
Co
py

rig
ht

©
 A

E&
M

 a
ll r

ig
ht

s r
es

er
ve

d.

567

original article

Arch Endocrinol Metab. 2020;64/5

Biochemical predictors for 
metabolic syndrome in preterm 
infants according to weight ratio

Claudia Silveira Viera1 
https://orcid.org/0000-0002-0900-4660

Grasiely Masotti Scalabrin Barreto2 
https://orcid.org/0000-0003-3491-0670 

Rita de Cassia Silveira3

https://orcid.org/0000-0002-2982-2652

Hugo Razzini Oliveira4 
https://orcid.org/0000-0003-2252-078X

Beatriz Rosana Gonçalves de Oliveira Toso1 
https://orcid.org/0000-0001-7366-077X

Milene Sedrez Rover2 
https://orcid.org/0000-0002-8873-8194

Sabrina Grassioli1 
https://orcid.org/0000-0001-5647-7877

Ana Tereza Bittencourt Guimarães1 
https://orcid.org/0000-0002-3633-6484

Sandra Lucinei Balbo1 
https://orcid.org/0000-0002-2866-3928

ABSTRACT 
Objective: Prematurity and low birth weight predispose preterm infants to cardiovascular disease in 
later life. Is the metabolic profile of these children impacted by the relation between birth weight and 
gestational age (GA)? This study aimed to evaluate whether the relationship between birth weight 
and GA of preterm infants has a positive correlation with the metabolic profile from birth to the sixth 
month of corrected age. Subjects and methods: This is a longitudinal, prospective study with a 
cohort of 70 preterm and 54 term infants, who were enrolled in the study and shared into two groups: 
Appropriate for GA (AGA) and Small for GA (SGA), both classified at birth by Fenton and Kim curves. 
Longitudinal evaluation of anthropometry measures and blood samples of total cholesterol, glucose, 
triglycerides, and insulin were collected at birth, NICU discharge, and the sixth month of corrected 
age. Data were analyzed using descriptive and inferential statistical analysis (ANOVA, Fisher test, 
Shapiro-Wilk, and Cochran test). The effect size was 0.15, power was 0.92, and confidence interval 
95%. Results: No significant statistical differences were observed in relation to biochemical tests 
between AGA and SGA groups. However, a significant increase in triglyceride results above the 
reference values for age in the SGA group was observed throughout the follow-up. Conclusions: 
Changes observed in the preterm infant metabolic profile show no correlation with adequacy of 
birth weight. Preterm lipid profile requires continuous evaluation at follow-up, due to the increased 
cardiovascular risk in later life. Arch Endocrinol Metab. 2020;64(5):567-74
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INTRODUCTION

L ow birth weight (LBW) has been associated with 
childhood morbidity and mortality, which presents 

direct influence in later life with the development 
of diseases such as hypertension, dyslipidemia, and 
type 2 diabetes. The combination of these diseases 
with alterations in body size, metabolic parameters, 
and blood pressure characterize metabolic syndrome 
(MeS) (1). Evidence has shown that prematurity 

associated with LBW is another factor that predisposes 
an individual to MeS (2). According to the literature 
(3,4), the rapid weight gain and increase in body 
mass index in the first 12 to 18 months of life among 
LBW infants tends to cause an overweight condition 
and increased cardiometabolic risk in childhood and 
adolescence. 

In addition to overweight and obesity, prematurity 
and LBW have been related to MeS components such as 
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insulin resistance, increased blood glucose, cholesterol, 
triglycerides, and blood pressure changes. Therefore, a 
child born under this situation is predisposed to chronic 
health conditions in adult life (5).

Moreover, nutritional impairments in fetal and 
neonatal life have consequences related to newborn 
infants’ growth and development processes, exposing 
them to a higher probability of metabolic diseases in 
other stages of life. Furthermore, premature infants are 
likely to develop changes in their long-term health (6). 
This understanding underlies the fetal origin theory of 
chronic diseases in adulthood, which supports the theory 
of fetal metabolic programming. Thus, prenatal stress 
causes adaptive changes in endocrine and metabolic 
processes that become permanently programmed and 
affect adults’ health (7).

