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A B S T R A C T   

Background: The impact of prematurity status on attachment quality remains indeterminate. Some studies found 
no differences between infants born preterm (PT) and infants born full-term (FT), while other investigations 
present opposite results. 
Aims: We aim to contribute to this body of research by studying mother-infant interactive behaviors and quality 
of attachment in 3 independent samples: Full-Term (FT), Moderate-to-Late Preterm (MLPT) and Very-to-Extreme 
Preterm (VEPT). 
Study design: This is a longitudinal laboratory study conducted from 3 to 12 months of age (corrected-age in the 
case of infants born PT). 
Subjects: The participants are 213 Portuguese infants (FT = 105; MLPT = 52; VEPT = 56) and their mothers. 
Outcome measures: Mother-infant interactive behavior was observed in free-play at 3 and 9 months (corrected- 
age). Infant attachment was observed in Strange Situation at 12 months. 
Results: Secure attachment is more prevalent in infants born FT, and ambivalent attachment is more prevalent in 
infants born VEPT. Infants with a secure attachment have higher gestational age and weight at birth. Infant and 
maternal interactive behavior quality is associated with attachment patterns and varies according to infant 
prematurity status. Last, the results indicate changes in maternal sensitivity and infant difficult behavior from 3 
to 9 months of infant’s age. 
Conclusions: Our findings indicate that prematurity status impacts attachment quality. Changes in maternal and 
infant behavior from 3 to 9 months suggest a period of rapid non-linear development, supporting a transactional 
multilayered approach to the study of mother-infant relationship.   

1. Introduction 

Early human attachment relationships are associated with children 
developmental and socioemotional outcomes [30]. A secure attachment 
is linked to better emotion regulation, school, and mental health out
comes [1,2]. Despite the significance of early attachment, the quality of 
the mother-infant relationship according to prematurity status and its 
association with later attachment quality remains unclear. 

Prematurity impacts infant development and relationships according 
to gestational age. There are three sub-categories of preterm birth (PT), 

based on gestational age: extremely preterm (EPT, < 28 weeks), very 
preterm (VPT, 28 to 32 weeks), and moderate-to-late preterm (MLPT, 32 
to 37 weeks) [3]. Because infant born EPT are rare (about 1 % of survival 
births), many studies combine EPT and VEPT in one category (Very-to- 
Extreme Preterm, VEPT). These categories reflect different neuronal and 
metabolic maturation at birth [4,12]. 

Children born PT are at a heightened risk for lower cognitive, motor, 
and language performance compared to their FT counterparts [4–9], but 
children born VEPT consistently demonstrate even poorer performance 
than those born MLPT [8,9]. Compared with infants born full-term [FT], 
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interactions with infants born PT tend to exhibit lower levels of positive 
affect, shared attention, reciprocity, and congruence [10,13–23]. 
Correspondingly, mothers of PT infants tend to display lower sensitivity 
and emotional engagement than mothers of FT infants [16,24,25]. From 
a sociodemographic perspective, the principal risk factors associated 
with prematurity (e.g., maternal age, maternal years of formal educa
tion, family SES, single motherhood) exhibit modest associations with 
MLPT births and robust association with VEPT births [11]. 

In this study, we aim to investigate mother-infant interaction and 
attachment in infants with different birth status (FT, MLPT & VEPT). 

1.1. Maternal and infant interactive behavior and prematurity 

Considering that preterm infants typically require prolonged hospi
talization, separation from their mothers is inevitable. The hospitaliza
tion experience can disrupt the physical contact and natural interaction 
between the mother and the infant. Also, parents of infant born VEPT 
often experience heightened levels of stress and anxiety as they worry 
about their infant’s survival, well-being, and future development 
[26,47]. These conditions ultimately lead to problems in mother-infant 
interaction, namely lower maternal sensitivity. Yet, there is a degree of 
inconsistency in the literature. 

A recent meta-analysis by Bilgin and Wolke [27], which expressly 
incorporated studies with control groups, revealed that maternal 
behavior observed in interactions with their PT infants did not exhibit 
lower sensitivity or responsiveness than mothers of infants born FT. 
Furthermore, these results were sustained even after accounting for 
various moderators like degree of prematurity, geographical location, 
infant age, or time stay in NICU. Nevertheless, this analysis did not 
differentiate between late-moderate, very-extreme PT, which could 
yield different outcomes. 

