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Vitamin A deficiency affects an estimated 254 million children globally and is the leading

preventable cause of childhood blindness and a major contributor to infectious disease mortality

in the developing world. The health consequences are multifaceted, affecting vision, immune

function, growth, and overall survival.

The most clinically dramatic manifestations of vitamin A deficiency occur in the eye, progressing

through a well-defined spectrum termed xerophthalmia. Night blindness represents the earliest

and most sensitive sign, often the first detectable symptom before systemic effects become

apparent. In a clinical sample, night blindness occurred in 8.5% of children with vitamin A

deficiency, while conjunctival xerosis (dryness of the eye's outer lining) affected 25.5%.

As deficiency worsens, children develop conjunctival xerosis (X1A), followed by Bitot's spots—

foamy white triangular patches on the conjunctiva—which appear in 2.5% of deficient children.

These progress to corneal xerosis (5% prevalence), where the cornea becomes dangerously dry.

The most severe stage, keratomalacia, involves corneal softening and ulceration. Studies have

found that only 40% of children with corneal xerophthalmia survive one year; of survivors, 25%

become completely blind and 50–60% experience partial vision loss.

Globally, an estimated 250,000 to 500,000 children become blind annually due to vitamin A

deficiency, and approximately half of these children die within 12 months of losing their sight.

This relationship between blindness and mortality is striking: children with night blindness have

three times the death risk of non-symptomatic vitamin A–deficient children, while those with both

foamy spots and night blindness have nine times the mortality risk.

Which childhood health problems are associated
with low vitamin A?

Childhood Health Problems Associated with Vitamin A Deficiency
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Childhood Health Problems Associated with Vitamin A Deficiency: Categories, Manifestations,

and Impact

Vitamin A plays a fundamental role in maintaining both innate and adaptive immune defenses

through its active metabolites, which regulate the expression of over 300 genes. Deficiency

systematically impairs these defenses, making children vulnerable to multiple infectious agents.

Respiratory and Gastrointestinal Infections

In a prospective study of 2,774 Colombian school children, those with severe vitamin A

deficiency (<10 μg/dL) experienced 2.36 times as many days with cough and fever compared

to adequately nourished children, and 2.17 times as many days of diarrhea with vomiting.

Adjusted analysis showed that for every 10 μg/dL increase in plasma retinol concentration,

children had 18% fewer days of diarrheal symptoms and 10% fewer days of respiratory

symptoms. The mechanism involves impaired gastrointestinal mucosal immunity—deficiency

reduces mucin gene expression and secretory IgA responses that normally protect intestinal

epithelial barriers. Vitamin A deficiency may particularly increase susceptibility to bacterial

respiratory infections, as it impairs T helper 2 (Th2) immune responses needed to control

extracellular pathogens.

Measles

Vitamin A deficiency substantially increases both the incidence and severity of measles

complications. Supplementation reduces measles-specific mortality by 33–78%. Pre-existing

Immune Dysfunction and Infection Susceptibility
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deficiency increases susceptibility to severe complications including pneumonia and diarrhea,

and supplements to hospitalized measles patients reduce severity and improve clinical

outcomes.

Malaria

In malaria-endemic African regions, vitamin A supplementation reduces uncomplicated malaria

fevers by approximately 30% in children aged 6–60 months. In Papua New Guinea,

supplemented children had 30% fewer episodes of fever with parasitemia, while in Burkina Faso,

supplementation achieved a 30% reduction in slide-confirmed malaria fevers. The protective

mechanism appears to involve increased non-opsonic phagocytosis of parasitized erythrocytes

via upregulation of CD36 expression on macrophages, coupled with reduced proinflammatory

TNF-α responses.

Skin Infections

Vitamin A deficiency impairs skin immunity through multiple pathways: it reduces epithelial

antimicrobial peptide (AMP) expression, including cathelicidins and defensins that form the first

line of defense against bacterial penetration. Deficiency leads to increased susceptibility to

Staphylococcus aureus skin infections and is implicated in atopic dermatitis pathogenesis

through dysregulation of mast cells and Th2-mediated inflammation.