In this context, a suboptimal intrauterine 
environment in the early stages of life causes repercus-
sions on a preterm infant’s growth, predisposing him 
or her to long-term health problems such as diabetes 
and MeS. In the 1980s, Barker and Osmond’s study 
(8) had already suggested that the uterine environment, 
when associated with fetal and childhood nutrition, is 
responsible for scheduling cardiovascular disease in 
adulthood. In addition, a high prevalence of MeS com-
ponents have been found among very LBW infants at 2 
years old (9). A previous study (10) developed in our 
research group with a sample of 72 preterm infants 
evaluated the preterm growth and the evolution of their 
lipid and glycemic profiles. The research data showed 
that the preterm infants presented linear growth and an 
upward curve of the lipid profile variables from birth 
to sixth month of corrected age. Thus, knowing that 
prematurity has been related to higher risk for obesity 
and cardiovascular problems throughout their lives, 
we sought to compare the lipid and glycemic profiles 
of premature with term infants. Because preterm and 
LBW infants’ metabolic changes before the first year of 
life may be considered a literature gap, the lipid and 
glycemic profiles were compared to verify whether both 
groups would be similar. 

The LBW and preterm infants had postnatal growth 
restriction in common; therefore, neither group 
could maintain the fetal growth pattern. Thus, they 
presented a high risk of metabolic alterations. Although 
the literature provides evidence, studies that analyze 
preterm and LBW infants before the first year of life 
are not enough to elucidate the lack of research about 
MeS’s components in these groups. Then the question 
is whether the metabolic profile of preterm infants is 
impacted by the relation between birth weight and GA. 

In this way, the study aimed to evaluate if the 
relationship between birth weight and GA of preterm 
infants has a positive correlation with the metabolic 
profile from birth to the sixth month of corrected age, 
in comparison to term infants.

SUBJECTS AND METHODS

A longitudinal, prospective study was conducted on 
a preterm infant cohort hospitalized in the Neonatal 
Intensive Care Unit (NICU) at a teaching hospital 
in Paraná State, Brazil, from May 2015 to December 
2016. This preterm infant cohort was compared to a 
term cohort that was born at the same teaching hospital 
during the same period. The study was approved by 
the research ethics committee under process No. 
1,134,712. The informed consent form was read and 
signed by parents or guardians prior to the study.

Participant selection and description

The preterm infants eligible for the study were born 
at the hospital, admitted at the NICU, and under 
treatment for 7 or more days at the unit, and their 
blood samples were collected upon admission and 
discharge from the NICU. In addition, participants 
who attended all appointments at the outpatient follow-
up were included. Exclusion criteria were the presence 
of congenital malformation, inborn metabolism 
errors or chromosomal anomalies, and death during 
hospitalization or after hospital discharge.

Thus, 115 preterm infants and their mothers were 
selected for the study. From this sample, 70 completed 
the follow-up and attended the four visits at the 
follow-up clinic, as follows: first week after hospital 
discharge; first and third months after discharge; and at 
the sixth month of corrected age (CA).

The study’s term cohort was composed of newborns 
without any comorbidities and who were born between 
37 weeks and 41 weeks and 6 days of GA. Children of 
adolescent mothers or those who had a disease were 
excluded from the sample. Consequently, 162 term 
infants and their mothers were enrolled in the sample. 
Among them, 54 completed the follow-up evaluation 
at the sixth month of life. 

Data collection

At the NICU, preterm infants’ data were collected at 
admission, covering information related to the delivery, 
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birth, and anthropometric measures. The outpatient 
appointment was scheduled for the first week after the 
preterm and term infants were discharged. However, 
the preterm infants were followed until the sixth month 
of CA and term infants until sixth month of life. All 
data were collected by the responsible researcher at the 
NICU and maternity unit and were tabulated in Excel 
for Windows and double checked.

