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Introduction: Prematurity is a factor that contributes to the increase in infant morbidity and mortality and is associated with factors determining child growth, such as nutritional deficits, mainly during the COVID-19 pandemic.



Objective: To evaluate the factors determining the growth of premature neonates treated at a secondary health service during the COVID-19 pandemic.



Method: Observational retrospective and prospective cohort study of premature patients followed at the follow-up clinic in the municipality of Carapicuíba from February 2020 to December 2023. Through a review of medical records, anthropometric data were collected from birth to corrected gestational age, approximately six months, and nutritional and non-nutritional data with direct or indirect influence on growth. Statistical analysis with tests for quantitative and qualitative variables was carried out with the SPSS Statistics software version 27.0 (SPSS et al., USA).



Result: The study analyzed a sample of 302 newborns, predominantly male (51.7%) and classified as moderately preterm (47.4%), with an average gestational age of 32.4 ± 2.8 weeks. Prenatal complications occurred in 59.3% of cases, while neonatal complications, such as extrauterine growth restriction (EUGR, 30.8%) and use of parenteral nutrition (36.1%), were common, with an average hospital stay of 30.2 ± 26.1 days. Most newborns were artificially fed (51%) Moreover, they received multivitamins (71.9%). At six months, the newborns showed healthy growth with an average weight of 6.718.2 ± 1.346.5 g. Multiple linear regression analysis revealed significant associations between EUGR and negative Z scores for weight, length, and head circumference at six months. Complications such as anemia and congenital abnormalities also negatively impacted these scores. Comparatively, the newborns in the group pre-vaccination against COVID-19 had more significant growth at six months and more prevalence of newborns born large for gestational age (LGA), while complications such as gastroesophageal reflux disease and viral bronchiolitis was more common in the post-vaccination group.



Conclusion: During the COVID-19 pandemic, non-nutritional factors, especially EUGR, significantly influenced the anthropometry of premature babies. This condition highlighted the need for more effective therapeutic strategies and public health measures to improve the growth and development of premature infants.
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1 Introduction

Prematurity, defined as birth before 37 weeks of gestation, is a complex condition, with multifactorial etiology and significant implications for global public health and the burden of chronic non-communicable diseases and disabilities for the child. In Brazil, prematurity is the leading cause of infant death in the first five years of life, with regional variations that reflect socioeconomic inequalities. Thus, the COVID-19 pandemic brought new challenges and impacts on this condition (1–4).

The COVID-19 pandemic declared a public health emergency of international concern by the World Health Organization in January 2020 and by the Ministry of Health of Brazil in February 26, 2020 (5), exacerbated the vulnerabilities of premature babies. According to the COVID-19 Bulletin of the Oswaldo Cruz Foundation (6), although the vaccination campaign, which began in January 17, 2021, reduced cases and deaths between July and November, a new wave of transmission emerged in December, increasing cases, especially among children, who only started to be vaccinated in 2022.

Studies indicate that pregnant women infected with SARS-CoV-2 are at greater risk of premature births (7, 8). Social distancing measures and fear of infection contributed to changes in care and nutrition practices for premature babies, such as the decline in exclusive breastfeeding and the early adoption of complementary feeding, with a possible impact on the growth and development of premature babies (9, 10). During the pandemic, monitoring anthropometric indicators became critical, considering the possible impacts of COVID-19 pandemic, the response measures on access to healthcare and the nutrition of premature babies (5, 7, 8).

This article aims to analyze the nutritional and non-nutritional factors that influenced the anthropometry of premature infants during their postnatal growth before the COVID-19 vaccine and after the vaccination period.



2 Methods

This work was submitted to the Research Ethics Committee (CoEP) of Centro Universitário São Camilo and approved under Certificate of Presentation of Ethical Appreciation 72834523.7.0000.0062 and number opinion 6.304.909. Data collection occurred after those responsible agreed with the free and informed consent terms. After acceptance, data were collected from the medical records.

A mixed-method approach was employed in a retrospective and prospective cohort study, integrating quantitative and qualitative methodologies. The study draws on secondary data from medical records of premature infants treated at the follow-up clinic in Carapicuíba, Brazil, from February 26, 2020, to December 30, 2023. Data collection from 2020–2022 was conducted retrospectively from patient medical records, while data from 2023 were gathered prospectively, incorporating information from medical consultations and patient records.

