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Abstract

Introduction: Preterm infants are at high risk of developing a-tocopherol deficiency, since fat depots are
low, intake may be insufficient, malabsorption may coexist, and dietary needs are high. Data on predictors of
low a-tocopherol are still limited. Thus, this study aimed to assess the levels of a-tocopherol in preterm
infants at birth and explore its anthropometric predictors.

Methods: Preterm infants (n=84) from a neonatal intensive care unit were studied. Weight, length, head
circumference, and gestational age were recorded. The measurement of a-tocopherol levels was performed
in the first 24 hours with high-performance liquid chromatography (HPLC).

Results: Logistic regression models were applied to identify factors related to low a-tocopherol levels (<1.5
mg/L). The median gestational age was 29.5 weeks and the mean birth weight was 1254 g. Most neonates
were of very low birth weight (~89%). About 31% of preterm infants had a-tocopherol deficiency (cutoff <1.5
mg/L). In logistic regression analysis, a newly proposed index, i.e., weight/length2 (measured in g/cmz), was
related to low vitamin status. More particularly, a ratio >0.81 g/cm2 was related to a-tocopherol deficiency
independently of other covariates.

Conclusion: Further studies are needed to prove the usefulness of this "easy-to-measure" proposed index in
the early detection of a-tocopherol deficiency.

Categories: Nutrition, Pediatrics
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Introduction

Vitamin E naturally exists in eight forms (four tocopherols and four tocotrienols). The form of a-tocopherol
is the most common of these structures in humans [1]. Vitamin E has a strong antioxidant action [1] and is
implicated in protection against inflammation and cancer [2], and during gestation, it is involved in embryo
development and placenta maturation [1]. Serum levels of vitamin E may be affected by age, intake, and
circulating lipids [3]. Preterm infants are at high risk of developing vitamin E deficiency as fat depots are low,
ingestion may be insufficient, poor absorption may coexist, and dietary requirements are high [4]. Preterm
neonates have been previously reported to have low vitamin E concentrations in some studies [5]. In a
previous study of our group, it was shown that 10% of preterm neonates were deficient in retinol, while 20%
of them were deficient in a-tocopherol [6]. In addition, in the same study, a-tocopherol was positively
associated in a non-linear way with gestational age [6], indicating that preterm neonates may be at risk of a-
tocopherol deficiency. Vitamin E deficiency in neonates is related to several infant pathologies, such as
hemolytic anemia, intraventricular hemorrhage, bronchopulmonary dysplasia, ataxia, developmental delay,
and others [7].

Oxidative stress is thought to be a central etiological mechanism for several of the aforementioned
conditions. Indeed, preterm birth exposes the fetus to an oxidative environment, since oxygen is inhaled [8].
In addition, infant cell membranes are more prone to oxidation due to their high polyunsaturated fatty acid
content [8]. Furthermore, oxygen resuscitation and common practices in the intensive care unit such as
ventilation, parenteral nutrition, and blood transfusions increase the release of free radicals, which further
increase oxidative stress [8]. In preterm neonates, the responses to oxidative burden and the antioxidant
potential are suboptimal, making them more vulnerable to the consequence of oxidative stress [8].
Therefore, preterm neonates may have decreased levels of antioxidant enzymes, vitamins, and minerals,
such as glutathione peroxidase, superoxide dismutase, catalase, vitamins A and E, selenium, copper, zinc,
and others [9].

Although the American Academy of Pediatrics recommends using weight-for-length curves for children up
to two years [ 10], several data suggest the increasing usefulness of the weight/length 2 ratio or body mass

index (BMI) in predicting adiposity [11]. On the contrary, lower values of weight/length2 at birth are
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associated with an increased risk of bronchopulmonary dysplasia, necrotizing enterocolitis, and death after
taking into account the birth weight z-score [12]. This observation suggests that the disproportionality of
weight and length in neonates may adversely affect the neonate's health [11]. In addition, maternal vitamin
E has been positively associated with birth weight [13], while cord vitamin E has been negatively associated
with birth weight [14].

