon et al., 2023; Straathof et al.,
2022). However, to date, the IMP has not been utilized to investigate the
impact of poverty on motor development.

Therefore, the present study had three aims. First, to identify which
motor domains (variation, adaptability, fluency, symmetry, and per-
formance) and at which assessment time points infants exposed to
poverty score lower compared with their non-exposed peers. Second, to
examine the associations between contextual factors and motor devel-
opment. Third, to identify potential contextual risk and protective fac-
tors for atypical motor development.

We hypothesized, first, that infants exposed to poverty would exhibit
lower motor development scores, particularly in the domain of varia-
tion, across all assessment points. Second, we hypothesized that poverty,
as measured by the Poverty Income Ratio (PIR) (Karlamangla et al.,
2010), would be negatively associated with motor development do-
mains, reflecting the reduced opportunities for stimulation typically
found in lower socioeconomic environments.
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2. Material and methods
2.1. Experimental design and ethical aspects

This was an observational, longitudinal, and prospective study,
approved by the Human Research Ethics Committee (CAAE:
04097718.9.0000.5504;number 3,203,794) of the Federal University of
Sao Carlos and conducted in accordance with the Declaration of Hel-
sinki. Written informed consent was obtained from all infants’ care-
givers. The study was designed following the recommendations of the
Strengthening the Reporting of Observational Studies in Epidemiology
guidelines (Von Elm et al., 2008).

2.2. Participants

The ideal sample size is five to ten times the number of independent
variables (Chen & Kang, 2014). The data were collected between March
2018 and March 2020 in a medium-sized city in Sao Paulo (state), Brazil.
Participants were identified through medical records from the public
maternity hospital and basic health centers.

The eligibility criteria included term-born infants (> 37 weeks of
gestation), of both sexes, aged three to eight months (Organizacao
Mundial da, 2016). They were divided into two groups: Exposed Group
(EG), which included infants exposed to poverty and classified as having
low socioeconomic status; and Comparison Group (CG), which included
infants not exposed to poverty. The socioeconomic status of infants was
measured by the PIR, i.e., the ratio between family income and poverty
level by geographic area (Karlamangla et al., 2010; Zare et al., 2022).
According to Article 18 of Decree No. 9396 of 2018, the poverty level by
geographic area was Brazilian Real 178.00 per month per person (Brasil,
2018).

The exclusion criteria included complications during the (a) prenatal
period (intrauterine growth restriction); (b) perinatal period (anoxia,
hypoxia, Apgar <7, low birth weight); (c) or postnatal period (neuro-
motor, musculoskeletal, auditory, visual, sensory deficits, genetic syn-
dromes, and congenital heart disease).

2.3. Motor development

The dependent variables in this study were the motor development
domains (variation, adaptability, symmetry, fluency, performance, and
total IMP score) expressed as percentiles and categorical IMP variables
(atypical or typical variation; atypical or typical adaptability; low or
adequate fluency score; asymmetry; low or adequate performance score;
very low or low or adequate total IMP score) (Hadders-Algra & Heine-
man, 2021) (Table 1). The IMP is an instrument that assesses both gross
and fine motor development, both qualitatively and quantitatively. The
IMP consists of 80 items, organized in the following domains: (a) vari-
ation (25 items); (b) adaptability (15 items), assessed only from six
months old; (c¢) symmetry (10 items); (d) fluency (seven items); (e)
performance (23 items); and finally, (f) total score (covering all IMP
domains) (Hadders-Algra & Heineman, 2021; Heineman et al., 2008;
Heineman et al., 2010).

Motor development assessments were conducted monthly in the in-
fants’ homes to ensure an ecologically valid approach. A qualified and
experienced physiotherapist administered the IMP. Assessments were
paused if the infant became unsettled or uncooperative. All sessions
were video-recorded, coded, and anonymized. Subsequently, three
trained raters, who were blinded to the group assignment, indepen-
dently scored the IMP video assessments. The inter- and intra-rater
reliability was calculated using the Intraclass Correlation Coefficient
(ICCy3,47) for each IMP domain (significance level of 5 %). The blinded
raters presented Cronbach’s alpha >0.90; ICC > 0.80. Across raters, ICC
and Cronbach’s alpha were > 0.74, indicating good reliability (Bland &
Altman, 1997; Koo & Li, 2016).
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Table 1
Categorical outcomes of the Infant Motor Profile (IMP), adapted from the
manual of IMP (Hadders-Algra & Heineman, 2021).

