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Introduction: This study aimed to investigate the relationship between prenatal, perinatal, and postnatal risk factors for neurodevelopmental impairment (NDI) with the outcomes of General Movement (GM) Assessment (GMA) in pre-term infants at 3–5 months of age. We sought to identify the risk factors associated with the predictors of psychomotor development in pre-term newborns, such as normal fidgety movements (FMs), absent FMs, or abnormal FMs, assessed during the fidgety period of motor development.

Methods: The SYNAGIS program (prophylactic of Respiratory Syncytial Virus Infection) was used to identify risk factors for the development of neuromotor deficits in 164 pre-term infants who were at high risk of developing these deficits. Based on the GMA, all participants were divided into three groups of infants who presented: (1) normal FMs; (2) absent FMs; and (3) abnormal FMs.

Results: The results of the current study suggest that abnormal GMs not only indicate commonly known factors like birth asphyxia (BA), respiratory distress syndrome (RDS), periventricular leukomalacia (PVL), intraventricular hemorrhage (IVH) grades 3–4, but also predict the development of motor impairments. In the present study, several specific risk factors including bronchopulmonary dysplasia (BPD), infertility treatments, maternal acute viral/bacterial infections during pregnancy, and elevated bilirubin levels were identified as attributes of an atypical fidgety movement pattern.

Conclusions: Additional clinical data, such as risk factors for NDI associated with early predictors of psychomotor development in pre-term newborns, i.e., absent or abnormal FMs, may be helpful in predicting neurological outcomes in pre-term infants with developmental concerns in the 1st month of life.
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Introduction

Over the past 30 years, there has been a decrease in mortality among pre-term infants with low and very low birth weights, as well as a relative increase in the incidence of cerebral palsy (CP) in this population compared to term-born children (1, 2).

Advances in perinatal care allow most pre-term babies to survive; however, they are at increased risk of neurodevelopmental impairment (NDI) including the impairment of motor, sensory, and cognitive function (3–7). There is also a significantly higher percentage of perinatal damage to the central nervous system (CNS), leading to the development of CP, among others (8, 9). The incidence of CP in the premature infant population is relatively low (the mean prevalence of ~10%); however, the risk of other less severe motor difficulties, such as minor neurological dysfunction (MND), including impaired developmental coordination or sensory integration, is definitely higher (10). Pre-term infants are also often at higher risk of autism spectrum disorders and attention deficit hyperactivity disorder (ADHD) than full-term infants (11).

Most medical experts propose that NDI (including CP) is multifactorial in origin and occurs through a series of occurrences usually referred to as a risk factor. Because risks factors can occur during pregnancy and delivery, they are usually classified as (1) prenatal, (2) perinatal, and (3) postnatal risk factors (4–7). Prenatal risk factors are concerned with risks during pregnancy, i.e., before birth. Maternal pregnancy risk factors, risk of miscarriage, and predisposing intrauterine factors are the most common prenatal risk factors that can lead to NDI (6, 7). Perinatal risk factors define risk at delivery and include types of childbirth and delivery methods, labor and delivery complications, and childbirth complications. Several risk factors can increase a child's chances of developing NDI after birth (5, 6). Postnatal risk factors for NDI include birth asphyxia (BA), respiratory distress syndrome (RDS), bronchopulmonary dysplasia (BPD), periventricular leukomalacia (PVL), and intraventricular hemorrhage (IVH) grades 3–4 (6, 7).

The prognostic value of risk factors is essential for developmental outcomes; however, some important risk factors that are well-established in the literature may not always be statistically significant in a particular data set.

Recognition of early symptoms of later development of NDI in infancy (up to the 3rd month of life) using diagnostic methods is also challenging. General Movement (GM) Assessment (GMA) developed by Prechtl is currently one of the leading methods to identify neurological issues that may result in NDI (12–16). Among various GMs, fidgety movements (FMs) have the greatest prognostic value (12–14). Infants with normal FMs at 9–20 weeks of post-term age are more likely to have normal neurological development, whereas the absence of FMs at 3 months of post-term age is a strong predictor of an adverse neurological outcome (12–14). Absent FMs over 20 weeks of post-term age predict the development of CP by the age of 2 years, with a sensitivity of 90–98% and specificity of 90–94% in infants who were at high risk of motor impairment (17). Furthermore, the presence of abnormal FMs instead of normal FMs can be considered to be highly predictive of mild motor dysfunction and related to the presence of complex MND (18).