Given the harmful effects of oxidative stress and a-tocopherol deficiency in preterm infants, it is important
to evaluate a-tocopherol status early. In addition, it is important to identify correlates of low levels of a-
tocopherol, in cases where it cannot be measured directly. Thus, the study aimed to evaluate the levels of a-
tocopherol in preterm neonates at birth and explore its correlates, such as anthropometry-related ones. To
our knowledge, no other studies have investigated the relation of BMI or related anthropometric indices to
a-tocopherol in neonates.

Materials And Methods
Study design and participants

This was a cross-sectional study of 84 preterm infants from the neonatal intensive care unit (NICU) at IASO
Hospital (Athens, Greece). This work was supplementary to a previous work of our group, which assessed
retinol and a-tocopherol levels in a smaller sample of preterm neonates [6]. The Scientific Committee of
TASO Hospital approved both protocols (approval number: A21112018). The work presented has been carried
out following the Code of Ethics of the World Medical Association and the Declaration of Helsinki for
humans.

This was a prospective study, and subjects were included on a "first come-first included" basis, provided they
gave their consent. Preterm neonates admitted to the NICU of the maternity hospital were included (January
2021-June 2021). The inclusion criteria were (i) gestational age of 26-35 weeks and (ii) parental consent for
inclusion in the study. The exclusion criteria were the following: (i) gestational diabetes or pre-eclampsia,
(ii) congenital infections and anomalies, (iii) perinatal asphyxia, and (iv) absence of parental consent. It is
noted that at the time of measurements, the neonates had not received corticosteroids after birth. Parents of
the infants signed an informed consent form before the enrolment of infants in the study.

The participating mothers were of Greek nationality and resided in Athens or nearby suburbs of Attica. It is
noted that all mothers were non-smokers.

Anthropometric and biochemical measurements

A digital scale was used to measure weight (0.005 kg accuracy, model A&D SK-WP, 1-10 kg (Toshima City,
Tokyo, Japan)). The crown-heel length was measured with a neonatometer (Harpenden Neonatometer,
Holtain, Crymych, UK) with a 1 mm precision. Head circumference was measured with a non-stretch tape to
the nearest 0.1 cm. If birth weight was lower than 2500 g or lower than 1500 g, neonates were characterized

as having low birth weight and very low birth weight, correspondingly [15]. The index weight/height® was
compared to previously proposed appropriate for gestational age and sex median values of preterm infants
[16].

Approximately 3 ml of blood was collected the following day of the birth. After centrifugation (3000 rpm x 10
minutes), serum was collected and kept at -20°C. The measurement of a-tocopherol was performed with
high-performance liquid chromatography (HPLC) (Agilent, 1100, constant-flow pump, Santa Clara, CA,

USA) with an ultraviolet (UV) detector set at 295 nm and a commercially available reagent kit
(Chromsystems, Grafelfing, Germany). An isocratic elution program was used (solvent flow 1.5 ml/min,
column temperature 25°C). Each sample was injected at a volume of 50 pl. The deficiency in a-tocopherol
was defined at levels <5.0 mg/L, in line with the World Health Organization criteria [3], and severe deficiency
was defined at levels <1.5 mg/L [17].

Statistical analysis

Normality was tested with the Kolmogorov-Smirnov criterion. Normally distributed variables are presented
as means * standard deviation, while skewed variables are presented as medians and interquartile range.
Length was transformed into a squared variable to achieve normality.

For categorical variables, absolute numbers and frequencies (%) are shown. For comparisons between
normally distributed and transformed continuous variables between the two groups, the t-test was applied.
The chi-squared test was used for group comparisons (i.e., males and females). Spearman correlations were
applied to identify potential non-linear relationships between variables or to identify correlations between
non-parametric variables. Logistic regression models were constructed to identify variables that can predict
low a-tocopherol status. The dependent variable was dichotomous, i.e., a-tocopherol <1.5 mg/L or >1.5
mg/L. As independent variables, various anthropometric indices and other covariates, such as sex and
gestational age, were used. The significance level was set at 10%. The IBM SPSS Statistics for Windows, V.
23.0 (Released 2015, IBM Corp., Armonk, NY, USA), was used for analysis. In addition, scatter dot diagrams
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Gestational age (y)

Birth weight (g)

Low birth weight (%)*

Very low birth weight (%)**
Length (cm)Jr

Birth weight/length? (g/cm?)
Small-for-gestational-age (n, %)
Head circumference (cm)
a-Tocopherol (mg/L)

a-Tocopherol deficiency (n, %)[

were performed with the Chart Builder of the SPSS.

