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Kidneys in 5-year-old preterm-born children: a longitudinal
cohort monitoring of renal function
Rachel Vieux1, Marion Gerard2, Audrey Roussel3, Aïssata Sow2, Amelie Gatin4, Francis Guillemin1 and Jean-Michel Hascoet2

BACKGROUND: Being aware of the impact of low birth
weight on late-onset hypertension, our aim was to describe
systolic blood pressure (sBP) and renal function in 3–5-yearold preterm-born children and to determine which perinatal
factors or childhood factors were associated with an altered
renal function at 5 years in these children.
METHODS: This was a prospective longitudinal cohort study
of children born at 27–31 weeks of gestation and included at
birth and examined at 3, 4, and 5 years of age. The primary
outcome was renal function at 5 years: BP, estimated
glomerular filtration rate, and albuminuria.
RESULTS: One hundred and sixty five children were
examined, of whom 93 (56.4%) were male. Gestational age
was 29.2 ± 1.4 weeks and birth weight was 1,217 ± 331 g.
Overall, 25% children had sBP ≥ 90th percentile at age 3 and 4
years and 11% at 5 years. In multivariate analysis, sBP ≥ 90th
percentile at 5 years was associated with the use of antenatal
steroids (OR = 0.19(0.05;0.65)). There was a significant association between protein intake on day 28 and sBP at 5 years
(β = 2.1 ± 1.0, P = 0.03). Glomerular filtration rate at 5 years was
significantly decreased in case of hyaline membrane disease
or necrotizing enterocolitis. High urine albumin was not
predictable from one year to another.
CONCLUSION: In preterm-born children, sBP was often high
and neonatal protein intake was associated with increased
blood pressure during childhood.

O

rgan function in low birth weight (LBW) or pretermborn adults is marked by perinatal imprinting (1,2)
because of the effect of the perinatal environment and
perinatal morbidity and therapies. It is now well known that
LBW is associated with increased cardiovascular disease and
hypertension (3–5), diabetes (6), increased blood pressure
(BP), and chronic kidney disease (CKD) (7) in adults. This
well-documented association between LBW and increased BP
or CKD has also been demonstrated in young adults
aged 20 (7) and in children aged 5–8 years (8–11) or even
younger (12). Though these children are not yet symptomatic
of CKD or severe hypertension (HTA), the impact of

perinatal imprinting on renal function could be measured
early in childhood through close monitoring so as to postpone
organ structural alterations and function loss.
Data on renal function alteration due to preterm birth are
abundant in the literature. However, renal long-term
follow-up is not yet standardized and may fall second to
other issues of importance, such as neurodevelopment and
lung function.
However, 7% of births are preterm every year. Hence, it is
prudent to determine other factors than gestational age (GA)
and birth weight that may impact renal function, to help
determine a subsample of children that need to be followed up
more closely and/or longer.
Some factors such as growth pattern or diet can be
influenced by medical care. This is particularly true for
neonatal nutrition. Perinatal nutrition is essential for body
and cerebral growth (13–16). Its quality and quantity could,
however, and to a certain extent, impair renal function later in
life. Indeed, its impact on later renal function has been
demonstrated in animal models (17–19) and is now also
published in adult humans (20). However, there is no
consensus on what the optimal neonatal nutrition should
be. The optimal amount of protein intake is particularly
discussed (21,22).
In summary, renal function is surely impacted by
preterm birth and LBW. It is imperative to determine factors
on which physicians may act to postpone the onset of HTA
and CKD.
The aims of this study were the following: (i) to longitudinally describe systolic BP (sBP) and renal function in
young children born preterm so as to determine when an
alteration may be diagnosed; and (ii) to determine which
factors in the perinatal period or during childhood were
associated with an altered renal function at 5 years of age in
preterm-born children, so as to improve monitoring in such
children.
METHODS
Study Type
We performed a prospective longitudinal SUIVIREIN cohort study
in the University Hospital of Nancy, France, with the aim to follow
up kidney function in preterm-born children.
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The study was approved by the ethics committee and registered
with the ClinicalTrials.gov registry, NCT00817921.
Study Population
All children born preterm at 27–31 weeks of completed gestation and
included at birth in the IBUREIN study (23) in the investigator
center of Nancy, surviving at discharge, were invited to participate in
SUIVIREIN. These children were evaluated at 3, 4 (24), and 5 years.
We report the kidney follow-up data from age 3–5 years.

such as fever, hematuria, urinary tract infection, and long awake
periods, were recorded, and in case positive the children were led to
collect urine another day when these risk factors of enhanced urine
albumin had been treated.
At 5 years, blood was sampled. Plasma ionogram, urea, and
creatinine were measured. Creatinine was analyzed with an
enzymatic method. The glomerular filtration rate (eGFR) was
estimated using the Schwartz formula (27).
Nutrition at 5 years.

