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ABSTRACT
Background. Intrauterine growth restriction (IUGR) is common in premature infants and can significantly impact long-
term physical and neurological development. While breastfeeding is the gold standard for nutrition, its role in optimizing 
postnatal growth for this specific population requires further investigation.
Objective. This study compared growth trajectories specifically weight, length, and head circumference between preterm 
infants with and without IUGR at 1, 3, 6, 12, and 24 months of corrected age (CA) in Rabat. It also evaluated the impact 
of maternal feeding during the first six months (CA).
Methods. This prospective study, conducted at the National Reference Center for Neonatology and Nutrition, followed 45 
breastfed preterm infants (25 with IUGR; 20 without). Anthropometric data were collected over two years and compared 
against WHO growth standards and Fenton curves.
Results. Infants with IUGR had significantly lower birth weights and maintained lower weight throughout the follow-
up (p < 0.05). At discharge, extrauterine growth restriction (EUGR) was present in 100% of the IUGR group and 80% 
of the without-IUGR group. By 3 months (CA), EUGR incidence decreased but remained length in the IUGR group 
(32% vs. 10%). Stunting was consistently more prevalent in IUGR infants: 92% vs. 75% at 1 month (CA), 64% vs. 25% 
at 3 months (CA), 24% vs. 0% at 6 months (CA), and 12% vs. 0% at 12 months (CA). By 24 months (CA), both groups 
reached normal weight, length, and head circumference. Notably, the feeding type showed no significant effect on growth 
parameters at 3 or 6 months (CA) (p > 0.05).
Conclusion. IUGR preterm infants exhibit significantly poorer growth than their without-IUGR peers. Although maternal 
feeding offers essential benefits, it does not fully prevent growth restriction. Continuous monitoring and individualized 
nutritional management are crucial to optimize long-term outcomes.
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INTRODUCTION

The survival of preterm infants has improved 
significantly over the last decade due to major 

advancements in perinatal medicine and neonatology [1]. 
However, this increased survival is paradoxically 
accompanied by a high burden of long-term morbidity, 
which remains closely proportional to the degree of 
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prematurity [2]. Among the myriad of challenges 
faced by these vulnerable neonates, achieving optimal 
postnatal growth remains a primary concern. Growth 
failure in this population is often rooted in complex 
maternal-fetal complications, such as preeclampsia or 
placental insufficiency, which frequently necessitate 
early medical induction or cesarean section [1, 3].

Intrauterine growth restriction (IUGR) represents 
a critical clinical entity that significantly compounds 
the vulnerability of preterm infants. Beyond the 
immediate risk of neonatal mortality, IUGR is 
associated with specific systemic complications, 
including patent ductus arteriosus and impaired 
metabolic programming [4]. Characterized by a birth 
weight below the 10th percentile, IUGR reflects 
a failure to achieve genetic growth potential in utero, 
leaving the infant with limited nutritional reserves [5]. 
This initial deficit is frequently exacerbated during 
the hospital stay by extrauterine growth restriction 
(EUGR), a condition where the infant fails to maintain 
the expected growth velocity after birth [6, 7].

Global epidemiological data underscore the 
magnitude of this challenge. The prevalence of EUGR 
shows significant geographic and clinical variability, 
reaching 43.5% in China [8], 47% in Indonesia [9], 
and 46% in India [10]. Notably, in extremely preterm 
cohorts, such as those studied in Turkey, the prevalence 
can soar to 74%, highlighting the critical need for 
standardized nutritional strategies [11].

To mitigate these risks, precise anthropometric 
monitoring is essential. This requires a sophisticated 
transition between monitoring tools: the Fenton 2013 
or INTERGROWTH-21st curves are utilized to assess 
growth during the intensive care period [5, 6], while 
the World Health Organization (WHO) standards are 
adopted after 50-52 weeks of postmenstrual age to 
ensure continuity and international comparability of 
long-term trajectories [6].

Despite the availability of these standardized tools, 
there remains a significant research gap regarding the 
24-month longitudinal trajectories of IUGR infants in 
North African populations. Specifically, the interplay 
between early nutritional interventions particularly 
the role of breastfeeding in promoting healthy catch-
up growth while avoiding metabolic over-nutrition, 
remains insufficiently characterized. This study aims 
to compare the growth trajectories including weight, 
length, and head circumference between preterm 
infants with and without intrauterine growth restriction 
(IUGR) at 1, 3, 6, 12, and 24 months of corrected age, 
at the National Reference Center for Neonatology and 
Nutrition in Rabat. Additionally, the study aimed to 
evaluate the impact of maternal feeding during the 
first six months of corrected age (CA).