Domain Categorical outcomes Definition

Variation reflects the infant’s
repertoire of movement patterns.
Typical variation indicates a
broad and age-appropriate
repertoire, while atypical
variation denotes a reduced or
stereotyped repertoire.
Adaptability reflects the ability
to select motor strategies
appropriate to the task and
environment, assessed from 6
months of age. Typical
adaptability indicates that
adaptive strategy selection is
present, whereas atypical
adaptability indicates that the
infant fails to select the most
efficient strategies.

Fluency reflects the smoothness
and coordination of movements.
An adequate fluency score
indicates smooth and
coordinated movements,
whereas a low fluency score
indicates fragmented or
tremulous movements.
Symmetry reflects the presence
or absence of stereotyped
asymmetries. A classification of
symmetry indicates age-
appropriate motor behavior,
whereas asymmetry indicates
clear lateral biases in posture or
movement.

Variation Typical (>15th percentile);

Atypical (<15th percentile)

Adaptability Typical; Atypical

Fluency Adequate; Low

Symmetry Symmetry; Asymmetry

Performance reflects the
achievement of gross and fine
motor milestones. An adequate
performance score indicates age-
appropriate milestone
attainment, whereas a low
performance score indicates
delayed or reduced attainment.
The total IMP score provides a
summary across all domains. An
adequate score reflects typical
overall motor development,
while low or very low scores
indicate an increased risk for
neuromotor disorders.

Performance Adequate; Low

Total IMP Adequate (>15th percentile);
score Low (5th-15th percentile);
Very low (<5th percentile)

2.4. Covariates

The covariates were measured using the adapted Sociodemographic
Questionnaire (Aratijo Rohr et al., 2021) and the Brazilian version of the
Affordances in the Home Environment for Motor Development-Infant
Scale (AHEMD-IS) questionnaire (Cacola et al., 2011; Cacola et al.,
2015). Both instruments were administered through interviews with the
infants’ caregivers, which served as an icebreaker and helped establish
closer contact with the families. The AHEMD-IS assesses the home
environment (Cacola et al., 2015), including evaluations of physical
space, variety of stimuli, and the quantity of gross and fine motor toys
available at home. The AHEMD-IS domains were measured via caregiver
report. Physical space refers to the adequacy and safety of indoor and
outdoor areas available for the infant’s motor exploration (e.g., open
floor space, room size, and accessibility). Variety of stimuli refers to the
diversity of sensory and motor experiences provided in the home,
including opportunities for varied positions, exposure to different tex-
tures, and interactive play. The quantity of gross and fine motor toys
refers to the number of age-appropriate toys that support the
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development of large-muscle movements (gross motor toys) and fine-
motor coordination (fine motor toys) (Cacola et al., 2015). The
AHEMD-IS categorizes these domains as less than adequate (LQA),
moderately adequate (MA), adequate (A), or excellent (E). In addition,
the AHEMD-IS gathers information on the type of residence (e.g.,
apartment or house), the number of adults, and the number of children
living in the home. Maternal and paternal education was analyzed as a
continuous variable and coded according to the International Standard
Classification of Education. Education levels were then categorized as
low (<3), intermediate (3 or 4), or high (5 to 8) (Schneider, 2013).

The adapted Sociodemographic Questionnaire (Aratijo Rohr et al.,
2021) collects information on the following covariates: sex (female,
male); age of the infant (in months); current weight (in grams); maternal
age (in years); civil status (cohabitating caregivers, single-parent); the
number of the mother’s children; and group (EG, CG).