Neonatal Characteristics
Perinatal medical characteristics. Data were prospectively registered.
Antenatal steroid therapy was defined as two doses of bethametasone
treatment or more 1–15 days before delivery. Intrauterine growth
restriction (IUGR) was defined using Yudkin’s curves (25), birth
asphyxia as Apgar score o7 at 5 min, and bronchopulmonary
dysplasia (BPD) as oxygen requirement on day 28.
Neonatal nutrition. Neonatal nutrition was recorded daily from
birth to day 28, with a standardized computerized calculator, taking
oral and intravenous nutrition and all medications into account.
Total protein intake (grams/kg/day) and total caloric intake
(kJ/kg/day) were, respectively, the sum of protein and calories
administrated by the intravenous and oral routes. The ratio of
protein to total calories was also analyzed.
Neonatal renal function. Weight and urine output were measured
daily. Renal function was further estimated weekly for 1 month by
means of the following: blood and urine ionograms; the glomerular
filtration rate (GFR) (first estimated on day 2 by means of the
Schwartz formula, and then measured with plasma samples);
and 12 h urine collection using the colorimetric method. Tubular
function was estimated by sodium fractional excretion measurements
(FENa), urine albumin levels, and urine alpha-1-microgobulin levels.

A questionnaire was administered by a
qualified pediatric dietician. It covered all nutritional and hydric
intakes over a 3-day period, with two weekdays and a week-end day:
Sunday, Monday, and Tuesday. The questionnaire was sent to the
preterm-born children’s parents, with an explanatory note to fill it in.
Questionnaires were returned by the parents in a pre-stamped
envelope. Data were verified by the dietitian through a 30 min phone
call to the child’s parents. All measures were performed on Géni
software, Micro 6, France. The dietitian was blind to the neonatal
medical history of the children.

Statistical Analysis
In bivariate analysis, the association between categorical variables
was analyzed using χ2-tests or Fisher exact tests when required; the
association between a categorical and a continuous variable was
analyzed using the Student’s t-test or the ranked sum test when
required; and the association between two continuous variables was
measured using Pearson’s correlation coefficient.
Time effect was analyzed with a mixed linear model. Multivariate
analysis was performed with a logistic regression model when the
dependant variable was categorical and with a linear regression
model when the dependant variable was continuous.
Statistical significance was determined at Po0.05. All analyses
were performed using SAS statistical software, version 9.1
(SAS Institute, Cary, NC).

Medical Examination, Renal Biomarkers, and Diet During
Follow-up
General health characteristics. A senior pediatrician examined the
children at 3, 4, and 5 years of age. Each child was weighed on a scale
with 100 g precision and measured three times. The final height
recorded was measured at least twice. Height and weight were
converted to z-scores using the WHO child growth standards. The
child’s medical file was scanned, and illnesses recorded. Parents were
questioned for medications either prescribed or purchased over the
counter.

RESULTS

Blood pressure. Systolic, mean, and diastolic BP was measured three
times in seated children after a 5-min rest. The width of the cuff was
2/3 the arm’s length. The device used to measure BP was the Colin
Press Mate BP 8800p NIBP Blood Pressure Monitor (COLIN
EUROPE, 92400 Courbevoie, France). sBP analyzed was the lowest
of the three measures of BP. Blood pressure z-scores were calculated
using the Classification of hypertension in Children and adolescents,
from the Fourth Report on Diagnosis, Evaluation, and Treatment of
High blood Pressure in Children and Adolescents. Prehypertension
was defined as sBP ≥ 90th percentile, stage 1 hypertension as sBP
from the 95th to 99th percentile plus 5 mm Hg, and stage 2
hypertension as sBP 499th percentile plus 5 mm Hg. Percentiles of
length used for this classification were calculated thanks to charts
from the Centre for Disease Control and Prevention using LMS Box
Cox transformation to calculate age- and sex-specific z-scores.

Medical Data in the Neonatal Period

Protein intakes in neonates. Protein intakes (g/kg/d) were
2.9 ± 0.6 on day 7 and 2.8 ± 0.7 on day 28. The protein/calories
ratio (g/100 kJ/kg/d) was 3.2 ± 0.6 on day 7 and 2.7 ± 0.7 on
day 28.

