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A B S T R A C T

There is a need of expanding research on neonatal behaviour to encompass diverse global pop-
ulations. However, few measures appropriate for use from birth in diverse cultural contexts exist.
We present data from rural Gambia and the UK using the Neonatal Behavioural Assessment Scale
(NBAS). In Phase 1, the scale was piloted for use in The Gambia, highlighting great utility for use
in this setting. Adaptations included 1) additional explanation of some items to caregivers and 2)
omission of items where the home environment necessitated to do so. In Phase 2, the NBAS was
administered in both the UK and The Gambia. Item level comparisons across the sites showed
fewer state changes in Gambian infants and a greater degree of examiner facilitation throughout
the session. Factor analysis within the larger Gambian cohort indicated best model fits where
first-order factors mapping onto each NBAS subscale were accompanied by a second-order ‘Self-
Organising System’-factor, mirroring prior factor analytic studies on the scale. Further, the
habituation subscale had to be omitted from analyses due to large amounts missing data, high-
lighting potential differences across subscales when implementing the NBAS across diverse set-
tings. We found associations between our NBAS factor scores and NBAS supplementary items.
Examining known risk factors for early neonatal development, we found associations of the Social
Interactive and Self-Organising System factor with pregnancy anxiety and gestational age at birth
and birthweight, but not maternal anaemia. Our findings inform future studies seeking to un-
derstand the interplay between cultural contexts, perinatal factors, and early neurobehavioural
development.
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1. Introduction

1.1. Mental well-being begins in infancy

An infant’s ability to experience, express and regulate emotions, form secure relationships, explore, and learn from the environ-
ment, provides an important foundation for life-long development (Clinton et al., 2016; Zeanah, 2018). The nature of infants’ early
relationships and caregiver attachment have been associated with a host of outcomes, including neurocognitive (Puhlmann et al.,
2021) and socio-emotional development (Groh et al., 2017), as well as long-term mental health (Galbally et al., 2020). Development
and wellbeing during the neonatal period is shaped by a reciprocal interplay with caregivers and the wider social environment and has
been shown to be adversely affected by poverty-related risk factors (Sameroff et al., 2004). While links between newborn behaviour,
socio-economic and psychosocial risk factors (e.g., perinatal parental mental illness (Gressier et al., 2020) have long been recognised
(Richter, 2003), these insights have not yet been consistently translated into changes in practice. Over 20 years ago, Sander (2000)
highlighted the need to think about well-being during the neonatal period as a catalyst for long-term health and well-being, both on an
individual and a societal level. Specifically, it was highlighted that there is a need to gather high-quality empirical data from across the
world to better understand the way in which environmental risk and protective factors come together to impact infants perinatally
during a sensitive developmental period. Contributing to this line of research, this study examines newborn mental health via the
Neonatal Behavioural Assessment Scale (NBAS, Brazelton and Nugent, 2011) in two contrasting settings; rural Gambia, West Africa
and in the UK. We lay out adaptations made to the NBAS for use in rural Gambia, before examining its psychometric properties in the
Gambian context, where neontatal mental health has never previously been examined. Lastly, we assess how perinatal infant
(birthweight and gestational age) and maternal (anxiety, pregnancy anaemia) factors may be mechanistically associated with infant
NBAS scores.

1.2. Assessing neonatal behaviour and development: associations with environmental risk factors and long-term outcomes

In part, the current lack of global research within the field of neonatal development can be attributed to a lack of measuring tools.
As reviewed by Szaniecki and Barnes (2016), assessments currently available include questionnaire-based measures (e.g., Child
Behaviour Checklist [18+ months, Achenbach & Rescorla, 2000], Infant-Toddler Symptom Checklist [7+ months, DeGangi, et al.,
1995], Infant-Toddler Social and Emotional Assessment, as well as its abbreviated version [12+ months, Carter et al., 2003,
Briggs-Gowan, et al., 2004], Ages and Stages Questionnaires-Social-Emotional version [from birth, Squires et al., 2002]) as well as
structured and unstructured observational tools. In contrast to most questionnaire-based measures which cannot be implemented from
birth, behavioural observational tools exist that are well-validated and can be used even in the youngest age groups. Amongst these,
two of the most used structured observational assessments are the NBAS, and its shorter counterpart the Neonatal Behavioural
Observation (NBO, Brazleton & Nugent, 1997, Brazleton & Nugent, 2011). The NBAS is a comprehensive tool measuring behavioural
and neurological responses of newborn infants. Typically conducted within the first few days after birth (although it can be admin-
istered up to 8 weeks of age), it involves observing the infant’s interactions with their environment. The scale provides a standardised
framework to evaluate various aspects of an infant’s behaviour, including motor skills, reflexes, as well as their orientation and
responsiveness to stimuli (e.g., orientation to faces, voices, or non-social objects).

NBAS responses have been longitudinally associated with developmental outcomes. Shoaff et al. (2021) showed that NBAS
measures were associated with socio-communicative abilities in adolescence in a US sample; specifically, self-regulation, habituation
to auditory stimuli, and autonomic nervous system regulation at 2 weeks were linked to social communication at 15 years of age.
Canals et al. (2006) highlighted associations of orientation and habituation responses with externalising and internalising problems at
6 years of age in a Spanish sample. Within early childhood, the association between early NBAS responses and social-communication
outcomes has also been demonstrated: in a study of 105 Japanese infants, Tokunga et al. (2019) found that NBAS scores at 2–7 days of
age differed for those infants with and without clinical scores on a checklist of autism spectrum disorder at 18months of age. The NBAS
has also been found to be sensitive to rapid neurodevelopmental changes occurring perinatally as infants’ self-regulatory abilities were
associated with number of weeks’ gestation at birth (Malak et al., 2021).

Responses on the NBAS/NBO have further shown to have robust associations with several relevant environmental risk exposures.
There is a well-documented link between NBAS responses and maternal mental health: in a study of 598 mother-infant pairs, Gressier
and colleagues (2020) found that prenatal depressive symptoms were independently associated with neonatal measures of habituation,
orientation, motor system and autonomic stability, controlling for both postnatal depression and anxiety. Similarly, lower NBAS motor
(Zhang et al., 2019) and social communication (Osborne et al., 2022) scores were identified in infants of perinatally depressed mothers
(Zhang et al., 2019). Furthermore, links have been established between maternal anxiety and infant irritability on the NBO, with
maternal mental health support leading to improved scores (Zhang et al., 2018). Based on these prior findings, as well as recent in-
vestigations by our own group highlighting the prevalence of maternal stress and anxiety in The Gambia (Milosavljevic et al., under
review), we examined associations between maternal mental health and NBAS scores in the current study.