The glucose, triglyceride, cholesterol, and insulin 
blood samples were collected at two points for the 
preterm and term infant cohorts: 1) from 24 to 72 
hours after birth and 2) at the sixth month of CA for 
the preterm infants and sixth month of life for the term 
infants. The medical care team required the blood 
samples as part of the assistance during the NICU or 
maternity hospitalization and in the follow-up program. 
However, the blood samples for use in this research 
were obtained from the material discharged right after 
the NICU medical team’s required screening. The 
exams were collected by venipuncture using a butterfly 
with an evacuated tube and an adaptor, all processed by 
the institutional laboratory. The exams were realized 
by dry chemistry method with 10 mg/dL of test 
sensibility for the triglyceride, 20 mg/dL for glucose, 
and 50 mg/dL for cholesterol. The insulin exam was 
analyzed by electrochemiluminescence method with 
0.03 nIU/mL of test sensibility.

For anthropometric evaluation, naked preterm 
or term infants were weighed (presented in grams) 
on a digital scale (Filizola®) with a sensitivity of 5 g. 
Length measurements (presented in centimeters) were 
obtained using an anthropometric aluminum ruler with 
the infant in dorsal decubitus. Until 40 weeks of CA, 
to calculate the Z score of weight and length and to 
establish the relation between birth weight and GA by 
Fenton and Kim’s (11) neonatal growth curves, were 
used the Fenton calculator (12). After this period, the 
WHO/2006 growth curves were used. The curves were 
obtained using the online WHO Anthro calculator, 
version 3.2.2, from World Health Organization (13). 

Therefore, the infants were grouped according to 
the classification of birth weight to GA; that is, Large 
for GA (LGA), Small for GA (SGA), and Adequate 
for GA (AGA). This classification is able to efficiently 
display fetal growth, considering LGA when the 
newborn is above the 90th percentile; SGA when the 
infant is below the 10th percentile, and AGA between 
10th and 90th percentiles. 

Analyses

Descriptive statistics were analyzed to assess whether 
prematurity and its consequences have an influence 
on or correlation with the preterm infants’ metabolic 
changes after hospital discharge (mean and standard 
error of the mean, SD).

The biochemical variables (e.g., glucose, triglycerides, 
cholesterol, and insulin) were evaluated at two points: 
admission and at the sixth month of CA/sixth month 
of life. From the birth weight to classification, the 
preterm and term infants were divided into two groups: 
AGA and SGA. All variables were evaluated between 
each group (AGA and SGA) according to the GA (term 
and preterm infants) by repeated measures ANOVA 
test. Each variable was analyzed for the two mentioned 
times, followed by the LSD-Fisher test.

The variables were previously evaluated regarding 
the distribution of the data through the Shapiro-Wilk 
test, as well as the homogeneity of the variances using 
the Cochran test. All statistical analyses were performed 
using the Statistica 7.0 program. The tests presented a 
0.92 power with a mean effect size of 0.15 and a type I 
error of 0.05 (Gpower 3.1).

RESULTS

Sample characteristics

The sample initially constituted 115 preterm infants, 
70 of whom concluded the follow-up. The LGA 
sample was lost in the follow-up. Among this group, 
the gender distribution frequency was similar (F = 44%; 
M = 56%) in initial and final samples. Sixty percent of 
preterm infants were born within 32-36 weeks, and 
40% weighed between 1,000 and 1,499 g. Eighty-
nine percent of preterm infants were classified as AGA, 
whereas 11% were classified as SGA. Forty-four percent 
of the sample were hospitalized at the NICU for more 
than 21 days.

The term infant sample was initially constituted 
of 162 participants; however, 54 completed the sixth 
month follow-up. The gender distribution frequency 
was equivalent (F = 50%; M = 50%). Of this group, 
85.18% were considered AGA, 7.41% were considered 
SGA, and 7.41% were LGA. During the follow-up, 
among the 54 who completed the process, 50 were 
AGA and four were SGA. 

The comparison of anthropometric characteristics 
(Table 1) between the preterm sample and term sample 
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from birth to six months showed statistical differences 
in both groups.

Study variables

During the follow-up, no significant difference in the 
glucose values (F = 1.97, p = 0.163) was identified 
in the evaluation of the term and preterm infants, 
classified as AGA and SGA (Figure 1). However, 
when assessing only the interaction of GA and follow-
up, significant differences (F = 4.05, p = 0.046) were 
observed. Preterm infants at admission presented 
significantly higher glycaemia values when compared to 
term infants, although preterm infants equalized their 
values to those of term infants during the follow-up.