MATERIALS AND METHODS

Study design and location 
We conducted a  prospective cohort study of 

preterm newborns (born at < 37 weeks of gestation) 
and their mothers, who were admitted to the National 
Reference Centre for Neonatology and Nutrition, 
Rabat. From February 2022, data collection continued 
until November 2024. A  total of 45 newborns and 
their mothers were recruited for the study at birth and 
followed from hospital discharge to corrected ages of 
1, 3, 6, 12, and 24 months. At birth, preterm infants 
were first classified into two groups via the Fenton 
2013 growth charts: those with intrauterine growth 
restriction and those appropriate for gestational age 
(AGA) were referred to as those without IUGR in our 
study. The birth weight of each infant was compared to 
the corresponding percentile for gestational age: those 
below the 10th percentile were classified as IUGR, 
whereas those between the 10th and 90th percentiles 
were considered without IUGR. The inclusion criteria 
were as follows: preterm infants born before 37 weeks 
of gestational age without IUGR; preterm infants 
born before 37 weeks of gestational age with IUGR, 
exclusively breastfed at birth; and parental written 
consent for longitudinal follow-up. The exclusion 
criteria included major congenital malformations, 
known genetic syndromes, early neonatal death, 
loss to follow-up prior to the first corrected visit, and 
parental refusal.

Study Population
A total of 53 preterm neonates were assessed for 

eligibility. Eight infants were excluded: four infants 
were lost due to withdrawal of consent and four infants 
died. The final cohort comprised 45 preterm infants 
(25 with IUGR and 20 without IUGR). 

Definitions 
•	 Prematurity: Premature birth is defined as birth 

before the completion of 37 weeks of gestation. 
It is classified as extremely preterm (before 28 
weeks), very preterm (between 28 and 31 weeks) 
or moderate to late preterm (between 32 and 36 
weeks). It is associated with an increased risk of 
neonatal complications and potential long-term 
effects on growth and neurodevelopment [1].

•	 Intrauterine growth restriction (IUGR) is 
a  condition in which a  fetus does not reach its 
genetically determined growth potential. This often 
results in a birth weight below the 10th percentile 
for gestational age. IUGR is associated with an 
increased risk of perinatal complications, as well as 
long-term effects on growth and neurodevelopment 
[12].

Longitudinal growth trajectories of preterm infants with and without intrauterine growth restriction up to 24 months
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•	 Extrauterine growth restriction (EUGR) is 
defined as postnatal growth failure in preterm 
infants, typically indicated by weight, length or 
head circumference below the 10th percentile 
for corrected age. Compared with intrauterine 
expectations, reflecting inadequate growth after 
birth is associated with long-term growth and 
neurodevelopmental risk [13].

•	 The corrected age (CA) is the age of a  preterm 
infant adjusted for prematurity. It is calculated by 
subtracting the number of weeks of prematurity 
from the infant’s chronological age. This provides 
a  more accurate assessment of growth and 
developmental progress, enabling comparison with 
the standards for full-term infants of the same age 
[14].

•	 The Fenton 2013 growth charts provide sex-
specific percentiles for weight, length and head 
circumference in preterm infants aged 22-50 
weeks. Charts are widely used to classify infants as 
SGA (small for gestational age), AGA (appropriate 
for gestational age), or LGA (large for gestational 
age), and to assess intrauterine growth at birth [6].

•	 Exclusive breastfeeding: The infant receives only 
breast milk. No other liquids or solids are given, not 
even water, with the exception of oral rehydration 
solution, or drops/syrups of vitamins, minerals or 
medicines [15].

•	 Mixed feeding (partial breastfeeding): The infant 
receives both breast milk and infant formula or 
other non-human milks [16].

•	 Artificial feeding: The infant receives no breast 
milk and is nourished solely with commercial 
infant formula [17].

•	 Maternal feeding: This group included infants 
receiving human milk, encompassing both 
exclusive breastfeeding and mixed feeding (breast 
milk combined with infant formula or water-
based liquids). This category was defined by the 
continued exposure to the biological benefits of 
maternal milk [18].

Data collection
Data on maternal and neonatal characteristics were 

collected from medical records. These characteristics 
included maternal age, parity, consanguinity, 
pregnancy complications, medical history, number of 
antenatal consultations, mode of delivery, hormone 
use, smoking and alcohol consumption during 
pregnancy, gestational age at birth, infant sex, and 
Apgar scores at one and five minutes. The age at 
which enteral feeding commenced was also recorded. 
The birth weight, length, and head circumference of 
newborn babies were measured within 24 hours of 
delivery using standardized techniques.

The newborns were evaluated at 1, 3, 6, 12 and 24 
months (CA). Anthropometric indices (weight, length/
height, head circumference (HC)) were measured 
using the same standardized procedures at each visit. 
The corrected gestational age was calculated to adjust 
the growth assessment relative to that of newborns at 
term. Growth outcomes were assessed using WHO 
growth charts at each corrected age to identify EUGR. 