Poorer NBAS scores have also been reported in at-risk populations (e.g., exposure to environmental toxins, Stewart et al., 2000,
Sagiv et al., 2008, Kooistra et al., 2006), as well as in the context of maternal iron deficiency (Hernández-Martínez et al., 2011),
preterm birth (Greene, Fox, Lewis, 1983, Alvarez-Garcia et al., 2015) and small for gestational age infants (Figueras et al., 2009). In
reference to this literature, as well as an increased prevalence of maternal anaemia (McCann et al., 2023) and low infant birthweight in
The Gambia (Hennig et al., 2017), the current study investigated links between these risk factors and NBAS scores.
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The NBAS has been implemented across a range of countries. Due to the nature of the outcomes measured, it is considered to have
universal or transcultural application (Brazelton & Nugent, 2011) and to date has been widely used in diverse settings world-wide
(Fig. 1).

Here, we are expanding on this work by providing information on the NBAS’ first use in West Africa and only the third from sub-
Saharan Africa. Of note, only a subset of previous studies reported on parental perceptions of and how these necessitated adaptations of
the scale; however, studies that included such information highlighted some key differences. When using the NBAS across Kenya and
the US, Super&Harkness, (2020a,2020b) reported that USmothers focussed more on aspects that might inform their infant’s cognitive
development, whereas mothers in Kenya placed greater emphasis on motor responses. As differing perceptions of the NBAS items may
be associated with parental acceptability in The Gambia, we conducted a pilot study to test the scale’s acceptability, assessing caregiver
perception of the scale being carried out with their infant, before examining its psychometric properties in more depth. Since the NBAS
has been widely used in UK settings (Hill et al., 2013; Gunning et al., 2013; Cecil et al., 2017; Froggatt et al., 2020; Osborne et al.,
2022), no such pilot was conducted in our UK cohort.

1.3. NBAS structure and measurement properties

The comprehensive NBAS protocol consists of items assessing both infant behaviour and reflexes, administered by a qualified
examiner. Based on observed behavioural and physiological responses (e.g., skin colour changes, startles, tremors, respiration) and
state changes (e.g., transitions from calm alert to crying/fussing states), 27 behavioural, 18 reflex and 7 supplementary items (i.e.,
summary items designed to provide a more qualitative assessment) are scored. While responses sometimes are examined on an item-
by-item level (Brazleton et al., 1976, Tronick et al., 1976), this approach is prone to chance results due to the large number of statistical
tests performed on intercorrelated measures. Therefore, data reduction to determine either an a-priori or an a-posteriori defined subset
of response clusters is commonly applied.

The cluster scores are calculated as the mean of item scores comprising a particular cluster, with higher cluster scores indicating
better performance. Items with a mid-range optimal score are re-coded as linear items before contributing to the cluster score. The
most widely used method is the original factors drawn up by Lester and colleagues (1982, 1984), which group items into seven clusters:
(i) Habituation, measuring response decrements to repetitive visual, auditory and tactile stimulation during sleep; (ii) Orientation/
Social Interaction, examining infants’ gaze andmovement towards visual and auditory stimuli, and the quality of overall alertness; (iii)
Motor System, measuring motor performance and the quality of movement and muscle tone; (iv) State Organisation, which evaluates
the quality and stability of the infant’s states, providing insight into their overall physiological organisation and adaptability; (v) State
Regulation, measuring how the infant responds to environmental stimuli (provided by the examiner) and the ability to manage their

Fig. 1. Countries in which the NBAS has to date been implemented. These include Chile (Ayala et al., 2021), China (Wang et al., 2022, Zhang et al.,
2020; 2019; 2018; 2017; Chen et al., 2017), France (Belot et al., 2021), Germany (Grossmann et al., 1985), Iran (Aliabadi & Askary, 2013), Israel
(Tirosh et al., 1992; Lowinger, 1999; Feldman & Eidelman, 2006), Italy (Purpura et al., 2023), Japan (Eishima, 1992, Ohgi et al., 2003, Loo et al.,
2005, Tokunaga et al., 2019), Kenya (Super & Harkness, 2020a, 2020b), Mexico (Soler-Limón et al., 2019), Poland (Tabaczyńska et al., 2021; Malak
et al., 2022), Portugal (Barbosa et al., 2018), Puerto Rico (Coll et al., 1982), South Africa (Rencken et al., 2022), Spain (Canals et al., 2006; 2011,
Costas Maragas et al., 2007; Costa et al., 2010; Alvarez-Garcia et al., 2015; Ayesa-Arriola et.al., 2023), Sweden (Lundqvist-Persson et al., 2012), the
Netherlands (Wolf et. al., 2002), the UK (Hill et al., 2013; Gunning et al., 2013; Cecil et al., 2017; Froggatt et al., 2020; Osborne et al., 2022), Turkey
(Basdas et al., 2018) and Zambia (Stengel, 1981)
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arousal; (vi) Autonomic Stability, noting any startles and marked changes in skin tone during the session; and (vii) Reflexes, which
notes the number of abnormal elicited responses (Lester, Als & Brazelton, 1982). When originally designed, these seven clusters were
found to provide the best model fit for the data available, and various studies have employed this model to analyse infant behaviour
since (Feldman, 2006, 2015; Sagiv et al., 2008; Canals et al., 2011; Tabaczyńska et al., 2021; Rencken et al., 2022; Osborne et al.,
2022).

Since the Lester factors were conceptually rather than empirically derived, a separate branch of studies has set out to examine their
psychometric properties across different study populations. In N = 166 US preterm infants (Azuma et al., 1991), confirmatory factor
analysis (CFA) showed an inadequate fit of the Lester model due to high intercorrelations of factors, contrary to the original findings of
relative cluster independence. Azuma et al. (1991) suggested that these differences and the lack of fit of the Lester model might be due
to the specific characteristics of the cohort. Nevertheless, the Lester factors continued to be the primary data reduction method in
clinical studies (Wolf et al., 2002; Ohgi et al., 2003; Medoff-Cooper & Ratcliffe, 2005; Feldman & Eidelman, 2006; Tabaczyńska et al.,
2021; Malak et al., 2022). More recent investigations of the psychometric properties of the Lester factors using NBAS data collected
with term-born infants have also found an overall inadequate fit of the model. To test a theory that such inconsistency might arise from
some factors having large proportions of missing items and therefore reducing the amount of available data for some factors, (e.g.,
Azuma et al. (1991) excluded Habituation and Reflex items due to missing data), McCollam et al. (1997) performed CFA on 160
healthy term-born infants that had data for all NBAS items. Firstly, they tested the fit of the Lester model when the factors were allowed
or not allowed to correlate, showing a significantly better overall fit of the correlated model, although both models showed an
inadequate overall fit. The authors proposed extending the Lester six-factor model by allowing the items within each factor to load onto
a seventh ‘General Adaptiveness’ factor, which yielded a significantly better fit than the original six-factor model. More recently,
Barbosa and colleagues (2018) performed CFA on NBAS data collected with a sample of 196 term-born Portuguese infants, proposing
several modifications to the scoring and the utility of the original items. In addition to omitting Reflexes and Smiles from analysis, they
proposed to exclude items of Cuddliness, Motor Maturity, Defensive Movements, Response Decrement to Tactile Stimulation of the
Foot and Rapidity of Build-up items from the analysis as these were found to substantially reduce model fit. Models were tested with
two primary aims: (1) to compare Lester’s behavioural cluster system, tested with original NBAS scoring, with a proposed model based
on Barbosa et al.’s modifications to administration and scoring; (2) to compare a model where first-order factors were allowed to
correlate with a model where factor correlations were explained by a second-order ‘Self-Organising System’ latent factor. The results
indicated that the best model fit was achieved when the six Lester factors were obtained from revised rather than original item scoring
and extended by the inclusion of a second order factor, in line with the findings of McCollam et al. (1997). In summary, the psy-
chometric properties of the Lester model have raised questions about its applicability. Studies with premature infants and term-born
infants have shown inconsistent fits with the model. In part, these differences may be due to population characteristics, such as infants’
gestational age or age at testing. However, other factors such as missing data, re-coding of mid-range optimal score items, exclusion of
items and item correlations have all posed challenges in confirming the model’s adequacy. Efforts to improve the model’s fit have led
to modifications and extensions. Researchers have proposed additional factors, such as a ‘General Adaptiveness’ factor and a ‘Self--
Organizing System’ latent factor, to account for cross-subscale item correlations. These modifiedmodels have shown a better overall fit
than the original Lester model, emphasizing the importance of refining and adapting assessment tools to better capture infant
behaviour.