These results might also vary based on the assessment methods 
employed (parental reports or observational methods) and the measures 
used (e.g., AMBIANCE, Ainsworth Scales, or CARE-Index). In our study, 
the Crittenden CARE-Index was utilized to assess infant and maternal 
interactive behavior. Prior comparative studies with FT and PT samples 
using the CARE-Index [15–19,22,28,29], have shown that maternal 
sensitivity and infant cooperative behavior are higher in FT samples 
compared to PT samples. 

1.2. Infant attachment and prematurity 

In the case of infants born PT, several challenges hinder the devel
opment of a secure attachment, such as: i) instead of usual parental care, 
they are subjected to various intrusive and painful medical in
terventions; ii) during infants stay in the neonatal intensive care unit 
(NICU), parents have limited physical contact due to medical devices 
which reduce opportunities for parents to engage in nurturing touch and 
soothing gestures; iiii) parents might not have the chance to engage in 
everyday caregiving routines which play a vital role in developing a 
secure attachment and also can make it challenging for parents to 
intuitively respond to their infants’ cues; iv) extended stays in NICU and 
medical complications, can become significant stressors for parents that 
worry about their infant’s survival, health, and future development 
[28]. Accordingly, Mangelsdorf et al. [33], reported a higher risk of 
attachment insecurity among North American infants born VPT. In their 
study, only 47 % were classified with secure attachment, whereas 26.5 
% were classified as insecure-avoidant and 26.5 % as insecure- 
ambivalent. However, comparative studies with infants born VPT or 
EPT are relatively scarce. For example, findings from a recent UK 
geographical, prospective population-based study confirm that many 
infants born MLPT (67 %) experience outcomes comparable to those of 
infants born FT [34]. 

In contrast, a Portuguese study [17] found that secure attachment 
was more prevalent in the FT group (62.5 %) than in the MLPT group 
(40.5 %). Other Portuguese study [20], found that secure attachment 

was more prevalent in infants born FT (61.4 %) than in VPT (31.4 %), 
while insecure-avoidant attachment was more likely in infants born 
VPT. Similarly, Wolke et al. [35] found a higher attachment insecurity 
prevalence in infants born VPT than in infants born FT. In summary, the 
research suggests an increased risk for insecurity in PT samples. Still, 
findings are often inconsistent and lack comparative studies. Further 
research with independent samples is necessary to learn about attach
ment quality in infants born FT, MLPT and VEPT. 

1.3. Study aims 

The present study is organized into four main aims: aim 1) to study 
the prevalence of attachment patterns according to prematurity status 
(FT, MLPT & VEPT) and the association of attachment pattern with 
demographic variables; aim 2) to assess the quality of maternal and in
fant interactive behavior according to prematurity status (FT, MLPT & 
VEPT) and according to attachment pattern; aim 3) to study the mean 
differences of maternal and infant behavior in two lad visit separate 6 
months apart, i.e., stability from 3 to 9 months. Changes in maternal and 
infant behavior may support dyadic and transactional approaches of 
infant and maternal relationships. According to this perspective, re
lationships function as systems and are developed on the ongoing 
transactions between the interacting partners, and under the influence 
of life contexts [36,37]. Rather than each person’s independent contri
bution, these transactions are shaped by reciprocal influences. More
over, dyadic interactions are dynamic and include periods of individual 
organization, mutual organization, disorganization, and reorganization 
[38]. In opposition, the stability and continuity in infants and mothers’ 
interactive behavior may favor a deterministic view of mother-infant 
relationships resulting from each partner’s independent influence (e. 
g., infant temperament), and aim 4) to study the determinants of 
attachment quality using a multinominal logistic regression. 

Although both maternal and paternal attachments are critical for 
child development, most studies in attachment field are performed with 
mothers, mainly for three reasons. The first reason is historical research, 
the body of knowledge on mother-infant attachment is far larger than 
the research on infant-father attachment. Second, because in many 
cultures, mothers have traditionally assumed the role of the primary 
caregiver, particularly during an infant’s early years. Third, mothers 
tend to be more available than fathers since in many societies they have 
extended maternity leave and return later to their jobs. 

The study of both maternal and paternal attachment is the most 
appropriate option, and contemporary research aims to understand the 
dynamics of attachment within diverse family structures. Our decision 
on studying mother-infant attachment is mostly based on easing the 
research conditions. 

