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Introduction: There is no global consensus as to which standards are the most appropriate for the assessment of birth weight and length. The study aimed to compare the applicability of regional and global standards to the Lithuanian newborn population by sex and gestational age, based on the prevalence of small or large for gestational age (SGA/LGA).



Materials and Methods: Analysis was performed on neonatal length and weight data obtained from the Lithuanian Medical Birth Register from 1995 to 2015 (618,235 newborns of 24–42 gestational weeks). Their distributions by gestation and sex were estimated using generalized additive models for location, scale, and shape (GAMLSS), and the results were compared with the INTERGROWTH-21st (IG-21) standard to evaluate the prevalence of SGA/LGA (10th/90th centile) at different gestational ages.



Results: The difference in median length at term between the local reference and IG-21 was 3 cm–4 cm, while median weight at term differed by 200 g. The Lithuanian median weight at term was higher than in IG-21 by a full centile channel width, while the median length at term was higher by two channel widths. Based on the regional reference, the prevalence rates of SGA/LGA were 9.7%/10.1% for boys and 10.1%/9.9% for girls, close to the nominal 10%. Conversely, based on IG-21, the prevalence of SGA in boys/girls was less than half (4.1%/4.4%), while the prevalence of LGA was double (20.7%/19.1%).



Discussion: Regional population-based neonatal references represent Lithuanian neonatal weight and length much more accurately than the global standard IG-21 which provides the prevalence rates for SGA/LGA that differ from the true values by a factor of two.
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Introduction

The health status of a newborn is reflected by its body size at birth. Therefore, the assessment of birth weight and length by applying appropriate standards not only plays an essential role in good clinical care but is also sustainable with an increasing evidence of preventable adverse growth-related outcomes (1).

When considering neonatal body size, two groups with an increased risk for negative perinatal outcomes and future cardio-metabolic changes have been identified (2): infants born Small for Gestational Age (SGA) and infants born Large for Gestational Age (LGA). The WHO expert committee defined SGA as infants born below the 10th centile of birth weight for gestational age and sex specific reference population (3). Accordingly, LGA is defined as birth weight above the 90th centile. Importantly, SGA refers to both, infants who are constitutionally small and fall within the lower tail of the distribution and those with intra-uterine growth restriction (IUGR) due to various adverse factors (4).

Moreover, a range of recent publications established the relationship between the preterm newborn body's parameters at birth, postnatal growth restriction and later growth failure with short- and long-term health consequences (5–7).

Thus, from a clinical perspective, the priority would be to reduce health effects related to size at birth by providing a preventive and promotive care, and monitoring for complications (8). Adequate early nutrition is extremely important in clinical practice to foster optimal neurodevelopmental outcomes to avoid negative consequences of aggressive nutritional approaches in the future. However, to provide the mentioned nutrition, doctors must properly evaluate the newborn size according to their gestational age (small, large, and appropriate) at birth. This classification is difficult to achieve, especially for preterm infants who are a unique and highly heterogeneous group. Currently, neonatal standards and references are the most widely used tools for categorizing newborns into sub-groups.

At present, several types of charts for growth assessment of premature newborns are available. One of the commonly used types is intrauterine growth charts based on cross-sectional anthropometric measurements taken from infants of varying gestational ages at birth presented as the gold standard for premature infant growth (9). However, the application of intrauterine growth rates to VLBW infants in an extra-uterine environment is considered controversial (10, 11). Instead, a separate set of postnatal growth curves is promoted. This group of charts reflects the longitudinal growth of preterm infants experiencing various clinical conditions which might be treated with different nutritional management plans (12). And while postnatal growth curves increase our understanding of postnatal preterm born child growth, they also have their drawbacks, such as being too highly influenced by medical and nutritional support practices applied to the sample size (13).

Another point of debate is the choice between customized and population-based references. Proponents of customized charts claim that they improve the prediction of adverse perinatal outcomes and differentiate better between “small-but-healthy” infants and growth-restricted ones (14, 15). Opponents argue that the existing customization models may be confusing pathological and physiological causes of “smallness” and that customizing birthweight centiles for maternal characteristics has little justification (16, 17). Instead, the best estimate of a given infant's birthweight is claimed to be the one that is close to the population average (16).

A similar discussion arises when choosing between the regional or global references (9, 18–21). Recently, the Intergrowth-21st (IG-21) consortium proposed to adopt their single set of international standards for assessment of newborn size and physical status but found little support (22–24). With the rising evidence that there is a normal physiological variation between different countries and ethnic groups, the “one-size-fits-all” standard seems to fit less than expected.