1.4. The current studies

The current study uses data from two infant cohorts in the UK and The Gambia, and consists of two phases; a pilot and adaptation
phase (Phase 1, Gambia only) and a cohort analysis phase (Phase 2, UK and Gambia). As the NBAS had never been used in West Africa
prior to this, Phase 1 examined caregivers’ responses and feedback to observing the scale, to be able to adapt items of the NBAS as
appropriate for this setting. Phase 2 took place as part of the Brain Imaging for Global Health (BRIGHT) project (see Lloyd-Fox et al.,
2024; Katus et al., 2019), which longitudinally followed infant cohorts from birth in the UK (N = 61) and The Gambia (N = 204). Prior
work in this region of The Gambia, as well as by our group, has highlighted the prevalence of several contextual factors, such as
maternal anaemia (McCann et al., 2023), low birth-weight (Hennig et al., 2017) and maternal anxiety (Milosavljevic et al., under
review); risk factors previously associated with NBAS scores from other settings. Furthermore, developmental trajectories of early
neural specialisation and cognitive development have been shown to differ markedly between the UK and Gambian cohorts (e.g.,
Lloyd-Fox et al., 2019; Katus et al., 2020). Here, we aim to expand on those findings, by examining associations of these known risk
factors with responses occurring shortly after birth during the neonatal period, to test whether the effect of these exposures already
takes effect during the first days and weeks of postnatal life.

Due to the limited sample size in the UK cohort, we only present item-level scores from this cohort alongside the Gambian cohort to
highlight any potential differences before assessing the psychometric properties of the scale in more depth in the larger Gambian
sample. We then proceed to conduct CFA based on the Gambian cohort. For Phase 2, we aimed to i) assess the model fit for the original
Lester factors in the Gambian cohort, ii) assess an alternative second-order model fit suggested by Barbosa et al. (2018) to assess which
of the two model provides a better fit for the data, and iii) assess associations of resulting factor scores with relevant perinatal infant
(gestational age, birthweight) and maternal (gestational anaemia, maternal mental health) predictors.
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2. Phase 1: Pilot Study

2.1. Method

2.1.1. Study Setting
Data was collected in West Kiang, a rural area of The Gambia comprising 36 villages within the Lower River Region (Hennig et al.,

2015). Compared to the coastal, urban capital of Banjul, West Kiang is characterised by lower socio-economic status (SES), with most
people supporting themselves through subsistence agriculture (Hennig et al., 2015). Villages are subdivided into compounds, within
which reside family units of 1–170 people, with an average of 16 members (Hennig et al., 2015). Caregiving responsibilities are often
divided between members of these larger family structures, and especially in later infancy encompass not only parents, but also aunts,
grandmothers, and co-wives (Katus et al., 2024). In accordance with Mandinka customs, the mother and infant stay inside the home for
a period of confinement, until a naming ceremony is held around the 8th day after birth.

2.1.2. Participants
Participants were identified via the Demographic Surveillance System and were eligible if they were above the age of 18 years and

mothers, fathers or grandparents of an infant < 2 months of age. Participants provided informed consent during home visits. Only
members of the majority ethnic group of Mandinka were eligible to avoid confounds of translating feedback from multiple languages.

2.1.3. Measures

2.1.3.1. NBAS. The NBAS (fourth edition, Brazelton & Nugent, 2011) is a neurobehavioural scale assessing newborn behaviour and
individual differences in self-regulation during the period of adaptation to postnatal life. The NBAS assesses the newborn’s behavioural
repertoire within the dynamic context of the infant-caregiver relationship through 27 behavioural items, 7 supplementary items (both
scored on a 9-point scale) and 18 reflex items (scored on a 4-point scale). The scale is suitable for use from hours after birth up to eight
weeks of age (in context of full-term infants) or eight weeks’ corrected age (in context of preterm infants) and takes approximately
30 minutes to complete.

2.1.3.2. NBAS feedback form. The NBAS feedback form was developed for the purposes of this pilot study with the goal of gathering
information directly from parents of newborns, and their own parents in the previous generation, on: (i) parents’ and grandparents’
overall positive or negative impressions of the NBAS; and (ii) whether parents felt that each item they sawwas acceptable, and, in their
view, entailed only actions that were appropriate to perform on infants in their culture, and that parents would likely feel comfortable

Table 1
NBAS pilot study feedback form.

General feedback
1. Was there anything that upset you or made you uncomfortable?
2. Do you think there was anything strange about the session, or anything you did not agree with?
3. Do you think other mothers and fathers in Kiang West would find acceptable such a session with their babies?
Item-specific feedback
For each item I describe (….) please choose one of the following three categories: was it (good/interesting), (acceptable/fine), or (not acceptable/made you
uncomfortable/ you did not agree).
Habituation Package
4. When your baby was sleeping, and we shook the rattle and rang the bell?
5. When your baby was sleeping, and we shined the light across his/her eyes?
6. When your baby was sleeping, and we undressed him/her and touched his/her foot with the probe?
Motor-Oral Package
7. When we looked at your baby’s muscle tone in the arms and legs?
8. When I stroked your baby’s cheek and placed my gloved finger in his/her mouth to look at the sucking response?
9. When I looked at your baby’s hand grasp, and touched his/her feet with my finger, and pushed back on the foot toward the leg?
10. When I tapped your baby’s forehead?
Truncal Package
11. When I undressed your baby?
12. When I pulled your baby up to sit from a lying position?
13. When I placed your baby’s feet against the table one by one?
14. When we looked at your baby ‘standing’ and ‘walking’?
15. When I ran my finger down his/her spine and we watched the hips swing?
16. When I placed your baby on his/her tummy?
17. When I held your baby facing me and spun to the left and right?
18. When I held your baby close to me? Vestibular Package
19. When I placed the cloth over your baby’s eyes and we watched his/her response?
20. When I placed your baby’s head to the left and to the right?
21. When I let your baby experience a short drop into my arms?
Social Interactive Package
22. When we watched your baby’s response to the ball?
23. When we shook the rattle on the side of your baby’s head, and when we watched his/her response to the rattle being held and shaken in front of him/her?
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with if performed as part of a research study. The questions asked can be found in Table 1. Items assessing infant responses to the
examiner’s face and voice were not included in this questionnaire, as these are typical of infant engagement and handling and therefore
were not expected to elicit specific responses from caregivers.

