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Abstract

Objective: To investigate the association of sociodemographic characteristics, gestational factors,

and birth outcomes with developmental delay from the second year of life in late preterm (LPT)

infants.

Method: This study included 327 LPT infants from a cohort started in 2010. Developmental perfor-

mance was assessed using the Bayley-III screening test. The covariates were obtained with question-

naires and from the maternity records. Hierarchical multiple logistic regression was used for analysis.

Results: Smoking during pregnancy was associated with fine motor and cognitive delays

(OR = 2.27, 95 %CI 1.05�4.93 and OR = 2.22, 95 %CI 1.05�4.68, respectively). Living without a

partner (OR = 2.98, 95 %CI 1.36�6.52) and intrauterine growth restriction of the child (OR = 2.63,

95 %CI 1.32�5.24) were associated with fine motor delay and neonatal intensive care unit admis-

sion with cognitive delay (OR = 2.11, 95 %CI 1.01�4.44).

Conclusions: These factors must be considered when implementing strategies for the diagnosis

of possible developmental delays and when designing interventions for LPTchildren.

© 2025 The Authors. Published by Elsevier Editora Ltda. on behalf of Sociedade Brasileira de

Pediatria. This is an open access article under the CC BY license (http://creativecommons.org/

licenses/by/4.0/).
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1 Introduction

2 Children born at <37 weeks of gestation are classified as
3 preterm. It is estimated that approximately 10 % of children

4are born prematurely in the world (about 13 million per
5year) and this condition is a leading cause of death in chil-
6dren under five years of age [1]. Although preterm birth con-
7tinues to be associated with infant mortality, technological
8advances and improvements in neonatal care have increased
9the survival of preterm infants. As a consequence, a large
10number of studies focusing on the development of preterm* Corresponding author.
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11 infants and on the understanding of the different mecha-
12 nisms underlying this development have been published in
13 recent years [2�6].
14 In general, preterm birth is associated with marked
15 delays in behavioral indicators, particularly during child-
16 hood. Compared to their full-term peers, preterm children
17 often perform worse in different developmental assessment
18 tasks such as cognitive and motor tests [7]. These develop-
19 mental problems tend to be more prominent the lower the
20 gestational age, especially among infants born at <34 weeks
21 of gestation [8].
22 Studies on the development of preterm infants generally
23 comprise the whole spectrum of prematurity (< 37 weeks of
24 gestation). However, approximately 65 % to 75 % of preterm
25 children are born between 34 and 36 weeks [9]. Although
26 accounting for a high percentage of the preterm population,
27 there is still no consensus in the literature regarding the
28 development of this group [10,11]. As discussed by Ballan-
29 tyne et al. [2]. and Stene-Larsen et al. [12]. developmental
30 delays in LPT infants can be related to sociodemographic
31 conditions of the family and prenatal and birth risk factors.
32 Studies investigating behavioral indicators of LPT infants
33 generally compare the performance of this group only to a
34 control group consisting of term children. This approach lim-
35 its the identification of factors that lead to developmental
36 delays in LPT children and consequently makes it difficult to
37 target intervention strategies in this group [11]. Therefore,
38 the aim of the present study was to investigate the associa-
39 tion of sociodemographic factors, maternal lifestyle and
40 reproductive profile, birth attendance, intrauterine growth
41 retardation, and neonatal intensive care unit (NICU) admis-
42 sion with cognitive and motor delays from the second year
43 of life in a sample consisting only of LPT infants.

