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ABSTRACT

Objective: To identify an association between prematurity
and the nutritional, metabolic and inflammatory aspects of
pre-school children.

Methods: This was a case-control study with 32 preterm
children and 32 full-term children. A nutritional diagnosis
was obtained through the anthropometric indexes of
height/age (H/A) and BMI/Age (BMI/A) using the WHO
AnthroPlus® program. Metabolic assessment was per-
formed through the levels of fasting glucose, fasting insulin,
total cholesterol, triacylglycerides, high-density lipoprotein
and low-density lipoprotein. The inflammatory profile was
identified through the serum levels of interleukin 6 (IL-6)
and C-reactive protein (CRP).

Results: The assessment age of preterm children was 81
months + 23.8. A shorter gestation time was associated with
an increased waist circumference (p=0.035), and total cho-
lesterol levels (p=0.031), and tended toward an association
with higher interleukin 6 levels (p=0.062). Waist circumfer-
ence was associated with higher adiposity (p=0.003) and with
increased blood pressure (p=0.010).

Conclusion: Preterm birth was related to increased levels
of total serum cholesterol and increased waist circumference,
thereby suggesting a higher risk of future cardiovascular
events. No association was observed between gestational age
and birth weight with other nutritional, metabolic or inflam-
matory aspects in the pre-school children assessed.
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INTRODUCTION

The intrauterine period and the first years of an infant’s
life are sensitive to nutritional and metabolic factors, which
may have both short- and long-term effects on their health,
extending into adulthood. Metabolic disorders, such as in-
sulin resistance, diabetes, hypertension and dyslipidemia, in
addition to an increased risk of death from coronary artery
disease, are associated with prematurity and low birth
weight13,

The hypothesis known as “metabolic imprinting” can be re-
lated to an early nutritional experience, which occurs during
a specific, critical period of development, thereby causing a
predisposition to certain diseases. Among the events that
may influence “metabolic imprinting”, catch-up growth has
been identified as an important risk factor for excess weight
in future life*. Catch-up growth occurs during the period bet-
ween 6 months and 1 year of life and enables these indivi-
duals to attain weight, height or head circumference above 2
standard deviations (SD) in relation to the initial parameter
for age or above percentile 10,

Studies have suggested that infants who experience catch-
up growth in early infancy, especially in weight gain, are more
prone to obesity at around 6 years of age346. This fact may
be justified since events that occur during an infant’s fetal life
and in the immediate postnatal period are closely associated
with being overweight in adulthood and with the metabolic
disorders associated with obesity”.

After a period of inadequate nutritional support in early life,
such as in prematurity, the body responds with a hypersecre-
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tion of growth hormone and a reduction in insulin-like growth
factor type 1 (IGF-1). These endocrine alterations favor mod-
ifications in the adipose reserves, with a reduction in the sub-
cutaneous adipose tissue and an increase in the visceral adi-
posity, thus leading to insulin resistance (IR)®, which,
together with oxidative inflammatory reactions, may be the
focal point between obesity, metabolic syndrome and chronic
diseases in adults810,

Inflammation is associated with insulin resistance and cen-
tral obesity. Increased levels of serum C-reactive protein
(CRP), for example, demonstrate an association with these
conditions!12, However, due to its nonspecific response to
different inflammatory conditions, it should be used with
caution. Other markers are also characteristic of inflamma-
tory conditions, including Interleukin 6 (IL-6), given its asso-
ciation with CRP synthesis, its correlation with hyper-
glycemia, systemic arterial hypertension (SAH) and
cardiovascular events!112,

The aim of this study is to identify an association be-
tween prematurity and nutritional, metabolic and inflam-
matory aspects.

MATERIAL AND METHODS

This was an unpaired analytical and observational case-
control study, with one case to one control. The study was
carried from november 2015 to June 2016, out at an outpa-
tient clinic exclusively for preterm children born in a referral
hospital in the state of Pernambuco, Brazil, and which consti-
tuted the case group. The control group consisted of children
from a general outpatient clinic. Both groups were composed
of children of both sexes.