The first three questions broadly explored participants’ observations and opinions of the session. Subsequent questions addressed
the acceptability of individual NBAS items. A shortened version using the first 10 questions only was administered to grandparents to
assess overall impressions. Feedback on individual NBAS items was only collected from the infants’ parents. For the second part of the
feedback form, mothers and fathers were instructed to evaluate each NBAS item or set of items as positive, neutral, or negative.

2.1.4. Procedure
NBAS sessions took place in participants’ homes. Participants were reminded that all adults who would be providing feedback

should observe the full assessment session, and that feedback would be audio recorded. All sessions were performed by a trained and
certified NBAS administrator. In the case of multiple observers, all participants jointly observed the NBAS session but were interviewed
individually to gather their subsequent feedback. Any running commentary during the session was recorded on the feedback form.
Forms were read out in English, and simultaneously translated by one of two native Mandinka speakers, who translated back care-
givers’ feedback. The process of simultaneous translation constituted a less-standardized approach that, while providing important
insight in this pilot study, was replaced by formal translation for Phase 2 of the project (see below). All caregivers (parents and
grandparents) responded to the three general feedback questions.

2.1.5. Data analysis
Responses were recorded as categorical data (positive, neutral, negative) for each question. Participants were also asked to

elaborate on their responses. These free-form comments were used to further contextualise the categorical feedback.

2.2. Results

2.2.1. Sample characteristics
A total of N = 14 infants and N = 27 of their family members were selected; specifically: fourteen mothers between the ages of 18

and 39 years (median=28.5), eight fathers between the ages of 30 and 80 years (median=44), and five grandparents (two female)
between the ages of 52 and 90 years (median=70) took part in the pilot study. All respondents lived in one of three villages in West
Kiang (specifically in the villages of Keneba, Tankular and Kuli Kunda) and all but one (born in Senegal) were born in The Gambia,
were Muslim, and fluent in Mandinka. Four respondents reported formal education in an English School, with the remainder reporting
education at an Arabic School (emphasizing religious studies). Fifteen respondents reported agricultural activities (farming, gardening
and cattle herding) as their occupation. Other reported occupations included driving, carpentry, electrician work, business work,
school attendance (for two of the younger mothers), childcare, and housework.

2.2.2. NBAS feedback on whole session
The behaviours and items seen in the NBAS were new for most observers and were considered acceptable by all but two re-

spondents. These participants queried the items of habituating to light and undressing the infant; however, upon further probing
indicated that they found these items novel or unfamiliar, but not negative. No respondents said that any items were disagreeable. The
remaining participants stated that they liked what they saw in the session and that the elicitation of items involved actions that were
‘normal’ for infants or infant handling. One mother’s response provided evidence that explaining the rationale of the session and what
would happen, before beginning, is a crucial way of ensuring the parents feel happy with the session. Sixteen respondents believed
other mothers and fathers would find the NBAS acceptable. The remaining eleven respondents, rather than thinking other parents
would find it unacceptable, said that they could not speak for other parents, some of whom might accept such a session and others of
whom might not. This served as a reminder for examiners not to assume a given parent finds all NBAS items acceptable, and trainees
were instructed to explain the content of the session to parents beforehand; ‘talk through’ certain items; watch for any signs of
discomfort in the parent; and invite comments and questions after the session. There were no apparent systematic differences in re-
sponses between mothers, fathers and grandparents.

2.2.3. NBAS item specific feedback

2.2.3.1. Habituation. Mothers and fathers (N = 22) provided item-specific feedback on the NBAS. For each item, they indicated
whether they rated it as positive, neutral or negative. Habituation items were rated as positive or neutral by most parents. One parent
rated the rattle and bell as negative; however, no further rationale was provided. Given that four respondents listed the bell or rattle
during sleep as their favourite item during the first part of the feedback session, and that the other 14 parents who saw this item gave
positive (N = 12) or neutral (N = 2) feedback, no adjustment was recommended. Three parents rated the light as negative, indicating
that light being shone in the face was ‘not good’, and one father (age 33 years) said that while he personally understood that the item
was being done in the name of research and he therefore accepted it, “elderly ones don’t want the light to be put on the face,” seeming
to point to a non-directly referenced cultural belief. As this was not corroborated by elders or other participants, and some had listed
this item as their favourite, it was retained and explained prior to the habituation items starting. No parent commented negatively on
the foot probe; however, one stated that “…when you used the probe on the foot, he moved, so that shows that the baby is well and very
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strong”. It also needs to be noted that NBAS trainees are typically instructed to demonstrate the probe on their own and the parent’s
hand, to show that it is not painful.