2.5. Statistical analyses

Statistical analyses were performed using RStudio (Team, 2016) and
supervised by a senior statistician (A.M.C.V). Descriptive statistics were
used to summarize the characteristics of the study population. Contin-
uous variables were reported as means + standard deviation, categorical
variables as counts and percentages (n, %), and discrete quantitative
variables (e.g., number of adults, rooms, or children in the residence) as
medians (minimum-maximum). Group comparisons were conducted
using tests appropriate for the distribution and homogeneity of the data,
such as independent samples t-tests or Mann-Whitney tests. Multiple
comparisons and analysis of the models’ covariance structure were
carried out using multiple linear and logistic regression analyses. All
regression analyses were performed using Generalized Estimating
Equations (GEE). The initial set of variables included infant sex, infant
age (months), birth weight, maternal age, maternal education, civil
status, number of children, type of residence, number of adults and
rooms in the household, PIR, and the AHEMD-IS classifications (physical
space, variety of stimulation, fine motor toys, and gross motor toys).

Continuous outcomes (e.g., IMP scores) were analyzed using GEE
linear models with an identity link, while categorical outcomes (e.g.,
typical vs. atypical variation) were analyzed using GEE logistic models
with a logit link. Variable selection was performed using a backward
stepwise method, with a significance level set at p < 0.05. (Hardin &
Hilbe, 2002; Liang & Zeger, 1986; Ziegler, 2011). The GEE approach
uses only cases with complete data (McPherson et al., 2013; Supple-
mentary Material, Table S1). No additional procedures were applied to
handle missing data.

To evaluate model fit, we used the Quasi-likelihood under the In-
dependence model Criterion and pseudo-R? (Pan, 2001; Rouam et al.,
2011).

3. Results
1.1. Participants

In total, 59 infants participated at three months of age (CG = 24; EG
= 35); 88 at four months (CG = 38; EG = 50); 68 at five months (CG =
31; EG = 37); 62 at six months (CG = 30; EG = 32); 29 at seven months
(CG = 13; EG = 16); and 28 at eight months (CG = 12; EG = 16). The
main reasons for dropout varied between groups. In the EG, many
families relocated or changed phone numbers without notification; some
later reported legal issues, including cases where the father had fled
prison. In the CG, data collection began later, and participation was
interrupted due to coronavirus disease 2019-related social isolation
measures and inadequate video recordings (Supplementary Material,
Fig. S1).