In general, GMA is used in academic settings to predict developmental outcomes in pre-term infants, while most pre-term infants are referred to non-academic outpatient centers (19). Therefore, additional clinical data, such as risk factors associated with atypical GMs, may help predict neurological outcomes in pre-term infants with developmental concerns in the 1st month of life. The relationship between the outcomes of GMA and premature birth (19, 20), perinatal brain lesions (20), and CP (21) has been analyzed in previous studies. Most of them confirmed that the presence of atypical GMs in the clinically relevant forms, such as definitely abnormal (DA) GM-complexity and/or absent FMs (according to the two variants of GMA), is associated with low gestational age at birth and thus a low birth weight (< 2,000 g) of infants (19–22).

Recently, several studies have investigated the association of the outcomes of both GMA, namely global (original Prechtl's method) and detailed GMA with several prenatal, perinatal, and socio-economic characteristics in the pre-term infant population. Current evidence suggests that absent FM patterns are primarily associated with the postnatal period of pre-term infants (23, 24), while maternal pregnancy risk factors are correlated to infants who present FMs, only in abnormal clinical forms (25, 26). Although the abovementioned studies indicated a few risk factors associated with the development of GMs, these findings were based on small samples from 20 to 80 infants; of these only 1–10% presented atypical GMs. According to the review findings mentioned above, there is insufficient information on the relationships between the presence of early identification of risk factors in infants and the outcomes of GMA, mainly absent FMs, which are sensitive predictors of the nature of NDI in premature babies.

Therefore, this study aimed to investigate the relationship between prenatal, perinatal, and postnatal risk factors for NDI with atypical FMs in a representative sample of pre-term infants at high risk of developing NDI. This study also aimed to identify specific risk factors associated with atypical FMs, such as absent FMs, and abnormal FMs, assessed during the fidgety period of motor development, i.e., at 3–5 months of age. Taking into account the results of previous studies, we hypothesized that (1) most of the significant risk factors related to absent FMs were associated with the postnatal period and (2) most of the significant risk factors related to abnormal FMs were associated with maternal pregnancy risk factors.



Materials and methods

The study was approved by the Bioethical Committee of the Medical University of Silesia in Katowice under resolution No. KNW/0022/KB1/148/14, and informed consent was obtained from each participating family. The study is in accordance with the Helsinki Declaration. Parents of all children provided written informed consent before study enrolment and data collection.

Risk factors for the development of neuromotor deficits were analyzed in 164 pre-term infants with brain ultrasound abnormalities, who were under the care of the local Neonatal Counsel Clinics of Public Clinical Hospitals and qualified for the SYNAGIS program (prophylactic of Respiratory Syncytial Virus Infection) (Table 1). They participated in our previous research project on the characterization of a new posturometric test in terms of design, construct validity, and repeatability for the detection of postural control disturbances in pre-term children.


TABLE 1 Characteristics of children included in this study.
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Inclusion criteria for this study were as follows: (1) infants with a gestational age at birth between 25 and 32 completed weeks; (2) presence of brain ultrasound abnormalities; (3) clinical stability; and (4) approval of the examination by legal guardians. The most frequent ultrasonogram (USG) abnormalities included IVH grades 3–4, PVL grades 3 (extensive periventricular cystic lesions) and 4 (extensive cystic lesions in the deep white matter) as well as periventricular venous infarction and posthemorrhagic ventricular dilation.

Participation was excluded if they had an infection or inflammation during an examination or if they had major congenital anomalies and genetic syndromes.

To classify the participants into one of the three groups of infants: (1) with normal FMs; (2) with absent FMs; and (3) with abnormal FMs, Prechtl's method of qualitative assessment of GMs, which consisted of the video recording of GMs and GM assessment, was used.