44 Methods

45 The data used in the present study are part of the project
46 “Etiological factors of preterm birth and consequences of
47 perinatal factors on child health: birth cohorts in two Brazil-
48 ian cities � BRISA”, (acronym for Brazilian Ribeir~ao Preto
49 and S~ao Luís Birth Cohort Studies). The BRISA project com-
50 prises two cohorts in each city: a prenatal cohort (conve-
51 nience sample) started during pregnancy, and a birth cohort
52 (population-based sample) followed up since the birth of the
53 child. The present study analyzed the data from the prenatal
54 and birth cohorts of Ribeir~ao Preto (RP). The first phase of
55 assessments of the RP birth cohort occurred between Febru-
56 ary 2010 and February 2011. The birth cohort (population-
57 based sample) was conducted between January 1st and
58 December 31st, 2010. The children of the two cohorts were
59 followed up from 2011 to 2013, corresponding to ages 13 to
60 38 months.
61 For the prenatal cohort, the pregnant women were
62 recruited in hospitals and health units during a prenatal con-
63 sultation held up to the 5th month of gestation. Only women
64 with a single pregnancy and an obstetric ultrasound exami-
65 nation performed in the first trimester of gestation were
66 invited to participate in the study. Thus, the RP prenatal
67 cohort included 1400 pregnant women evaluated between
68 22 and 25 weeks of gestation. For the birth cohort, all partu-
69 rients from the municipality were invited to participate in

70the study and 7,752 live births were evaluated, correspond-
71ing to 95.7 % of all births during the period. Follow-up
72occurred during the second and third years of life of the chil-
73dren between 2011 and 2013. All children from the prenatal
74cohort, including all low birth weight and preterm infants
75and twins, as well as a sample for comparison of 1.5 children
76without the characteristics mentioned above, were invited
77for follow-up, which resulted in 3807 children evaluated in
78RP. Details of these cohorts, including their follow-ups, have
79been described previously [13].
80For the purpose of the present study, only data from LPT
81children (single fetuses), who underwent developmental
82assessment from the second year of life, were included in
83the analysis, totaling 327 participants.

84Variables

85A previously trained team collected the following data
86within the first 24 hours after delivery using a standardized
87questionnaire: reproductive health, demographic and socio-
88economic data, pregnancy characteristics, and life habits of
89the pregnant woman. Based on these questionnaires, the
90following independent variables were obtained for this
91study: self-reported maternal skin color (white, black, and
92brown), maternal educational level in years of schooling (�8
93year, 9 to 11 years, and �12 years), economic classification
94according to the Brazilian Economic Classification Criteria of
95the Brazilian Association of Research Companies[14] (classes
96A/B, C and D/E, with A/B being the most privileged and D/E
97the least privileged), marital status (with a partner [married
98and consensual union] and without a partner), maternal age
99(<20 years, 20�34 years, and �35 years), smoking during
100pregnancy (yes, if smoking at least one cigarette per day,
101and no), alcohol consumption during pregnancy (yes, if con-
102suming at least one type of alcoholic beverage during preg-
103nancy, and no), gestational hypertension (yes, reported by
104the mother, and no), prenatal care (yes and no), type of
105delivery (vaginal and cesarean), and childbirth care (health
106insurance/private and public). Regarding NICU admission,
107the variable was reported by the woman in the questionnaire
108applied by the team.
109Intrauterine growth restriction (IUGR) was defined based
110on the ratio between birth weight and mean weight for sex
111and gestational age based on the INTERGROWTH21st curve
112[15]. A ratio <0.85 was classified as IUGR [16].
113Birth between 34+0 and 36+6 weeks of gestation was con-
114sidered for the identification of LPT birth. The gestational
115age was calculated using the date of the last menstruation
116reported by the mother during the interview and that was
117determined by ultrasound. In the prenatal cohort, ultra-
118sound was performed during the first phase of the study,
119between 22 and 25 weeks. In the birth cohort, the earliest
120ultrasound examination performed by the pregnant woman
121and recorded in the hospital record or on the prenatal card
122was defined as the ultrasound-determined gestational age.
123In the case of compatibility between the ultrasound date
124and date of last menstruation, assuming an error of §7 % for
125ultrasound, the duration of amenorrhea was used for the cal-
126culation of gestational age; otherwise, the information pro-
127vided by ultrasound was considered in both cases [17].
128The Bayley Scales of Infant and Toddler Development
129Third Edition (Bayley-III Screening Test)[18] were used for
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130 the assessment of motor and cognitive development. This
131 tool is designed to determine whether development is pro-
132 gressing within expectations or whether further assessment
133 is required. For the evaluation of fine motor development,
134 the instrument is composed of tests aimed at assessing pre-
135 hension, perceptual-motor integration, and motor planning.
136 Gross motor skills are evaluated by tasks that assess inter-
137 limb coordination, displacement, motor planning, and pos-
138 tural stability. Regarding the cognitive subscale, the
139 instrument includes tasks that assess attention, novelty
140 preferences and habituation, problem-solving, exploration
141 and manipulation, concept formation, and other aspects of
142 cognitive development.
143 For application of the Bayley-III test, the age of LPT chil-
144 dren was corrected by subtracting the number of weeks until
145 40 weeks of gestational age from the chronological age at
146 follow-up. The classification of subscale performance
147 according to the age-related cut scores, established by the
148 scale itself as competent, emerging, and at risk, was consid-
149 ered for analysis. In the present study, subscale performance
150 was dichotomized into competent and emerging/at risk.