Nutritional assessment
Infant feeding practices were assessed 

prospectively at each follow-up visit (1, 3, 6, 12, and 24 
months of corrected age) using a structured nutritional 
questionnaire administered to the mothers. To ensure 
the depth and accuracy of the nutritional data, mothers 
were specifically questioned about the introduction of 
water, other liquids (infusions/teas), and infant formula. 
This prospective tool allowed us to categorize infants 
based on their evolving nutritional status: exclusive 
breastfeeding, partial breastfeeding (mixed feeding), 
or exclusive formula feeding. The precise duration of 
exclusive breastfeeding was recorded in months to 
evaluate its impact as a time-dependent variable.

For the purpose of the comparative analysis 
during the first semester, feeding status was treated 
as a longitudinal variable rather than a static baseline. 
This enabled us to identify the exact weaning point (the 
transition to 100% artificial feeding) for each infant. 
At the 3-month and 6-month milestones, infants were 
categorized into two distinct nutritional cohorts: 

Maternal feeding group and artificial feeding 
group

The duration of any breast milk exposure was 
recorded in months. For the analysis of growth 
trajectories up to 24 months, only infants who sustained 
maternal feeding throughout the critical first 6 months 
of life were included in the ‘breastfed’ cohort, ensuring 
that the results reflect the impact of sustained exposure 
to human milk versus an exclusively artificial diet.

Anthropometric indices
Anthropometric indices were measured in 

accordance with the standardized procedures of the 
World Health Organization (WHO) [19], for assessing 
the growth of children. Weight, length/height, and 
HC were measured at birth and at each follow-up 
appointment at 1, 2, 3, 12 and 24 months (CA). Weight 
was measured to the nearest 10 grams using a calibrated 
electronic scale, length to the nearest 0.1  cm using 
a  rigid infant meter, and HC to the nearest 0.1  cm 
via nonstretchable tape. All indices were measured 
twice, and the mean value was recorded to ensure 
accuracy and reproducibility. BMI was calculated as 
an indicator of body proportions. All anthropometric 
data were converted into percentiles using WHO 
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growth charts that were appropriate for the infant’s age 
and sex. EUGR was defined as anthropometric indices 
below the 10th percentile for corrected age. BMI was 
calculated as an indicator of body proportions. All 
anthropometric data were converted into percentiles 
using WHO growth charts that were appropriate for 
the infant’s age and sex. EUGR was assessed in terms 
of weight-for-age, length-for-age, BMI-for-age, and 
head circumference-for-age. Infants with a  weight 
below the 15th percentile were considered to have 
weight-based EUGR; those with a  length below the 
15th percentile were classified as stunted; infants with 
low weight-for-length or BMI were considered to have 
disproportionate growth restriction; and those with an 
HC below the 15th percentile were classified as having 
a small head circumference.

Statistical analysis
Statistical analysis and data processing were 

performed using Excel and R software (version 4.5.1, 
R Foundation for Statistical Computing, Vienna, 
Austria). The Kolmogorov-Smirnov test was used 
to test distribution normality. Categorical variables 
are expressed as numbers and percentages and 
were compared using either the Chi-square test of 
independence or Fisher’s exact test. Quantitative 
variables that were normally distributed are 
expressed as the means and standard deviations and 
were compared using Student’s t-test. Quantitative 
variables with an abnormal distribution are expressed 
as the median and quartiles and were compared using 
the Mann-Whitney test; p < 0.05 was considered 
significant for all the statistical analyses.

Ethics approval and consent to participate
This study was conducted in accordance with 

the ethical principles outlined in the Declaration of 
Helsinki (2024) and the guidelines of the Council 
for International Organizations of Medical Sciences 
(CIOMS, 2016) for research involving human subjects. 
It also complied with the provisions of Moroccan Law 
28-13 on the protection of individuals in biomedical 
research and Law 09-08 on personal data protection. 
Ethical approval was obtained from the Ethics 
Committee of the Faculty of Medicine and Pharmacy 
in Rabat reference number (CERB 13-22). Informed 
consent to participate in the study was obtained from 
the parents or legal guardians of all participants under 
the age of 16, in accordance with ethical guidelines 
and national regulations.

RESULTS 

Maternal and neonatal characteristics
The maternal characteristics are presented 

in Table 1. The median age of mothers was  

27.5 (26-30) years among preterm infants without 
IUGR, and 34 (29-37) years among preterm infants 
with IUGR. A significant difference in maternal age 
was observed between the two groups (p = 0.033). 
Most mothers had no medical history. Hypertension 
(HTN) was more prevalent among mothers of preterm 
infants with IUGR than among those without IUGR 
(20% vs. 5%), although this difference was not 
statistically significant. Diabetes was more prevalent 
among mothers of preterm infants without IUGR 
than among those with IUGR (20% vs. 8%). Among 
the group with IUGR, 5% did not attend any visits; 
10% attended two visits and 85% attended three or 
more visits. In the group without IUGR, 20% did not 
attend any visits, 8% attended two visits, and 72% 
attended three or more visits. There was no significant 
difference in the distribution of prenatal visits between 
the IUGR and without-IUGR groups. The majority of 
deliveries in the without IUGR group were vaginal 
75%. Among those in the with-IUGR group, 52% 
delivered vaginally and 48% delivered by cesarean 
section. There were no significant differences between 
the groups in terms of this distribution. 