A video recording of GMs involved filming the infant's spontaneous activity at 3 months of corrected age, according to the standard methodological principles of Prechtl's method (12–14). Three examples of GMs (at the corrected age of 12, 13, and 14 weeks) that lasted long enough to be observed and analyzed were copied and recorded separately. This resulted in an individual GM video lasting between 3 and 5 min for each period of assessment per participant.

Each video was assessed by three independent observers—physiotherapists who only knew the corrected age of the infant and had no knowledge of the risk factors for infants who participated in this study. Two of them were certified by Prechtl's method of GMA trust at a basic level and the third at an advanced level.

First, Gestalt perception was used to distinguish whether the movement pattern was a valid normal FM or an atypical FM pattern. When atypical FMs were recognized, their nature was determined and classified as absent or abnormal FMs. Both main observers independently assessed the videos. In case of disagreement with the assessments of main observers, the third observer assessed and classified the GMs.

An analysis of risk factors was conducted based on information obtained from hospital medical records. The authors developed a questionnaire for data collection (Supplementary Tables 1–3).

The questionnaire was divided into four sections. The first section collected birth data, such as gestational age, birth weight, Apgar score at 5 min, maternal age and the length of stay in the hospital, as well as the Neonatal Medical Index (NMI). The second section discusses prenatal risk factors, i.e., predisposing intrauterine factors, and the third section contains information on delivery and childbirth complications (perinatal risk factors). The fourth section discussed postnatal risk factors, i.e., neonatal complications (Supplementary Table 1).


Statistical analysis

All statistical analyses were performed using the software package SPSS v 26.0 (IBM Corp., Armonk, NY, USA). The normality test using the Shapiro–Wilk's test was conducted on collected parametric data, which included gestational age, birth weight, Apgar score at 5 min, maternal age and the length of hospital stay, and NMI. Descriptive statistics were used to calculate the median, interquartile range, and lower and upper quartile values. Values of frequency of occurrence of particular risk factors were expressed as percentages in a contingency table.

Spearman's rank correlation coefficient (Spearman'sρ) was used to assess the correlation between gestational age, birth weight, Apgar score, maternal age, the number of overall risk factors, and particular prenatal, perinatal, and postnatal risk factors. A corrected age, calculated from the expected birth date and assessment date, was used for all infants and was rounded to weeks. Only the correlation rates (p < 0.05) were considered to be statistically significant. Correlation rates were calculated according to Altman recommendations: rs < 0.2, poor; 0.21–0.4, low; 0.41–0.6, moderate; 0.61–0.8, high; and 0.81–1, very high.

To investigate the relationship between associated risk factors and predictors of psychomotor development such as normal FMs, absent FMs, and abnormal FMs, a series of chi-squared tests (χ2-tests) were performed for each risk factor. The strength of associations between risk factors and GM patterns was presented using the odds ratio with a 95% confidence interval (CI). For this purpose, the GM movement pattern was recoded as a nominal variable with two values (normal FMs/atypical FMs). The FM pattern was coded as normal, absent FMs as atypical, and abnormal FMs as atypical. First, the association between normal and absent FMs was tested followed by the association between normal and abnormal FMs.

To deepen the statistical inference, logistic regression analysis was performed. The dependent variable, movement pattern, was coded as 0—normal FMs, 1—absent FMs, and 2—abnormal FMs. Risk factor variables were introduced into the model as independent variables. In all the statistical tests used, test values and coefficients with values of p < 0.05 were considered significant.




Results

Demographic characteristics of participants' gestational age, birth weight, Apgar score at 5 min, maternal age and the length of hospital stay, and NMI are presented in Table 1. Hence, demographic data for the study population were typical for the population of premature infants considered in previous studies (2, 27). Thanks to this, it is results obtained with other studies will be much easier.

Based on the GM assessment, all participants were divided into three infant groups:

(1) with normal FMs (n = 95; 58%),

(2) with absent FMs (n = 41; 25%), and

(3) who presented abnormal FMs instead of normal FMs (n = 28; 17%).