Renal function evaluation. Every year (at ages 3, 4, and 5 years), the
children were invited to void their bladder into a urine pot. High
urine albumin was defined as a urine albumin level 417.7 mg/g
urine creatinine (26), and high urine beta-2-microglobulin level was
defined as 440.7 mg/mol (26). Microalbumin was measured with an
immunoturbidimetric test. All factors that could affect albuminuria,

Renal function evaluation in the neonatal period. Urine
albumin level was significantly lower in boys than in girls (e.g.,
on day 28, respectively, 6.8 (4.3–10.5) vs. 11.0 (7.6–16.3),
P = 0.0001). In multivariate analysis, gender difference persisted
(P = 0.04) when taking time effect into account (P = 0.08).
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Study Population

One hundred and sixty five children were examined in this
follow-up study at ages 3, and/or 4, and/or 5 years; i.e., 69% of
infants were discharged home. Ninety three (56.4%) children
were male. Of the 165 children, 124 had undergone at least
two medical exams from years 3–5 in this study. A flow chart
is presented in Figure 1.

General characteristics in the neonatal period. Children
were born at (median, IQR) 29 ((refs 32–34)) weeks of
gestation, with a birth weight (mean ± SD) of 1,217 ± 331 g.
The neonatal characteristics of the children included in this
study compared with those of children lost to follow-up are
presented in Table 1. They did not differ significantly.
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n=248 infant included in the IBUREIN study in the investigator centre of Nancy
n=10 died before hospital discharge
n =238 discharged home
No parental consent n =20
Loss to follow-up: n=53
n =165 followed-up at age 3 and/or 4 and/or 5 years

3 years

Older than 3 at the
follow-up study onset

n=62

n=62

Lost to follow-up: n=9
Did not come at 4 years: n=6

n=47

4 years

n =89

n=136

Loss to follow-up:
n =18

Loss to follow-up:
n=5

n=48

n =14

n =71

5 years
n=133

Figure 1. Flow chart of the SUIVIREIN study at the 5-year follow-up.

Table 1. Neonatal characteristics of the children included in the follow-up study
Follow-up at 3 and/or 4 and/or 5 years
Gender
Gestational age
Antenatal steroids
Intra-uterine growth restriction o10th percentile

Male

Yes (n = 165)

No (n = 73)

P

93 (56.4%)

27 (62.6%)

0.63

o29 weeks

58 (35.1%)

27 (37.5%)

0.73

Yes

111 (67.3%)

40 (54.8%)

0.06

Yes

45 (27.3%)

12 (16.4%)

0.07

Apgar score at 1 min

Median (IQR)

5 (3–8)

6 (4–7)

0.19

Apgar score at 5 min

Median (IQR)

7 (6–8)

7 (6–8)

0.56

Yes

93 (56.7%)

39 (53.4%)

0.64

Hyaline membrane disease
Patent ductus arteriosus

Yes

37 (22.4%)

10 (14.7%)

0.18

Bronchopulmonary dysplasia

Yes

50 (30.7%)

26 (39.4%)

0.20

Intraventricular hemorrhage

Yes

31 (18.8%)

14 (20.6%)

0.75

Necrotizing enterocolitis

Yes

20 (12.1%)

7 (10.3%)

0.69

IQR, interquartile range.
All patent ductus arteriosus were treated with ibuprofen.
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Table 2. Renal function in the neonatal period
Day 7

Day 14

Day 21

Day 28

P

Plasma creatinine, μmol/l

63.0 45.0–77.0)

56.5 (46.5–65.0)

51.0 (40.0–61.0)

48.0 (39.0–57.0)

o0.0001

Creatinine clearance, ml/min/1.73 m2

15.9 (12.2–24.0)

18.3 (14.0–23.0)

19.2 (14.3–27.3)

21.7 (15.6–29.9)

o0.0001

2.1 (1.2–3.2)

1.0 (0.6–2.1)

0.7 (0.3–1.6)

0.6 (0.3–1.2)

o0.0001

Urine albumin level, mg/mmol

11.9 (7.1–20.7)

12.1 (8.0–19.3)

10.2 (6.1–16.2)

8.4 (5.4–13.6)

0.10

Urine alpha-1-globulin level, mg/mol

49.8 (29.8–81.1)

48.7 (25.1–80.0)

29.2 (18.3–57.3)

21.8 (15.8–37.4)

o0.0001

Fractional excretion of sodium, %

Urine albumin level, albuminuria/urine creatinine; urine alpha-1-globulin level, alpha-1-globulinuria/urine creatinine.
Results are median, interquartile range. P tests the time effect from day 7 to day 28.