2.2.3.2. Motor/reflex items. Most parents rated the reflex and motor items as positive or neutral. Most items (specifically passive tone
in arms and legs; rooting and sucking; palmar, plantar, Babinski and ankle clonus; glabella; undressing; pull-to-sit; placing; standing
and walking; incurvation; crawl; tonic deviation (“spin”); cuddliness; defensive; tonic neck reflex; and Moro) received only positive or
neutral feedback. However, due to the frequent lack of suitable raised surfaces in participants’ homes, assessors were instructed to only
administer the pull-to-sit item where such a surface was available to minimise potential infant discomfort. Four items (undressing,
placing, crawling, defensive) received isolated negative responses. In the case of crawling, one parent commented that the infant’s
umbilical cord was not fully healed: “There is no problem except for that of [baby], his umbilical cord is big, so for him that is the only
problem when it comes to placing him on his tummy (Father, aged 55 years)”. Therefore, trainees were advised to be aware of the
umbilical stump when deciding whether to administer this item. For placing (stroking top of foot on bottom side of a surface to elicit
extension of the leg), one parent commented that “[She] feels some pain, that’s why she moved. (Mother, aged 18 years)”. This item
was however only administered to a small subset of infants (N = 4), due to the lack of even, raised surfaces with a soft ledge in many
compounds, which is needed to elicit the reflex. The training therefore emphasised checking any ledges every time to make sure there
was no danger of splintering and causing the infant pain, and if in doubt to use the NBAS manual as a make-shift surface to elicit the
reflex. Undressing and the defensive items were found to be most controversial. One father was explicit in his evaluation of the
undressing as negative, explaining: “…that one is not good because a newly born baby who is at this stage, not all the air is good for him
so that is why we wrap babies in 2 or 3 cloths to prevent the air from reaching them. That’s why to remove all the clothes is not good.
It’s just because it’s part of your work that I allowed you to do that.” (Father, aged 33 years). Based on this feedback, examiners were
instructed to ask if parents were happy to have the infant undressed, and to skip the item or administer the reflex items in a vest if worn.
The defensive item also elicited mixed feedback, with many parents asking for clarification prior to approving it (e.g., Mother, age 38
years: “That one, I don’t understand, why did you do that? [examiner explains]. It’s good.”; Mother, age 20 years “Why did you do
that? [examiner: To see his reaction –when the cloth is covering his eyes, what will he do? All babies are different, so it’s to observe, for
your child, if the cloth is placed there, what does he do?] There is no problemwith that also.”; Father, age 55 years “Putting the cloth on
his face, that is to make the child to be curious, so when you put the cloth on his eyes, do you see any action? [examiner: What I
observed is that when I put the cloth on the face, he shook his head.] Ok, there is no problem with that.”). These responses led to
examiners being instructed to provide an explanation when administering this item.

2.2.3.3. Orientation items and consoling manoeuvres. No negative feedback was given to the orientation or consoling items. However,
some parents took away from the session that the items assessed the infants’ hearing abilities. Examiners were thus instructed to make
explicit that this test could not provide diagnostic information on the infant’s hearing.

2.3. Study 1: Conclusion

Most items used in the NBAS were reviewed as positive or neutral by Gambian parents. Where negative comments were present, the
protocol was adjusted to either i) provide additional explanation on the rationale for an item (e.g., for habituation, defensive) to check
whether parents approved of the item’s administration (e.g., undressing); or ii) allow examiners to skip an item if faced with an
unsuitable environment (e.g., no suitable surface for pull to sit, placing reflex). Overall, the interviews emphasised the need to
communicate with caregivers prior to and during the assessment, and in addition to observe the infant and be aware of cues from
parents throughout. Another recurrent theme was that parents allowed certain actions to be performed specifically because they were
part of a research study. This emphasised the ethical responsibility of making sure all items administered were relevant and provided a
benefit to the participant or the wider community.

3. Phase 2: Implementation of the NBAS in the BRIGHT project

3.1. Method

3.1.1. Participants
For the Gambian site of the BRIGHT project, families were identified via the Demographic Surveillance System (DSS) with

interested families providing informed consent during an antenatal clinic visit to the MRC Keneba field station (www.lshtm.ac.uk/
research/units/mrc-gambia). Again, only Mandinka speakers were recruited. Participants were all residents of either the village of
Keneba or surrounding villages in West Kiang. For the UK site, families were recruited during antenatal clinic visits to the Rosie
Hospital, Cambridge University Hospitals NHS Foundation Trust. All families lived either in Cambridge or within a 20-mile radius.
Participant numbers and reasons for attrition are provided in the below in the results section, for a more detailed breakdown please
also see Lloyd-Fox, McCann, Milosavljevic, Katus et al., (2024).
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3.1.2. Measures

3.1.2.1. UK. NBAS. The NBAS (fourth edition, Brazelton & Nugent, 2011) was administered when infants were between the ages of
7–14 days. Three trained and certified administrators conducted the study visits in participants’ homes. After each session was run,
assessors discussed and scored the session, with regular supervision being provided by a trained senior staff member.

3.1.2.2. Gambia. NBAS. The NBAS (fourth edition, Brazelton& Nugent, 2011) was administered as determined by the pilot study. For
this phase of the study, two Gambian, Mandinka-speaking members of staff were trained and certified in the administration of the
NBAS prior to data collection commencing. Initially, a trained assessor supported newly trained staff on site. In absence of a local NBAS
trainer, staff video-recorded sessions as they completed their 20 practice assessments. These videos as well as their corresponding
scoring sheets were then reviewed by a UK-based trainer, and regular feedback was provided. Assessors were then certified after
submitting a final recorded session and individual scoring sheets.

Maternal and Infant perinatal factors. Maternal Pregnancy Anxiety. Pregnancy Anxiety was assessed during the third trimester via
the Pregnancy Related Anxiety Scale (PRAS; Rini et al., 1999), which consists of 10 items asking participants to rate how frequently
they had concerns about their pregnancy over the last few months, on a scale of 1–4 (“Not at all”-“A lot of the time”). Sum scores range
from 10 to 40. While other questionnaires assessing maternal mental health were administered in the BRIGHT project, recent psy-
chometric evaluation has highlighted the PRAS as the most robust in assessing maternal mental health, specifically pregnancy related
anxiety, in this setting (Milosavljevic et al., under review).

Maternal Anaemia.Maternal anaemia was assessed via haemoglobin (Hb) concentrations (g/dL) measured in the third trimester of
pregnancy from venous blood samples using a Medonic M-series 3- part Haematology Analyser (Boule Diagnostics AB, Sweden).
Mothers were classified as anaemic using a criterion of 10.0 g/dL as an indicator of anaemia. This is the cut-off used by the Gambian
healthcare system to administer treatment.

Infant gestational age and birthweight. Infant gestational age was estimated by ultrasound assessment at the antenatal booking scan.
Infant birthweight was recorded during a neonatal examination within 72 hours of birth.

Fig. 2. Visualisation of the Lester model (top) corresponding to six original NBAS subscales; and modified model by Barbosa et al. (2018, bottom),
including second-order Self-Organising System factor and deletion of highlighted items.
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3.1.3. Procedure
The NBAS was administered when the child was 7–14 days of age. This age band was applied in both the UK and the Gambian

cohorts, however it was informed by cultural practices in The Gambia which stipulate that the newborn should be strictly kept in the
house with the mother for the first seven days of life (O’Neill et al., 2017). Assessments were conducted in participants’ homes by two
certified NBAS examiners, with one acting as an administrator and the second as an observer, in the presence of at least one caregiver.
In The Gambia, the sessions were also videotaped by a village assistant or a third member of the research team. Observers took notes on
an observation sheet and supervised the filming of the examination. Administrators filled in their own observation sheet at the end of
the session. Both examiners completed the scoring form independently before completing a joint scoring form which was used as the
final version. Any discrepancies were resolved by discussing observation sheets or consulting the session video.