The inclusion criteria were premature infants born at less than 37 weeks of gestational age. They had their first post-discharge consultation before six months of corrected gestational age, with at least one additional consultation between five and seven months. The corrected gestational age was calculated using the following formula: corrected gestational age = chronological age—(40–gestational age at birth) (11), reached 40 weeks. The exclusion criteria included infants with fewer than two outpatient visits in the first six months of life, those who did not return between the fifth and seventh months of corrected gestational age, and those with conditions that hinder standard anthropometric measurements using a horizontal ruler, such as malformations, metabolic disorders, or congenital/skeletal deformities with muscle contractures. Other congenital abnormalities, such as cardiac or pulmonary conditions, were included.

Eligible patients were analyzed in their entirety and divided into two groups: the pre-vaccination group, consisting of those born before the start of COVID-19 vaccination in Brazil (January 17, 2021), and the post-vaccination group, consisting of those born after that date.

In this study, prematurity was categorized into three distinct levels based on gestational age at birth. Extreme prematurity was defined as birth occurring between 22 weeks and 28 weeks incomplete. Moderate prematurity included births between 28 weeks and 34 weeks incomplete, while late prematurity referred to births between 34 weeks and 37 weeks incomplete.

Anthropometric measurements of weight, length, and head circumference were collected at birth, hospital discharge, and around six months of corrected age (between 5 and 7 months). The anthropometric data collection followed the standardization proposed by the Ministry of Health of Brazil (12). The data was evaluated in a Z score of weight for age, length for age, and head circumference for age, as recommended by the Intergrowth-21st growth curves (11) and adjusted WHO curves (13).

Regarding weight adequacy for gestational age according to the Intergrowth- 21st curve for those over 33 weeks and Fenton curve for those under 33 weeks, the newborns were classified as small for their age gestational (SGA) (below the 10th percentile), appropriate for gestational age (AGA) (between the 10th and 90th percentiles) and large for gestational age (LGA) (above the 90th percentile) (14, 15).

It was considered as a dependent variable the variation in the standard deviation (SD) of anthropometric data at birth, at hospital discharge, and 6 (5–7) months of corrected gestational age (64 weeks). It analyzed prenatal determinants (gestational complications, such as preeclampsia, premature rupture of membranes, oligohydramnios, urinary tract infection, gestational diabetes, gestational hemorrhages, cervical insufficiency, alloimmunization, infectious and contagious diseases; health behaviors; maternal and biological factors of the newborn), postnatal- non nutritional determinants (diseases diagnosed during hospitalization in the neonatal intensive care unit—ICU or outpatient follow-up), presence of extrauterine growth restriction (EUGR) at hospital discharge (Z score of weight at hospital discharge less than Z −2) and practices of post-discharge feeding (types of breastfeeding as defined by the Brazilian Ministry of Health and World Health Organization (11, 12, 16).

Data analysis covered quantitative and qualitative methods. The dependent variables were the variation in SD of anthropometric data at birth, hospital discharge, and at six months of corrected gestational age. For the descriptive quantitative variables analysis, measures of central tendency such as mean and median, and dispersion (DP, minimum and maximum values) were used. For categorical variables, measures of frequency (absolute and relative) were implemented. The normal distribution or not of the data was verified using the Kolmogorov-Smirnov test. For group comparison, the Student's T test was used for independent samples, and the Mann-Whitney tests were used for non-parametric data. Correlations between variables were performed using the Spearman and Pearson tests according to normality distribution. The Chi-square test was used to verify the magnitude of association between the categorical study variables, considering p ≤ 0.05 as significant Multiple linear regression tests were applied to identify factors associated with anthropometry. Analysis of variance (ANOVA) was used to compare groups and within independent groups. Statistical analysis was performed with the SPS Statistics program software version 27.0.



3 Results

The sample characteristics of 302 newborns are described in Table 1.


TABLE 1 Neonatal characteristics of the total sample.
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The sample comprises a slightly higher proportion of male newborns (51.7%), the majority classified as moderately preterm (47.4%) with a mean gestational age of 32.4 ± 2.8 weeks. Prenatal complications were frequent (59.3%), and the most prevalent neonatal complications were the use of parenteral nutrition (36.1%), neonatal sepsis (33.8%), respiratory distress syndrome (RDS) (34.1%) and EUGR (30.8%), and the average length of stay was 30.2 ± 26.1 days. Regarding the type of breastfeeding and the use of supplements, most received artificial breastfeeding (51%) and multivitamins (71.9%).

Preterm infants were born with an average weight of 1.772.5 ± 560.5 g (Z score of weight −0.33 ± 0.96) with a greater prevalence of newborns with low birth weight (56.6%) and classified as AGA (85.1%). Most patients had adequate length with a mean of 41.3 ± 4.2 cm (Z score of length −0.62 ± 1.18) and head circumference of 29.3 ± 2.9 cm (Z score of head circumference −0.33 ± 1.23) with 10.3% of newborns with microcephaly at birth—Table 2.


