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We strongly encourage the formation and use of large data-
bases of detailed prenatal and postnatal data for the benefit of
patients with congenital heart defects throughout the world.
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Fetal growth restriction, nutrition,
and the renin-angiotensin system

To the Editor:

We read with interest the recent comprehensive review by
Sehgal et al on the mechanism of fetal growth restriction
(FGR)-associated hypertension, focusing on prevention and
therapeutic strategies across the life course to mitigate hyper-
tension and cardiovascular disease.’

Early nutrition is important. Although the prenatally acti-
vated intrarenal renin-angiotensin system (RAS) strongly
contributes to FGR-associated hypertension, the review
clearly showed that dealing appropriately with postnatal
nutrition and nutrition in infancy can ameliorate FGR-
associated hypertension. This is most important as a counter-
measure for postnatal rapid weight gain (catch-up growth
that occurs in small for gestational age infants because of
FGR), which leads to increased insulin resistance.”* Breast-
feeding slows weight gain because the low protein content
of breast milk (compared with infant formula) reduces circu-
lating levels of insulin and insulin-like growth factor-I, which
accelerate growth.” Insulin resistance also upregulates the
RAS; therefore, suppressing rapid weight gain in infancy
may have a favorable effect of not activating the RAS as a
cause of hypertension.”’

Sehgal et al also mentioned that maladaptive changes of
the intrarenal RAS (increased angiotensin II and decreased
angiotensin-[1-7]), independent of the systemic RAS, play
an important role in the pathophysiology of FGR-induced
hypertension and renal injury."*

In general, because of enhanced sodium intake systemic
RAS activity is suppressed. We believe that sodium intake
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and intrarenal RAS activity are related to regulating blood
pressure in infants with FGR. Sodium intake has been
recently reported to remain elevated in pediatric population’;
therefore, in providing dietary guidance or intervention for
children born with a risk of FGR-associated hypertension,
the relationship of amount of salt in the diet and the intrare-
nal RAS should be considered.
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Reply L)

Check for
Updates

To the Editor:

We were pleased to receive the comments by Arisaka et al
regarding our recent review of fetal growth restriction (FGR)
and programmed hypertension. We agree that rapid weight
gain, development of obesity, and high sodium intake during
the first year of life and throughout childhood are likely ma-
jor factors that further promote hypertension development
in children with FGR in an additive or even multiplicative
fashion, mediated in part through renin—angiotensin system
(RAS) alterations (Figure).'® The adverse health outcomes
of FGR combined with rapid postnatal growth (mismatch
hypotheses) have been reported.”® Therefore, preventive
and therapeutic strategies centered on early-life nutrition to
target the RAS may be beneficial in mitigating several
perinatal programming mechanisms.

Introduction of solid foods during infancy increases salt
intake. A high percentage of 12- to 24-month-old children
exceed “adequate levels” of salt intake.” In school-age chil-
dren, increased processed food consumption increases salt
intake. In infants, reducing salt intake by one-half yielded a
2.5-mm Hg reduction in systolic blood pressure (BP).” In
young adults, reduced salt intake can induce relatively rapid
and sustained'’ decreased BP. In a long-term study, neonates
on a low-salt diet for the first 6 months of life had 2.1-mm Hg
lower systolic BP compared with controls on a normal salt
diet, and at the 15-year follow-up they had 3.6-mm Hg lower
systolic BP."" This indicates that salt intake in early life can
induce sustained changes in BP, an important intervention

Links between high sodium intake and blood pressure

Effects at the vascular level

* 1 Blood volume (preload)
* 1 Vascular resistance/arterial stiffness (afterload)
* Endothelial dysfunction
* 1 Endothelin-1 (1 Ca?" entry into vascular smooth muscle cells)
* | Nitric oxide synthesis
* 1 Sympathetic activity
* 1 Renin-Angiotensin System activity
*  Modulation of gene expression in arterial wall
* | Aortic hyaluronon content and 1 Collagen cross-link formation
 Inhibition of the Na” K™ pump in the vascular smooth muscle
» Offsets anti-proteinuric effect of
Angiotensin Converting Enzyme inhibitors or Calcium antagonists

Effects at the cellular level

» Affects protein synthesis in cardiomyocytes

* 1 Aldosterone synthesis in the myocardium

¢ 1 Transforming Growth Factor B

* 1 Angiotensin receptors in cardiomyocytes

* Sodium/Hydrogen exchange isoform-1 induced cardiac hypertrophy
and perivascular fibrosis

Figure. Vascular and cellular effects of salt.
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