Table 2 illustrates the demographic data for the three groups of examined newborns.


TABLE 2 Characteristics of children included in an individual subgroup.
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The inter-scorer agreement of stratification between normal and absent FMs was perfect and reached 100%; however, the recognition between normal and abnormal FMs did not show full agreement between observers and inter-scorer agreement ranged from 80 to 87%.

The relationship between gestational age, birth weight, Apgar score, maternal age, and the number of overall risk factors, in particular prenatal, perinatal, and postnatal risk factors is shown in Table 3.


TABLE 3 Spearman's rank correlation coefficient (Spearman's ρ).
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A series of chi-squared tests were used to investigate the relationship of particular risk factors for NDI (prenatal, perinatal, and postnatal) with predictors of psychomotor development in pre-term newborn, namely, normal FMs, absent FMs, and abnormal FMs.

The results of the analysis of the dependence of perinatal risk factors on the occurrence of a particular pattern of GMs did not reveal statistically significant relationships (all p > 0.01; Table 4). The only exception there was the delivery method. The results indicated that more than 56% of children with an absent FM pattern had deliveries other than normal vaginal [mainly cesarean delivery (C-section)] and the management of complications during labor, while children with normal and abnormal FMs presented a significantly higher percentage of normal vaginal delivery (91.6 and 71.4%, respectively).


TABLE 4 Chi-squared distribution table for the association between postnatal risk factors and a particular general movement (GM) pattern.
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Analysis of the frequency of occurrence of risk factors in a subgroup of children with absent FMs reported that the majority of the significant risk factors related to a pattern of absent FMs were associated with a postnatal period (Table 4). They were BA, BPD, PVL, and IVH grades 3–4 (Tables 4, 6). The highest percentage of children with BA had a pattern of absent FMs (90.2%), while in the remaining subgroups BA was significantly rare: 63.2% with normal FMs and 57.1% in children with abnormal FMs (Table 4). Children classified as absent FMs also experienced PVL significantly (53.7%) than the other two subgroups (18.9 and 17.9%, respectively) (Tables 4, 6). Moreover, a significant dependency between GM patterns and IVH grades 3–4 was observed. Only children with absent FMs experienced intraventricular bleeding (Tables 4, 6).

In this group of children, there was also a significant dependence between an absent FM pattern and prenatal risk factors, such as pre-disposing intrauterine factors (mostly fetal growth restriction) and maternal infections during pregnancy (Tables 5, 6). Children with absent FMs patterns were born by pregnancies with fetal growth restriction (53.6%) and infections such as toxoplasmosis, rubella, cytomegalovirus, and herpes (87.8%) during pregnancy, compared to children with normal and abnormal FMs (Tables 5, 6).


TABLE 5 Chi-squared distribution table for the association between prenatal risk factors and a particular GM pattern.
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TABLE 6 Associations of risk factors with atypical GMs.
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Analysis of the frequency of occurrence of risk factors in children with abnormal FMs presented that most of the significant risk factors were related to prenatal risk factors (Tables 5, 6). Chi-squared test results confirmed that maternal pregnancy risk factors such as infertility treatments and maternal acute viral/bacterial infections during pregnancy, occurred significantly more frequently in this group of children than in the other two groups (Tables 5, 6). In comparison to the other subgroups (17.9 and 48.9%, respectively), children classified as abnormal FMs had a higher prevalence of BPD (71.4%) (Tables 5, 6). In addition, more than half of infants with abnormal FMs were observed to have elevated bilirubin levels, while ~90% of infants with other GM patterns were not confirmed by this factor (Tables 4, 6).

The results of the analysis of the dependence of other prenatal, perinatal, and postnatal risk factors on the occurrence of a specific GM pattern showed no statistically significant relationships (all p > 0.01). A logistic regression analysis showed no significance of the regression model χ2(1) = 1.60; p = 0.206.



Discussion

The present study sought to identify risk factors associated with atypical FMs, which have been widely recognized as reliable predictors of psychomotor developmental disorders in pre-term newborns. The obtained findings seem to confirm that risk factors suspected of influencing particular atypical FMs, such as absent FMs and abnormal FMs instead of normal FMs in pre-term infants at 3–5 months of age, can be identified (Tables 4, 6).

