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Abstract

Retinopathy of prematurity (ROP) is one of the most 
common causes of childhood blindness worldwide. 
Its prevalence is rising as more premature infants 
are surviving owing to advances in neonatal care. 
The current treatments for ROP are invasive and 
may increase the risk of future eye complications. 
Nutraceuticals (dietary oils, carotenoids, and vitamin 
supplements) are generally safe for use in children 
without detrimental adverse effects. Research has 
demonstrated nutraceuticals’ anti-angiogenesis 
properties and their potential to protect against 
ROP. Dietary oils suppress inflammation and 
neovascularization in ROP models when administered 
intravenously. Carotenoids, such as lutein, promote 
retinal revascularization in mice. Vitamin A, C, and E 
supplements are unable to prevent ROP pathogenesis, 
despite well-documented antioxidative effects. The 
discrepancy between laboratory and clinical trial 
results may be due to differences in the dosage that 
can affect the eye, the outcome measurements used, 
and the presence of confounders in clinical trials. 
Future studies should investigate the short- and long-
term effects of nutraceuticals on infants’ vision.

Introduction 

Childhood blindness accounts for approximately 4% of all 
blindness cases; children with blindness, on average, live 
without vision 40 years longer than adults.1 Retinopathy 
of prematurity (ROP) is a common cause of childhood 
blindness worldwide, responsible for 14% of all childhood 
blindness cases.2,3 The number of ROP cases increases as 
supplemental oxygen therapy increases the survival rate of 
premature babies.4 The relative hypoxia following oxygen 
therapy causes neovascularization and blindness in ROP. A 
Swedish study reported that up to 73% of premature infants 
have ROP.5 In a Hong Kong hospital, 16.9% of premature 
infants are diagnosed with ROP in 2013.6 ROP as a cause of 
blindness is expected to increase as neonatal care advances 
and more premature infants survive.7

The current mainstay treatments for ROP are cryotherapy, 
laser therapy, and intravitreal injection of anti-vascular 
endothelial growth factor (VEGF).8 However, these 
treatments are associated with rare ocular and systemic 
adverse effects including cataracts, corneal burns, and 
delayed neurodevelopment.9-13 A noninvasive, high-efficacy 
treatment for ROP has yet to be developed.

Nutraceuticals in ROP

Nutraceuticals are natural substances with health benefits in 
both in vivo and in vitro ROP models.14 They are widely 
used in cardiovascular diseases for their antioxidative and 
anti-inflammatory responses.15 Nutraceuticals may be less 
likely to trigger adverse effects in children and may promote 
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Dietary oils
Dietary oils are mainly found in fatty fish (salmon and 
trout) and plant-based oils (soybean oil).20 They contain 
long-chain polyunsaturated fatty acids (LCPUFAs), 
including arachidonic acid (AA) and docosahexaenoic acid 

long-term health.16,17 For example, prolonged carotenoid 
consumption reduces the risks of atherosclerosis and 
macular degeneration.18,19 We aim to review clinical studies 
of nutraceuticals (dietary oils, carotenoids, and vitamin 
supplements) for managing ROP (Table).

Table. Clinical effects of nutraceuticals on infants with retinopathy of prematurity

Study Study 
design

Sample size Compound used Route Dosage Outcome

Pawlik et al,26 
2011 

Cohort 
study

68 (treatment group: 44) 20% clinoleic: 50% 
soybean and olive oil 
emulsion; 10% omegaven: 
50% fish-oil emulsion

Intravenous Birth weight <1000 g: 
omegaven 0.15 g + clinoleic 
0.35 g
Birth weight >1000 g: 
omegaven 0.35 g + clinoleic 
0.65 g

Reduced ROP incidence
Reduced risk of laser therapy 
for infants

Beken et al,29 
2014 

RCT 80 (treatment group: 40) 20% intralipid: soybean oil 
200 g/dL 20% SMOFlipid: 
soybean oil 60 g/dL, MCT 
60 g/dL, olive oil 50 g/dL, 
fish oil 30 g/dL