TABLE 2 Anthropometric evolution of the total sample at birth and at 6 months of corrected gestational age.
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At six months after birth, corrected gestational age was 62.6 ± 6.8 weeks, and mean weight was 6.718.2 ± 1.346.5 g (Z score of weight −0.61 ± 1.27). The weight gain Z score from birth to 6 months was −0.61 ± 1.27, which resulted in eutrophic in most infants, but there was a higher prevalence of high BMI for age (10.9%) than thinness or severe thinness (7%). The mean length was 63.4 ± 4.7 cm (Z score of length −0.66 ± 1.49) with a mean gain in Z score of length from birth to 6 months of −0.66 ± 1.49, which resulted in a slightly increased prevalence of short stature (16.6%) at six months compared to birth. The average head circumference was 41.8 ± 2.5 cm (Z score of head circumference −0.23 ± 1.52), and the average gain in Z score from birth to 6 months was 0.97 ± 1.15 with a slight reduction in the prevalence of microcephaly (9.3%) and an increase in macrocephaly (4.6%)—Table 2.

In the multiple linear regression analysis applied to the sample, it was observed that the EUGR presented a substantial negative association with Z score of weight (β = −0.331, p = 0.000), length (β = −0.341, p = 0.000), and head circumference (β = −0.213, p = 0.001) of premature babies at six months. Congenital abnormalities also demonstrated adverse effects in the Z score of weight (β = −0.255, p = 0.000) and head circumference (β = −0.178, p = 0.001). At the same time, anemia was negatively associated with Z score of weight at six months (β = −0.193, p = 0.009) and patent ductus arteriosus on the Z score of length (β = - 0.135, p = 0.020).On the other hand, neonatal sepsis positively influenced both the Z score of weight (β = 0.164, p = 0.015) and length (β = 0.149, p = 0.036) (data not presented in tables).

In the analysis of variance related to the type of breastfeeding used in the total sample, it was found that breastfeeding impacted the Z score of weight and head circumference (p = 0.01 and p = 0.04 respectively). Infants submitted to artificial breastfeeding with added carbohydrates and mixed breastfeeding presented higher means in Z scores for weight and head circumference (data not presented in the table).

The comparison between the pre and post-vaccination groups against COVID-19 revealed homogeneity in most variables, but there was a higher corrected gestational age at six months and a higher prevalence of LGA newborns in the pre-vaccination group (p = 0.02). Regarding prematurity, the post-vaccination group tended to have a higher prevalence of moderate (p = 0.09) and late (p = 0.02) prematurity compared to the pre-vaccination group. As to complications after hospital discharge, gastroesophageal reflux disease (p = 0.04), wheezing (p = 0.01), and viral bronchiolitis (p = 0.01) were more prevalent in the post-vaccination group—Table 3.


TABLE 3 Comparison of characteristics between groups according to birth pre and post-vaccination period against COVID-19.
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Regarding comparing anthropometry between the pre and post-vaccination groups against COVID-19, weight at six months was higher in the pre-vaccination group (p < 0.01) but without a significant difference in the Z score of weight. Despite this, the pre-vaccination group presented higher length (p < 0.01) and Z score of length at six months (p < 0.01). Also, the pre-vaccination group had higher head circumference at six months (p < 0.01) but no difference in the Z score head circumference—Table 4 and Figure 1. At six months, the prevalence of eutrophy was higher in the post- vaccination group than in the pre-vaccination group (83.8% vs. 77.9%). The risk of overweight followed a similar pattern, slightly higher before vaccination (9.3% vs. 7.4%). On the other hand, being overweight was more common in the post-vaccination group (1.2% vs. 1.9%), while obesity was more frequent in the pre-vaccination group (3.5% vs. 0.5%). Regarding height at birth, short stature was notably more significant in the pre-vaccination group (22.1% vs. 11.1%); however, at six months, it was more prevalent in the post-vaccination group (12.8% vs. 18.1%). For head circumference, microcephaly was more common at birth pre-vaccination (17.2% vs. 5.6%), but at six months, it increased significantly in the post-vaccination group (7% vs. 10.2%) (data not presented in tables).


TABLE 4 Comparison of anthropometric evolution at birth and at 6 months of corrected gestational age between groups according to period of birth pre and post-vaccination against COVID-19.
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FIGURE 1
Comparison of Z-scores for length, weight, and head circumference at six months of age across pre- and post-vaccination periods.