In our sample including infants with a pattern of absent FMs, most of the significantly related risk factors were primarily associated with the postnatal period of pre-term infants; however, they have also experienced an impact on some of the prenatal risk factors (Tables 5, 6). Infants having postnatal risk factors such as BA, PVL, and IVH grades 3–4 had a higher risk of occurrence of absent FMs than others who had normal FMs and those who had abnormal FMs instead of normal ones (Tables 5, 6). However, those exposed to absent FMs were also more frequent if they came from a pregnancy with fetal growth restriction and the presence of TORCH (toxoplasmosis, rubella, cytomegalovirus, and herpes).

Our study revealed that maternal pregnancy risk factors, such as infertility treatments and maternal acute viral/bacterial infections during pregnancy, occurred more frequently in infants who presented FMs but in abnormal clinical forms. Although postnatal risk factors were not dominant in infants classified as having abnormal FMs, several postnatal complications, such as BPD and elevated bilirubin levels, were noted.

Apart from the fact that the abovementioned findings support our hypothesis, assuming that most postnatal risk factors are associated with absent FMs, our results are partially consistent with reports from other studies pointing to several postnatal risk factors that are responsible for absent FMs. Studies by Hitzert et al. (24) and Zang et al. (23) showed that both forms of absent FMs (DA GM-complexity and absent FMs) were associated with neonatal complications such as RDS and BPD. Moreover, van Iersel et al. demonstrated a significant relationship between perinatal asphyxia and abnormal FMs (28). Interestingly, several other studies have shown that absent FMs at 3–5 months of corrected age are associated with maternal smoking during pregnancy (29–32).

Likewise, our findings on the association of risk factors such as BPD and elevated bilirubin levels with the development of abnormal FMs are consistent with those of several previous studies that found a significant relationship between mildly impaired GMs, that is, mildly abnormal (MA) GM-complexity and abnormal FMs, and perinatal risk factors. In two studies, Lunsing et al. (26) showed that both MA and abnormal FMs were specifically associated with moderate hyperbilirubinemia.

An interesting study of a Dutch population showed that mildly impaired FMs were associated with suboptimal socioeconomic background, such as advanced maternal age, low maternal education, and non-native ethnicity (32). There are limited number of reports that the association between GMA outcomes and perinatal risk factors reported in the existing literature may be inconclusive due to small sample sizes in previous studies (25, 26, 32, 33), or selective samples: (1) pre-term infants with moderately low birth weight; (2) very low birth weight (32, 33); or (3) extremely low birth weight (34–37), where the prevalence of abnormal GMs, that is, DA GM complexity and abnormal FMs, as well as MA FMs, that is, MA GM-complexity and abnormal FMs, did not exceed 3% of the target population. To our knowledge, except for the study by Zang et al. (23) of 104 pre-term infants (77% with normal FMs and 23% with absent FMs), our study was the second largest number of pre-term infants with 95 pre-term infants (58% with normal FMs, 25% with absent FMs, and 17% with abnormal FMs), and the only study to assess such a large sample size of infants with atypical FMs. This may explain why our results are comparable.

In addition, our findings supported the hypothesis about a strong relationship between gestational age, birth weight, and Apgar score with the total number of risk factors, as well as the number of particular risk factors (Table 3). These findings revealed that newborns with lower age, birth bodyweight, and Apgar score had a greater number of total risk factors, especially postnatal factors. The results of the present study on the frequency of prenatal, perinatal, and postnatal risk factors in the development of NDI in prematurely born children were also confirmed in the subject literature (35–37). Regarding risk factors, the literature indicates that the main factors related to NDI are low gestation age and low birth bodyweight. Our study confirmed a relationship between gestation age, birth weight, and Apgar score, despite the fact that it seems obvious given the shortened and impaired intrauterine growth in pre-term infants (Table 3). According to many authors, low birth weight and short gestational age are the main factors influencing neurological deficits (38–40).