3.1.4. Statistical analyses
Prior to analyses, items with mid-range or lowest optimal score were re-coded according to the NBAS manual (Brazelton& Nugent,

2011). Additionally, before recoding, Lability of State items scored as “null” due to infant remaining in one state throughout the
examination (19 cases in the Gambian cohort) were assigned a raw score of 1 (corresponding to “1–2 state changes” in the manual) to
aid data retention (Supplementary Table A). As per other factor analytic studies (e.g., Azuma et al., 1991), items examining newborn
reflexes were not used in the current analyses. Statistical analyses were carried out in R, using the Lavaan 0.6.15 (Rosseel, 2012)
package. To examine the factor structure of the NBAS we conducted CFA of two models: first, we fit the Lester factors (Fig. 2) cor-
responding to the subscales of habituation, orientation, motor system, state organisation, state regulation, and autonomic stability to
our data separately per cohort.

Table 2
Item Level Scores Across the Gambia and the UK. Two-sample t-test significance shown for Benjamin-Hochberg corrected p values to control the false
discovery rate (FDR) (α = 0.05). *p < .05, * *p < .01, * **p < .001.

Item Gambia (N¼154) UK (N¼58)

N Mean (SD) N Mean (SD) t-statistic

Habituation     
Light 28 4.89 (3.49) 24 6.17 (2.76) −1.47
Rattle 39 5.79 (3.22) 23 6.65 (2.31) −1.22
Bell 27 6.78 (2.58) 19 6.53 (2.27) 0.35
Foot Probe 22 6.73 (2.25) 15 6.87 (2.56) −0.17

Social Interactive/Orientation     
Animate Visual (Face) 150 4.61 (2.19) 52 4.83 (2.37) −0.59
Animate Visual Auditory (Face & Voice) 146 4.83 (2.18) 47 5.43 (2.23) −1.60
Inanimate Visual (Ball) 146 5.16 (2.55) 40 5.10 (2.48) 0.14
Inanimate Visual Auditory (Rattle) 148 5.98 (2.45) 34 5.41 (2.52) 1.19
Inanimate Auditory (Rattle Side) 147 5.67 (2.14) 35 5.11 (2.32) 1.28
Animate Auditory (Voice Side) 144 5.18 (1.91) 37 4.92 (2.43) 0.61
Alertness 151 5.30 (1.70) 52 5.38 (2.54) −0.21

Motor System     
General Tone 154 5.84 (0.46) 58 5.74 (0.55) 1.19
Motor Maturity 153 7.24 (0.84) 57 5.95 (0.67) 11.56 * **
Pull-to-Sit 148 4.18 (2.08) 41 5.46 (1.82) −3.89 * **
Defensive Movements 149 6.44 (2.13) 34 5.38 (2.20) 2.55
Activity Level 153 4.35 (0.52) 58 4.36 (0.83) −0.08

State Organisation     
Peak of Excitement 154 4.41 (0.70) 58 3.83 (1.26) 3.33 * *
Rapidity of Build-up 153 2.24 (1.87) 57 2.91 (1.89) −2.31
Irritability 154 4.80 (1.79) 58 4.76 (1.94) 0.14
Lability of States 154 2.53 (1.64) 57 3.56 (1.44) −4.47 * **

State Regulation     
Cuddliness 148 4.43 (1.69) 50 5.50 (1.53) −4.18 * **
Consolability 52 3.88 (1.68) 38 3.71 (1.96) 0.44
Self-Quieting 91 3.26 (1.90) 49 3.41 (1.99) −0.42
Hand-to-Mouth 154 5.52 (1.92) 56 5.05 (2.50) 1.27

Autonomic System     
Tremulousness 154 7.97 (2.07) 58 7.67 (2.15) 0.92
Startles 142 7.60 (0.67) 32 7.50 (0.80) 0.65
Lability of Skin Colour 152 4.96 (0.23) 58 4.21 (0.93) 6.09 * **

Smiles 154 0.79 (1.22) 57 0.58 (1.32) 1.03
Supplementary Items     

Quality of Alertness 154 5.67 (1.78) 58 4.72 (2.38) 2.75
Cost of Attention 153 6.73 (1.18) 58 5.21 (1.82) 5.89 * **
Examiner Facilitation 154 5.97 (1.26) 58 4.91 (2.11) 3.60 * *
General Irritability 154 6.66 (1.41) 58 5.26 (2.23) 4.47 * **
Robustness and Endurance 153 6.46 (1.44) 58 4.71 (1.96) 6.18 * **
State Regulation 109 6.97 (0.75) 57 5.86 (2.13) 3.83 * *
Examiner’s Emotional Response 153 7.62 (1.22) 58 7.38 (1.62) 1.03
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We then examined the second-order modified factorial model introduced by Barbosa et al. (2018, Fig. 2), which in addition to the
above factors included a second-order factor on self-organisation, as well as the deletion of five items from their corresponding
subscales specifically: foot probe (habituation subscale), motor maturity and defensive manoeuvre (motor system subscale), rapidity of
build-up (state organisation subscale) and cuddliness (state regulation subscale) as these were found to lead to poorer model fit in
Barbosa et al.’s analyses. We then assessed the fit of both models. Model fit was considered satisfactory with a Comparative Fit Index
(CFI) of> 0.90, a Tucker Lewis Index (TLI) of> 0.90 and a Root Mean Square Error of Approximation (RMSEA) of< .05 (Brown 2015;
Hu & Bentler 1999). For the best fitting model, we extracted latent factor scores for subsequent analyses. We first examined associ-
ations between factor scores and individual items of the Supplementary subscale, to assess to what extent our factor model showed
congruence with examiners’ qualitative impressions of the infant’s behaviour during the session. We then examined the perinatal
factors of infant birthweight and gestational age, as well as maternal anxiety and anaemia and their association with NBAS factor
scores to assess their relevance in predicting neonatal responses in context of rural Gambia, and to provide an insight into the potential
mechanisms associated with early neonatal behaviour and mental health.

3.2. Results

3.2.1. Sample characteristics
For full details on the two study cohorts please see (Lloyd-Fox, McCann, Milosavljevic, Katus et al., 2024). In The Gambia, 204

families were recruited and eligible at birth. Of these, N = 154 participated in the NBAS, with data missing due to mothers travelling to
other parts of the country for the birth and participants being missed within the permissible age bracket. Infants had a mean age of 12.4
days (SD=4.1 days). Maternal average parity was 4.43 (SD=2.37).

In the UK, 61 families were recruited and eligible at birth. Of these, 58 participated in the NBAS, with missing data being due to
participants not being seen within the permissible age bracket. Infants on average were 12.2 days (SD=3.3 days). Maternal average
parity was 1.19 (SD=0.4).

As discussed in more detail in (Lloyd-Fox, McCann, Milosavljevic, Katus et al., 2024), the target cohort sizes (The Gambia n = 200,
UK n = 60,) were based on other measures implemented as part of this project, specifically previous infant fNIRS and EEG studies.
These indicated that sample sizes from 20 (moderate effect size) to 42 (small effect size) were sufficient to determine regions of
significant cortical brain activation in response to stimuli. The Gambian cohort was designed to be larger to allow within-cohort sub-
group comparisons and individual differences analyses; for example, grouping by growth trajectories (mild, medium and severe
markers of undernutrition) on the assumption that approximately 25–30 % of the cohort would be stunted (z-score of length-for-age<

2 standard deviations below the WHO reference) by two years of age (Nabwera et al., 2017).