Intravenous Birthweight <1000g: 0.5 g 
lipids per kg
Birthweight >1000g: 1.0 g 
lipids per kg

Reduced ROP incidence 

Najm et al,25 
2017 

RCT 78 (treatment group: 41) Lipid solution (clinoleic or 
SMOFlipid) 

Enteral 6-12 h after birth: 1 g/kg/d 
with daily increases up to  
2 g/kg/d

No difference in ROP 
incidence

Bernabe-
Garcia et al,31 
2019 

RCT 110 (treatment group: 55) Docosahexaenoic acid Enteral 75 mg/kg/d No difference in ROP 
incidence
Reduced risk of stage-3 ROP 

Tu et al,30 
2020

RCT 396 (treatment group: 193) 20% Lipovenoes medium-
chain triglycerides: 50% 
soybean oil   SMOFlipid: 
30% soybean oil, 25% 
olive oil, and 15% fish oil

Intravenous 3 g/kg/d Reduced ROP incidence
Reduced the need for anti-
VEGF treatment

Hellstrom  
et al,32 2021

RCT 206 (treatment group: 101) Enteral oil Enteral Arachidonic acid 100 mg/kg/d, 
docosahexaenoic acid  
50 mg/kg/d

No difference in ROP 
incidence
Lowered the risk of severe 
ROP by 50%

Romagnoli  
et al,44 2011

RCT 63 (treatment group: 31) Lutein + zeaxanthin Enteral Lutein 0.5 mg/kg/d
Zeaxanthin 0.02 mg/kg/d

No difference in ROP 
incidence

Dani et al,42 
2012 

RCT 114 (treatment group: 58) Lutein + zeaxanthin Enteral Lutein 0.14 mg daily
Zeaxanthin 0.006 mg daily

No difference in ROP 
incidence

Rubin et al,19 
2012 

RCT 183 (treatment group: 92) Lutein + zeaxanthin + 
lycopene + beta-carotene

Enteral Lutein 211 μg
Lycopene 143 μg
Beta-carotene 219 μg

No difference in ROP 
incidence
Fewer infants in treatment 
group developed ROP
Significantly greater 
sensitivity response in rod 
photoreceptors 

Manzoni  
et al,43 2013

RCT 229 (treatment group: 113) Lutein + zeaxanthin Enteral Lutein 0.14 mg daily
Zeaxanthin 0.006mg daily

No difference in ROP 
incidence

Mactier  
et al,45 2012

RCT 89 (treatment group: 42) Vitamin A Intramuscular 10000 IU 3 times a week 
from day 2 for a minimum 
of 2 weeks or the start of oral 
feeding

No difference in ROP 
incidence or severity
Weak correlation between 
retinal sensitivity and total 
vitamin A intake per kg over 
the first 4 weeks of life

Sun et al,49 
2020 

RCT 262 (treatment group: 132) Vitamin A Enteric 1500 IU/day Reduced incidence of ROP 
(mild, type I, and type II)

Darlow  
et al,55 2005 

RCT 119 (low dose throughout: 
40; low dose for 10 days 
then high dose: 40; high 
dose throughout: 39)

Vitamin C Enteric Additional 20 mg/kg/day No difference in ROP 
incidence or severity

Romero-
Maldonado  
et al,48 2021

RCT 90 (treatment group: 48) Vitamin E Enteric 12.5 IU every 12 h from 72 h 
after birth to 28 days

Reduced incidence of ROP
Reduced severity of ROP

Abbreviations: RCT=randomized controlled trial, ROP=retinopathy of prematurity, and VEGF=vascular endothelial growth factor
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(DHA), which are important for infants’ neurological and 
visual development. Indeed, they are given to premature 
infants for nutrition and immunomodulation.14 LCPUFAs 
downregulate tumor necrosis factor α and inhibit cell 
proliferation, suppressing inflammatory and oxidative 
responses and thus reducing neovascularization in ROP 
models.21-23 Premature infants have lower serum AA levels,24 
so additional LCPUFAs might be therapeutic in ROP. 
However, not all clinical trials have observed a significant 
reduction in the incidence of ROP after treatment with 
enteral LCPUFAs.25