Considering all the above, in this study, we have set several objectives: (a) to construct the national birth weight/length reference values and curves for Lithuanian newborns from 22 to 42 GA weeks; (b) to compare the results with the recently adopted global IG-21 (18, 20) standards; (c) to assess the diagnostic accuracy of clinical practice in identifying and classifying newborns of various gestational age as SGA and LGA infants, by using different tools.



Materials and methods


Study design and sample selection

Birth data from the Lithuanian Medical Data of Births for the period of 1995–2015 were retrieved from the Health Information Center of the Institute of Hygiene in Vilnius, Lithuania, including liveborn singletons of between 22 and 42 completed weeks of gestational age (GA). We excluded multiple births, stillbirths, infants with undetermined sex or major congenital malformations and syndromes, and those with incomplete data. Also, the cases where weight or length were more than 3 standard deviations (SD) from the mean, following WHO standards (25), were excluded. In total, 618,235 newborns were included. Figure 1 shows the flow diagram.


[image: Figure 1]
FIGURE 1
Flow diagram of the sampling procedure and exclusion criteria in this study. BW, birth weight; BL, birth length; n, number; SD, standard deviation.




LMST method

The LMS method estimates growth reference centiles by modelling any skewness present in the measurement distribution (26). It assumes that a power transformation can normalize the data by adjusting for skewness. LMST method (27) is an extension of the LMS method that models both skewness and leptokurtosis using the Box-Cox t (BCT) distribution. It can be used to model excess kurtosis over the normal distribution (leptokurtic data) when the Box-Cox transformation fails to transform the data close to normality due to the presence of kurtosis. The BCT distribution is defined by a power transformation, Yν, which follows a truncated t distribution that is shifted and scaled. The truncated t distribution has a degrees of freedom parameter, τ. The BCT distribution is characterized by four parameters and is denoted as BCT (µ, σ, ν, τ). The parameters µ, σ, ν and τ may be interpreted as relating to location (median), scale (centile-based coefficient of variation), skewness (power transformation to symmetry) and kurtosis (degrees of freedom), respectively.



Statistical analysis

Generalized additive models for location, scale, and shape (GAMLSS) were fitted to obtain the centile (3rd, 10th, 25th, 50th, 75th, 90th and 97th) reference values and curves of birth weight/length by GA and sex separately (26). The LMST method (BCT distribution) was applied to the data obtained on each sex and each measurement. The resulting main centiles (3rd, 10th, 50th, 90th and 97th) from 24 gestational weeks were compared with their counterparts in IG-21 (18, 20). The analysis was carried out using the GAMLSS package (version 4.3-3) of R 4.0.3 (28).

Two published standards of the IG-21 project (18, 20) were presented for both sexes for every gestational week and day separately (e.g., 30 + 0, 30 + 1), while GA of the present study was recorded as complete gestational weeks (e.g., 30, 31). Therefore, the comparison of present study with IG-21 project by GA was made comparing the middle day of gestational week of IG-21 (i.e., 30 + 3) which referred to the mean of birth weight/length of the certain gestational week. The validity of this procedure was checked and proved mathematically. The frequency and percentage of neonates meeting the criteria for SGA defined as birth weight below the 10th centile and LGA defined as birth weight above the 90th centile were determined and compared using the cut-off values based on our reference and the IG-21.




Results

The sample size of our study (Table 1) increased steeply with gestational age from less than 50 neonates at 22–24 gestational weeks to more than 140,000 at term for each sex. The mean birth weight of boys was ∼50–100 g larger than for girls at preterm gestations, and larger by ∼100–180 g at term and post-term periods. The difference in mean birth length between sexes varied mainly from 0.1 to 0.6 cm at preterm period, and from 0.6 to 0.8 cm at later gestations (Table 1).


TABLE 1 Birth weight (g) and length (cm) of Lithuanian newborns by sex and gestational age (GA).
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Our study constructed the 3rd, 10th, 25th, 50th, 75th, 90th, and 97th smoothed centile curves according to gestational age and sex for birth weight and length of Lithuanian newborns (Figures 2–5). The variability of birth weight rose with gestational age for both sexes. In contrast, the variability of birth length fell with increasing gestation, and negative skewness in the distribution was evident (Figures 2–5). Tables 2, 3 demonstrate the values of smoothed gestational age- and sex-adjusted centiles (3rd–97th) for birth weight/length of Lithuanian newborns. The LMS parameters for birth weight/length by sex and gestational age are presented in Supplementary Tables S1, S2.