Results

The anthropometric characteristics and a-tocopherol status of preterm neonates are displayed in Table 1.
Briefly, the median gestational age was 29.5 weeks (interquartile range 28.0-31.0 weeks), and the mean birth
weight was 1254 g (standard deviation 255 g). Most neonates were of very low birth weight (~89%). The
median head circumference was 28 cm, and its interquartile range was 27-29 cm. Concerning the ratio of
birth weight/lengthz, itwas 0.819£0.129 g/cmz. Compared to published birth weight/leng‘ch2 sex- and
gestational age-specific curves of preterm infants [16], 83.5% of neonates were below the median value. More
particularly, 84.8% of males and 86.5% of females had a ratio of weigh'c/length2 below the median value for
their gestational age (data not shown). The percentage of small-for-gestational-age children was 15.3%.
About 31% of preterm infants had an a-tocopherol deficiency when the cutoff <1.5 mg/L was used, and 100%
had an a-tocopherol deficiency when the cutoff <5.0 mg/L was used. No sex differences were detected.

Total sample Males Females
P-value

(n=84) (n=46) (n=38)

29.5 (28.0-31.0) 30.0 (28.0-31.0) 29.0 (28.0-31.0) 0.657
1254 + 255 1268 + 237 1236 + 278 0.572
9(10.7) 5(10.9) 4(10.8) 0.638
75 (89.3) 41 (89.1) 34 (91.9) 0.485
39.0 (37.0-41.0) 39.5 (37.0-42.0) 39.0 (36.0-40.5) 0.392
0.819£0.129 0.815+0.125 0.824 £ 0.136 0.761
13 (15.3) 9(19.6) 4(10.8) 0.275
28 (27-29) 28 (27-29) 27 (27-29) 0.322
1.97 £ 0.76 1.93+0.80 2.01+0.73 0.641
26 (31) 46 (55.4) 37 (44.6) 0.516

TABLE 1: Anthropometric characteristics and vitamin status of preterm neonates.

TValues were transformed before statistical comparisons to achieve normality. *Low birth weight was defined as weight <2500 g. **Very low birth weight

was defined as weight <1500 g. J(:(-Tocopherol deficiency was defined as a-tocopherol <1.5 mg/L. The significance level was set at 10%.

Table 2 shows the Spearman correlations between a-tocopherol and several anthropometric variables. A
negative association between a-tocopherol and weight/leng'[h2 was detected (p = 0.06), while no
associations were identified between a-tocopherol and gestational age, head circumference, birth weight, or
length.
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a-Tocopherol (mg/L)

rho = 0.095
Gestational age (y)

p =0.392

rho = 0.018
Birth weight (g)

p=0.875

rho =0.178
Length (cm)

p=0.121

rho =-0.025
Head circumference (cm)

p=0.828

rho =-0.212
Birth weight/length? (g/cm?)

p = 0.064

TABLE 2: Spearman correlations between a-tocopherol and anthropometric variables in the total
sample.

Spearman correlation coefficients are displayed. The significance level was set at 10%.

In Table 3, the models of logistic regression are presented (crude and multi-adjusted models). As can be
seen, weight/leng’thZ >0.81 g/cmZ was positively related to low a-tocopherol status. Interestingly, the
weight/length? predicted low a-tocopherol levels independently of other covariates, i.e., gestational age,
gender, and head circumference. It is noted that additional logistic regression models were applied with
weight and length separately inserted in the model. However, weight and length alone were not able to
predict low a-tocopherol levels (Exp(B): 1.001; 95% CI: 0.998-1.004; p = 0.548 for weight and Exp(B): 0.898;
95% CI: 0.718-1.122; p = 0.343 for length (data not shown)).