151 Statistical analysis

152 The variables were compared between participants (LPT
153 infants) and non-participants in the follow-up using the chi-
154 squared test. Logistic regression was applied to calculate
155 the odds ratio (OR) between the independent variables and
156 the dependent variable. The model was adjusted using a
157 hierarchical approach. The most distal level (sociodemo-
158 graphic) included skin color and educational level of the
159 mother and economic classification. The second level (life-
160 style and reproductive profile) included the variables mari-
161 tal status, maternal age, smoking, alcohol consumption, and
162 gestational hypertension. The third level was composed of
163 prenatal care, type of delivery, and childbirth care. The
164 fourth level included IUGR and the fifth level, the most prox-
165 imal to the outcome, NICU admission. Multiple logistic
166 regression analysis was first performed using the variables of
167 the most distal level to the outcome (sociodemographic).
168 From that level, the variables with p< 0.20 were entered
169 into the set of variables of the next level; this process was
170 repeated until the last level. The level of significance was
171 set at <0.05 in all analyses.
172 All procedures of this study were approved by the Ethics
173 Committee of the University Hospital of the Ribeir~ao Preto
174 Medical School, University of S~ao Paulo (Approval No 11157/
175 2008). Participation in the present study only occurred after
176 the mothers had properly understood and signed the
177 informed consent form.

178 Results

179 Comparison of the baseline characteristics of participants
180 and non-participants in the follow-up from the second year
181 of life showed differences only for maternal educational
182 level, economic class, and IUGR. There was a lower percent-
183 age of mothers with <8 years of schooling (34.2 % vs. 19.1 %)
184 and of economic class D/E (15.2 % vs.7.0 %) in the follow-up,
185 as well as a higher percentage of infants with IUGR (10.9 %
186 vs. 17.4 %) (Table 1).

187In the unadjusted analysis, living without a partner,
188smoking during pregnancy, IUGR, and NICU admission were
189associated with fine motor developmental delays (Figure 1).
190Regarding gross motor developmental delays, only IUGR was
191associated. The cognitive assessment showed an association
192between economic class D/E, smoking during pregnancy,
193public hospital birth, IUGR, and NICU admission with devel-
194opmental delays (Figure 2).
195Adjusted analysis showed that the odds of fine motor
196delays in childhood were approximately three times higher
197for children born to mothers without a partner (OR = 2.98,
19895 % CI 1.36�6.52) and more than two times higher for chil-
199dren born to mothers who smoked during pregnancy and
200children with IUGR (OR = 2.27, 95 % CI 1.05�4.93 and
201OR = 2.63, 95 % CI 1.32�5.24, respectively) (Figure 3). None
202of the variables remained associated with impaired gross
203motor development. Regarding cognitive development,
204smoking during pregnancy (OR = 2.22, 95 % CI 1.05�4.68)
205and NICU admission (OR = 2.11, 95 % CI 1.01�4.44) were
206associated with cognitive delays (Figure 4). Complete data
207are available in the Supplementary Material.