Infants in the EG had a significantly lower maternal age (Cohen’sr =
0.50); different civil status distribution (Cohen’s r = 0.25); lower PIR
(Cohen’s r = 0.82); lower maternal (Cohen’s r = 0.88) and paternal
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(Cohen’s r = 0.52) education; more children living in the residence Table 2
(Cohen’s r = 0.40); lower birth weight (Cohen’s d = 0.41); less variety of Characterization of the infants’ variables.
stimulation (Cohen’s d = 0.51); fewer fine motor toys (Cohen’sr = 0.30) Variables Categories CG(n— EG (n — 95 %CI p
and gross motor toys (Cohen’s d = 0.94); and a lower total AHEMD-IS 38) 50) value
score (Cohen’s r = 0.49) (Table 2). Regarding home-environment clas- Maternal age, ~ [31.97 + [24.35 + —10.77 <0.01
sifications, 38.0 % of infants in the EG were in the LQA category versus years 7.47] 7.70] to —5.02
21.1 % of the CG for variety of stimulation; 78.0 % versus 63.2 % for fine [mean +
motor toys; 88.0 % versus 52.6 % for gross motor toys; and 76.0 % C.S]_?] . Cohabitati 350200 36 (72.0) 0.36 0.01
0, 1vil status ohabita mng . . —0. to .
versus 34.2 % for the total score (Table 2). n (%) Single-parent 3 (7.9) 14 (28.0) —0.03
PIR - [7.62 + [1.12 + -7.99t0  <0.01
31 M devel [mean + 10.04] 0.67] —2.95
.1. Motor development SD]
Maternal Incomplete 0 (0.0) 13 (26.0) —3.34 to <0.01
At six months, infants in the EG had significantly lower scores in education primary -2.23
variation (Cohen’s r = 0.39), fluency (Cohen’s r = 0.26), and the total n (%) eci‘:saict’: 00.0) 7140
IMP score (Cohen’s d = 0.89). At seven months, infants in the EG had primiry ’ ’
significantly lower scores in fluency (Cohen’s r = 0.36) (Table 2). By the education
end of follow-up, infants in the EG did not differ significantly in any Incomplete 0(0.0) 30 (60.0)
other motor development domains (Table 3). The individual trajectories high school
. Complete 26 (68.4)  0(0.0)
of the motor development domains, represented by graphs, showed high school
greater variability in the EG at six and seven months of age (Supple- Higher 12(31.6)  0(0.0)
mentary Material, Fig. S2). education or
more
Paternal Incomplete 1(2.6) 11 (22.0) —2.96 to <0.01
3.2. Associations between contextual factors and motor development education primary -1.39
n (%) education
Complet 0 (0.0 6(12.0
The main contextual factors negatively associated with motor p;ﬁir;e ©0 120
development domains in the fully adjusted multiple linear regression education
model were male sex (p = —3.10; 95 % confidence interval [CI]: —3.37 Incomplete 9(23.7) 13 (26.0)
to —0.77) and the number of adults living in the residence (p = —0.79; high school
95 % CI: —1.14 to —0.32), both within the performance domain. The ]fiogrﬁzlce;zol 18 (47.9) 10 20.0)
main contextual factors associated with higher scores were infant age at Higher 9 (23.6) 0(0.0)
assessment (f = 6.81; 95 % CI: 6.28 to 7.34) for performance; living in a education or
house (p = 3.76; 95 % CI: 1.43 to 6.09) for fluency; number of children more
(B = 1.76; 95 % CL: 0.11 to 3.41) for adaptability; cohabitating care- Number of Uninformed 12%(? 12 (()%)0.0) 0.04 t 0.09
. . X i ‘umber o — . . —0. 0 X
glv’ers (B = 0.91; 95 % CI: 0.05 to 1.78) for syrflrn'etry, maternal' edu- adults in a-3)) (1-6)} 0.91
cation (p = 0.42; 95 % CI: 0.07 to 0.77) for variation; and quantity of residence
gross motor toys (f = 0.41; 95 % CI: 0.04 to 0.79) for fluency (Table 4). {median
(min-max)}
Number of - {1.00 {3.00 0.25 to <0.01
3.3. Risk factors for presenting atypical motor development ]C_hi_ldre_“ (1-3)} (1-6)} 0.55
1ving in
residence
The multiple logistic regression results corroborated the multiple {median
linear regression findings. For variation, the contextual risk factor was (min-max)}
male sex (odds ratio [OR], 2.57; 95 % CI: 1.28 to 5.17) and single-parent Nurr{ber of - {1.00 {2.00 —0.03 to 0.19
status (OR, 1.23; 95 % CI: 1.08 to 1.75). Protective factors against ?hll‘?j‘ien a-3)% -6} 0.98
atypical variation included access to fine motor toys (OR, 0.84; 95 % CIL: é:;j:;x)}
0.74 to 0.97) and infant age at assessment (OR, 0.34; 95 % CIL: 0.24 to Number of _ {2.00 {2.00 _0.38t0 022
0.49) (Table 5). rooms in (1-3)» (1-5)» 0.18
For the performance domain, no contextual risk factors were iden- residence
tified. However, living in a house was a protective factor (OR, 0.15; 95 % g:;iil;x))
CI: 0.04-0.64), corresponding to an approximately 6.66-fold lower risk Type of Apartment 7 (18.4) 3(6.0) _00lto  0.07
of low performance (Table 5). Logistic regression was not performed for residence Home 31(81.6)  47(94.0)  0.25
adaptability, symmetry, and total IMP score because the frequency of n (%)
atypical or low scores was too small relative to normative data from the Sex Female 18(47.4)  21(420)  —0.16to  0.61
Dutch population (Supplementary Material, Table S2) n (%) Male 20 (52.6) 29 (58.0) 0-26
utch pop pp ry ) : Gestational - [38.97+ [39.88+ -037to  0.15
age, weeks 1.21] 1.08] 0.88
4. Discussion [mean +
SD]
o Birth weight - [3380.45  [3240.88  —-300.83  0.04
4.1. Main findings gramms £300.02] +£364.40] to
[mean + —299.10
The first hypothesis was supported: Infants exposed to poverty SD]
showed lower motor development scores at six and seven months of age. Apgar 1 - [9.03 + [8.35 + —91.54 014
. . e g . .. [mean + 0.42] 1.16] to
At six months, differences were significant in variation, fluency, and the sD] 9512

total IMP score. By seven months, only fluency remained significantly
lower. These findings highlight six months as a sensitive period for
motor development.