2. Materials and methods 

2.1. Samples 

Participants are 213 Portuguese infants and their mothers, distrib
uted by 3 independent samples: (1) the FT sample which includes 105 
infants born full-term (50 girls; 55 boys), (2) the MLPT sample which 
consists of 52 infants born moderate-to-late preterm (22 girls; 30 boys), 
and (3) the VEPT sample which includes 56 infants born very-to-extreme 
preterm (26 girls; 30 boys). According to health records, no infants had 
any known sensory or motor impairment, brain injury, severe illnesses, 
or congenital anomalies at delivery. Also based on Hospital records, no 
parents had any history of mental health problems, clinical depression, 
and/or substance abuse. Moreover, only 11 mothers (5.2 %) were not 
married or living in cohabitation with the infant’s father, which nine 
from VEPT sample. About half (101) of the mothers were primiparous, 
92.1 % were Portuguese Caucasian in race/ethnicity (almost equally 
distribute in each sample and from countries), all from the middle or 
upper-middle-class socioeconomic backgrounds. 
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Table 1 presents the demographics for each sample. 

2.2. Procedures 

Recruitment took place in hospitals in urban areas of Lisbon and Port 
and was carried out by three trained female researchers. Mother-infant 
dyads who met inclusion criteria were invited to participate. All pro
cedures were approved by the Ethics Committees of all Health Units and 
Hospitals involved and by the Portuguese Data Protection Commission 
according to the ethical guidelines presented in the Declaration of 
Helsinki. All eligible, recruited mothers provided a written informed 
consent to their and their infant’s participation before any assessment or 
data collection took place. 

When infants were 3 and 9 months (corrected age), mothers, 
recruited at birth, were recontacted to schedule a follow-up lab visit 
with their infants. At these visits, mother-infant dyads were videotaped 
in a free-play interaction. At 12 months (corrected age), infants were 
observed during the Strange Situation Paradigm. 

2.2.1. Free-play interaction 
Using CARE-Index infant and mother interactive behavior was 

observed and coded from videotaped free-play interactions. Following 
the guidelines outlined in the CARE-Index manual [39], each dyad was 
recorded engaging in a 5-minute play inter-action. Parents were 
encouraged to interact with their infants as they typically would at 
home. A standard selection of age-appropriate toys was provided, 
although parents were not required to do so. These toys were placed on 
the floor, on top of a blanket with a surrounding pillow. Furthermore, a 
chair was made available for the mother, offering the option to sit on the 
chair with the infant on her lap or to stand on the floor during the 
interaction. 

The CARE-Index includes three adult scales, namely Sensitivity, 
Control, Unresponsiveness, and four infant scales, Cooperativity, 
Compliant-Compulsive, Difficulty, and Passivity [39]. Each scale was 
scored from 0 to 14-points. These scales (maternal and infant scales) 
were scored in terms of facial expressions, verbal expressions, position 
and body contact, affection, turn-taking, control contingencies, and 
choice of activity (for example, zero points absence of indicators of 
maternal sensitivity while 14 points is total quality in each dimension - 
facial, verbal, physical, affective, reciprocity, contingency, and play). 
CARE-index is a dyadic measure, meaning that assessing each partner 
interactive behavior implies considering the interactive context and its 
influence on the other partner. 

Infant and maternal behavior were scored by two reliable and blind 
(against the study hypotheses) coders. Intercoder reliability was evalu
ated by comparing the two coders’ ratings using ICC-intraclass corre
lation coefficients [40]. The obtained overall average ICCs was 0.82. 

After each coder independent scoring, the results were compared and 
discussed in coders conference. The final scores were obtained by 
agreement of both coders. 

2.2.2. Infant attachment assessment 
Infant attachment observation was conducted using the Strange 

Situation [41], a 21-minute laboratory-based observational paradigm. 
This method involves a series of eight brief episodes, each lasting 3 min, 
or less if the infant dis-plays distress. The episodes gradually introduce 
mild stressors to the infant, including entering an unfamiliar playroom, 
interacting with an unfamiliar adult (the stranger), and experiencing 
two separations and subsequent reunions with the mother. Based on 
videotaped observations, trained coders, blind against the study hy
potheses, scored the infants’ attachment behavior during the Strange 
Situation using Ainsworth et al. [41] scales. Infants were categorized 
into three groups: securely attached (B), insecure-avoidant (A), and 
insecure-ambivalent (C). Intercoder reliability was established as satis
factory, with a Cohen’s kappa coefficient of 0.79. 