A total of 178 children were monitored at the preterm clinic.
Former preterm infants with a gestational age of up to 36
weeks with no presence of malnutrition during the nutritional
assessment were included in the study. Children were ex-
cluded if they were born twins; were diagnosed with down
syndrome or other genetic syndromes; presented cerebral
palsy or pathologies directly associated with being over-
weight/obese and/or that make anthropometric assessment
impossible; presented with type 1 diabetes mellitus; were on
enteral nutritional therapy; or presented with any infectious
processes. After applying the exclusion criteria, 126 (78.8%)
children remained in the study. An active search was carried
out (via telephone), inviting parents and/or guardians to par-
ticipate in the research. A total of 32 (25.4%) agreed to par-
ticipate in the study. The control group was formed by taking
into account the sex and chronological age of those who
sought care at the outpatient clinic, totaling 32 children.

To collect the variables: weight, height and waist circum-
ference (WC), anthropometric parameters were used follow-
ing the techniques recommended by the World Health
Organization (WHO, 1995)13, performed exclusively by a
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trained nutritionist. The nutritional diagnosis was performed
based on the anthropometric indexes height/age (H/A) and
BMI/age (BMI/A), according to sex, based on the reference
standard of the World Health Organization!* and using the
WHO AnthroPlus® program. The results were expressed in Z-
Scores, and considered that children below two SDs pre-
sented nutritional deficits and those presenting above one SD
for the indicator BMI/A were overweight or obese!3.

Participants were divided into three groups, such as small-
for-gestational-age (<10th, SGA), appropriate-for-gesta-
tional-age (=10th and <90th, AGA,), and LGA (=90th,),
based on birthweight and number of weeks of pregnancy!4,
Blood samples were collected through peripheral puncture
of the forearm vein, performed after a 12-hour overnight
fasting, using dry tubes. Levels were analyzed of fasting glu-
cose (FG), fasting insulin (FI), total cholesterol (TC), triacyl-
glycerides (TG), high density lipoprotein (HDL) and low den-
sity lipoprotein (LDL), Interleukin 6 (IL- 6) and C-Reactive
Protein (CRP).

Fasting glucose, total cholesterol, triglycerides and high-
density lipoprotein dosages were determined by the auto-
mated enzymatic method (COBAS INTEGRA, ROCHE®). LDL
was calculated using the Friedewald formula. Serum insulin
and IL-6 were determined by electrochemiluminescence using
specific reagents by Roche® E 4011 automated equipment.
The CRP level was detected with the Cobas Integra 400 —
Roche® equipment, using the Roche kit through the im-
munoturbidimetric method. Rigorous quality control criteria
were adhered to.

Normal levels of FG < 99 mg/dL!® and TC < 170 mg/dL
were considered as desirable, borderline between 170 and
199 mg/dL and high > 199 mg/dL. TG was considered normal
up to 100 mg/dL for children under 10 years of age and up to
130 mg/dL for children over 10 years of age. Levels of HDL
cholesterol of >40 were considered normal for children under
10 years and of >35 mg/dL for those aged over 10 years!>.
For comparison between the case and control groups, normal
cholesterol was considered as <170mg/dL) and borderline
and high as >170mg/dL. The dyslipidemia classification was
considered when a child presented total cholesterol and/or
low HDL. Insulin levels between 3 and 25 mU/L ¢, CRP lev-
els below 3.0 mg/L 17 and IL-6 levels below 5.9 pg/ml & were
considered normal. A child was considered to be suffering an
inflammatory process with an elevated CRP and/or IL-6. Blood
Pressure (BP) was measured using the auscultatory method
with an aneroid sphygmomanometer or a mercury column,
with systolic and diastolic blood pressure measured in mil-
limeters of mercury (mmHg)?°.

For statistical analysis, data were entered into Microsoft
Excel and analyzed in SPSS 25.0 (SPSS Inc., Chicago, IL,
USA). Continuous variables were tested for normality of dis-
tribution using the Kolmogorov-Smirnov test and presented as
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mean and standard deviation the variables with normal distri-
bution and as median and interquartile ranges the variables
with non-normal distribution. Categorical variables were de-
scribed as proportions. Associations between the categorical
variables was tested using Pearson’s X2 tests or Fisher’s Exact
Test. The difference between two means was identified using
the Student’s t test or Mann Whitney test. To assess the ex-
istence of linear correlation, the Pearson Correlation test was
performed. Measures were also adopted for the coefficients,
in order to measure the degree of relationship between the
variables. Thus r < 0.4 (weak correlation); r > 0.4 and < 0.6
(moderate correlation); r = 0.6 (strong correlation). The level
of significance was set at p <0.05.