[image: Figure 2]
FIGURE 2
The 3rd, 10th, 25th, 50th, 75th, 90th and 97th smoothed centile curves for birth weight (g) in Lithuanian boys and the 3rd, 10th, 50th, 90th and 97th centiles for INTERGROWTH-21st.
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FIGURE 3
The 3rd, 10th, 25th, 50th, 75th, 90th and 97th smoothed centile curves for birth weight (g) in Lithuanian girls and the 3rd, 10th, 50th, 90th and 97th centiles for INTERGROWTH-21st.
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FIGURE 4
The 3rd, 10th, 25th, 50th, 75th, 90th and 97th smoothed centile curves for birth length (cm) in Lithuanian boys and the 3rd, 10th, 50th, 90th and 97th centiles for INTERGROWTH-21st.
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FIGURE 5
The 3rd, 10th, 25th, 50th, 75th, 90th and 97th smoothed centile curves for birth length (cm) in Lithuanian girls and the 3rd, 10th, 50th, 90th and 97th centiles for INTERGROWTH-21st.



TABLE 2 Smoothed centiles for Lithuanian birth weight (g) by sex and gestational age (GA).
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TABLE 3 Smoothed centiles for Lithuanian birth length (cm) by sex and gestational age (GA).
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The 3rd, 50th and 97th Lithuanian birth weight centiles by sex and gestation were similar to those of IG-21 at extremely early gestations (24–27 weeks), especially for boys and the 97th centile (Figures 2, 3). With increasing gestation, and particularly after 37 weeks, the gap between the Lithuanian and IG-21 centiles widened to almost one centile channel or two-thirds of an SD (Figures 2, 3). The IG-21 median was close to the Lithuanian 25th centile (difference of ∼200 g), while the 97th IG-21 centile was near the Lithuanian 90th (difference of ∼350 g). At the 3rd centile, the differences among term newborns (37–40 gestational weeks) were more pronounced (200 g) than post-term (100 g) (Figures 2, 3).

For birth length, the median and lower IG-21 centiles were close to the Lithuanian centiles at early gestations, while the higher centiles differed by almost a full centile channel, i.e., 1.0–1.5 cm (Figures 4, 5). In late preterm (34–36 weeks) the differences became more pronounced and extended across all centiles, the gap widening to nearly two centile channels. The 97th IG-21 centile fell to near the Lithuanian 50th, while the 50th IG-21 centile fell to the Lithuanian 10th. At the 50th and 97th centiles, the differences at term amounted to 3 cm–4 cm, while at the 3rd centile, the difference was less at 2 cm (Figures 4, 5).

A total of 9.7% (30,859) boys were SGA based on the Lithuanian 10th centile, compared to 4.1% based on the IG-21 10th centile, less than half the prevalence (Table 4). Similarly for girls, the prevalence of SGA was 10.1% Lithuanian (30,439) vs. 4.4% IG-21. Both instruments showed the highest prevalence of SGA in very and late preterm and post-term gestations of both sexes. What is more, the older the gestational age, the larger the discrepancy between the studies. At extremely preterm gestations (24–27 weeks), IG-21 underestimated SGA in boys by up to 3.1%, and in girls up to 6.9%. The largest SGA discrepancies at term and post-term were 6.9% for boys and 8.1% for girls (Table 4). The 10th centile curves in Figures 2, 3 illustrate the discrepancies in SGA. The IG-21 10th centile is close to the Lithuanian 3rd centile until 32 weeks, and only slightly higher at later gestations (Figures 2, 3).


TABLE 4 Prevalence of small for gestational age (SGA, birth weight <10th centile) and large for gestational age (LGA, birth weight >90th centile) according to the present study's Lithuanian reference and INTERGROWTH-21st (IG-21) by sex and gestational age (GA).
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In contrast, the incidence of LGA was 10.1% (31,972) for boys based on the Lithuanian 90th centile as against 20.7% using the IG-21 90th centile, i.e., more than double (Table 4). Similarly in girls, LGA prevalence was 9.9% (29,810) vs. 19.1%. The differences in prevalence were particularly marked in extremely preterm (4.4%–8%) and term, post-term periods (the difference of 4.8%–12.4% more expressed for boys). The 90th centile curves in Figures 2, 3 illustrate the discrepancies in LGA between the studies. The IG-21 90th centile is near the Lithuanian 75th centile at extremely preterm and term, with a gap of almost one centile channel post-term (Figures 2, 3).



Discussion

Growth centiles as clinical tools for assessing the infant's physical status have gained much importance in recent years. The choices between global or regional, and between customized and population-based growth references or growth standards for different populations are under debate (29, 30). The findings of our study advocate the use of regional population-based growth curves that more precisely represent the neonatal body size of Lithuanian population than the global standard IG-21 which provides the prevalence rates for SGA/LGA that differ from the true values by a factor of two in term neonates.