Regarding the triglyceride variable, the interaction 
of GA, birth weight classification, and follow-up were 
verified (Figure 1), nevertheless, they did not present 
significant statistical differences (F = 0.53, p = 0.466). 
Nevertheless, the interaction of GA and follow-up 
showed significant differences (F = 23.93, p < 0.0001), 
which pointed to preterm infants presenting lower 
values at admission than those born at term, regardless 
of whether they are classified as AGA or SGA.

The cholesterol variable (Figure 1) did not present 
significant statistical differences in the interaction 
among the GA, birth weight classification, and follow-
up (F = 0.038; p = 0.845). Term and preterm infants, 
classified AGA or SGA, presented low cholesterol at 
admission and raised their values at the sixth month  
(F = 94.62, p < 0.0001).

Finally, the insulin variable neither presented 
statistical differences in the interaction of those factors 
(F = 0.08, p = 0.771) nor were differences observed in 
any of the isolated factors.

Metabolic plasmatic parameters showed different 
profiles during growth. Thus, while the plasma lipid 
levels (triglycerides and cholesterol) increased during 
growth, the plasma glucose and insulin levels decreased, 
suggesting preterm infants altered their metabolism 
along their growth (Table 2).

DISCUSSION

No statistically significant difference was observed in the 
metabolic profile variables between preterm and term 
infants, considering the AGA and SGA birth weight 
classifications. In both groups, the glycemic profile 
showed stabilization of the serum levels throughout 
the evaluations. Therefore, insulin presented a decrease 
until the sixth month of CA for preterm and at the 
sixth month of life for term infants. Regarding the lipid 
profile, a gradual increase was noted in serum values 
from birth to the sixth month for both groups.

The glycaemia at birth for the preterm infant group 
was higher than the term group. Nevertheless, the 
preterm infants considerably reduced the glycaemia 
value at the sixth month of CA. At birth, both groups 
presented glycemic rates of 54 mg/dL, which is 
above normal levels for neonatal glycaemia (14). The 
SGA group showed great variability, whereas the 
SGA preterm group had higher values than the term 
group. Monitoring glycemic indexes is fundamental 
throughout the vital cycle. Thus, a greater relevance 
may be observed in the neonatal period due to cerebral 
functioning dependence, in 90%, which is originated 
from the glucose resulting energy (15).

The insulin results highlight an inverse graph, where 
higher values are found at birth and reduced levels are 
identified for both groups along the follow-up. The 
SGA group presented higher serum insulin values at 
birth, which decreased until the sixth month. Higher 
plasmatic concentration of catecholamines (epinephrine, 
norepinephrine, and dopamine) are preserved in 
preterm infants with acuter answers for epinephrine 
when compared to term infants. This situation promotes 
the insulin decrease and, consequently, an increase in 
the glucagon concentration (16).

Preterm infants with very low birth weight 
(<1,500 g) have higher levels of plasmatic insulin, 
suggesting a peripheral insulin resistance (17). In 
children, values above 2 uIU/mL are considered 
hyperinsulinemia. Therefore, the first intervention of 

Table 1. Comparison of preterm and term characteristics at birth and six months of life

Variables (Mean ± SD)
Birth Six mnth

p-value
Birth Six month

p-value
T (n = 163) T (n = 54) PT (n = 115) PT (n = 70)

Weight (g) 3211.3 ± 437.3 7922.2 ± 848.2 < 0.0001 1711.9 ± 728.2 7074.3 ± 1208.2 < 0.0001

Height (cm) 48.3 ± 2.1 66.7 ± 2.3 < 0.0001 40.1 ± 4.8 65.2 ± 3.4 < 0.0001

Cephalic circunference (cm) 33.7 ± 1.5 43.6 ± 1.1 < 0.0001 29.1 ± 3.2 42.5 ± 1.7 < 0.0001

T: term; PT: preterm; g: grams; cm: centimeters. 
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the neonate organism is the interruption of insulin 
secretion when plasmatic glucose concentration 
decreases below the normal postabsorptive mean of  
85 mg/dL (18). For this reason, the insulin concentration 
values of preterm infants began to diminish along 
the follow-up to maintain stable plasmatic glucose 

concentration. Thus, a study (19) highlights that SGA 
birth status is a significant predictor of insulin resistance, 
followed by the birth weight-height to GA classification. 
Furthermore, SGA preterm infants are more vulnerable 
to developing a problem such as MeS in childhood, 
adolescence, and adulthood (9,19).