The study was approved by the Human Research Ethics
Committee at the Instituto de Medicina Integral Professor
Fernando Figueira (IMIP), in accordance with resolution No.
466 from December 12, 2012, of the National Health Council
under CAAE 25231414.0.3001.5201. Written informed con-
sent was obtained from all parents/guardians in both groups.

RESULTS

The mean (SD) gestational age of preterm infants partici-
pating in the study was 31 (26-36) weeks, with a mean (SD)
birth weight of 1527 (+ 347) grams., of which 56.3% were fe-
male. Of the total, 40.6% were classified as small for gesta-
tional age (SGA), 37.5% appropriate for gestational age
(AGA) and 21.8% large for gestational age (LGA). The current
mean age among preterm infants was 81 months (£ 23.8
SD), corresponding to approximately 6.7 years. There was no
difference between a family history for hypercholesterolemia
and for cardiovascular disease between the groups. The com-
parison with the control group of children born at term is de-
scribed in Table 1. All children presented blood glucose levels
within the normal range.

The general condition of both the case and control groups
was similar at the time of assessment with a current average
age of 88 months (£ 28.8 SD). Differences were observed
only in the data referring to the differentiation of the groups
(gestational age and birth weight). In relation to the current
nutritional status of term and preterm children, a significant

Table 1. Nutritional and metabolic parameters of case and control groups at a referral hospital, Brazil

Birth
Total
Variables Term Preterm p-value
N % N % N %
Sex
Male 18 56.3 14 43.8 32 50.0
Female 14 43.8 18 56.3 32 50.0 0.317*
Gestational age (mean + standard deviation) 39+£1.2 31+ 3.0 35+45 < 0.001%*
Birth weight, in kg (mean * standard deviation) 3.3+0.3 1.5+ 0.3 2.4 £0.9 < 0.001%*
Current height
Normal height 30 93.8 29 90.6 59 92.2
Short height 2 6.3 3 9.4 5 7.8 1.000*
BMI/Age
Eutrophic (-2 to +2) 27 84.4 24 75.0 51 79.7
Overweight (> +2) 5 15.6 8 25.0 13 20.3 0.351*
Waist Circumference
Normal 25 78.1 17 53.1 42 65.6
High 7 21.9 15 46.9 22 34.4 0.035*

* Chi-squared Test, or Fisher’s Exact Test.
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Table 1 continuation. Nutritional and metabolic parameters of case and control groups at a referral hospital, Brazil

Birth
Total
Variables Term Preterm p-value
N % N % N %

Insulinemia

Low 4 12.5 8 25.0 12 18.8

Normal 27 84.4 22 68.8 49 76.6

Elevado 1 3.1 2 6.3 3 4.7 0.399*
Total Cholesterol

Normal 26 81.3 18 56.3 44 68.8

High 6 18.7 14 43.7 20 31.3 0.031*
HDL Cholesterol

Normal 21 65.6 23 71.9 44 68.8

Low 11 34.4 9 28.1 20 31.3 0.590*
Triglycerides

Normal 26 81.3 25 78.1 51 79.7

High 6 18.8 7 21.9 13 20.3 0.756*
Insulin Resistance

Absent 31 96.9 30 93.8 61 95.3

Present 1 3.1 2 6.3 3 4.7 1.000*
IL-6

Normal 7 21.9 14 43.8 21 32.8

High 25 78.1 18 56.3 43 67.2 0.062*
CRP

Normal 22 68.8 25 78.1 47 73.4

High 10 31.3 7 21.9 17 26.6 0.396*

* Chi-squared Test, or Fisher’s Exact Test.

difference was observed in the waist circumference
(p=0.035). With regard to the metabolic state, total choles-
terol (p=0.031) presented a significant difference. Excess
weight was observed in 20.3% of the sample, and was higher
in the preterm group, in which 25% of children presented ex-
cess weight.
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There was an association between birth classification ac-
cording to gestational age and variables related to the nu-
tritional and inflammatory status. The mean IL-6 levels
were 7.3 (£3.2) and 7.5 (£2.4) pg/m for the preterm and
term groups, respectively, although there was no significant
difference (p= 0.06).
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When relating birth weight with different markers of nutri-
tional status and inflammatory status, total cholesterol, HDL,
CRP and the BMI/Age score demonstrated an inversely pro-
portional relationship with birth weight, although with no sta-
tistically significant difference. Only fasting blood glucose re-
vealed a statistically significant difference (p = 0.017), which
is directly proportional to birth weight. This data is presented
in Table 2.