(continued on next page)
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Table 2 (continued)

Variables Categories CG(n= EG(n= 95 %CI P
38) 50) value
Apgar 5' - [9.97 + [9.71 + —0.33 to 0.10
[mean + 0.18] 0.471] —0.33
SD]
Length at - [49.03 + [48.47 + —5.58 to 0.07
birth, 1.76] 1.66] —-5.76
centimeters
[mean +
SD]
HC at birth, - [34.59 + [34.12 + —0.34 to 0.64
centimeters 1.29] 1.31] —0.33
[mean +
SD]
AHEMD-IS - [2.66 + [2.43 + —1.08 to 0.27
Physical 1.52] 1.58] 0.30
space score
[mean +
SD]
AHEMD-IS - [11.63 + [9.82 + —2.23 to <0.01
Variety of 2.06] 1.92] —2.25
stimulation
score
[mean +
SD]
AHEMD-IS - [3.58 + [1.89 + —2.05to <0.01
Fine motor 2.51] 1.41] —-2.09
toys score
[mean +
SD]
AHEMD-IS - [2.51 + [1.45 + —2.59 to <0.01
Gross motor 2.32] 1.51] —0.77
toys score
[mean +
SD]
Total AHEMD- - [20.39 + [15.61 + —6.46 to <0.01
IS score 4.86] 3.34] 6.53
[mean +
SD]

Notes: Continuous variables are expressed as [mean + SD], categorical variables
as n (%) and discrete variables as {median (min-max)}. Bold values denote
statistically significant differences. Abbreviations: SD, standard deviation; CI,
confidence interval; CG, comparison group; EG, exposed group to poverty; PIR,
poverty income ratio; HC, head circumference; AHEMD-IS, Affordances in the
Home Environment for Motor Development — Infant Scale (Cacola et al., 2011;
Cacola et al., 2015).

4.2. Comparison with previous studies

Low scores in variation and in the total IMP score may be explained
by the home environments of infants exposed to poverty. In this study,
infants exposed to poverty showed lower PIR, lower maternal and
paternal education levels, less variety of stimulation, and fewer fine and
gross motor toys. A study reported similar findings, with fewer toys in
families with low socioeconomic conditions, although they did not find
significant differences in the variety of stimulation (Freitas et al., 2013).
Limited parental education also restricts access to information on how to
support motor development effectively (Saleem et al., 2021).

Infants with adequate opportunities in their home environment tend
to develop better gross and fine motor skills (Cacola et al., 2011).
Variation is key in motor development: initially through general
movements that promote exploration and provide sensory input to shape
the CNS, and later by supporting adaptable, goal-directed actions
through trial and error (Hadders-Algra, 2018a). Although fluency often
attracts the attention of professionals and caregivers, it is not strongly
associated with developmental disorders (Hadders-Algra, 2004; Had-
ders-Algra & Heineman, 2021).

4.3. Mechanisms and interpretation

At six months, infants usually achieve approximately half of the ten
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major motor milestones studied during the first year (Adolph & Fran-
chak, 2017). They gain head and trunk control, prop themselves in
prone, and begin rolling, sitting without support, and crawling. This
may explain why six months emerged as a gold period in the present
study. Although motor development is not linear (Tupsila et al., 2022),
individual trajectories, especially among infants exposed to poverty,
showed fluctuations that may reflect adverse factors such as caregiver
stress, socioeconomic instability, and neighborhood violence (Wado
et al., 2022). Parental education also influences caregiving practices,
which may limit stimulation opportunities (Fioroni Ribeiro Da Silva
et al., 2022; Fioroni Ribeiro Da Silva et al., 2023).

It is also important to note that dropouts at seven and eight months
could have influenced the results. Moreover, repeated assessments may
have raised families’ awareness of motor development, as caregivers
often adopted practices they observed during assessments, such as prone
play. We recommend that future studies use larger samples and inves-
tigate how repeated follow-up assessments influence parental practices
over time.