Crude model Model 1 Model 2
95% ClI 95% ClI 95% Cl
B Exp(B) Lower  Upper P B Exp(B) Lower  Upper P B Exp(B) Lower  Upper P
Gestational age (weeks) -0.255 0.775 0.568 1.057 0.108 -0.261  0.770 0.563 1.055 0.104 -0.283 0.754 0.543 1.046 0.090
Gender (males vs. females*) - - - - - 0.179 1.196 0.411 3.484 0.743  0.127 1.136 0.387 3.336 0.817
Head circumference (cm) - - - - - - - - - - 0.095 1.099 0.771 1.566 0.601

Weight/length? (glcm?) (<0.81 glem?* vs >0.81 g/om?) ~ 1.684 5389 1575 18.446 0007 1.714 5551  1.588 19.406 0.007 1542 4675 1330 16431 0.016

TABLE 3: Logistic regression models with vitamin E deficiency as a dependent dichotomous
variable (deficiency = 1 vs no deficiency = 0).

The significance level was set at 10%. *Reference category.

Cl: confidence interval; Exp(B): exponentiation of the B coefficient (odds ratio); NA: not applicable

The relation of the index weight/length2 to a-tocopherol levels is also graphically presented in Figure 1. It is

noted that graphs with both raw values and ranked values of weight/leng'[h2 and a-tocopherol are shown in
Figure 1.
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FIGURE 1: Scatter dot diagram between a-tocopherol and weight/length
squared (raw and ranked variables).

Discussion

The present study assessed a-tocopherol levels in preterm infants and aimed to identify anthropometric
correlates of a-tocopherol deficiency. About one-third of preterm infants had a-tocopherol deficiency

(cutoff <1.5 mg/L). In multi-adjusted logistic regression analysis, a ratio of weight/length? >0.81 g/cm?
related to low vitamin status.

Few studies have evaluated vitamin E deficiency by defining different cutoffs from 1.5 mg/L to 5.0 mg/L [18].
In the present study, about 31% of preterm infants had a-tocopherol deficiency when the cutoff <1.5 mg/L
was used, and 100% had a-tocopherol deficiency when the cutoff <5.0 mg/L was used. As recently reviewed,
vitamin E deficiency in neonates has a high variability ranging from 19% to 100% [18]. Levels of a-
tocopherol in Greece have been found at 2.04 + 0.63 to 2.47 + 0.78 mg/L in an intervention study in preterm
infants with a smaller sample [19] and 6.83 * 3.02 mg/L in a recent study of 30 preterm infants [6]. Our
results (mean 1.97 + 0.76 mg/L) are comparable with the study of Skouroliakou et al. [19] but not fully
comparable with those of Papandreou et al. [6], although a similar detection methodology with the latter
was followed. In addition, Papandreou et al. showed that 20% of preterm neonates were deficient in a-
tocopherol when the cutoff <5.0 mg/L was used [6], while in the present study, all neonates were deficient
with this criterion. In parallel, there is no overall consensus regarding optimal a-tocopherol levels in
preterm neonates. The European Society for Paediatric Gastroenterology Hepatology and Nutrition
(ESPGHAN), the European Society for Clinical Nutrition and Metabolism (ESPEN), the European Society for
Paediatric Research (ESPR), and the Chinese Society of Parenteral and Enteral Nutrition (CSPEN) jointly
recommend treatment in a-tocopherol levels below 1-2 mg/L [20].

The ratio of weight/length2 was inversely related to a-tocopherol deficiency in multi-adjusted logistic
regression models. It is noted that most infants in the present study were below the recently reported

median values for weight/leng‘th2 curves for preterm infants [16]. Other researchers have reported a positive
relation between a-tocopherol and birth weight (without including preterm born infants) [21] or gestational
age [17]. In several studies, vitamin E status was comparable between preterm and term infants [5]. In
parallel, adiposity may affect nutritional status. For example, obese children may store lipid-soluble
vitamins in adipose tissue, and thus, concentrations of fat-soluble antioxidants may be low [22].