By associating the WC with nutritional, metabolic and in-
flammatory aspects in children born preterm, we observed
that the WC was associated with a nutritional diagnosis of
obesity (p=0.003) and with blood pressure (p=0.010) in chil-
dren born preterm, as presented in Table 3.

There was no association between birth weight for gesta-
tional age, classified as SGA, AGA, and LGA and the
height/age index, BMI/age index, a diagnosis of dyslipidemia
and CRP levels, however we observed an association with IL-
6 levels, as presented in Table 4.

Table 2. Correlation between birth weight and biochemical pro-
file, inflammatory marker and nutritional status, Brazil

Variables Birth weight p-value*
Total Cholesterol -0.136 0.284
Triglycerides 0.134 0.291
HDL Cholesterol -0.216 0.086
Fasting Glucose 0.298 0.017
Insulinemia 0.020 0.878
z:"g"',::_':;ji“ance 0.049 0.699
IL-6 0.015 0.904
CRP -0.037 0.772
BMI/Age -0.056 0.663

Pearson's Correlation Coefficient.
* Bilateral Test (HO: correlation=0; H1: correlation#0).

Table 3. Association between waist circumference and nutritional, metabolic and inflammatory aspects, Brazil

Waist Circumference
Total
Variables Normal Large p-value*
N % N % N %

BMI/Age

Eutrophic (-2 to +2) 16 94.1 7 46.7 23 71.9

Overweight (> +2) 1 5.9 8 53.3 9 28.1 0.003
Blood Pressure

Normal 17 100.0 10 66.7 27 84.4

High 0 0.0 5 333 5 15.6 0.010
Insulin Resistance

Absent 17 100.0 13 86.7 30 93.7

Present 0 0.0 2 13.3 2 6.3 0.120
Dyslipidemia

Present 11 64.7 7 46.7 18 56.3

Absent 6 35.3 8 53.3 14 43.7 0.305
Inflammation

Absent 6 35.3 8 53.3 14 43.7

Present 11 64.7 7 46.7 18 56.3 0.538

* Chi-Squared Test, or Fisher’s Exact Test.
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Table 4. Association between of birth weight according to gestational age and nutritional, metabolic and inflammatory, Brazil

BW/GA
Total
Nutritional Status SGA AGA LGA p-value*
N % N % N % N %

Height/Age

Normal height 12 92.3 11 91.7 6.0 85.7 29 90.6

Low height 1 7.7 1 8.3 1.0 14.3 3 9.4 0.879
BMI/Age

Eutrophic (-2 to +2) 9 69.2 8 66.7 7.0 100.0 24 75.0

Overweight (> +2) 4 30.8 4 333 0.0 0.0 8 25.0 0.287
Dyslipidemia

Present 8 61.54 6 50 4 57.1 18 56.2

Absent 5 38.46 6 50 3 42.9 14 43.8 0.899
IL-6

Normal 3 23.1 9 75.0 2.0 28.6 14 43.8

High 10 76.9 3 25.0 5.0 71.4 18 56.2 0.022
CRP

Normal 9 69.2 11 91.7 5.0 71.4 25 78.1

High 4 30.8 1 8.3 2.0 28.6 7 21.9 0.466

* Chi-Squared Test or Fisher’s Exact Test.

Legends: Small for gestational age (SGA); Appropriate for gestational age (AGA); Large for gestational age (LGA); BW: birth weight; GA:

Gestational age.

DISCUSSION

There was a high prevalence of overweight children irre-
spective of term or preterm birth. When moving from a situ-
ation of restrictive growth, due to hormonal or nutritional
reasons, to one with an appropriate supply of nutrients, a
child born preterm may present accelerated growth recovery
(catch-up growth) to reach the genetically determined po-
tential'820, Accelerated weight gain, since it is associated
with increased fat deposition, may explain the higher fre-
quency of overweight children observed in the preterm
group. Other authors have also reported greater adiposity at
older ages among children born preterm24:22, A study con-
ducted with 18,288 adolescents and adults presented an in-
crease of 0.92 in the BMI score for every 1 kg of weight at
birth, thereby demonstrating that when nutritional status is
analyzed at older ages it may still be influenced by birth
weight?2, Evidence has illustrated that obesity in childhood
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and adolescence, if uncontrolled, tends to persist into adult-
hood, resulting in an increase in comorbidities and a de-
crease in life expectancy?!.