2.3. Analytic plan 

According to the first aim, the distribution of attachment patterns for 
the three samples was obtained using SPSS crosstab. To test for differ
ences in the prevalence of attachment across the three samples, Fisher 
exact test was used. Furthermore, ANOVA statistics were performed to 
test for differences among the demographic variables and attachment 
patterns according to each sample (FT, MLPT, and VEPT). To accomplish 
the second aim, also ANOVA statistics were performed to: i) evaluate the 
mean differences for infant and maternal interactive behavior according 
to each sample; ii) test for differences between infant and maternal 
interactive behavior according to attachment pattern. In one-way 
ANOVA, Tukey’s post hoc tests were used to test differences according 
to attachment pattern (ABC) and according to sample (FT, MLPT, and 
VEPT). Size effect analyses were conducted to evaluate the magnitude of 
differences. For third aim, we used paired t-test analyses to evaluate 
potential differences in maternal and infant interactive behavior from 3 
months to 9 months of infant’s age. In the fourth aim, a multinominal 
logistic regression was used to test for possible covariates of attachment 
patterns. 

All statistical analyses were carried out using SPSS for Windows, 
version 27. Alpha was set at 0.05. Prior to analyses, the assumptions of 
normality and homogeneity of variances were tested. 

Table 1 
Demographics for the FT, MLPT and VEPT sample.   

FT MLPT VEPT F p Tukey HSD η2 

N = 105 N = 52 N = 56 

M (SD) M (SD) M (SD) 

Maternal variables 
Maternal age (years) 31.58 (4.04)a 30.79 (5.75) 33.43 (5.89)b 4.08 0.018 a < b 0.89 
Maternal years of education 14.66 (3.49)a 14.75 (3.98) 13.14 (3.74)b 3.61 0.029 a < b 0.83  

Infant variables 
Number of siblings 1.50 (1.05)a 0.48 (0.87) 0.75 (0.90)b 21.35 0.001 a > b 0.04 
Gestational age (w) 39.47 (1.89)a 33.84(1.70)b 29.45 (1.90)c 860.9 0.001 a > b > c 0.03 
Gestational weight (g) 3303 (424)a 2108 (510)b 1155 (289)c 506.3 0.001 a > b > c 0.18 
Apgar first minute 7.87 (0.61)a 8.30 (1.28)b 8.33 (2.26)c 56.05 0.001 a > b > c 0.35 
Apgar fifth minute 9.33 (0.21)a 9.47 (0.79)b 9.44 (1.19)c 67.41 0.001 a > b > c 0.39 

Note: Each superscript letter (a, b, & c) denotes a subset of Attachment at 12-months categories whose column proportions differ significantly from each other. FT 
means Infants born Full-Term; MLPT means Infants born Moderate-to-Late Preterm; VEPT means Infants born Very or Extreme Preterm. 
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3. Results 

3.1. Distribution of attachment pattern according to prematurity status 
and demographic variables 

Table 2 presents the distribution of attachment pattern according to 
prematurity status. A secure attachment is significantly more prevalent 
in infants born FT, and an insecure-ambivalent attachment pattern is 
significantly more prevalent in infants born VEPT. Avoidant attachment 
is sub-significantly more prevalent in the MLPT group than in the other 
groups. 

We tested the association between demographic factors and attach
ment quality, using a range of birth, health and family/social factors 
namely: number of stay days in NICU, number of stay days in incubator, 
number of days in oxygen support, days of intravenous nutrition, ce
phalic perimeter, diseases, Apgar scores, medication, number of daycare 
attendance, infant sex, nationality, ethnicity, marital status, number of 
siblings, maternal age, maternal education, parental employment status, 
and others. Here, we include the factors that are significantly associated 
with attachment. Using ANOVA and post hoc Tukey analyses, we found 
that infants with a secure attachment with their mothers had higher 
gestational weight and age at birth than infants with an insecure- 
avoidant attachment pattern. 

3.2. Differences in mothers and interactive behavior at 3 and 9 months 
according to infant attachment pattern 

According to Tables 3, infants with a Secure attachment were more 
likely to exhibit cooperative behavior and their mothers to present 
sensitive interactive behavior in free play at 3 and 9 months. Also, these 
infants displayed less difficult and conflicted behavior than avoidant 
attached infants at 3 months, than avoidant and ambivalent attached 
infants at 9 months. 

At 9 months, infants classified with an avoidant attachment were less 
cooperative, and their mothers were less sensitive than dyads with in
fants ambivalent attached. Infants with an avoidant attachment dis
played more compulsive/compliant behavior, and their mothers 
exhibited more controlling and punitive behavior. Only at 9 months, 
maternal and infant passivity were associated with ambivalent 
attachment. 

3.3. Differences in mothers’ and infants’ interactive behavior at 3 and 9 
months according to prematurity status 

Tables 4 show that maternal and infant interactive behavior varied 
according to prematurity status. At 3 months, maternal sensitivity was 
higher in dyads with infants born FT, followed by dyads with infants 
born MLPT. Last, dyads with infants born VEPT had lower scores than 

the other two groups. At 9 months, differences between FT and MLPT 
regarding maternal sensitivity were no longer statistically significant. 
Both at 3 and 9 months, infant cooperativity was higher in dyads with 
infants born FT than in the other two groups. 