When we analyzed the neonatal data (Table 2), we 
observed the following distributions by sex: among 
preterm infants without IUGR, 30% were male and 
70% were female. In contrast, among preterm infants 
with IUGR, 56% were male and 44% were female. 
The median gestational age for preterm infants 
without IUGR was 33 (30-36) weeks. For preterm 
infants with IUGR, the median gestational age was 35 
(33-36) weeks. The median length of hospitalization 
for preterm infants without IUGR was 18 (5-52) 
days. For those with IUGR, it was 22 (4-54) days. 
Anthropometric data at birth and discharge for all 
preterm infants, both with and without IUGR, are 
presented in Table 2.

Anthropometric indices
At each follow-up visit, the anthropometric indices 

of preterm infants with IUGR were compared with 
those of preterm infants without IUGR. Significant 
differences in weight were observed at 3 months 
(CA) (4440 (3700-4855) g vs. 4860 (4184-5590) g, 
p  =  0.048), 6 months (CA) (6505 (6000-7005) g vs. 
7458 (6655-7839) g, p = 0.0017), 12 months (CA) (8800 
(7860-9500) g vs. 9910 (9223-10803) g, p < 0.001) and 
24 months (CA) (11000 (10100-13000) g vs. 13000 
(12000-15000) g, p = 0.003). A significant difference 
in length was noted at 12 months (CA) (71 (69-72) cm  
vs. 72 (72-73) cm, p = 0.004) and at 24 months 
(CA) (85 (82-85) cm vs. 85 (84-90) cm, p = 0.042). 
Significant differences in head circumference were 
observed at 3 months (CA) (38 (36-39.5) cm vs. 38.5 
(38-41) cm, p = 0.045), 6 months (CA) (42 (41-43) cm 
vs. 43 (42.8-44) cm, p = 0.048), and 12 months (CA)  

Longitudinal growth trajectories of preterm infants with and without intrauterine growth restriction up to 24 months
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Table 1. Maternal characteristics

Maternal characteristic

Population
N = 45

p-value
Without IUGR

n = 20
With IUGR

n = 25
Age (years), median (25th, 75th percentiles) 27.5 (26-30)a 34 (29-37)a 0.033b

Medical coverage, n (%)
1.000cYes 18 (90) 23 (92)

No 2 (10) 2 (8)
Medical history, n (%)

0.421c

No 14 (70) 15 (60)
Diabetes 4 (20) 2 (8)
Hypertension 1 (5) 5 (20)
Anemia 0 (0) 1 (4)
Asthma 1 (5) 1 (4)
Dysthyroidism 0 (0) 1 (4)

Number of prenatal visits, n (%)
No 1 (5) 5 (20)

0.326c2 visits 2 (10) 2 (8)
3 or more visits 17 (85) 18 (72)

Gravidity, n (%)
1 pregnancy 9 (45) 6 (24)

0.409c2 pregnancies 4 (20) 7 (28)
3 or more pregnancies 7 (35) 12 (48)

Parity, n (%)
1 child 11 (55) 10 (40)

0.228c
2 children 6 (30) 4 (16)
3 children 2 (10) 6 (24)
4 or more children 1 (5) 5 (20)

Mode of delivery, n (%)
Caesarian section 5 (25) 12 (48)

0.135c

Vaginal section 15 (75) 13 (52)
a non-normally distributed variables; b Mann-Whitney test; c Fisher’s exact test; IUGR – Intrauterine Growth Restriction. 
Parity refers to the total number of deliveries reaching a viable gestational age

(45  (44-46) cm vs. 46.5 (45-47) cm, p = 0.012). Significant 
differences in BMI were observed at 6 months 
(CA) (16.8 (15.6-18.2) kg/m² vs. 18.6 (17-20) kg/m², 
p = 0.013), and at 24 months (CA) (16.6 (15.2-17.6) kg/m²  
vs. 17.6 (16.8-18.6) kg/m², p = 0.029).

The medians of the four anthropometric indices 
according to the WHO growth charts

Figures 1 and 2 illustrate the growth trajectories of 
preterm infants from 3 to 24 months of corrected age 
(CA), categorized by their intrauterine growth status. 
To ensure alignment with the WHO growth references 
[20], all anthropometric data were plotted from three 
months (CA), the point where preterm trajectories 
begin to converge with term-born standards. The data 
show that head circumference (HC) demonstrated the 

most rapid recovery (Figure 1c). Without-IUGR infants 
tracked between the 15th and 50th percentiles from six 
months onwards, while those with IUGR reached the 
normal range for HC by six months (CA).