It is most probable that the association found in this study reflects the fact that fat-soluble vitamins are
stored in larger quantities as fat depots increase. However, weight may not adequately reflect adipose tissue

mass, since it also includes skeletal mass. The ratio of weight/leng‘ch2 considers the contribution of skeletal
mass, which constitutes a larger part of total birth weight in preterm than in term infants (since fat depots
are smaller). A study including ~1000 neonates measured body composition with the use of air displacement

plethysmography across different ratios of weight/length2 [23]. It was documented that neonates with a low
weight/length2 ratio (less than the third percentile) had less than half body fat percentage and fat mass/fat-
free mass ratio than neonates with a normal weight/length2 ratio [23]. It is thus shown that the
weight/leng’thZ ratio in low-birth-weight neonates denotes a larger decrease in body fat compared to fat-free

mass, which may explain the association of the weight/length2 ratio with lipid-soluble vitamins.
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The investigated index has not been largely used in neonates and infants. In a US sample of 391,681 infants,

the ratio of weight/leng’thZ was the best predictor of body proportionality in preterm neonates [24]. In
addition, it has been proposed that weight-for-length or other indices of body proportionality should be
routinely used for the growth assessment of infants in the NICU [25]. Furthermore, the ratio of

weight/length? in preterm neonates has been correlated with dual-energy X-ray absorptiometry-derived
body composition variables, such as fat mass percentage, fat mass, fat-free mass, and bone mineral content

[26]. Increases in weight/length? z score in neonates born <30 weeks have been related to a higher

probability of bronchopulmonary dysplasia or death [27]. Other studies have shown that weight/leng‘[h2 isa
better indicator of adiposity than the ratio of weight to length at 1-5 months of age [28].

The strengths of the study include that an appropriate methodology (HPLC) was used for the analysis of
tocopherols. In this study, corticosteroids had not been administered to neonates at the time of
measurements. This is important, since dexamethasone may interfere with circulating a-tocopherol and
anthropometric measurements. Indeed, dexamethasone has been connected to alterations in a-tocopherol
transfer protein in rats [29]. It is noted, however, that maternal steroids were administered before 34 weeks.
In addition, the present work proposes an easy-to-measure index, which is related to low a-tocopherol
levels.

Some limitations of the present work should be stated. Firstly, all women had caesarian delivery, which may
affect fat-soluble vitamin levels [30]. Moreover, the present study did not include a control group of full-term
infants to capture potential differentiated associations of anthropometric indices and vitamin E in term
infants. There were no accessible data on the nutritional management of infants. However, the samples were
taken 24 hours after birth, so it is unlikely that artificial nutrition or human milk administration has altered
a-tocopherol status. The sample size was relatively small, and it was a single-center setting. In addition, no
body composition analysis was performed to distinguish fat and fat-free mass and their associations with a-
tocopherol levels, and no longitudinal data were available.

Conclusions

The present study demonstrated that about one-third of preterm neonates had very low a-tocopherol levels,

while a simple anthropometric index, i.e., weight/length2 (g/cmz), related to a-tocopherol deficiency. The
present study proposes that a simple measurement, routinely performed, can be used in a different direction
to characterize nutrient status. Further studies, also conducted in developing countries, are needed to
corroborate our results and prove the usefulness of the proposed index in the early detection of a-tocopherol
deficiency and possibly other conditions. In this case, the clinical implications of the present and future
findings include the identification of possibly a-tocopherol-deficient infants, which could prevent several
infant pathologies, such as hemolytic anemia, intraventricular hemorrhage, bronchopulmonary dysplasia,
ataxia, developmental delay, and others.

Thus, the identification of such "easy-to-measure" correlates of low vitamin E status, as proposed in the
present study, is important to detect infants at high risk for a-tocopherol deficiency in clinical practice.
Future studies with larger samples in several socioeconomic settings could use more sophisticated
algorithms based on artificial intelligence and further guide clinical measurements with higher accuracy. Of
course, awaiting further research evidence, the protocol of supplementation should be followed, as
suggested by international bodies.

Additional Information
Author Contributions

All authors have reviewed the final version to be published and agreed to be accountable for all aspects of the
work.