Infants born VEPT were more difficult and less passive than the other 
two groups at 3 and 9 months, and their mothers were more unre
sponsive. At 9 months, infants born MLPT were less passive than infants 
born VEPT, but not at 3 months. Only at 9 months, infants born MLPT 
displayed more compulsive/compliant behaviors than infants born FT. 

3.4. Differences in mothers and infants’ interactive behavior from 3 to 9 
months 

Student’s t-test for paired samples analyses, indicate a discontinuity 
of maternal sensitivity [t(2) = 2.600; p = .01] and infant difficulty [t(2) 
= 2.782; p = .006] from the age of 3 to 9 months, while infant 
compulsive behavior changed sub-significantly (p = .07) between those 
ages. 

3.5. Determinants of attachment patterns 

According to a logistic multinominal regression, only maternal 
sensitivity is selected as determinant of attachment security and infant 
ambivalence (results in Table 5). 

4. Discussion 

Our study expands the current knowledge by finding that attachment 
patterns prevalence varies according to each sample: FT, MLPT & VEPT. 
These differences are related to infant and maternal interactive 
behavior, and prematurity status. 

Not only did prematurity impact attachment outcomes, but there 
were significant differences between moderate and very/extreme pre
maturity. Indeed, secure attachment was significantly more prevalent in 
infants born FT compared with other groups, and ambivalent attach
ment was significantly more prevalent in infants born VEPT than others. 
Although avoidant attachment pattern is more prevalent in infants born 
MLPT than in other infants, this result is not significant. 

While previous literature suggests that poor caregiving and infants’ 
behavioral problems are largely dependent on the degree of prematu
rity, gestational weight, and medical complications [4]. However, con
tradictory results have been reported for attachment incidence in PT 
samples. In some studies attachment security is higher in FT samples 
than in PT samples [19,35], while others found no differences (e.g., 
[34]). One possible explanation can rely on specific aspects of Portu
guese culture. Somehow, the support provided to Portuguese families 
with infants born preterm may be less than necessary to prevent insecure 
attachments. It is possible that the support provided to these families is 
focused on health and other developmental domains rather than on 
parental relationships and attachment [42,43]. Notably, only a few 
studies included three independent samples with different prematurity 
statuses allowing us to ponder about the distinctive impact of late-to- 
moderate and very-to-extreme prematurity. Accordingly, we also 
found that higher gestational age and weight at birth were positively 
associated with attachment security. Our study provides critical infor
mation that adds to the current state of literature. Still, more research 
with different PT subsamples performed in different cultures is neces
sary to comprehend attachment quality and developmental outcomes in 
infants born preterm. 

As found in prior studies with CARE-Index (e.g., [15–19,22,28–29]), 
maternal sensitivity and infant cooperative behavior were associated 
and predicted with secure attachment, whereas avoidant attachment 
was associated with maternal control and infant compulsive/compliant 
behavior. Both interactive partners seem to adapt their behavior to each 
other and to their social interactive context [36,50]. Faced with 
maternal sensitivity, infants easily adapt and respond with warm, 

Table 2 
Frequency of attachment patterns at 12 months of corrected age according to 
prematurity status.   

Prematurity Status 

FT MLPT VEPT 

Attachment Secure 61 (58.1 %, 
3.4)a 

19 (36.5 %, 
− 1.7)b 

19 (33.9 %, 
− 2.2)b 

Avoidant 28 (26.7 %, 
− 0.8)a 

18 (34.6 %, 
1.0)a 

16 (28.6 %, 
− 0.1)a 

Ambivalent 16 (15.2 %, 
− 3.1)a 

15 (28.8 %, 
0.9)b 

21 (37.5 %, 
2.7)a,b 

Note: The Fisher-Freeman-Halton test for infants is 14.721, p < .005, Cramer’s V 
= 0.186; p = .005. Each superscript letter (a, b, & c) denotes a subset of 
Attachment at 12-months categories whose column proportions differ signifi
cantly from each other; p < .05 (column proportions test with Bonferroni 
adjustment). FT means Infants born Full-Term; MLPT means Infants born 
Moderate-to-Late Preterm; VEPT means Infants born Very or Extreme Preterm. 
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responsive, and attentive behavior. In turn, mothers also respond simi
larly, reinforcing infants’ behavior. However, some behavioral adapta
tions suggest malfunctioning interactive experiences. In fact, faced with 
negative affect, intrusiveness, or demanding behavior from their care
givers, some infants tend to comply and reduce their solicitations, 
avoiding negative responses. These behavioral adaptations result from 
infants’ interactive experiences and can become internalized if these 
experiences are prolonged and traumatic [44]. 