The main source of lipids for premature infants is 
fat emulsions that do not contain DHA.26 Therefore, 
supplementary DHA in breast milk is recommended to 
prevent ROP.27,28 However, LCPUFAs are effective to reduce 
both the incidence of ROP and the need for laser or anti-
VEGF treatment only when administered intravenously. 
When LCPUFAs are given enterally, although the severity 
of ROP reduces, the incidence does not.26,29-32 This 
discrepancy implies that premature infants with poor gut 
development cannot effectively digest LCPUFAs.33 As the 
intravenous route is invasive and associated with risks of 
bruising, inflammation, and infection, different routes of 
administration for LCPUFA should be considered.

The type of LCPUFA given to premature infants affects the 
therapeutic effect on ROP. Interactions between different 
nutraceuticals may be disturbed by the supplementation of 
certain LCPUFAs.34 Simple administration of DHA and AA 
has a limited effect on the incidence of ROP.31,32 Further 
investigation into the optimum dosage, formulation, and 
route of administration is required before LCPUFAs can be 
used therapeutically. 

Carotenoids 
Carotenoids are pigments found mainly in dark green 
vegetables and egg yolk. They are obtained exclusively 
from diet and are essential to the formation of macular 
pigment.35,36 Lutein, in particular, reduces inflammation by 
lowering the number of glial fibrillary acidic protein and 
terminal deoxynucleotidyl transferase-mediated dUTP nick-
end labeling-positive apoptotic cells after retinal hypoxia in 
both in vitro and in vivo mouse models.37,38 In the human 
body, lutein is found mostly in the macula and the lens, with 
anti-oxidative effects. It protects against cataracts and age-
related macular degeneration by blocking blue light.8,39 It is 
‘generally regarded as safe’ by the United States Food and 
Drug Administration.40

Lutein promotes retinal revascularization and reduces 
vascular leakage in oxygen-induced retinopathy mouse 
models,41 but no such effects have been observed in clinical 
trials. Adding lutein to human milk has no significant 
protective effect against ROP development.19,42-44 However, 
in one study, only 8% of mild ROP infants developed severe 
ROP after treatment with supplementary lutein, compared 
to 28% in controls; infants with supplementary lutein 
have significantly greater rod photoreceptor sensitivity 

responses.19

Discrepancy between laboratory and clinical data may be 
related to the absorption of lutein supplements. Lutein is 
lipophilic, so effective enteral absorption is difficult, especially 
in premature infants because the transfer of lipophilic nutrients 
occurs during the later weeks of pregnancy.19 As a result of 
poor absorption, the plasma lutein levels are not high enough 
to exert a neuro-protective and revascularization effect on the 
retina. Dissolving lutein in olive oil to increase its absorption 
and bioavailability has been suggested.14

Vitamin supplements
Vitamins A, C, and E all have antioxidative effects. Vitamin 
A is found mainly in leafy green vegetables, fish oils, milk, 
and eggs; vitamin C in citrus fruits and bell peppers; and 
vitamin E in nuts and seeds. Vitamin A (retinol) increases 
the availability of rhodopsin for phototransduction, 
which reduces the demand for oxygen in photoreceptor 
development;45 vitamin C exerts its antioxidant effect by 
electron donation and transfer;46 and vitamin E inhibits 
the production of new oxygen radicals while neutralizing 
existing ones.47 They potentially protect against oxidative 
damage in ROP. 