In the post-vaccination period, the analysis of variance revealed a statistical difference in the type of breastfeeding in Z scores for weight (p = 0.01), length (p = 0.01), and head circumference (p = 0.04). Infants submitted to artificial breastfeeding with added carbohydrates and mixed breastfeeding presented higher averages in Z scores of weight and length, in contrast of those fed exclusively with breast milk, presented higher mean Z scores of head circumference—Table 5.


TABLE 5 Analysis of variance of Z-scores for weight, length and head circumference by type of breastfeeding with period of birth before and after vaccination against COVID-19.
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In the linear regression analysis by groups, the Z score of weight at six months was negatively affected by congenital abnormalities both before (β = −0.358, p = 0.000) and after vaccination (β = −0.190, p = 0.030). Furthermore, in the post-vaccination period, EUGR (β = −0.407, p = 0.000) and anemia (β = −0.22, p = 0.014) contributed negatively. EUGR consistently reduced the Z score of length in both periods (β = −0.261, p = 0.011; β = −0.347, p = 0.000), with additional influences of congenital abnormalities (β = −0.266, p = 0.030) and a positive effect of the type of breastfeeding (β = 0.244, p = 0.012) in the pre-vaccination period. As for the Z score of head circumference, congenital abnormalities impaired its development in both the pre and post-vaccination groups (β = −0.209, p = 0.040; β = −0.187, p = 0.007), with additional influences negative for bronchopulmonary dysplasia (β = −0.485, p = 0.011) and positive for weight stratification at birth (β = 0.198, p = 0.042) in pre-vaccination, while post vaccination, maternal addictions (β = −0.250, p = 0.000) and parenteral nutrition (β = −0.199, p = 0.003) were negative factors (data not presented in tables).



4 Discussion

In the studied sample, there was a lower prevalence of moderate and late premature babies compared to data published by the WHO (1), which was associated with an increase in the prevalence of extremely premature babies in the sample, probably due to the socioeconomic characteristics of the sample municipality. Comorbidities most prevalent in participants was the use of parenteral nutrition, neonatal sepsis, and the presence of RDS, which increase the length of stay in the neonatal ICU and cause EUGR with adverse effects on growth and neurological development of premature babies in the long term (17).

The prevalence of microcephaly at birth, based on head circumference measurements, was observed in newborns with generally unfavorable conditions, such as prematurity and low socioeconomic status (18). At six months of corrected gestational age, the average head circumference and Z scores of head circumference indicates growth within acceptable ranges, with a reduction in the prevalence of microcephaly and an increase in macrocephaly. The head circumference growth is a critical indicator of neurological development in premature infants. The head circumference below the 10th percentile at birth and at discharge from the neonatal ICU are associated with lower scores in motor, cognitive, and language systems assessments at 4.5 years of age (19).

The growth of the premature newborn must follow the intrauterine growth pattern. However, the maintenance of growth rate is complex due to perinatal comorbidities, mainly related to weight at birth, gestational age, and severity of initial neonatal pathology. These comorbidities determine increased metabolic needs and release of catabolism-stimulating factors, with consequent EUGR and post-discharge anthropometric changes (20–22). In the sample studied, the EUGR had a negative impact in Z scores of weight, length and head circumference at six months. The main comorbidities associated with worse outcomes in anthropometric measurements were anemia, patent ductus arteriosus, low weight at birth, and congenital abnormalities. However, the presence of infections tends to have a positive effect on anthropometry, which possibly reflects an overdiagnosis of sepsis at birth, as clinical manifestations are often not sufficient to differentiate newborns with proven sepsis from newborns with unproven sepsis, resulting in overdiagnosis (23, 24).

Anthropometry at six months of corrected age shows an adequate weight gain, with most children entered the eutrophic range. Catch-up can be defined by a variation in the Z score greater than 0.67, corresponding to the rise of a channel in the percentile or standard deviation curves (25). A more considerable weight catch-up in the first years of life, exceeding the Z score established for head circumference and length, as in the analyzed sample, is associated with a greater risk of developing arterial hypertension, type II diabetes and cardiovascular disease in adolescence or young adulthood. This occurs due to structural and functional subclinical changes in target organs exposed to stressful events in the perinatal period, and suboptimal nutrition evidenced by the EUGR, associated with excessive catch-up of weight (26–29). Furthermore, 10.4% of the studied infants had high BMI for their age, warning of the potential risk of being overweight or child obesity.

On the other hand, the prevalence of short stature and the decrease in Z score of length at six months highlights the need for continuous monitoring of linear growth, which may reflect the delay in growth due to extreme prematurity. Premature babies may experience recovery in linear growth throughout the first years of life, but this often depends on continued care and adequate nutrition (29–31). Regarding the nutritional approach, premature newborns present an increase in demand nutritional due to the greater risk of comorbidities, and the best nutritional approach has yet to be defined despite technological advances. This approach provides adequate growth and development without increasing the risk of future diseases (32).