The second hypothesis was partially supported. PIR was not the main
contextual factor linked to motor outcomes. Instead, the strongest as-
sociations were observed with infant sex and household composition.
Male infants had lower scores, consistent with possible biological
vulnerability to oxidative stress and brain injury (Netto et al., 2017) and
with gendered caregiving practices. Parents may overestimate sons’
gross motor abilities and underestimate daughters’ abilities
(Mondschein et al., 2000), which influence practice opportunities. For
instance, parents tend to provide boys with toys for whole-body move-
ment and girls with toys for fine manipulation (Davis & Hines, 2020).
These patterns persist through marketing and socialization in later
childhood (Davis & Hines, 2020). Female infants in this cohort also
showed higher fine motor skills, consistent with findings from other
studies at seven months (Dinkel & Snyder, 2020). Other studies, how-
ever, did not observe sex differences at 13 months (Saccani et al., 2013)
or 18 months (Venturella & Valentini, 2013). Taken together, the evi-
dence suggests an interaction between biology and socially mediated
opportunities. Future studies should record the type and frequency of
caregiver-initiated motor activities and include measures of parental
beliefs so that the independent contribution of social gender bias may be
quantified.

A higher number of adults in the household was associated with
lower scores, possibly because crowded homes limit safe floor time and
opportunities for free exploration. Such conditions can create domestic
chaos (Ackerman & Brown, 2010; Dumas et al., 2005), disrupting family
routines and exposing children to adversity. Childhood adversity,
including maltreatment and household dysfunction, is associated with
negative long-term health outcomes (Suglia et al., 2022). In this study,
most infants exposed to poverty lived in small homes with one to six
adults, and those living in houses rather than apartments had higher
motor scores, underscoring the importance of adequate physical space
for exploration.

By contrast, a higher number of children in the household was
associated with better outcomes, possibly reflecting greater maternal
experience or opportunities for interaction. Similar associations have
been reported in Brazil (Grunau et al., 2009; Lima et al., 2004; Saccani
et al., 2013). However, some studies have found negative associations
between older siblings and development (Koutra et al., 2012), suggest-
ing context-dependent effects. Cohabiting caregivers were also associ-
ated with better scores compared with single-parent households. Single
caregiver status is a known marker of poverty (Vernon-Feagans & Cox,
2013). In addition, it is associated with high levels of stress in the infants
(Olsson Magi et al., 2022). Infant stress impairs their attention, affecting
their ability to perform motor and cognitive activities (Brandes-Aitken
et al., 2022; Smith et al., 2006). Moreover, we emphasize that infants in
the EG group were exposed to additional environmental stressors, as
they lived in neighborhoods characterized by high rates of violence and
low income (Fundacao Maria Cecilia Souto, 2020).
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Table 3
Assessments were performed from three to eight months old.
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Variables Infant Motor Profile
Assessment Group (n) Age (months) Var Adapt Flu Sim Perf Total IMP esc
1st CG (24) 3.06 + 0.48 86.78 + 5.60 - 73.35 + 5.95 98.57 + 2.90 46.87 + 3.99 76.35 + 2.88
(mean +) EG (35) 3.02 + 0.40 84.63 +7.38 - 73.14 + 3.08 98.57 + 3.45 45.94 + 4.68 75.60 + 2.87
P value 0.14 0.27* - 0.42 0.48 0.69* 0.66*
CI 95 % —0.41 to 0.06 —5.51to 1.60 - —2.42t0 2.28 —1.35to0 2.91 —2.91t01.97 —2.00to 1.28
2nd CG (n = 38) 4.02 + 0.27 89.35 +£9.15 - 74.09 + 5.61 99.00 + 2.44 52.90 + 5.41 78.77 + 3.97
(mean +) EG (n = 50) 4.03 +0.28 88.66 =+ 7.57 - 75.45 £ 5.50 99.00 + 3.20 52.90 + 4.16 79.02 + 3.37
P value 0.07 0.73% - 0.84 0.62 0.99% 0.96
CI95 % —0.03 to 0.23 —4.64 to 2.36 - —1.26 to 3.97 -1.37 to 1.37 —2.23 to —2.33 —1.46 to 1.96
3rd CG (n = 31) 5.09 + 0.24 93.25 £+ 5.73 - 79.41 +10.38 98.70 + 3.05 58.54 + 6.42 82.48 + 4.20
(mean +) EG (n = 37) 5.03 + 0.25 91.08 + 5.83 - 79.54 £ 9.35 99.29 + 2.15 58.64 + 5.14 82.13 + 3.47
P value 0.06 0.09 - 0.57 0.34 0.94* 0.70*
CI95 % —0.02 to 0.21 —4.99 to 0.63 - —4.66 to 4.90 —0.67 to 1.85 —2.70 to 2.90 —2.20 to 1.50
4th CG (n = 30) 6.15 + 0.22 95.96 + 4.27 - 89.60 + 10.68 100.00 68.06 + 7.39 88.40 + 4.14
(mean +) EG (n = 32) 6.10 £ 0.28 91.68 + 6.39 - 83.87 +£10.80 100.00 64.96 + 5.73 85.06 + 3.26
P value 0.47 0.02 - 0.03 0.06* <0.01*
CI95 % —0.07 to 0.18 —7.06 to —1.49 - —11.18 to —0.26 o —6.44 to —0.25 —5.22to —1.45
5th (mean =) CG (13) 7.02 + 0.20 93.76 + 4.32 78.92 £ 7.11 97.46 £+ 7.10 99.59 + 1.10 75.15 £ 7.38 89.00 + 3.08
EG (16) 7.03 £ 0.25 92.75 £ 6.75 73.50 + 8.44 89.62 + 11.98 99.75 £ 1.00 71.43 £ 8.79 85.37 +£5.13
P value 0.30% 0.64* 0.05 0.04 0.88 0.23* 0.07
CI95 % —0.08 to 0.27 —5.46 to 3.42 —11.35 to 0.50 —15.22 to —0.44 —0.75 to 0.87 —9.99 to 2.56 —6.80 to —0.44
6th (mean +) CG (12) 8.02 £ 0.24 96.75 + 3.59 82.91 + 8.54 99.00 + 3.46 99.66 + 1.15 84.66 + 6.48 92.66 + 3.36
EG (16) 8.08 + 0.28 97.50 + 3.22 82.56 + 9.06 95.06 + 9.28 100.00 + 0.00 80.68 + 8.10 91.12 + 3.82
P value 0.98 0.59 0.91% 0.22 0.24 0.22 0.27*
CI 95 % —0.15t0 0.26 —1.90 to 3.40 —7.29 to 6.59 —9.74 t0 1.87 —0.25 to 0.92 —9.83t0 1.87 —4.39t0 1.31