Figure 1. Biochemical variables analyzed in preterm and term infants. AGA = Adequate for GA and SGA = Small for GA. Preterm (n = 70, continuous 
line). Term (n = 54, dotted line).
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A Spanish study (20) also asserted that the decrease 
in the postnatal growth curve occurs during the first 
weeks after birth. Furthermore, the study revealed that 
SGA preterm infants had higher fasting glucose levels 
and glucose tolerance in oral test, as well as lower HDL 
cholesterol levels.

The triglyceride results also do not present a 
significant statistical difference between the AGA and 
SGA groups (p = 0.4660). Even so, it is important to 
highlight that at birth the AGA and SGA preterm infant 
groups showed lower serum triglyceride values than 
the term infants. In addition, these values presented 
gradual increases along the follow-up evaluation, with 
much higher rates than the Brazilian and European 
Atherosclerosis Society and the European Federation 
of Clinical Chemistry and Laboratory Medicine 
consensus, which were established as adequate for 
age (15,21). This increase is significant for preterm 
infant clinical evaluation, indicating the necessity of 
triglyceride monitoring during this group’s follow-up.

Alterations in fetal and neonatal cholesterol 
metabolism are important to understand not only 
during infancy, but for an individual’s long-term health 
because coronary heart disease has been proposed to 
be linked to abnormal cholesterol metabolism in the 
fetus and newborn. Our data showed no significant 
difference between the term and preterm groups (p = 
0.495); both of them presented gradually increasing 
total cholesterol from birth to sixth months regardless 
of whether they were AGA or SGA. De Jong and cols. 
(22) found similar results that showed SGA term and 

preterm infants had the same total cholesterol values at 
2 years old (150 mg/dL).

A recent systematic review (23) presented a 
comparison between adults born preterm and adults 
born at term. These results confirmed that prematurity 
is strongly associated with metabolic syndrome 
components, and consequently preterm infants are 
exposed to cardiovascular disease risk in adulthood. In 
this way, independently of whether a preterm infant’s 
weight and GA are adequate, this group is vulnerable 
to future cardiovascular problems. Moreover, it 
may be important to emphasize that the SGA group 
showed a continuous triglyceride increase superior 
to the screenings from the AGA group. These results 
corroborate studies that have highlighted the SGA 
preterm group is more likely to present cardiovascular 
alterations, considering the deprivation that occurs in 
the intrauterine environment. Thus, a fetal organism 
tends to prioritize the metabolic demands on organs 
and noble tissues to the detriment of other areas of 
growth, resulting in functional and structural tissue 
impairments and changes in the insulin secretion 

capacity (5,24).
Evidence from the literature converges (20,25) 

when it suggests that preterm growth velocity and being 
born SGA are closely connected to a disproportionately 
faster rate of fat gain than lean tissue deposition. In 
other words, fat gain accelerates and leads to recovery 
or catch-up fat. After birth, SGA preterm infants are 
exposed to environmental factors such as high energy 
intake, which may result in metabolic imprinting caused 

Table 2. Biochemical parameter predictors of metabolic syndrome in preterm infants compared with term infants. p value by ANOVA for repeated 
measures

Variables
Preterm (N = 70) Term (N = 54)