3.2.2. NBAS Item Level Scores Across UK and Gambia
Significant between-site differences were discovered between infant scores for seven main items and six supplementary items

(Table 2). At both sites, the items that depend on an infant being in a particular state, (e.g., asleep for the response decrement items or
crying for consolability), had the largest proportion of missing data. Despite the UK site having fewer missing data than the Gambian
site (approximately 65 % of UK infants hadmissing data across the response decrement items compared with 80 % of Gambian infants)
the UK cohort was too small for robust model estimation. Hence, subsequent factor analytic approaches were performed solely on the
Gambian cohort.

Item-level analyses showed pronounced differences in scoring between the UK and Gambian study sites (Table 1). Specifically,
motor maturity, peak of excitement, and lability of skin colour were rated higher in the Gambian cohort, whereas higher scores were
seen in the UK on pull-to-sit, lability of states, and cuddliness. Further, there were systematic differences on the supplementary

Fig. 3. Final model applied in current study: In line with Barbosa et al. (2018), a second- order Self-organising System factor was included, and
items of foot probe (habituation subscale), motor maturity and defensive manoeuvre (motor system subscale), rapidity of build-up (State--
Organisation subscale) and cuddliness (state regulation subscale) were omitted. Further, due to large proportions of missing data, the habituation
subscale was omitted.
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subscale, with five out of the seven items (cost of attention, examiner facilitation, general irritability, robustness and endurance, and
state regulation), being rated higher in the Gambian cohort. In part, these differences underscore a qualitative observation made by
examiners from each study sites which emphasise that infants in the Gambia required more stimulation to respond, were sleepier, and
show fewer state changes throughout the session. Furthermore, some items, such as changes in skin colour, may be harder to assess
under varying lighting conditions in participants’ homes. While we anticipated that skin colour changes may be harder to observe on
darker skin tones, examiners flagged primarily that a lack of electrical lighting in many participants’ homes made skin colour changes
more difficult to observe reliably.

3.2.3. Confirmatory Factor Analysis
Within the Gambian cohort, we conducted CFA using the original six Lester factors (Fig. 1). A good model fit was not achieved

(CFI=.555, TLI=.494, RMSEA=.093). Fitting the Barbosa et al. (2018) model led to slight improvements in the model fit indices,
though model fit overall was still poor (CFI=.677, TLI=.633, RMSEA=.080). Upon further inspection of the raw data as well as
model-modification indices, it became apparent that large proportions of missing data within the habituation subscale were the
primary cause for poor model fit. For this reason, the subscale was removed from analyses, and the CFA rerun. Using this approach,
both the original Lester model (CFI=.917, TLI=.904, RMSEA=.036) as well as the Barbosa model (CFI=.958, TLI=.951, RMSEA=.028)
yielded excellent fit indices. Due to providing the best fit as well as the conceptual importance of including the second-order Self--
Organising System factor, the model by Barbosa et al. (2018) with omission of the habituation subscale was taken forward for further
analyses (Fig. 3).

Fig. 4. Correlation matrix (two-tailed Pearson correlations) between the CFA factor scores and NBAS supplementary items (prior to re-coding,
N = 154, FDR corrected), *p < .05, * *p < .01, * **p < .001.
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Factor scores were extracted for the five factors mapping onto the corresponding subscales (Social Interactive, Motor System, State
Organisation, State Regulation, Autonomic System) and for the second-order Self-Organising System factor.

3.2.4. Association of factor scores with Supplementary Items
To assess whether CFA factor scores showed agreement with the examiner’s more qualitative impressions of the infant’s behaviour

during the NBAS session, we examined Pearson correlations between the factor scores and the NBAS supplementary items, which do
not typically feature in factor analytic approaches of the scale. Results of the correlations (corrected for multiple comparisons via false-
discovery rate correction (FDR, Benjamini & Hochberg, 1995)) are visualised in Fig. 4.

The Social Interactive and Self-Organising System factors were positively correlated with all items from the Supplementary sub-
scale. An opposite pattern was observed for the Autonomic System and State-Organisation subscales, which showed a pattern of
negative correlations with the Supplementary items, due to being negatively scored (i.e., higher scores indicating poorer performance).
The factor scores for the Motor System and State Regulation subscales showed few associations with the Supplementary items. This
may, in part, be accounted for by the fact that despite suggesting a close link to specific NBAS subscales by name (e.g., State Regulation
Supplementary Items and State Regulation subscale), what is being measured as part of the supplementary scale is an independent
examiner impression rather than an additional item belonging to the specific scale.

3.2.5. Associations with maternal and infant perinatal factors
Descriptive statistics for infant (birthweight, gestational age) and maternal (antenatal anxiety, anaemia) factors are summarised in

Table 3.
To assess associations between infant (birthweight, gestational age) and maternal (antenatal anxiety, anaemia) factors and NBAS

factor scores, we examined Pearson correlations between the NBAS factor scores (Social Interactive, Motor System, State-Organisation,
State Regulation, Autonomic System, Self-Organising System) and infant birthweight, gestational age at birth and maternal antenatal
anxiety. FDR-corrected results can be seen in Fig. 5.

Some associations between perinatal risk factors and NBAS factor scores were observed: most consistently, these were seen in
relation to the Social Interactive factor and the Self-Organising System Factor. Associations were found between the Social-Interactive
factor and pregnancy anxiety, gestational age at birth and birthweight. For the Self-Organising system, associations were seen with
pregnancy anxiety, gestational age at birth and birthweight, with birthweight not surviving correction. Pregnancy anxiety was
negatively associated with the two NBAS factors, with higher anxiety being associated with lower NBAS scores, whereas positive
associations were seen for all other significant correlations.

Further, factor scores were compared via independent t-tests for anaemic vs non-anaemic mothers. No significant differences were
seen for any NBAS factor and maternal anaemia (p all >.174).

4. Discussion

While inclusion of a more diverse set of populations in neonatal developmental research was proposed over 20 years ago (Sander,
2000), assessment measures of newborn behaviour implemented in low-and middle-income settings remains scarce. Our study con-
tributes to bridging this gap by examining the utility of the NBAS in rural Gambia, West Africa.