In contrast, the recovery of weight and length 
followed a  more protracted course. Preterm girls 
without IUGR showed a  steep upward trajectory in 
weight (Figure 1a), crossing percentiles to reach the 
85th percentile by 12 months (CA). However, those 
with IUGR remained near the 3rd percentile until six 
months (CA), achieving normalization between 10 and 
12 months (CA). Catch-up in length (Figure 1b) was 
more gradual; while without-IUGR infants reached 
the 50th percentile by 24 months, the IUGR group 
consistently tracked at lower percentiles throughout 
the observation period. The evolution of BMI-for-age 
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Table 2. Neonatal characteristics

Neonatal characteristics

Population
N = 45

p-value
Without IUGR

n = 20
With IUGR

n = 25
Sex, n (%)

Male 6 (30) 14 (56) 0.131a

Female 14 (70) 11 (44)
Gestational age (weeks) 33 (30-36) 35 (33-36) < 0.001a

Birth anthropometry
Weight (g) 1722 ± 414 1438 ± 240 0.006b

Height (cm) 41.2 ± 3.98 40 ± 3.64 0.303b

Head circumference (cm) 30 (28-32) 29 (27-30) 0.066a

Discharge anthropometry
Weight (g) 1762 ± 306 1660 ± 176 0.169b

Height (cm) 42.7 ± 3.48 42.3 ± 2.89 0.678b

Head circumference (cm) 30 (29-31.3) 31 (29-31.5) 0.872a

Length of hospital stay (days) 18 (5-52) 22 (4-54) 0.298a

Age at start of enteral feeding (days) 1 (1-2) 2 (1-2) 0.654a

The data are presented as means ± SDs for normally distributed continuous variables, median (25th, 75th percentiles) for 
nonnormally distributed variables, and n (%) for categorical variables; aMann-Whitney test; bStudent’s exact test

The black curve represents preterm infants without intrauterine growth restriction (IUGR), and the red curve represents 
those with IUGR

Figure 1.  Medians of anthropometric indices according to WHO growth curves for girls in the two subgroups [20]: 
(a) weight evolution; (b) length gain; (c) head circumference; (d) body mass index

Longitudinal growth trajectories of preterm infants with and without intrauterine growth restriction up to 24 months
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(Figure 1d) showed that values remained within the 
15th to 85th percentiles during the first year of life. 
However, a sharp increase was observed at 24 months 
(CA). At this stage, the average BMI for infants 
without IUGR surpassed the 97th percentile, while the 
IUGR group reached the 85th-97th percentile range, 
reflecting a significant upward crossing of percentiles 
at the end of the second year.

Figure 2 illustrates the growth trajectories for 
preterm boys from 3 to 24 months (CA). Data were 
plotted from three months (CA) to align with WHO 
references.

Head circumference (HC) showed rapid recovery 
(Figure 2c); boys without IUGR tracked between the 
15th and 50th percentiles from six months onwards, 
while the IUGR group reached the normal range 
by six months (CA). In terms of somatic growth, 
weight and length followed a  more gradual trend. 
Boys without IUGR showed a steady weight increase 
(Figure 2a), crossing the 50th percentile by 6 months 
and approaching the 85th by 24 months. Conversely, 
boys with IUGR tracked along lower percentiles, with 

weight stabilizing above the 3rd percentile only after 
10-12 months (CA). Recovery in length (Figure 2b) was 
the most protracted, with the IUGR group remaining 
near or below the 15th percentile throughout the study. 
Regarding BMI-for-age (Figure 2d), values remained 
within the 15th to 85th percentiles during the first year. 
However, a  notable increase occurred at 24 months 
(CA), where the non-IUGR group reached the 97th 
percentile.

Prevalence of growth restriction
In addition to comparing anthropometric indices, 

the temporal evolution of growth restriction was 
analyzed between the two groups, as shown in 
(Figure 3). Among children without IUGR, at 1 month 
(CA), 80% had growth retardation in terms of weight 
(Figure 3a), 75% had growth retardation in terms of 
height (Figure 3b), and 35% had growth retardation in 
terms of head circumference (Figure 3c). By 3 months 
(CA), these prevalences began to decline: 10% of 
this group had weight retardation at 3a, 25% had 
stunted at 3b, and the entire group had normal 

The black curve represents preterm infants without intrauterine growth restriction (IUGR), and the red curve represents 
those with IUGR

Figure 2. Medians of anthropometric indices according to WHO growth curves for boys in the two subgroups [20]: 
(a) weight evolution; (b) length gain; (c) head circumference; (d) body mass index

N. Bouali, K. El Kari, F.Z. Laamiri et al.
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head circumference at 3c. From 12 months (CA) to 
24 months (CA), the entire group had normal weight, 
height, and head circumference. Among the children 
with IUGR, 96% had growth retardation in terms of 
weight at 3a, 92% in terms of height at 3b and 72% in 
terms of head circumference at 3c at 1 month (CA). 
By 3 months (CA), these rates had begun to decline, 
with 64% experiencing weight retardation at 3a, 24% 
height retardation at 3b, and 8% head circumference 
retardation at 3c.