Both vitamins A and E are used to reduce the risk of developing 
respiratory complications such as bronchopulmonary 
dysplasia and respiratory distress syndrome. Infants with 
better lung function have less need for high-concentration 
oxygen therapy and are therefore less exposed to the 
oxidative damage that causes ROP.45,48,49 However, vitamin 
A’s protective effect is only evident when it is administered 
orally.49 Intramuscular injection of vitamin A did not reduce 
ROP incidence.45 The plasma level of vitamin A does not 
correlate with body stores, making it difficult to establish 
an optimal dose.50 Vitamin E protects polyunsaturated 
fatty acid from lipoperoxidation, which is involved in ROP 
pathogenesis.51,52 Enteric supplementation of vitamin E 
reduces the risk of ROP in very low-birthweight infants by 
60%.48 However, using vitamin E for ROP prophylaxis may 
increase the risk of intraventricular hemorrhage during the 
early days of prematurity.52

Vitamin C (ascorbic acid) is an antioxidant and has pro-
oxidative effect.53,54 However, existing clinical studies 
have not demonstrated any significant reduction in either 
the incidence or severity of ROP after administration of 
supplementary ascorbic acid.55 In fact, excessively high 
plasma levels of ascorbic acid may increase mortality in the 
first days of life.56 Therefore, vitamin C supplementation is 
not suitable for the prevention of ROP.

Discrepancy between laboratory and clinical 
evidence

Laboratory studies have demonstrated the benefits of 
nutraceuticals including anti-angiogenesis, suppression 
of endothelial growth factor secretion, and reduction of 
neovascular areas. However, only a few clinical trials 
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have shown a reduction in the incidence of ROP after 
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be different. Oral, intravitreal, and intraperitoneal 
administrations are typical in laboratory studies, but oral 
and intravenous routes are typically used in clinical trials. 
Different administration routes result in different metabolism 
and affect the amount of nutraceutical that reaches the 
retina. Moreover, premature infants’ underdeveloped 
feeding and absorption may reduce the plasma level and 
efficacy of nutraceuticals. The dosage given in clinical trials 
is also limited by the unknown effects of nutraceuticals on 
the infant’s overall health. Clinical trials start at a low dose, 
which may not be enough to be effective. Therefore, the 
level of nutraceuticals that can induce an effect in clinical 
trials is difficult to standardize and measure. 

Parameters used to quantify outcomes are different. 
Laboratory studies usually measure the reduction in 
angiogenesis and inflammation, the suppression of VEGF 
and angiotensin II, and the reduction in neovascularization 
area, whereas clinical studies mainly measure ROP 
incidence and severity. The effects shown in laboratory 
studies are probably insufficient to reduce the incidence or 
severity of ROP in clinical studies.

There are confounders in clinical trials. Premature infants 
differ in birthweight, degree of prematurity, comorbidities, 
genetic predisposition, and/or quality of care. These 
factors, which are more standardized in laboratory studies, 
may affect the efficacy of nutraceuticals in reducing ROP 
incidence.

Future directions

There is sufficient laboratory-based evidence to confirm 
that the antioxidative and anti-inflammatory effects of 
nutraceuticals are effective in preventing ROP. However, 
clinical trials of nutraceuticals for premature infants to 
prevent ROP are limited. Most clinical trials investigate the 
effects of dietary oils, carotenoids, and vitamin supplements, 
but the effects of flavonoids and herbal formula are less 
studied. Flavonoids, found in green tea extracts, inhibit 
angiogenesis and suppress matrix metalloproteinase-2 
activity in rats.57 They are found in bilberries and have 
antioxidative properties, which help to reduce lipid 
peroxidation and prevent cell apoptosis.58,59 Although 

the mechanisms of action behind most herbs are not well 
understood, a few standardized herbal formulae such as 
Guibi-tang and Samul-tang reportedly protect against retinal 
neovascularization in murine oxygen-induced retinopathy 
models.60,61 

The long-term effects of nutraceuticals on visual acuity and 
neurological development of infants with ROP should be 
monitored. The interaction effects between nutraceuticals 
and existing treatments such as anti-VEGF are unclear. 
For example, vitamin E reduces LCPUFA lipoperoxidation 
and potentially demonstrates a synergistic effect when 
given adjunctively with anti-VEGF therapy. More basic 
and clinical studies on short- and long-term effects of 
nutraceuticals are warranted.
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