Our pilot study yielded valuable insights into the acceptability and feasibility of implementing the NBAS in this rural sub-Saharan
African context. Most mothers, fathers, and grandparents expressed positive or neutral feedback regarding the session, suggesting
overall acceptability and underscoring the cross-cultural utility highlighted in prior research. Findings emphasized the importance of
clear communication, pre-session explanation, and sensitivity to parental comfort. Analysis of item-specific feedback provided further
insight into the adaptation process. Namely, habituation items (particularly to light), raised concerns among some participants and
were thus introduced with special care. Additionally, challenges related to specific motor and reflex items, including pull-to-sit and
placing manoeuvres, necessitated adjustments and, in some cases, omission where the home environment did not offer a suitable set-
up. One recurring theme throughout the pilot study was the recognition that parents permitted certain actions only as being part of a
research study, underscoring examiners’ ethical responsibility toward caregivers’ degree of comfort while conducting assessments.

Building upon the insights from the pilot study, the BRIGHT project extended the investigation to a larger cohort in The Gambia and
the UK. While a thorough evaluation of the NBAS’ psychometric properties in the UK cohort was precluded by limitations in sample
size, item level comparisons of raw scores provide some insight into specific differences across the sites: we saw some systematic
differences in items primarily relating to infants’ propensity to change andmaintain different states, as well as the degree to which they
required an examiner’s support to be able to show a specific behaviour, with Gambian infants overall showing fewer state changes and

Table 3
Descriptive statistics of maternal and infant factors.

Gambia (N¼154)

N Mean (SD)

Birthweight 129 3.061 (.340)
Gestational age at birth 152 39.799 (1.803)
Antenatal Anxiety 132 12.5 (3.783)
Maternal Haemoglobin 131 10.951 (1.171) (18 % anaemic)
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a greater degree of examiner facilitation throughout the session. It needs to be noted that without further psychometric evaluation of
these differences it is unclear whether they represent a true mean-level difference or merely a systematic difference in how admin-
istrators made use of the scoring criteria. While administration was standardised to a high degree, such a confounding effect cannot be
ruled out.

Factor analysis within the larger Gambian cohort aimed at affirming the factor structure of the NBAS. The adaptation of the model
by Barbosa et al. (2018), including its added second-order Self-organising Factor), with the omission of the habituation subscale,
necessitated by large proportions of missing data, led to an excellent model fit. This highlights the by-now recurrent finding that, other
than the individual subscale-scores, an overarching construct of an infant’s ability to self-regulate may be needed to capture all
variance seen in NBAS scores (Barbosa et al., 2018, McCollam et al., 1997). Validating this partially data-driven approach, we found
consistent positive associations between the NBAS factor scores for social orientation and the second-order Self-Organising factor, as
well as a reverse pattern for the negatively coded factors of State Organisation and the Autonomic System, and examiners’ more
qualitative impressions of the session via NBAS supplementary items. However, no such associations were found for the NBAS factors
of state regulation and motor system, which cautions against treating the supplementary items as mere additional items for these
subscales. Finally, we assessed the relationship betweenmaternal and infant perinatal factors and the NBAS scores. Themost consistent
associations were found with the Social Interactive factor (specifically with pregnancy anxiety, gestational age at birth and birth-
weight), as well as the Self-Organising System factor and pregnancy anxiety and gestational age at birth. With most prior work in the
domain of maternal mental health focussing on links with depression, our finding adds to the limited literature of how anxiety relates
to neonatal outcomes that warrants further investigation. Regarding birthweight, we found that higher birthweight was associated
with Social Interactive factor scores; however, the associations with the Self-Organising system factor did not survive statistical
correction.

These findings are in line with prior research, highlighting the impact of poor maternal mental health on NBAS/NBO scores, with
effects for the social-interactive cluster being most reported (Gressier et al., 2020; Osborne et al., 2022, Zhang et al., 2020). Since only a
minority of studies to date include a second-order factor, our association with such an outcome measure has less precedence in
published literature but does warrant further investigation. While preterm birth and small size for gestational age have been high-
lighted as risk factors for poorer performance on the NBAS (e.g., Greene, Fox, Lewis, 1983, Alvarez-Garcia et al., 2015, Figueras et al.,
2009), our data only partly corroborates this, by showing strongest links between gestational age at birth and birthweight with the
social interactive factor score.

We did not, however, find associations between the remaining NBAS factors (motor system, state organisation, state regulation and
autonomic system) and maternal anxiety, gestational age, birthweight or maternal anaemia. Indeed, contrary to prior research
indicating lower NBAS scores in infants of iron-deficient mothers (Hernández-Martínez et al., 2011), maternal anaemia did not show
an association with any NBAS factor scores in our study. This may in part be due to relative protective mechanisms to maximise the

Fig. 5. Correlation matrix (two-tailed Pearson correlations) between the NBAS CFA factor scores and maternal/infant perinatal factors (N = />129,
FDR corrected), *p < .05, * *p < .01, * **p < .001.
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foetal endowment of iron, which ensure that, even in contexts of severe iron deficiency, a foetal supply is maintained meaning iron
deficiency and its associated neurodevelopmental consequences may not manifest until later on (Domello et al., 2014).

In summary, our findings highlight a pattern by which those factors that do show an association with NBAS outcomes (specifically
pregnancy anxiety, gestational age at birth and, to an extent, birthweight) have their primary impacts on the social-interactive re-
sponses, as well as the overall self-regulatory abilities of the infant. These results warrant further follow up of maternal and infant risk
factors across associated developmental delays beyond the newborn period, as well as a closer examination of the long-term predictive
utility of neonatal social and self-regulatory abilities across infancy and early childhood.

4.1. Strengths and Limitations

While our study contributes to the understanding of NBAS applicability in diverse settings, certain limitations should be
acknowledged. The exclusion of the UK cohort from follow-on analyses due to missing data emphasizes the challenges associated with
obtaining robust results from data reduction techniques. Further, missing data on the habituation subscale of the NBAS even in the
Gambian sample highlights that where indices on specific subscales are of particular relevance, strategies of optimising testing pro-
tocols so that these responses can be obtained more easily should be implemented (e.g., where habituation is a key outcome, infants
wherever possible should be seen at a time when they are more likely to be asleep at the beginning of the session).

There also are a range of notable strengths: first, assessments in Phase 2 were carried out by trained local researchers highly familiar
with the context and therefore able to relate to families participating in the study. This approach necessitated a remote training
protocol, which we were able to successfully implement, and this could be applied for other research desiring local researchers to
utilise the NBAS in settings without a training centre. Lastly, our partly data-driven approach made fewer assumptions about the
generalisability of newborn behaviour across settings, and resulting models may represent a useful data reduction method for future
cross-cultural work.

4.2. Conclusion

In conclusion, our study responds to the need of expanding research on neonatal behaviour to encompass diverse global pop-
ulations. The successful adaptation and implementation of the NBAS in rural Gambia underscores the potential for such standardised
assessments to contribute to this gap in research. Our findings demonstrate that the NBAS can be introduced sensitively across diverse
settings, while also highlighting the scales’ utility in making research on newborn behaviour and infant mental health more inclusive
and globally relevant. The insights gained pave the way for future studies seeking to understand the interplay between cultural
contexts, perinatal factors, and early neurobehavioural development.
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