Table 3. Anthropometric measures collected at the medical
follow-up exams
3 Years

4 Years

4, and 15.2 ± 1.5 kg/m2 at 5 years. There was a gender effect on
absolute z-score difference at each examination for weight and
height parameters, but not for BMI. Other details are presented
in Table 3.

5 Years

Weight z-score
All

− 0.9 (−0.9; 0.3)a

− 0.3 (−0.9; 0.2)b

− 0.1 (−0.8; 0.4)c

Boys

− 0.1 (−1.1; 0.4)

b

− 0.1 (−1.2; 0.2)

0.2 (−0.7; 0.4)c,d

Girls

− 0.9 (−0.9; − 0.7)a

− 0.6 (−0.7; 0.1)b

− 0.8 (−0.9; 0.1)c

a

Blood pressure from ages 3 to 5 years. There was no
gender effect on prehypertension, nor on stages 1 and 2
hypertension. Sixty two percent of children with HTA at 5
years had HTA or prehypertension at 3 or 4 years.

Height z-score
All

− 0.2 (−1.1; 0.3)a

− 0.1 (−1.1; 0.3)b

− 0.2 (−0.9; 0.4)c

Boys

− 0.4 (−1.4; 0.1)a

− 0.3 (−1.2; 0.8)b

− 0.0 (−0.9; 0.8)c

Girls

a

Urine albumin level from ages 3 to 5 years. High urine
albumin level was observed in 11% of 3-year-old children, in
13% of 4-year-olds, and in 14% of 5-year-olds. There was no
time effect from years 3 to 5 on urine albumin levels.
High albuminuria level at 3 or 4 years was not associated
with high albuminuria level at 5 years.

− 0.3 (−1.0; 0.3)

b

c

0.3 (−0.8; 0.3)

0.1 (−0.9; 0.3)

− 0.8 (−1.6; 0.6)a

− 0.4 (−1.0; 0.4)b

BMI z-score
All
Boys
Girls

a,d

0.4 (−1.3; 0.8)

− 1.6 (−1.6; − 0.7)a,d

− 0.3 (−0.9; 0.4)c

− 0.4 (−0.7; 0.4)

− 0.2 (−0.5; 0.6)c,

− 0.6 (−1.2; 0.0)b

− 0.6 (−1.5; 0.2)c,d

b

d

Systolic blood pressure percentile
o90 th

38 (74.5%)

91 (75.8%)

119 (88.2%)

90th to
o95th

6 (11.8%)

8 (6.7%)

8 (5.9%)

95th to
o99 h

5 (9.8%)

15 (12.5%)

8 (5.9%)

499 h

2 (3.9%)

6 (5.0%)

0

Urine albumin level
All

0.8 (0.5; 1.3)a
a,d

0.8 (0.5; 1.5)b
b,d

0.8 (0.6; 1.4)c

Boys

0.6 (0.4; 1.0)

0.7 (0.5; 1.2)

0.7 (0.5; 1.0)c,d

Girls

1.0 (0.7; 2.0)a,d

1.2 (0.7; 1.9)b,d

1.0 (0.7; 1.8)c,d

Po10 − 4 for absolute difference between years 3 and 4.
Po10 − 4 for absolute difference between years 4 and 5.
c
Po10 − 4 for absolute difference between years 3 and 5.
d
Po0.05 between boys and girls at the same year of examination.
a

b

There was no gender–time interaction (P = 0.29). More details in
Table 2.
Medical Exam and Biological Data During Childhood

Anthropometric measures and growth pattern from ages 3
to 5 years. BMI was 15.7 ± 1.8 kg/m2 at 3, 15.3 ± 1.5 kg/m2 at
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Data Recorded at 5-Year Follow-up

Renal function. eGFR was 113 (100;131) ml/min/1.73 m2.
No child had renal insufficiency. eGFR was significantly lower
in boys than in girls: 109 (99;123) ml/min/1.73 m2 vs. 122
(101;140), respectively (P = 0.03). Urine beta-2-microglobulin
level was 10.6 (8.3;13.6) μg/mmol in boys and 9.6 (7.2;14.2) μg/
mmol in girls (P = 0.17).
Nutrition. Energy
(1,493;1,946) kCal/d
intake was 17% of
carbohydrate intake
50%, respectively).