In the present study, the WC classification according to age
demonstrated a statistical difference between children born
term and preterm. A case-control study carried out by Ibafiez
(2008) observed greater abdominal adiposity in children born
preterm. This variation was only observed in an assessment
conducted from the age of four, indicating central obesity?3.

Two reviews that aimed to indicate the metabolic pathway
that leads to increased adiposity in premature newborn ba-
bies, raised the hypothesis that insulin resistance and adipos-
ity was derived from a variation of the glucocorticoid receptor
gene, whereby preterm adults presented a greater response
to stressors. This increased response leads to a greater pro-
duction and concentration of glucocorticoids, activating the
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hypothalamic-pituitary-adrenal axis, promoting greater food
intake and, consequently, an increase in the deposition of ab-
dominal fat?l. Another hypothesis highlighted that the origins
of these alterations are related to lower levels of leptin and
greater insulin sensitivity at birth24,

With regard to an association between gestational age at
birth and total cholesterol levels, Huxley et al. (2004) demon-
strated through a systematic review and meta-analysis that
for every 1 kg increase in birth weight, there is a reduction in
total cholesterol by 1.39 mg/dL 2>. However, according to the
meta-analysis on metabolic changes associated with prema-
turity, there is no evidence that birth weight is associated with
serum lipid levels at later ages?®.

Pecks et al. (2014), with the aim of identifying the
causality of high cholesterol levels in preterm children, ob-
served that the lipid profile of umbilical cord blood at birth
is dependent on the gestational age at delivery. Both the TC
and LDL appeared in higher concentrations in preterm chil-
dren compared to full-term children, while HDL levels re-
mained constant. Thus, the LDL/HDL ratio is higher in
preterm children?’,

The literature indicates an association between low birth
weight and IR, generally explained by changes in the adi-
posity of children born preterm?’. A case-control study com-
paring children born prematurely and children born at term
reported a higher prevalence of insulin resistance assessed
by the HOMA-IR method in those born preterm, revealing
that the determining factor for this change would be the
presence of catch-up growth?8. Moreover, Deng et al (2011)
reported that there was a high BMI/Age score in preterm
children who went through catch-up compared to children
born at term, a fact that was not evidenced in the absence
of this phenomenon?®,

Although no children with high blood glucose were ob-
served in the study, those born preterm presented lower
blood glucose levels. This finding differs from a systematic re-
view with 48 studies on birth weight and changes in glucose
metabolism, which reported an inverse relationship between
birth weight and fasting blood glucose, post-load glucose,
fasting insulin concentration, the prevalence of diabetes type
2 mellitus, and levels of insulin resistance and secretion?8.

Once inflammation has been recognized as a component of
atherosclerosis, it is likely that, in the long term, the action of
IL-6 may contribute to the risk of cardiovascular disease?.

IL-6 has previously been associated with birth weight, es-
pecially in the perinatal phase, and is an important marker
associated with brain injury in preterm newborn children. A
study with 768 children weighing 401 to 1,000 g at birth ob-
served that an increase in IL-6 during the first month of life
was associated with lower growth velocity and weight at 36
weeks of postmenstrual age and concluded that this finding

may have a direct effect on the energy balance and postna-
tal growth30,

In the present study, WC was associated with nutritional di-
agnosis and with BP. Other studies have already demon-
strated this association and have also managed to identify an
association between abdominal obesity and insulin resist-
ance>8, which was not observed in the present study.

The limitations of this study are: a low sample number, the
follow-up of children at the institution’s nutrition clinic, which
may have contributed to the positive effect of the evaluated
parameters. In addition, the nutritional habits of both groups
were not analyzed.

CONCLUSION

The occurrence of excess weight was high in both groups
studied. A shorter gestation period was associated with a
higher waist circumference and higher total cholesterol,
which indicates a higher risk of developing cardiovascular
events in children born prematurely. Waist circumference
was associated with the current nutritional status and arte-
rial hypertension.
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