By 6 months (CA), 20% of the children had weight 
retardation at 3a, 24% had stunting at 3b and 8% had 
head circumference retardation at 3c. By 12 months 
(CA), only 4% of the children had weight retardation 
at 3a, 12% had stunted at 3b and the entire group had 
a  normal head circumference at 3c. By 24 months 
(CA), the entire group had normal weight, height, and 
head circumference.

Feeding practices at 3 and 6 months and 
anthropometric indices

At 3 and 6 months (CA), anthropometric indices 
were compared between preterm infants receiving 
maternal (exclusive or mixed) or artificial feeding. 
The data are presented as the median in (Table 3). At 
3 months (CA), there were no statistically significant 
differences in weight, length or head circumference 
between the groups, (weights: 4575 g (4005-4978) vs. 
5085 g (3905-5590), p = 0.322). Height: 53 cm (51-54) 
vs. 54 cm (50.5-56.5), p = 0.873. HC: 38 cm (38-40) vs. 
38 cm (36-40.5), p = 0.925. At 6 months (CA), infants 
receiving maternal feeding presented a slightly higher 
median weight than did those receiving artificial 
feeding, although the differences were small (7016 g 
(6462-7565) vs. 6655 g (6170-7440), p = 0.32). 

At 3 months (CA), the prevalence of weight-based 
EUGR was lower among premature infants receiving 
maternal feeding than among those receiving artificial 
feeding. Specifically, 6 (17.6%) out of 34 infants in 

Infants are categorized as “With IUGR” or “Without IUGR” on the basis of intrauterine growth status; months with no 
affected infants are represented as 0%, and the y-axis ranges from 0-100%; lines represent the percentage of infants with 
EUGR for each parameter

Figure 3. Evolution of the prevalence of extrauterine growth restriction (EUGR) in preterm infants from 1 month (CA), to 
24 months (CA): (a) weight (underweight), (b) length/height (stunted), (c) head circumference (small head circumference) 

Longitudinal growth trajectories of preterm infants with and without intrauterine growth restriction up to 24 months



267No 3

the maternal feeding group were EUGR, compared 
to 4 (36.4%) out of 11 infants in the artificial feeding 
group. However, this difference did not reach 
statistical significance (p = 0.227). Similarly, the 
prevalence of EUGR for length and HC was lower 
in infants receiving maternal feeding, although 
these differences also lacked statistical significance 
(p = 1.000 and p = 0.145, respectively). At 6 months 
(CA), the prevalence of weight discordance remained 
lower among the maternal feeding group than among 
the artificial feeding group. Among the 20 infants 
receiving maternal feeding, 1 (5%) was EUGR, 
whereas 5 (20%) of the 25 infants receiving artificial 
feeding were EUGR. However, this difference did not 
reach statistical significance (p = 0.20).

DISCUSSION 

The present study provides a  longitudinal 
perspective on the growth of preterm IUGR infants 
in a  Moroccan cohort over the first 24 months of 
corrected age (CA). As illustrated in our growth 
charts (Figures 2 and 3 (a, b, and c)), infants born with 
IUGR (red lines) consistently maintain lower median 
values for weight, height, and head circumference 
(HC) compared to the non-IUGR group (black line) 
throughout the follow-up period. This persistent gap 
confirms that the initial deficit established in utero is 
not fully resolved during the “first 1000 days” of life, 
a period recognized as the most critical window for 
long-term health and human capital [21]. These findings 
align with global data from low- and middle-income 
countries, where the combination of prematurity and 
growth restriction significantly increases the risk of 
chronic undernutrition and stunting throughout early 
childhood [22]. Our findings regarding the difficulty 
of achieving complete recovery are strongly supported 
by the work of Vizzari et al. [23], who demonstrated 
that catch-up growth in small-for-gestational-age 
(SGA) infants is often a  protracted process limited 
by the severity of the initial intrauterine insult. While 
Han et al. [24] reported a high catch-up rate of 85% by 
24 months, our data suggest a more challenged recovery 

in the North African context. This discrepancy may 
be attributed to the biological constraint hypothesis; 
as suggested by Calek et al. [25], infants with true 
pathological IUGR face distinct metabolic and body 
composition challenges compared to those who are 
simply constitutionally small. Such early growth 
deficits can persist long-term, as evidenced by 
Saigal et al. [26], whose longitudinal research shows 
that growth trajectories of extremely low birth weight 
infants are often affected well into young adulthood.