intake was (median, range) 1,739
(recommended: 1,362–1,434). Protein
total energy, fat intake was 36%, and
was 46% (recommended: 10%, 40%, and

Factors Associated with Blood Pressure and Renal Function at
5 Years

Blood pressure. sBP at 5 years was neither associated with
protein intake on day 7 nor with protein/calories ratio during
the first week of life. sBP was significantly correlated with
protein intake on day 28 (R = 0.21, P = 0.03), meaning 5% of
sBP variability at 5 years may be explained by the protein
intake on day 28. sBP was not significantly associated with
current protein, fat, or carbohydrate diets, nor with current
water and salt intakes (data not shown).
Systolic blood pressure at 5 years was significantly
correlated with BMI at 4 and 5 years (R = 0.29, P = 0.002, at
4 years; and R = 0.33, P = 0.005, at 5 years).
Copyright © 2017 International Pediatric Research Foundation, Inc.

Renal function in preterm children
In bivariate analysis, prehypertension or stages 1 and 2
hypertension at 5 years were significantly associated with
steroids and hyaline membrane disease. In multiple linear
regression modeling, sBP at 5 years as a continuous variable
showed a significant association with protein intake on day 28
of life (β = 2.1 ± 1.0, P = 0.03). In other words, after adjustment for current BMI, gender, and antenatal steroid use, sBP
at 5 years increased by 2.1 ± 1.0 mm Hg for each g/kg increase
in protein diet on day 28.
Urine albumin level. Overall, 21% of children with high
albumin had sBP ≥ 90th percentile vs. 10% with sBP o90th
percentile (P = 0.24). Urine albumin at 5 years was not
associated with neonatal data or nutrition at 5 years, nor
with growth pattern.
Estimated GFR. eGFR was not associated with current height
(R = 0.14, P = 0.28), weight (R = 0.08, P = 0.54), or BMI
(R = 0.01, P = 0.95). It was not associated with nutrition in
the neonatal period or at 5 years. Neonatal factors such as
hyaline membrane disease and necrotising enterocolitis were
significantly associated with a decreased eGFR at 5 years in the
bivariate analysis (113 ± 23 vs. 124 ± 27 ml/min/1.73 m2,
P = 0.002, and 104 ± 18 vs.119 ± 25, P = 0.01, respectively).
This association persisted in multiple regression analysis after
adjusting for gender.