Nevertheless, these cycles are dynamic and open to change over in
fant development. In fact, at 9 months new associations between 
maternal and infant behavior and attachment patterns were found. For 

instance, maternal and infant unresponsivity were associated with 
ambivalent attachment at 9 months, but not at 3 months. It seems that 
the 9-month observation (compared with the one performed at 3 
months) explained better attachment quality. These results support the 
perspective that “is clear that attachment is a process, not a static bond; 
it is an ongoing, dynamic interaction between infant and mother in 
which they cycle in and out of each other’s company or attention 
repeatedly, many times a day, potentially for many years because in
fants, mothers, and the environments in which they interact are highly 
variable, there is a considerable range of individual differences in the 
patterns of attachment that are generated by these cycles of interaction.” 

Table 3 
Means, standard deviations, and MANOVA results for infant and maternal interactive behavior in free-play at 3 and 9 months according to infant attachment pattern.   

Insecure-Avoidant N = 52 M (SD) Secure N = 99 M (SD) Insecure-Ambivalent N = 62 M (SD) F p Tukey HSD η2 

3 months 

Maternal interactive behavior 
Sensitivity 7.12(2.20)a 9.13 (2.77)b 8.68 (2.75)c 10.12 0.001 a < b,c 0.088 
Control/ Intrusivity 4.69 (3.22)a 3.45 (2.96)b 3.21 (2.93)c 3.96 0.02 a > b,c 0.036 
Unresponsivity 2.98 (3.02) 1.39 (2.59) 2.63 (2.99) 2.27 0.11 – 0.021  

Infant interactive behavior 
Cooperativity 6.58 (3.46)a 9.26 (2.95)b 8.63 (2.66)c 16.40 0.001 a < b,c 0.135 
Compulsivity/ Compliance 3.13 (3.51)a 2.12 (3.13) 1.37 (2.74)b 4.61 0.01 a > b 0.042 
Difficulty 2.87 (3.68)a 1.20 (2.20)b 2.29 (3.00) 6.50 0.002 b < a 0.058 
Passivity 1.17 (1.96) 1.44 (2.11) 1.89 (2.27) 1.68 0.19 – 0.016  

9 months Maternal interactive behavior 
Sensitivity 6.40(1.71)a 8.95 (2.57)b 8.00 (2.42)c 20.13 0.001 b > a,c &a < c 0.161 
Control/ Intrusivity 4.96 (3.37)a 3.52 (2.87)b 3.24 (2.77)c 5.51 0.005 a > b,c 0.050 
Unresponsivity 2.54 (3.25) 1.55 (2.02)a 2.71 (2.65)b 4.86 0.009 b > a 0.044  

Infant interactive behavior 
Cooperativity 6.38 (1.46)a 9.16 (2.40)b 7.92 (2.63)c 24.54 0.001 b > a,c &a < c 0.191 
Compulsivity/ Compliance 3.10 (3.62)a 1.57 (2.88)b 0.90 (2.02)c 8.62 0.001 a > b,c 0.076 
Difficulty 3.60 (3.66)a 1.51 (2.08)b 3.23 (3.12)c 11.93 0.001 b < a,c 0.102 
Passivity 1.06 (1.81)a 1.91 (2.06) 2.08 (2.29)b 3.62 0.029 b > a 0.033 

Note: Each superscript letter (a, b, & c) denotes a subset of Attachment at 12-months categories whose column proportions differ significantly from each other. 

Table 4 
Means, standard deviations, and MANOVA results for infant and maternal interactive behavior in free-play at 3 and 9 months according to prematurity status.   

FT MLPT VEPT F p Tukey HSD η2 

N = 105 N = 52 N = 56 

3 months M (SD) M (SD) M (SD) 

Maternal interactive behavior 
Sensitivity 9.24(2.91)a 8.15 (2.50)b 7.46 (2.26)c 8.75 0.001 a > b > c 0.077 
Control/ Intrusivity 3.70 (2.88) 3.81 (3.17) 3.54 (3.32) 0.110 0.896 – 0.001 
Unresponsivity 1.10 (2.00) 1.88 (2.29)a 3.00 (3.28)b 10.87 0.009 b > a 0.094  