Notes: Bold, significant difference between groups; *, T-test independent samples; **, the symmetry variable was constant in both groups; n, absolute frequency; CG,
comparison group; EG, exposed group to poverty; CI, 95 % confidence interval; Var, variation; Adapt, adaptability; Flu, fluency; Sim, symmetry; Perf, performance;
Total IMP esc, Total Infant Motor Profile score; —, not applicable, the Infant Motor Profile does not allow assessment of adaptability before 6 months of age.

Higher maternal education and the availability of gross motor toys
were also associated with better motor scores, as shown in linear
regression, consistent with findings from other middle-income settings
(Miquelote et al., 2012; Vernon-Feagans & Cox, 2013). These factors
likely reflect both greater access to developmental information and more
opportunities for practice. Importantly, very low total IMP scores and
atypical variation are recognized risk markers: atypical variation is
associated with CNS impairments and later cognitive deficits (Hadders-
Algra, 2018a; Hair et al., 2022; Heineman et al., 2010), while very low
total scores predict risk for cerebral palsy and lower intelligence quo-
tient in later childhood (Hadders-Algra & Heineman, 2021; Wu et al.,
2020). These findings underscore the importance of early detection and
intervention.

4.4. Strengths and limitations

This study assessed motor development using the IMP, focusing on
qualitative domains rather than milestones alone, during a period of
rapid change in infancy within in a population exposed to poverty in
Brazil. The longitudinal design and the use of GEE enabled the inclusion
of repeated assessments while accounting for within-infant correlations.
However, notable dropout rates at seven and eight months may have
influenced the results for those ages. Additionally, the final sample size
did not meet the ideal number planned a priori, five to ten times the
number of independent variables (Chen & Kang, 2014). Conducting
research in communities facing poverty presents challenges such as
residential mobility and unstable contact information, but remains
crucial for advancing equity in early child development.