Acquisition, analysis, or interpretation of data: Maria Skouroliakou, Paraskevi Detopoulou, Panos
Papandreou

Critical review of the manuscript for important intellectual content: Maria Skouroliakou, Panos
Papandreou

Supervision: Maria Skouroliakou
Drafting of the manuscript: Paraskevi Detopoulou

Concept and design: Panos Papandreou

Disclosures

Human subjects: Consent for treatment and open access publication was obtained or waived by all

2024 Detopoulou et al. Cureus 16(12): e76575. DOI 10.7759/cureus.76575 6 of 8


javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)

Cureus

Part of SPRINGER NATURE

participants in this study. Scientific Committee of IASO Hospital issued approval A21112018. Animal
subjects: All authors have confirmed that this study did not involve animal subjects or tissue. Conflicts of
interest: In compliance with the ICMJE uniform disclosure form, all authors declare the following:
Payment/services info: All authors have declared that no financial support was received from any
organization for the submitted work. Financial relationships: All authors have declared that they have no
financial relationships at present or within the previous three years with any organizations that might have
an interest in the submitted work. Other relationships: All authors have declared that there are no other
relationships or activities that could appear to have influenced the submitted work.

References

1.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

Azzi A: Molecular mechanism of a-tocopherol action. Free Radic Biol Med. 2007, 43:16-21.
10.1016/j.freeradbiomed.2007.03.013

Ungurianu A, Zanfirescu A, Nitulescu G, Margina D: Vitamin E beyond its antioxidant label . Antioxidants
(Basel). 2021, 10:634. 10.3390/antiox 10050634

Péter S, Friedel A, Roos FF, Wyss A, Eggersdorfer M, Hoffmann K, Weber P: A systematic review of global
alpha-tocopherol status as assessed by nutritional intake levels and blood serum concentrations. Int | Vitam
Nutr Res. 2015, 85:261-81. 10.1024/0300-9831/a000281

Greer FR, Thureen PJ: Vitamins. Neonatal Nutrition and Metabolism. Hay WW (ed): Cambridge University
Press, Cambridge, England; 2006. 161-84. 10.1017/CB09780511544712.015

Kositamongkol S, Suthutvoravut U, Chongviriyaphan N, Feungpean B, Nuntnarumit P: Vitamin A and E
status in very low birth weight infants. ] Perinatol. 2011, 31:471-6. 10.1038/jp.2010.155

Papandreou P, Detopoulou P, Skouroliakou M: Gestational age is positively associated with retinol and a-
tocopherol in preterm infants: the mediating role of birth weight. Dietetics. 2023, 2:366-76.
10.3390/dietetics2040027

Carey AN, Duggan C: 50 years ago in the Journal of Pediatrics: vitamin E deficiency: a previously
unrecognized cause of hemolytic anemia in the premature infant. ] Pediatr. 2017, 181:162.
10.1016/j.jpeds.2016.08.091

Cannavo L, Perrone S, Viola V, Marseglia L, Di Rosa G, Gitto E: Oxidative stress and respiratory diseases in
preterm newborns. Int ] Mol Sci. 2021, 22:12504. 10.3390/ijms222212504

Bracci R, Buonocore G: The antioxidant status of erythrocytes in preterm and term infants . Semin Neonatol.
1998, 3:191-7. 10.1016/S1084-2756(98)80004-3

Daniels SR, Hassink SG: The role of the pediatrician in primary prevention of obesity . Pediatrics. 2015,
136:€275-92. 10.1542/peds.2015-1558

Roy SM, Spivack JG, Faith MS, et al.: Infant BMI or weight-for-length and obesity risk in early childhood .
Pediatrics. 2016, 137:20153492. 10.1542/peds.2015-3492

Lee BK, Lee JH, Shin J, Jung YH, Choi CW: The association of low body mass index with neonatal
morbidities in preterm infants. Sci Rep. 2021, 11:18841. 10.1038/541598-021-98338-5

Scholl TO, Chen X, Sims M, Stein TP: Vitamin E: maternal concentrations are associated with fetal growth .
Am | Clin Nutr. 2006, 84:1442-8. 10.1093/ajcn/84.6.1442

Yang G, Wang N, Liu H, Si L, Zhao Y: The association between umbilical cord blood fat-soluble vitamin
concentrations and infant birth weight. Front Endocrinol (Lausanne). 2023, 14:1048615.
10.3389/fendo.2023.1048615

International statistical classification of diseases and related health problems (ICD). World Health
Organization, Geneva, Switzerland; 2004.