Infant interactive behavior 
Cooperativity 9.33 (3.19)a 7.90 (2.58)b 7.20 (2.20)c 11.70 0.001 a > b, c 0.100 
Compulsivity/ Compliance 1.72 (2.61) 2.85 (3.53) 2.30 (3.59) 2.34 0.099 – 0.022 
Difficulty 1.05 (2.21)a 1.52 (2.26)b 3.95 (3.65)c 22.27 0.001 c > a,b 0.175 
Passivity 1.86 (2.33)a 1.77 (2.10)b 0.61 (1.42)c 7.21 0.001 c < a,b 0.064  

9 months Maternal interactive behavior 
Sensitivity 8.75(2.35)a 7.98 (2.63)b 6.80 (2.37)c 11.82 0.001 c < a,b 0.101 
Control/Intrusivity 3.38 (2.54) 4.17 (2.96) 4.20 (3.32) 1.88 0.155 – 0.018 
Unresponsivity 1.79 (2.00)a 1.90 (2.29)b 2.98 (3.82)c 4.30 0.015 c > b 0.039  

Infant interactive behavior 
Cooperativity 8.87 (2.09)a 7.77 (2.30)b 7.05 (3.42)c 10.68 0.001 a > b, c 0.092 
Compulsivity/ Compliance 1.11 (2.43)a 2.60 (3.48)b 2.14 (3.41)c 5.58 0.006 b > a 0.047 
Difficulty 1.65 (2.18)a 2.42 (2.80)b 4.23 (3.70)c 15.58 0.001 c > a,b 0.210 
Passivity 2.55 (2.27)a 1.52 (2.15)b 0.46 (1.32)c 19.79 0.001 c < b < a 0.243 

Note: Each superscript letter (a, b, & c) denotes a subset of Attachment at 12-months categories whose column proportions differ significantly from each other. FT 
means Infants born Full-Term; MLPT means Infants born Moderate-to-Late Preterm; VEPT means Infants born Very or Extreme Preterm. 
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(p.4, [45]). Supporting these results and perspective, we found, in paired 
analyses, that maternal sensitivity and infant difficult behavior were 
significantly different from the 3 to 9-month observation. 

These findings support the thesis that mother-infant interactions are 
flexible, open to change, and result from each partner’s adaptation. 
Thus, more studies are necessary to identify the factors involved in these 
changes. Of course, from 3 to 9 months of age, several critical motor, 
language, and cognitive developmental shifts occur but it also corre
sponds to a period wherein families, after 6 months, face new chal
lenges. For in-stance, according to Portuguese law after 6 months of paid 
maternity license, employed mothers return to their jobs. 

We found that prematurity status was associated with infant patterns 
of attachment, and with maternal and infant interactive behavior scores. 
Both at 3 and 9 months, infant cooperativity, was higher in dyads with 
infants born FT than in the other two groups. But as already discussed, 
maternal sensitivity shifted from 3 to 9 months. It seems that some of 
these changes vary according to infant prematurity status. In fact, 
maternal sensitivity at 3 months was higher in the FT sample, followed 
by the MLPT sample, and last, by the VEPT sample. However, the dif
ferences between FT and MLPT, at 9 months, were no longer significant. 

Interestingly, the means of maternal sensitivity decreased from 3 to 
9 months, however, the decrease for mothers of infants born MLPT was 
lower than the FT infants’ mothers, leveling these two groups. But more 
changes occurred in the MLPT sample within these two timepoints. In
fants born MLPT shifted from being more passive than infants born FT at 
3 months, to display more compulsive/compliant behaviors than infants 
born FT at 9 months. Most premature births (over 80 %) occur between 
32 and 36 gestational weeks [1]). Until recently, infants born MLPT 
were thought to be at low risk for negative developmental sequelae. Still, 
current studies found that they are at risk for behavioral problems (e.g., 
self-oriented regulation, externalization difficulties) (e.g., [17,19,46]). 

The group more stable, across observations, was the VEPT. At 3 and 
9 months, infants born VEPT were more difficult and less passive than 
the other infants, while their mothers were less responsive and sensitive. 
It seems that the dyads of this group struggle more than others to recover 
from dyadic maladaptive cycles of interaction. Infants born VEPT are at 
higher risk for death, morbidities, and short and long-term develop
mental impairments than other infants [31,32]. This information is often 
presented to families who describe the neonatal experience as frightful 
and traumatic [14,47]. The neonatal experience is generally prolonged 
(e.g., longer than 200 days in NICU) and often associated with medical 
complications. Postnatally, survivors of VEPT prematurity may have 
several early childhood or life-long medical difficulties, such as signifi
cant metabolic problems (e.g., respiratory, cardiac), sensory impair
ments, feeding difficulties, and cognitive or gross motor delays, and 
increased risk for emergency hospital readmission and extra medication 
[48]. Families must learn how to cope with their infants’ long-term 
medical complications such as requiring supplemental oxygen or tube 
feedings. In result, many of these parents report high levels of stress 
[49], and economic problems that make it challenging to access proper 