This study evaluated children before the start of vaccination against COVID-19 and after the start of immunization in Brazil to analyze the impacts of the vaccine on pregnant women and their premature newborns. Homogeneity was evident between the groups in most characteristics, but there was an increase in moderate and late preterm births due to a reduction in extreme prematurity in the post-vaccination group, which may reflect a positive impact of vaccination. According to data from Fiocruz and WHO, vaccination against COVID-19 significantly reduced gestational complications, even before the inclusion of pregnant women in the group's priorities and was demonstrated to be effective in reducing the incidence of ICU admissions, deaths, and neonatal complications, such as premature births, resulting from SARS-CoV-2 (6).

In the pre-vaccination group, there was a higher prevalence of LGA newborns in addition to weight, length, Z scores of length and head circumference greater at six months, reflecting the impacts of the period of social isolation on pregnant women with a decrease in the prevalence of extremely premature babies and increase in late and moderate prematurity, probably due to better conditions birth. Thus, the best anthropometric outcome reflects better conditions at birth, associated with the period of social isolation, with less exposure to postnatal infections. In the analysis of the pre and post-vaccine groups, the Z score of weight at six months was negatively affected by congenital abnormalities, both before and after vaccination. Although no difference was observed significant in the prevalence of congenital abnormalities between groups, congenital anomalies are configured as essential health problems that cause death in childhood, chronic diseases, and disabilities (33).

In the post-vaccination group, EUGR was more harmful on the Z score of weight, length, and head circumference at six months, probably due to the higher prevalence of prenatal complications in this group compared to the pre-vaccination group, in which the EUGR only impacted the Z score of length more mildly. This may be associated with a period of more significant maternal stress, as those born in the post-vaccination period had their mothers during the gestational period in isolation. The COVID-19 pandemic has affected the outcome of pregnancy, increasing morbidities and complications during pregnancy, childbirth, and postpartum. Furthermore, the extensive quarantine periods have disrupted the healthcare system and made access to healthcare services difficult for prenatal control (34).

Also, a higher prevalence of viral bronchiolitis and wheezing was evidenced in the post-vaccine group, which had an unfavorable impact on weight and head circumference at six months, probably due to greater flexibility in social isolation measures. According to Min Li et al. (2020), during the COVID-19 pandemic, the weight of term or close to term newborns was significantly higher in the group that remained in social isolation in comparison to the control group, which may indicate that intrauterine conditions for pregnancies may have been favorable despite the restrictions and stresses associated with isolation during this period.

Furthermore, the pre-vaccination group had a higher prevalence of gastroesophageal reflux. The episodes of regurgitation are more frequently observed in artificially breastfed infants than in breastfed infants (35). During the COVID-19 pandemic in several regions, there was a decline in breastfeeding exclusivity and an increase in early weaning associated with maternal work and uncertainty regarding guidelines health (7, 8, 36). Also, concern about the transmission of the SARS-CoV-2 virus contributed to a reduction in initiation or maintenance of breastfeeding despite continued evidence of breast milk as the ideal source of neonatal nutrition (9). With the start of vaccination, concerns about transmissibility may have decreased, an improvement in the prevalence of breastfeeding, and a drop in gastroesophageal reflux.

Among the study's limitations, data collection based on medical records may induce bias of information due to the variability in the accuracy of recording these data, which was minimized by the fact that the author completed all records of the work and was responsible for monitoring outpatient clinics for all newborns. The lack of detail on specific interventions received by premature babies in the neonatal ICU may have directly influenced the observed growth outcomes. Also, conclusions about differences between pre and post-vaccination groups may be limited, as the vaccination began in January 2021, and pregnant women were formally included in the priority groups in mid-2021 in Brazil.

Despite these limitations, the findings reinforce the need for robust health policies to protect this vulnerable population in times of global crisis, such as the COVID-19 pandemic. O continuous monitoring and nutritional support, combined with appropriate public policies, are crucial for the growth and development of premature babies.



5 Conclusion

During the COVID-19 pandemic, non-nutritional factors significantly influenced the anthropometry of premature babies. The EUGR, which may reflect prenatal conditions during the maternal social isolation period, was one of the foremost prevalent comorbidities and is a significant challenge as it impacts anthropometric outcomes after hospital discharge, requiring more effective therapeutic strategies. Therefore, public health measures must be planned to reduce complications in pregnancy and optimize the growth and development of premature infants.
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