p value$

Mean (SD) Min-Max Mean (SD) Min-Max

Glycaemia (mg/L)
Admission

Sixth month

79.3 ± 44.0

83.4 ± 12.6

20-285

63-132

65.3 ± 20.2

79.7 ± 10.0

31-121

57-110

0.046

Triglycerides (mg/dL)
Admission

Sixth month

47.8 ± 31.3

151.4 ±70.8

13-139

46-338

135 ± 50.0

134.8 ± 50.9

39-242

56-273

< 0.0001

Total cholesterol (mg/dL)
Admission

Sixth month

80.7 ± 32.1

139.7 ± 29.2

25-192

83-240

89.2 ± 19.7

141.6 ± 27.0

25-136

102-231

0.495

Insulin (uUI/mL)
Admission

Sixth month

10.8 ± 23.2

4.2 ± 4.3

0.5-177.3

0.19-18.7

2.1 ± 1.9

4.6 ± 4.0

0.36-11.0

0.4-20.3

0.229

$ p-value of the interaction among preterm and term groups and the follow-up period.
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by extra uterine stress (20,26). Among the preterm 
infants in our study, almost all received parenteral 
nutrition during NICU hospitalization, which could 
be considered an important factor in nutritional 
imprinting. However, the respective roles of enteral 
and parenteral feeding in later body composition 
are unclear, and recent randomized controlled trials 
suggest that manipulation of parenteral nutrition has 
little effect on lean body mass accretion (27).

Moreover, a study (28) has established that obese 
children and adolescents remain so in adulthood, 
predicting Mes. Thus, preterm birth and SGA infants 
could be at high risk for developing obesity during 
adolescence. Our data emphasize the necessity of 
paying attention to the clinical-laboratory aspects 
during preterm infant follow-up and later growth 
in life to help patients avoid becoming overweight. 
Therefore, biochemical tests should be considered 
in preterm growth evaluation to identify patients’ 
metabolic profiles, mainly for the SGA preterm group. 
Consequently, early changes may be recognized, which 
require adjustments to preterm care management to 
prevent future complications.

Annual biochemical testing is an important routine 
in preterm infant follow-up. This analysis could 
contribute to establishing preterm infants’ metabolic 
profiles, since prematurity and SGA are considered 
predictive factors for metabolic changes.

The short period of preterm follow-up observation 
can be considered a limitation of the study. However, 
despite the brief follow-up (only until the sixth month 
of CA), the study may identify the need for attention 
to the metabolic effects of preterm birth and SGA. 
Although the SGA sample for both term and preterm 
infants in our study was reduced and therefore points to 
another limitation of our research, the findings suggest 
SGA preterm infants should be considered require 
special consideration in follow-up interventions. So, 
when planning a specific care program for this group 
during hospitalization and after NICU discharge, these 
elements should be taken into account. According to 
the literature review, preterm birth and very low birth 
weight are associated risk factors to cardiovascular 
diseases. Besides this fact, literature has indicated a 
higher atherogenic lipid profile among adults who 
were born preterm (29). Our study revealed high 
triglyceride values among the analyzed preterm infants, 
which could be recognized as one of the primary 
clinical outcomes to detect earlier risk of metabolic 

syndrome. Then, the lipid profile, mainly triglycerides, 
may be identified as a serum biomarker in preterm 
infant metabolic syndrome.

When comparing preterm infants with a control 
group of term infants of the same age and from the 
same population, the present study’s results are more 
reliable. However, it should be noted that the results 
were stratified into subgroups of adequate or small 
for gestational age. In spite of the proportions within 
each group represented, the SGA group was closest 
to the Brazilian rates, which vary from 5.6 to 10.6% 
of all live births (29). In our study, 7.4% of the 54 
term infants and 11.4% of the 70 preterm infants were 
classified as SGA. The number of SGA patients is small 
for the analyses presented in the results, so it may be 
a study limitation.

In conclusion, the metabolic profile from birth 
to the sixth month of CA was not influenced by the 
birth weight and GA of the preterm infant. However, 
the triglyceride exam could be considered an earlier 
serum biomarker for MeS among preterm infants. 
Based on our findings, the importance of following 
the preterm infant metabolic profile may be evidenced, 
since triglyceride levels might be a possible predictor 
of higher cardiovascular disease risk during their lives. 

Prematurity and the questions involved in the 
follow-up of preterm infants require further studies, 
mainly related to metabolic alterations and early catch 
up and how these aspects influence a child’s health 
during late childhood, adolescence, and adulthood. 
Interdisciplinary long-term longitudinal studies on 
metabolic markers in preterm infants are challenging 
when evaluating the risk of developing future 
alterations, such as MeS, which demand complex and 
diverse knowledge.
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