DISCUSSION
No preterm-born child of our study population had renal
insufficiency at the end of the neonatal period. Yet risk factors
of CKD were latent, such as IUGR and incomplete antenatal
steroid use. Most of the 5-year-old children had caught-up
BMI, and a few had high albuminuria levels. However, an
asymptomatic danger still lurked: 10% of 5-year-old children
had prehypertension. Increased sBP may be one of the first
detectable signs of perinatal imprinting on renal function.
This increased sBP in preterm-born and LBW subjects was
first described in the 1980s and was more recently reviewed
(28) by pointing out an increase in rest sBP from 2.5 to
3.8 mm Hg in 18-year-old subjects. This was also described in
children aged 8–11 years (9,11) and recently in younger
children aged 2–3 years (12). Our results confirm that high
sBP levels may be seen in early childhood, although most
preterm-born children are not yet hypertensive.
In such a context of preterm birth, many families and
doctors are prone to seeing these children quickly catching up
weight. Because of their anxiety, mothers tend to overfeed
their preterm-born infant. Yet, studies have established a
relationship between catch-up growth and later renal
function. Indeed, Eriksson et al. (29) published that LBW
associated with a rapid weight catch-up or no catch-up during
childhood significantly increased the risk for HTA. Others
determined a significant association between HTA at age 21
years and rapid height catch-up from years 1–21 or weight
catch-up from years 2–21 (ref. 6). The adverse effect of
promoting faster weight gain in infants born small for
Copyright © 2017 International Pediatric Research Foundation, Inc.
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gestational age (SGA) has been investigated in a randomized
trial assigning SGA infants to a standard diet or to a nutrientenriched formula (28% more protein). After adjusting for age,
sex, BMI z-score, and social class, diastolic and mean BP were
significantly lower in children aged 6–8 enrolled in the
standard formula group, with a mean difference of 3 mm Hg
(30). Similar results were measured but only in girls when diet
was enriched with long-chain polyunsaturated fatty acids.
Girls who had received such an enriched diet had higher
adiposity and BP at ages 9–11 (ref. 31). Duncan AF
determined a gender-specific relationship between infant
growth and sBP with a higher sBP in 1–3-year-old girls who
had higher adiposity compared with boys (12).
Our results state that higher neonatal protein intakes could
be associated with an increased sBP at 5 years. This point is to
be highlighted, because nutrition is one of the sole neonatal
factors on which physicians may have a direct impact. A
consensus on the most appropriate neonatal nutrition does
not exist. The most optimum amount of protein intake is still
being debated among physicians working in the era of
neonatal medicine. High protein intakes are associated with
poor renal outcome as they trigger hyperfiltration (19)
possibly creating glomerular hypertension in an oligonephronic kidney. Restricted protein diet was associated with
significantly decreased proteinuria and with a decline in eGFR
in adult patients (32). Dietary protein restriction has also
proven its efficacy in postponing the progression of advanced
(33) and moderate (34) renal disease in adults though not in
children in whom a low-protein diet for 3 years did not seem
to decrease renal function in children with CRF. However,
such dietary data must be taken with caution in perinatal
medicine. Preterm-born children must continue their organ
development and body growth in the context of increased
energy loss due to thermal homeostasis, breathing, digestion,
and other challenges that present during extra-uterine life.
Many preterm-born children suffer from extra-uterine growth
restriction (15,35,36) that may impair their neurocognitive
development (13,15). Thus, 4 g/kg/d proteins is recommended
after the first days of life for preterm-born children (37). Such
a quantity of protein intake is not easy to reach within the first
days of life, at a time when fluid intakes need to be controlled
to prevent PDA. However, if enteral protein intake in the first
two weeks of life was positively associated with neurodevelopmental outcome (15), an increased protein intake in the first
week of life had no effect on growth and clinical outcome or
on neurodevelopment at 18 months (16). This suggests that
the timing of protein intake could be as important as its
quantity. In our study, sBP was not correlated to protein
intake on day 7, but at the end of the neonatal period. This
should be confirmed in further studies, but renal tolerance to
protein intakes could depend on the amount received in the
first postnatal weeks, and on postnatatal age.
Antenatal steroids also decreased the risk for prehypertension at 5 years. Increased sBP may trigger glomerulosclerosis
by increasing the pressure in the glomerular capillaries, hence
aggravating reduced nephron number due to LBW (7).
Volume 82 | Number 6 | December 2017
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Moreover, in preterm-born children, the risk for glomerulosclerosis may also be due to other factors such as vascular
remodeling with arterial stiffness, endothelial dysfunction,
and narrowing of small arteries (38). Such vascular remodeling can impact vascular resistance and BP. Accordingly,
association between BP and GFR is most important
and was pointed out as explaining a large part of the decline
in GFR (23).
Last but not the least, albuminuria is used in many crosssectional studies to measure the impact of LBW or preterm
birth on renal function. Surely this urine biomarker is largely
used in pediatric nephrology to measure the progression of
CKD, but to our knowledge it has not been validated in
preterm-born children with specific architectural kidney
changes. This longitudinal study showed that the albuminuria
level measured under the same conditions in the same
children at different ages was fluctuating a lot. This questions
its validity in the follow-up of renal function in LBW subjects.
The strength of this study lies in it having a prospective
record of neonatal nutrition and morbidities and of renal
function both in the neonatal period and longitudinally in
children aged 3–5 years. Adjusting on current nutrition helps
to argue that the impact of neonatal protein intake on sBP at 5
years is not biased by the current protein intake. Noteworthy,
for BP measures in childhood, we chose a cuff by two-thirds
upper-arm circumference, which may underestimate systolic
and diastolic BP (39). However, this measure bias was nondifferential and could not influence the differences measured
between groups. Nomograms used to define hypertension
were those from the States. Indeed, French nomograms are
now quite old. This may have overestimated the prevalence of
hypertension as published for an Italian population (40). We
also lack data on nutrition at 36 weeks’ postnatal age.
Moreover, 40% of the cohort was lost to follow-up, inducing a
loss in power. Nevertheless, this is an interesting longitudinal
cohort. These results need to be confirmed in further
controlled trials randomizing neonatal nutrition patterns.
Conclusion

Increase in protein intake at the end of the neonatal period
was associated with increased sBP at 5 years of age in
preterm-born children. Surely early protein intake is essential
for neurodevelopment; however, a too high intake could
induce hyperfiltration, increasing sBP before 5 years of age in
preterm-born children.
Disclosure: The authors declare no conflict of interest.
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