The main finding of the present study was the identification of particular risk factors in pre-term infants with absent FMs and abnormal FMs. Although we only addressed the recognition of risk factors associated with atypical FMs not with the final neurological outcomes, it is important to remember that the clinical form of both atypical FMs is a strong predictor of adverse neurological outcomes.

According to Prechtl's method, the absence of FMs during the fidgety period of motor development is a strong predictor of CP. Therefore, it can be assumed that a group of risk factors associated with absent FMs, such as fetal growth restriction and the presence of TORCH (toxoplasmosis, rubella, cytomegalovirus, and herpes) during pregnancy, as well as the prevalence of BA, PVL, and IVH grades 3–4, can indicate the risk of adverse neurological outcomes in pre-term infants, including CP.

De Jesus et al. indicated that BA and factors related to the duration of mechanical ventilation used, BPD, sepsis, IVH grades 3–4, and hydrocephalus were the main factors, and statistically had the greatest impact on the appearance of CP (36). Another study concluded that CNS complications, such as the degree of intraventricular bleeding and PVL, had a significant impact on the development of neurodevelopmental disorders in the pre-term infant population (41). The results of several other studies also indicate that some prenatal factors, such as intrauterine growth retardation and the presence of TORCH infections (toxoplasmosis, rubella, cytomegalovirus, and herpes), influence the development of NDI (6, 41).

On the other hand, our findings enabled us to identify risk factors associated with abnormal GMs in pre-term infants during the fidgety period in development, i.e., at 3–5 months of corrected age. Our findings have also revealed that maternal pregnancy risk factors, such as infertility treatments and maternal acute viral/bacterial infections during pregnancy, occur more frequently in children classified as abnormal FMs. These children also more often had BPD and elevated bilirubin levels. Although abnormal FMs are less predictive of neurological outcome than absent FMs, they do predict the development of mild neurological impairments at 2–3 years of age (42). As shown in several studies, the presence of abnormal FMs instead of normal FMs is linked to MND [e.g., (4–6)] and can predict the development of eye–hand coordination, hearing and speech disturbances, and attention problems and aggressive behavior at school age (18, 43–45).



Summary

The main findings of the current study are the assignment of the specific prenatal, perinatal, and postnatal risk factors for two types of atypical GMs in pre-term infants, namely absent FMs and abnormal FMs.

The findings of this study partially supported two initial hypotheses. Based on these obtained results, it can be summarized that absent FMs are mainly associated with risk factors related to postnatal period like BA, RDS, BPD, PVL, and IVH grades 3–4. Meanwhile, most of the significant risk factors related to abnormal FMs are associated with maternal pregnancy risk factors, such as infertility treatment and maternal acute viral/bacterial infections during pregnancy.

Findings on the predictive value of specific risk factors for NDI suggest that absent FMs are related not only to previously reported risk factors like BA, RDS, BPD, and maternal smoking during pregnancy, but also to several specific risk factors such as PVL and IVH grades 3–4, as well as fetal growth restriction and the presence of TORCH. The obtained results not only endorsed that BPD and elevated bilirubin levels were related to abnormal FMs but also indicated several other specific risk factors including infertility treatments and maternal acute viral/bacterial infections during pregnancy, which were identified as attributes of abnormal FMs.



Strengths and limitations

We focused on two unique groups of pre-term infants: those with absent FMs and those with abnormal FMs. The major strength of this study was that the target populations were larger than those previously studied. Infants included in this study are now 1–3 years old; hence, their long-term neurodevelopmental outcomes are not yet fully known. The main limitation of this study was that risk factors were assigned to the outcome of GMA at 3 months of age but not to the final neurodevelopmental outcomes. A follow-up study of the examined population of 3–7 years of age is now planned.



Conclusions

Knowledge of the risk factors for NDI associated with the early predictors of psychomotor development in pre-term newborns, namely normal FMs, absent FMs, or abnormal FMs assessed at 3–5 months of age may improve counseling for long-term neurodevelopmental outcomes. A follow-up examination is necessary to assess long-term motor and cognitive development outcomes in children.
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