In alignment with this perspective, the prevalence 
of underweight and stunting in our cohort remained 
significantly higher in the IUGR group, particularly 
during the first year. This indicates that the recovery 
window is not limited to the first few months 
but extends deep into the second year of life. By 
utilizing the WHO Child Growth Standards [20], we 
ensured that this lag was evaluated against a  global 
benchmark. However, the clinical interpretation of this 
persistent deficit remains a subject of intense debate. 
While traditional models might view slow catch-
up as a  failure, the growth acceleration hypothesis 
(Singhal et al. [27]) suggests that the slower velocity 
observed in our IUGR cohort may paradoxically 
serve as a protective mechanism against the metabolic 
programming of obesity and cardiovascular disease 
in adulthood. This highlights a  critical clinical 
dilemma: the need to promote sufficient growth for 
neurodevelopmental optimization, as indicated by 
our findings on cranial recovery, while avoiding the 
adiposity rebound associated with rapid weight gain. 
Consequently, our results emphasize the necessity for 
prolonged, nuanced clinical surveillance that moves 
beyond simple weight targets to ensure a  steady, 
balanced recovery throughout the first 1000 days of 
life.

The persistence of growth deficits throughout the 
second year of life naturally raises question regarding 
the role of early nutritional interventions in modifying 
these trajectories. In our study, feeding practices were 
evaluated to determine their influence on catch-up 
kinetics and the prevalence of EUGR. For the purpose 
of this analysis, infants receiving any proportion of 

Table 3. Anthropometric indices in preterm infants according to type of feeding practices at 3 and 6 month (CA)
Corrected 

age 
Maternal 
feeding

Weight 
(g) p-value Height 

(cm) p-value HC 
(cm) p-value

Month 3
Yes (n = 34) 4575 (4005-4978)

0.322
53 (51-54)

0.873
38 (38-40)

0.925
No (n = 11) 5085 (3905-5590) 54 (50.5-56.5) 38 (36-40.5)

Month 6
Yes (n = 20) 7016 (6462-7565)

0.320
62.5 (60-64.2)

0.334
42.5 (42-44)

1.000
No (n = 25) 6655 (6170-7440) 64 (61-65) 43 (32-44)

The data are presented as medians (25th, 75th percentiles); Yes – maternal feeding (exclusive or partial); No – artificial 
feeding; HC – head circumference; For each parameter, the Mann-Whitney test was used for calculation; A p-value < 0.05 
was considered statistically significant
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breast milk were categorized under maternal feeding 
(including exclusive and partial feeding), reflecting 
the clinical reality that even partial exposure to human 
milk provides essential bioactive components, such 
as insulin-like growth factors (IGF-1), hormones, 
and immunoglobulins [28, 29], which act as critical 
signalling molecules for the somatic and metabolic 
development of preterm infants [30]. However, 
these mechanisms operate within a  highly complex 
biological network involving thousands of genes and 
layers of epigenetic regulation. Rather than acting 
through isolated pathways, these factors contribute 
collectively to maintaining shared maternal-foetal 
homeostasis, thereby governing the intricate molecular 
adaptations that occur in both organisms [31, 32].

While the differences in median weight, height, 
and HC between feeding groups did not reach formal 
statistical significance at 3 and 6 months (CA), important 
clinical trends emerged. At 3 months (CA), infants 
receiving human milk exhibited a substantially lower 
prevalence of being underweight (17.6%) compared 
to those exclusively formula-fed (36.4%). A  similar 
protective trend was observed for HC at 3 months, with 
an EUGR rate of 8.8% in the maternal feeding group 
versus 27.3% in the formula group. By 6 months CA, 
the prevalence of underweight remained four times 
lower in the maternal feeding group (5%  vs.  20%). 
These findings suggest that while human milk supports 
a growth velocity comparable to formula, it may offer 
a  crucial clinical advantage in reducing the severity 
of postnatal growth failure during the first 1000 days. 
Our results offer a necessary nuance to a study, who 
reported that breast milk did not significantly reduce 
EUGR prevalence at discharge [33]. This discrepancy 
is likely rooted in population differences. This study 
focused exclusively on very low birth weight (VLBW) 
infants with extreme metabolic demands. In our 
broader IUGR population, human milk appears to 
act as a metabolic regulator. This observation aligns 
with previous work demonstrating that early exposure 
to human milk modulates postnatal growth quality 
and tissue accretion patterns in preterm infants, 
suggesting a  programming effect that may translate 
into improved long-term metabolic health rather than 
simply enhanced weight gain [34]. This concept is 
further supported by reviews indicating that human 
milk feeding in preterm populations is associated 
with growth patterns compatible with healthier cardio 
metabolic programming [35], even in the absence of 
marked differences in early anthropometric recovery. 
Furthermore, breastfeeding has been shown to exert 
a protective effect on the development of risk factors 
associated with metabolic syndrome in infants born 
preterm, specifically by influencing lipid profiles and 
adiponectin levels [36].