208Discussion

209The present results revealed that the mother’s marital sta-
210tus, smoking during pregnancy, IUGR and NICU admission are
211associated with developmental delays in LPT children. In
212addition, the factors associated with delays are related to
213the developmental subscale investigated.
214The LPT group had greater odds of fine motor develop-
215mental delays when the mother did not have a partner.
216Other studies have also reported perinatal adversities and
217developmental delays in children born to single mothers
218[19]. Kim et al. [19]. found a 4-fold higher prevalence of
219depression among single mothers compared to the control
220group consisting of mothers with a partner. Some character-
221istics that are observed more frequently in mothers without
222a partner, such as lower income, residential instability, a
223high level of stress, and higher alcohol consumption, were
224determinants for the association with depression. Depres-
225sion during pregnancy, in turn, is associated with low birth
226weight and prematurity [20], conditions commonly reported
227as predictors of developmental delays.
228Smoking during pregnancy was associated with fine motor
229and cognitive delays in LPT infants. The numerous toxins
230present in cigarettes can alter placental functions, increas-
231ing the risk of perinatal adversities [21]. For example, in the
232central nervous system, nicotine acts as a neurological
233teratogen when crossing the placental barrier, triggering
234nicotine acetylcholine receptors and thus altering the devel-
235opment of nerve tissues. Consequently, intrauterine expo-
236sure to nicotine can lead to a decrease in the number of
237neurons and can cause important changes in sensory-cogni-
238tive functions, which could explain in part the difficulties in
239the execution of cognitive tasks found in children whose
240mothers smoked during pregnancy [22,23].
241Late preterm children born with IUGR exhibited fine
242motor developmental delays. Other studies have also
243reported motor alterations in preterm children with IUGR
244[24,25]. Studies using imaging techniques for morphological
245and neurophysiological analysis have identified important
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246 structural alterations in the nervous system of preterm chil-
247 dren born with IUGR that were associated with developmen-
248 tal delays [26,27]. Nevertheless, it should be noted that
249 most of these studies evaluated children born before 34
250 weeks and the participants were often identified and

251recruited based on NICU records, which was not the case in
252the present study.
253Admission to the NICU was associated with cognitive
254developmental delays. Similar results have been reported by
255Ballantyne et al. [2]. who observed that developmental

Table 1 Comparison of the characteristics of participants and non-participants in the follow-up from the second year of life.

Ribeir~ao Preto, 2010/13.

Variable Non-participants Participants pa

(n = 385) (n = 327)

n (%) n (%)

Skin color 0.05

White 209 (55.1) 208 (64.2)

Black 44 (11.6) 29 (8.9)

Brown 126 (33.3) 87 (26.9)

Maternal education (years of schooling) <0.001

�12 89 (23.2) 64 (19.7)

9�11 163 (42.6) 199 (61.2)

�8 131 (34.2) 62 (19.1)

Economic classification 0.001

A/B 168 (48.1) 142 (45.1)

C 128 (36.7) 151 (47.9)

D/E 53 (15.2) 22 (7.0)

Maternal marital status 0.829

With a partner 333 (86.49) 281 (85.93)

Without a partner 52 (13.51) 46 (14.07)

Maternal age (years) 0.978

20�34 284 (73.8) 239 (73.1)

< 20 49 (12.7) 43 (13.1)

� 35 52 (13.5) 45 (13.8)

Smoking during pregnancy 0.076

No 309 (80.3) 279 (85.3)

Yes 76 (19.7) 48 (14.7)

Alcohol consumption 0.129

No 280 (72.7) 254 (77.7)

Yes 105 (27.3) 73 (22.3)

Gestational hypertension 0.319

No 302 (78.2) 266 (81.8)

Yes 81 (21.1) 59 (18.2)

Prenatal care 0.08

Yes 363 (94.3) 317 (96.9)

No 22 (5.7) 10 (3.1)

Type of delivery 0.702

Vaginal 150 (39.0) 132 (40.4)

Cesarean 235 (61.0) 195 (59.6)

Childbirth care 0.804

Health insurance/private 189 (49.2) 164 (50.2)

Public 195 (50.8) 163 (49.8)

IUGR 0.012

No 343 (89.1) 270 (82.6)

Yes 42 (10.9) 57 (17.4)

NICU 0.898

No 318 (84.6) 276 (84.9)

Yes 58 (15.4) 49 (15.1)

Age at follow-up (months)

Mean (SD) 20.15 (4.3)

Differences in the total number in relation to the reference n are due to missing information.