Williamson AL, Derado J, Barney BJ, Saunders G, Olsen IE, Clark RH, Lawson ML: Longitudinal BMI growth
curves for surviving preterm NICU infants based on a large US sample. Pediatrics. 2018, 142:e20174169.
10.1542/peds.2017-4169

Chan DK, Lim MS, Choo SH, Tan IK: Vitamin E status of infants at birth . ] Perinat Med. 1999, 27:395-8.
10.1515/JPM.1999.054

Assungao DG, Silva LT, Camargo JD, Cobucci RN, Ribeiro KD: Vitamin E levels in preterm and full-term
infants: a systematic review. Nutrients. 2022, 14:2257. 10.3390/nu14112257

Skouroliakou M, Konstantinou D, Koutri K, et al.: A double-blind, randomized clinical trial of the effect of
w-3 fatty acids on the oxidative stress of preterm neonates fed through parenteral nutrition. Eur J Clin Nutr.
2010, 64:940-7. 10.1038/ejcn.2010.98

Bronsky J, Campoy C, Braegger C: ESPGHAN/ESPEN/ESPR/CSPEN guidelines on pediatric parenteral
nutrition: vitamins. Clin Nutr. 2018, 37:2366-78. 10.1016/j.cInu.2018.06.951

Tateno M, Oshima A: The relation between serum-vitamin E levels in the perinatal period and the birth
weight of the neonate. Acta Obstet Gynaecol Jpn. 1973, 20:177-81.

Villar ], Puglia FA, Fenton TR, et al.: Body composition at birth and its relationship with neonatal
anthropometric ratios: the newborn body composition study of the INTERGROWTH-21st project. Pediatr
Res. 2017, 82:305-16. 10.1038/pr.2017.52

Strauss RS: Comparison of serum concentrations of a-tocopherol and B-carotene in a cross-sectional
sample of obese and nonobese children (NHANES III). | Pediatr. 1999, 134:160-5. 10.1016/s0022-
3476(99)70409-9

Ferguson AN, Grabich SC, Olsen IE, et al.: BMI is a better body proportionality measure than the ponderal
index and weight-for-length for preterm infants. Neonatology. 2018, 113:108-16. 10.1159/000480118
Olsen IE, Lawson ML, Meinzen-Derr |, Sapsford AL, Schibler KR, Donovan EF, Morrow AL: Use of a body
proportionality index for growth assessment of preterm infants. | Pediatr. 2009, 154:486-91.
10.1016/j.jpeds.2008.10.012

Goswami I, Rochow N, Fusch G, et al.: Length normalized indices for fat mass and fat-free mass in preterm
and term infants during the first six months of life. Nutrients. 2016, 8:417. 10.3390/nu8070417

Li Ching Ng L, Patel S, Plourde H, et al.: The association between BMI trajectories and bronchopulmonary