In this context, greater investment is needed in educational programs
that promote effective parenting practices, improved housing condi-
tions, reduced household crowding, quality maternal education, and the
availability of age-appropriate gross and fine motor toys. These factors
contribute to creating an environment that supports healthy child
development.

4.5. Clinical implications

e At six months of age, infants exposed to poverty showed lower scores
in variation, fluency, and the total IMP score; at seven months, lower
scores were observed only in the fluency domain. Six months thus
appears to be a gold window in early childhood.

Male sex and single-parent were identified as risk factors for atypical
motor development. In contrast, having access to fine motor toys in
the home was a protective factor against atypical variation, which is
associated with risk for neuromotor and CNS-related disorders.
When studying motor development in infants exposed to poverty, it
is important to consider not only socioeconomic status but also living
conditions, civil status, parental education, and the availability of
age-appropriate toys in the home environment.

5. Conclusion

Infants exposed to poverty showed lower IMP scores at six months
(variation, fluency, and total) and lower fluency at seven months,
indicating six months as a sensitive window for intervention. Across
models, male sex and household crowding were associated with poorer
motor outcomes, whereas cohabiting caregivers, higher maternal edu-
cation, and access to age-appropriate toys were protective factors.
Additionally, older infants had better scores in comparison with youn-
gers. These findings underscore the importance of early monitoring and
pragmatic, family-centered strategies that enhance caregiving practices
and motor affordances in low-income settings. Larger longitudinal co-
horts are needed to confirm these associations and to evaluate multi-
component interventions aimed at improving early motor development.
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Multiple linear regression model adjusted for the variables referring to the Infant
Motor Profile domains.
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Table 5
Adjusted multiple logistic regression to identify risk factors for presenting
atypical categories or low scores on the Infant Motor Profile.

The domain of Variable [} p- CI 95 %
the IMP value
Variation PIR 0.01 <0.01 —0.02 to
—0.05
Sex (Male) —-2.07 <0.01 —3.37 to
-0.77
Infant age at time of 2.18 <0.01 1.64 to
assessment (months) 2.73
Maternal education 0.42 0.01 0.07 to
0.77
QIC = 12,170.13; pseudo-R? = 0.26
Adaptability Infant age at time of 5.73 <0.01 2.85 to
assessment (months) 8.62
Maternal age (years) 0.30 0.02 —0.11 to
—-0.72
Number of children 1.76 0.03 0.11 to
3.41
QIC = 1927.13; pseudo-R? = 0.48
Symmetry Infant age at time of 0.30 <0.01 0.14 to
assessment (months) 0.45
Maternal age (years) -0.04 0.07 —0.08 to
—0.01
Civil status (cohabitating 0.91 0.03 0.05 to
caregivers) 1.78
NA
Fluency Sex (Male) —-2.93 <0.01 —4.79 to
—-1.06
Infant age at time of 4.37 <0.01 3.53 to
assessment (months) 5.21
Type of residence (house) 3.76 <0.01 1.43 to
6.09
Number of adults in the -0.73 <0.01 —1.14 to
residence -0.32
Gross motor toys 0.41 0.02 0.04 to
0.79
NA
Performance Sex (Male) -3.10 0.01 —5.47 to
—0.74
Infant age at time of 6.81 <0.01 6.28 to
assessment (months) 7.34
Number of adults in the -0.79  <0.01 —1.34 to
residence —0.24
QIC = 11,199.68; pseudo-R? = 0.76
Total score Sex (Male) -2.02 <0.01 —0.03 to
—0.88
Infant age at time of 2.97 <0.01 0.02 to
assessment (months) 3.39
Number of adults in the —0.42 <0.01 —0.07 to
residence —0.13

QIC = 3026.22; pseudo-R? = 0.72

Notes: The table includes only the IMP domains and variables that remained in
the final model after backward stepwise selection (p < 0.05). PIR, poverty in-
come ratio; B, standardized regression coefficient; 95 % CI, 95 % confidence
interval; QIC, quasi-likelihood under the independence model criterion; NA, not
available because the model fit indices (QIC and pseudo—Rz) are reported only
for models where estimation was successful. For some domains (e.g., Symme-
try), convergence issues or data separation prevented calculation.
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