IUGR, intrauterine growth restriction; NICU, neonatal intensive care unit; SD, standard deviation.
a Chi-squared test.
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256 deficits are greater in LPTchildren with poor birth outcomes
257 who need to be admitted to the NICU. In general, known fac-
258 tors related to developmental delays such as low birth
259 weight, a low Apgar score, and congenital malformation [28]
260 may also be associated with NICU admission, a fact that
261 would explain in part the results of the present study. Fur-
262 thermore, it is known that stressful events experienced by
263 newborns, such as frequently undergoing medical interven-
264 tions at the beginning of life, can alter the organization of
265 the central nervous system and can cause important physio-
266 logical and behavioral changes over time [29].
267 None of the variables was associated with gross motor
268 developmental delay. This finding might be explained by the
269 greater variability observed in the development of preterm
270 children [3], which can be attributed to accelerated gains in
271 physical indicators that act as regulators of new behaviors.
272 In other words, the particularity of the preterm growth pat-
273 tern is an individual restriction that leads to greater variabil-
274 ity and oscillations between behavioral states. As a result,
275 despite the delay in the first months of life, preterm children
276 tend to show accelerated gains in gross motor skills at the
277 end of the first year.4 Considering this non-linear pattern, it
278 is essential to conduct long-term follow-up for this group, as

279studies have reported increasing disparities in motor compe-
280tence between children born preterm and those born at
281term at the start of the school age, due to the new motor
282and cognitive challenges characteristic of this stage [3,5].
283Some limitations of the present study need to be consid-
284ered, including the differences in educational level and eco-
285nomic class between non-participants and participants.
286However, difficulties in following up with sociodemographi-
287cally vulnerable participants have been a constant challenge
288in longitudinal cohort studies. Within this context, it is
289important to use new strategies that increase the retention
290of these groups in future follow-ups [30]. In the Brazilian
291context, implementing active follow-up at shorter intervals
292between assessments, along with greater flexibility in evalu-
293ation methods, such as offering home visits or remote inter-
294views, may enhance participants’ engagement with the
295study and reduce potential barriers related to travel to the
296assessment site. Another limitation is the use of self-
297reported information to obtain sociodemographic and gesta-
298tional covariates, which may have caused information bias.
299However, these data were collected in the first 24 hours
300after delivery by a field team that was duly trained by the
301project coordinators.

Figure 1 Unadjusted logistic regression analysis of the association of covariates with the classification of developmental delays in

the fine motor subscale (Bayley-III). IUGR, intrauterine growth restriction; NICU, neonatal intensive care unit.
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302 As strengths, the authors highlight the cohort design of the
303 study that recruited LPTchildren from the general population.
304 In addition, to our knowledge, this is the first study that ana-
305 lyzed factors associated with developmental delays in a sample
306 consisting only of LPT infants using a hierarchical approach.

307In conclusion, the present study showed that the marital
308status of the mother, smoking during pregnancy, IUGR, and
309NICU admission are associated with developmental delays in
310LPT children. Thus, these factors must be considered when
311implementing strategies for the diagnosis of possible

Figure 2 Unadjusted logistic regression analysis of the association of covariates with the classification of developmental delays in

the cognitive subscale (Bayley-III). IUGR, intrauterine growth restriction; NICU, neonatal intensive care unit.

Figure 3 Adjusted logistic regression analysis of the association of covariates with the classification of developmental delays in the

fine motor subscale (Bayley-III). *p< 0.20: added to the set of variables of the next level. IUGR, intrauterine growth restriction.
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312 developmental delays and when designing interventions for
313 LPTchildren.
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