medical care and developmentally supportive therapies [43]. This 
unique, uncertain, stressful and traumatic parental experience combined 
with infant health and painful conditions, may explain the lower levels 
of maternal sensitivity and infant higher scores in the difficult behavior 
scale in the VEPT sample. It also provides insight into the reason why it 
is so hard for these dyads to ameliorate the quality of their interactions 
in the first nine months of age. It is important to stress that mothers with 
mental problems and clinical depression were excluded from our study. 
However, it remains crucial to assess maternal stress and describe family 
needs, strengths, and resources in future studies. This approach will 
provide a contextual framework for the findings gathered during inter
actional observations. 

Our findings emphasize the need for early intervention practices and 
family policies to empower and enable parents to actively engage in 
sensitive, rewarding, reciprocal, and affectional relationships with their 
infants from birth [50,51]. For maximum effectiveness, early interven
tion should start as early as pregnancy, preparing parents for their future 
caregiving roles and offering them social/economic support [50]. 
Postnatally, parents may require guidance to provide their infants with 
medical aid and development support toward compensating prematurity 
downsides. These preventive and early interventions are generally more 
effective than remediation practices [43,51]. However, insecure 
attachment is not a fixed bond, and at any point in time, family-based 
intervention can help dyads recover from negative interaction cycles. 

4.1. Study limitations, strengths, and future directions 

When assessing the findings of this research, it is crucial to consider 
both limitations and strengths. First, most were Portuguese-Caucasian in 
race/ethnicity and from working to middle class, urban backgrounds. 
Findings therefore may not generalize to mother-infant dyads in other 
geographical areas, ethnic/racial groups, or socioeconomic back
grounds. The second limitation concerns the different size of the samples 
and the low-size effects regarding interactive behaviors. Thus, the re
sults must be read with caution. Although mothers with mental prob
lems and clinical depression were excluded from the study, in future 
studies, is important to include maternal stress and depression measures 
(to detect subclinical values). 

The strengths include a longitudinal study with direct observations 
of mother-infant interaction at 3 and 9 months and laboratorial obser
vations of infant attachment at 12 months. Also, we include 3 inde
pendent samples with different prematurity status. We believe the 
current findings contribute to the growing knowledge about prematu
rity, infant attachment, and mother-infant interactions. 

5. Conclusion 

In conclusion, infant birth status affects attachment security. The 
incidence of insecurity is higher infants born VEPT compared to infants 
born MLPT or FT. This is concerning because the literature suggests that 

Table 5 
Summary of multinominal logistic regression results predicting infants’ attachment at 12 months.  

Infant attachment patterns B SE Wald df p Exp(B) 95 % CI for Exp(B) 

Lower Bound Upper Bound 

Secure attachment Intercept  − 0.852  3.020  0.080  1  0.778    
GA  − 0.025  0.118  0.046  1  0.831  0.975  0.774  1.228 
GW  0.000  0.000  0.207  1  0.649  1.000  0.999  1.001 
Maternal sensitivity  0.243  0.082  8.751  1  0.003  1.275  1.085  1.497 
Infant difficultness  − 0.134  0.061  4.866  1  0.027  0.875  0.776  0.985 

Ambivalent attachment Intercept  − 4.071  3.366  1.463  1  0.228    
GA  0.124  0.132  0.888  1  0.346  1.132  0.874  1.467 
GW  − 0.001  0.001  2.301  1  0.129  0.999  0.998  1.000 
Maternal sensitivity  0.202  0.092  4.783  1  0.029  1.223  1.021  1.465 
Infant difficultness  − 0.001  0.064  0.000  1  0.993  0.999  0.881  1.134 

a. The reference category is: Avoidant Attachment. 
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attachment security is linked to improved developmental, social, aca
demic, and health outcomes [52]. Attachment insecurity is largely 
dependent on the quality of mother-infant interactions. In this research, 
we found that infants born VEPT display more difficult and less coop
erative behaviors, and their mothers are less sensitive in free play than 
other mothers. 

Prematurity is a multifactorial risk, associated with health risks (e.g., 
gestational age, gestational weight, brain injury), relational problems 
resulting from long stay in NICU and parental stress [31,32]. Thus, 
multisystemic family-based center practices may be necessary to pro
mote infant development and support parents. 
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