Mechanism: Epithelial Barrier and Mucosal Immunity

The fundamental mechanism linking vitamin A deficiency to infection susceptibility involves loss

of epithelial integrity. Vitamin A maintains mucus-secreting cells and the mucosal barrier of the

respiratory, gastrointestinal, and urinary tracts. Keratinization and loss of epithelial cell turnover

occur with deficiency, creating pathways for pathogen invasion. Additionally, vitamin A regulates

secretory IgA production and mucosal dendritic cell development, both essential for localized

immune responses.

Even mild, subclinical vitamin A deficiency impairs growth and development. In deficient

children, bone development slows and height gain decelerates. A randomized trial in Tanzania

demonstrated that children receiving combined vitamin A and iron supplementation showed

superior improvements in hemoglobin (+18.5 g/L), weight gain (+0.7 kg), and height increase

(+0.4 cm) compared to either nutrient alone or placebo.

The growth-promoting effects of vitamin A reflect its role in hematopoiesis (red blood cell

formation) and its synergistic interaction with iron absorption and utilization. Vitamin A also

supports bone maturation through regulation of genes controlling osteoblast differentiation and

mineralization.
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Vitamin A deficiency contributes directly to anemia through impaired hematopoiesis. The vitamin

is required for the differentiation of hematopoietic precursor cells in bone marrow and for iron

mobilization from hepatic stores. Combined vitamin A and iron supplementation produces

superior anemia correction compared to either nutrient alone, with combined therapy improving

hemoglobin concentration, weight gain, and height in anemic children.

Beyond ocular and infection-related effects, vitamin A deficiency causes widespread epithelial

dysfunction. The respiratory tract lining becomes thickened and denuded, increasing pneumonia

risk. Intestinal epithelial cells lose the specialized tight junctions that prevent microbial

translocation, worsening malabsorption and diarrheal disease. The urinary tract epithelium

similarly breaks down, reducing local immune defenses. Skin becomes dry, scaly, and follicularly

hyperkeratotic—visible as "goosebump-like" appearance due to keratinous plugging of hair

follicles.

The population-level mortality impact of vitamin A deficiency is substantial. Vitamin A

supplementation delivered twice yearly at coverage rates exceeding 80% reduces all-cause

childhood mortality by 23–34% in children aged 6 months to 5 years in deficient populations.

The absolute reduction in mortality is greatest for measles (33–78%) and diarrheal disease (24–

50%), though all-cause reductions indicate broader protective effects.

The individual risk stratification is striking: among children with severe vitamin A deficiency,

mortality rates exceed 50%. Night blindness alone triples death risk, while the combination of

night blindness and conjunctival foamy spots elevates risk ninefold. For children with corneal

xerophthalmia who achieve the visual endpoint of blindness, one-year mortality reaches 40–

60%.

The manifestations and severity of vitamin A deficiency vary by age. Preschool children (6–59

months) show greater vulnerability to measles and diarrheal mortality, while school-age children

(>5 years) demonstrate increased susceptibility to bacterial respiratory infections. This age-

dependent pattern reflects both developmental changes in immune maturation and shifts in the

epidemiology of causative pathogens.

It is important to note that vitamin A deficiency produces a spectrum of effects. Even mild,

subclinical deficiency—detected only by biochemical markers without clinical signs—increases

infection risk and slows growth. Clinical xerophthalmia with visible eye signs indicates advanced

deficiency and signals substantially elevated mortality risk. The presence of night blindness in a

deficient child is a critical warning sign, often indicating that simultaneous diarrheal or respiratory

infections are occurring with high mortality risk.

Anemia
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The World Health Organization classifies vitamin A deficiency as a "severe public health

problem" in populations where prevalence exceeds 20%, given the convergence of preventable

blindness, impaired immunity, and excess mortality. In regions where deficiency prevalence

exceeds 40–50% (such as parts of sub-Saharan Africa and South Asia), the cumulative

population impact on child survival is substantial, and vitamin A supplementation programs have

been demonstrated to be among the most cost-effective public health interventions available.
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