2024 Detopoulou et al. Cureus 16(12): €76575. DOI 10.7759/cureus.76575 70f8


https://dx.doi.org/10.1016/j.freeradbiomed.2007.03.013
https://dx.doi.org/10.1016/j.freeradbiomed.2007.03.013
https://dx.doi.org/10.3390/antiox10050634
https://dx.doi.org/10.3390/antiox10050634
https://dx.doi.org/10.1024/0300-9831/a000281
https://dx.doi.org/10.1024/0300-9831/a000281
https://dx.doi.org/10.1017/CBO9780511544712.015
https://dx.doi.org/10.1017/CBO9780511544712.015
https://dx.doi.org/10.1038/jp.2010.155
https://dx.doi.org/10.1038/jp.2010.155
https://dx.doi.org/10.3390/dietetics2040027
https://dx.doi.org/10.3390/dietetics2040027
https://dx.doi.org/10.1016/j.jpeds.2016.08.091
https://dx.doi.org/10.1016/j.jpeds.2016.08.091
https://dx.doi.org/10.3390/ijms222212504
https://dx.doi.org/10.3390/ijms222212504
https://dx.doi.org/10.1016/S1084-2756(98)80004-3
https://dx.doi.org/10.1016/S1084-2756(98)80004-3
https://dx.doi.org/10.1542/peds.2015-1558
https://dx.doi.org/10.1542/peds.2015-1558
https://dx.doi.org/10.1542/peds.2015-3492
https://dx.doi.org/10.1542/peds.2015-3492
https://dx.doi.org/10.1038/s41598-021-98338-5
https://dx.doi.org/10.1038/s41598-021-98338-5
https://dx.doi.org/10.1093/ajcn/84.6.1442
https://dx.doi.org/10.1093/ajcn/84.6.1442
https://dx.doi.org/10.3389/fendo.2023.1048615
https://dx.doi.org/10.3389/fendo.2023.1048615
https://www.who.int/standards/classifications/classification-of-diseases
https://dx.doi.org/10.1542/peds.2017-4169
https://dx.doi.org/10.1542/peds.2017-4169
https://dx.doi.org/10.1515/JPM.1999.054
https://dx.doi.org/10.1515/JPM.1999.054
https://dx.doi.org/10.3390/nu14112257
https://dx.doi.org/10.3390/nu14112257
https://dx.doi.org/10.1038/ejcn.2010.98
https://dx.doi.org/10.1038/ejcn.2010.98
https://dx.doi.org/10.1016/j.clnu.2018.06.951
https://dx.doi.org/10.1016/j.clnu.2018.06.951
https://pubmed.ncbi.nlm.nih.gov/4805504/
https://dx.doi.org/10.1038/pr.2017.52
https://dx.doi.org/10.1038/pr.2017.52
https://dx.doi.org/10.1016/s0022-3476(99)70409-9
https://dx.doi.org/10.1016/s0022-3476(99)70409-9
https://dx.doi.org/10.1159/000480118
https://dx.doi.org/10.1159/000480118
https://dx.doi.org/10.1016/j.jpeds.2008.10.012
https://dx.doi.org/10.1016/j.jpeds.2008.10.012
https://dx.doi.org/10.3390/nu8070417
https://dx.doi.org/10.3390/nu8070417
https://dx.doi.org/10.1038/s41390-022-02358-4

Cureus

Part of SPRINGER NATURE

dysplasia among very preterm infants. Pediatr Res. 2023, 93:1609-15. 10.1038/s41390-022-02358-4

28. Roy SM, Fields DA, Mitchell JA, et al.: Body mass index is a better indicator of body composition than
weight-for-length at age 1 month. J Pediatr. 2019, 204:77-83.e1. 10.1016/j.jpeds.2018.08.007

29. Kim HS, Arai H, Arita M, et al.: Age-related changes of alpha-tocopherol transfer protein expression in rat
liver. ] Nutr Sci Vitaminol (Tokyo). 1996, 42:11-8. 10.3177/jnsv.42.11

30. Gonzélez-Corbella MJ, Lopez-Sabater MC, Castellote-Bargall6 Al, Campoy-Folgoso C, Rivero-Urgell M:
Influence of caesarean delivery and maternal factors on fat-soluble vitamins in blood from cord and
neonates. Early Hum Dev. 1998, 53:5121-34. 10.1016/s0378-3782(98)00070-x

2024 Detopoulou et al. Cureus 16(12): e76575. DOI 10.7759/cureus.76575 8 of 8


https://dx.doi.org/10.1038/s41390-022-02358-4
https://dx.doi.org/10.1016/j.jpeds.2018.08.007
https://dx.doi.org/10.1016/j.jpeds.2018.08.007
https://dx.doi.org/10.3177/jnsv.42.11
https://dx.doi.org/10.3177/jnsv.42.11
https://dx.doi.org/10.1016/s0378-3782(98)00070-x
https://dx.doi.org/10.1016/s0378-3782(98)00070-x

	The Ratio of Body Weight/Length Squared Relates to Low Serum α-Tocopherol in Preterm Infants
	Abstract
	Introduction
	Materials And Methods
	Study design and participants
	Anthropometric and biochemical measurements
	Statistical analysis

	Results
	TABLE 1: Anthropometric characteristics and vitamin status of preterm neonates.
	TABLE 2: Spearman correlations between α-tocopherol and anthropometric variables in the total sample.
	TABLE 3: Logistic regression models with vitamin E deficiency as a dependent dichotomous variable (deficiency = 1 vs no deficiency = 0).
	FIGURE 1: Scatter dot diagram between α-tocopherol and weight/length squared (raw and ranked variables).

	Discussion
	Conclusions
	Additional Information
	Author Contributions
	Disclosures

	References