Our study revealed slightly better agreement in the main centiles of extremely preterm newborns (Figures 2–5). However, considering the way too modest sample size for <37 gestational weeks of the IG-21 (18), the parallels observed between the studies in the extreme centiles at early gestations should be evaluated with caution. A low sample size may explain the “waves” observed at 33 gestational weeks in the centile curves of the IG-21 (Figures 2–5).

Moreover, a larger discrepancy was observed starting from the late preterm period (34–36 gestational weeks) with certain disparities evident in mean newborn weight and length data at term (Figures 2–5). Noteworthy, our previous study comparing the Lithuanian neonatal head circumference reference with the IG-21 showed similar concerning results for term newborns (31). Likewise, other studies from different continents also found their regional neonatal reference charts to be significantly different from the neonatal standards provided by the IG-21 (24, 29, 32–35). In spite of the fact that the IG-21 found some support (36, 37), an increasing number of studies consider the IG-21 with caution including the findings of our study that support this position.

In addition, the insights drawn from the comparison of centiles between the studies when supplemented with the categorization of newborns as SGA/LGA (Table 4) demonstrate a particular relevance of the application of these standards in clinical practice. The SGA/LGA outliers were derived from the same sample of Lithuanian newborns as the regional neonatal reference curves. As shown in the results, both tails of the birth weight distribution would be strongly affected if evaluated by international standard. The possibility to evaluate the prevalence of SGA/LGA newborns at all gestational weeks may be considered a major strength of our study. While there are studies examining the newborn size categorization at term period depending on the tools used (2, 33, 38), less of them are focused on the SGA/LGA prevalence in different gestations (39). This is of a particular interest in terms of a deeper understanding of biological processes during the fetal development. Fetal growth is characterized by rapid cellular hyperplasia during the first 16 weeks, cellular hyperplasia combined with hypertrophy extending up to 32 gestational week, and cellular hypertrophy dominating afterwards till term (40). This explains the different outcomes and prognosis of being categorized as SGA at different gestational age. When the phase of cellular hyperplasia is affected (early type or symmetric hypertrophy), irreversible neurological and other sequelae of the bodily systems take place. Thus, SGA newborns born less than 32 gestational weeks experience a higher risk of death and major morbidities (41). When the phase of cellular hypertrophy is affected (late type or asymmetric hypertrophy), the processes are reversible if hypoxic ischemic encephalopathy is avoided, and the prognosis for such neonates is much more optimistic. Indeed, while newborns with birth weight of <10th centile (mild hypotrophy) may be intrinsically small because of normal biological, ethnic and other factors, it would be clinically meaningful to pay great attention to the newborns born of less than 3rd centile (severe hypotrophy) as the ones having most adverse outcomes. In this context, emphasis should be laid that adapting suitable neonatal charts is highly important for clinical practice, as failure to do so may lead to misclassification of newborns in need of timely interventions to avoid adverse consequences to their future health. Indeed, clinical decisions should be based on careful evaluation of the individual clinical case, and suitable neonatal charts are one of the tools in the decision-making algorithm.

In addition to the strengths mentioned above, our study has some limitations. Using these growth centiles for monitoring postnatal growth of preterm infants may not be realistic or ideal, because they do not reflect the initial water and weight loss that occurs in infants during the first 2–3 weeks (11, 42). Understanding this, we have set ourselves a goal of creating growth curves based on longitudinal growth data in the future.

It should also be noted that IG-21 was designed to become an international standard and included only low-risk pregnancies with women whose health and nutritional needs were met and who received adequate antenatal care in 8 socioeconomically stable developing or developed countries such as Lithuania. The data of our study included all births regardless of maternal socioeconomic status. Therefore, we believe that the main findings of our study would be even more pronounced if we had only applied the same inclusion criteria as IG-21. There are around 15% of ethnic minorities in Lithuania and Lithuanian newborns were found to be the biggest in size in comparison to newborns of other ethnic groups (43). What is more, our previous comparison (43) of newborns’ weight by mother's ethnicity in relation to education level revealed nearly no discrepancies between size of newborns from mothers with the same education level at different ethnic groups. Thus, even if ethnic differences may have influenced the discrepancies of this study, socioeconomic factors probably would be determining.

In conclusion, the global standard IG-21 should be considered with caution, as requiring validation before implementation. Instead, the findings of our study advocate the use of regional population-based neonatal centiles that more accurately represent the size of the Lithuanian newborn population. Furthermore, the prevalence of SGA/LGA at different gestations depending on the instrument used reveals the clinical importance of using local standards to benefit the most vulnerable infant populations.
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