Furthermore, the favorable trend in HC attainment 
observed in our maternal feeding group is of 
significant prognostic value. This study [37] indicates 
that early cranial catch-up specifically when supported 
by human milk, is a  superior predictor of white 
matter development and long-term neurocognitive 
scores compared to rapid weight gain. This is further 
corroborated by research [38], who demonstrated 
that the nutritional quality of human milk is uniquely 
linked to brain volume and metabolic safety. By 
achieving somatic growth equivalent to formula-fed 
infants without the metabolic stress of hypercaloric 
artificial feeding [39], human milk supports the 
“brain-sparing” effect through a  more physiological 
pathway. This reinforces the argument that nutritional 
success in IUGR cohorts should be measured by the 
quality of catch-up prioritizing neurodevelopmental 
potential and metabolic health, rather than purely 
through absolute anthropometric parity.

The metabolic adaptations and growth responses 
observed postnatally are inextricably linked to the 
intrauterine environment and the timing of delivery. 
In our study, maternal characteristics and clinical 
management emerged as critical precursors to the 
infants’ long-term trajectories. Our analysis revealed 
a  significant correlation between advanced maternal 
age and the incidence of IUGR, a  finding that 
aligns with contemporary obstetric literature. This 
association is largely attributed to the age-related 
decline in placental efficiency and increased uterine 
artery resistance. According to previous research 
[40], older maternal age is often linked to placental 
angiogenic dysfunction, which restricts the flow of 
essential nutrients and oxygen, thereby establishing 
the pathological basis for fetal growth restriction.

A  notable observation in our cohort was the 
higher gestational age of IUGR infants compared 
to their non-IUGR counterparts. This discrepancy 
reflects a  deliberate clinical strategy of fetal rescue. 
In managing growth-restricted foetuses, clinicians 
often attempt to prolong the pregnancy to maximize 
pulmonary maturity and minimize the risks of severe 
prematurity, even when the intrauterine environment 
is suboptimal. As detailed in the literature [41], this 
strategy requires a delicate balance; while extending 
the pregnancy can prevent neonatal respiratory 
distress, it also prolongs the foetus’s exposure to 
chronic hypoxia and malnutrition. This prolonged 
deprivation may induce epigenetic modifications in 
growth-related genes, further cementing the growth 
lag observed postnatally. Furthermore, current 
scientific evidence [42] emphasize that postnatal 
catch-up in IUGR infants is not merely a continuation 
of the fetal trajectory but a distinct phase of metabolic 
adaptation. The fact that our IUGR group was born 
at a later gestational age yet still exhibited significant 
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postnatal stunting reinforces the idea that the insult 
of IUGR is profound and enduring. It suggests that 
while the fetal rescue strategy is successful in terms of 
immediate survival and respiratory health, it does not 
mitigate the long-term biological programming that 
restricts anthropometric attainment. This highlights 
the critical need for individualized neonatal follow-up 
that accounts for both the severity of the IUGR and the 
maternal context in which it developed.

A major strength of this study lies in the systematic 
comparison between preterm infants with and 
without IUGR, allowing for a  robust assessment of 
how intrauterine growth restriction independently 
shapes postnatal trajectories. The longitudinal 
design, spanning up to 24 months of corrected age, 
provides a comprehensive view of the first 1000 days, 
while the analysis of feeding methods offers an 
original clinical perspective within a  North African 
cohort. However, some limitations should be noted. 
The sample size remains relatively limited, which 
can affect the statistical power of certain subgroup 
comparisons, a  common challenge in long-term 
neonatal follow-up. Furthermore, the findings of 
studies focused exclusively on very low birth weight 
(VLBW) infants, such as study [34], differ from ours 
primarily due to the distinct metabolic demands of that 
specific population compared to our broader preterm 
cohort. This methodological divergence necessitates 
a  nuanced comparison of nutritional outcomes. 
Finally, while anthropometry is a validated proxy, the 
use of advanced body composition techniques, such 
as deuterium isotope dilution, would provide a more 
granular understanding of the quality of mass gain 
(lean vs. fat mass) in these infants.

CONCLUSION

In conclusion, our data confirm that preterm infants 
born with IUGR in this Moroccan cohort maintain 
significant growth deficits, compared to non-IUGR 
peers. While the findings suggest that maternal milk 
may help mitigate the severity of postnatal growth 
failure, this observation, along with the proposed 
influences of fetal rescue strategies, remains a clinical 
interpretation that requires validation through larger 
studies. Given the limited sample size and specific 
regional context, these results should be generalized 
with caution. Nevertheless, this study underscores 
the necessity for prolonged, individualized clinical 
surveillance during the first 1000 days.
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