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ABSTRACT

Failure to thrive (FTT) in infancy is a multifactorial condition characterized by inadequate physical growth due to medical,
nutritional, or psychosocial factors. This review explores the underlying causes and evidence-based strategies for diagnosis
and management of FTT in infants. Drawing from clinical guidelines and recent studies, the article emphasizes the need for
accurate anthropometric assessment using standardized growth charts and z-scores. FTT is commonly classified as either
organic, linked to identifiable medical conditions, or non-organic, often associated with environmental stressors or
inadequate caregiving practices. Comprehensive clinical evaluation, including detailed history-taking, physical examination,
and recognition of red-flag symptoms, is essential for early detection. Management requires individualized nutritional
rehabilitation, treatment of underlying medical issues, and psychosocial support involving multidisciplinary teams. Early,
targeted intervention is associated with improved outcomes in growth, cognition, and emotional development. Standardized
diagnostic criteria, coordinated care plans, and caregiver support are critical for mitigating the long-term consequences of
growth faltering and optimizing developmental trajectories in this vulnerable population.
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1. Introduction

Failure to thrive (FTT) is a clinical syndrome characterized by inadequate physical growth in infants
and young children, typically defined when a child's weight or weight gain is significantly below that of peers.!
It is not a diagnosis in itself but a manifestation of diverse underlying etiologies including nutritional
deficiencies, chronic disease, or environmental deprivation. FTT is a common issue in pediatric practice,
accounting for up to 10% of hospitalizations in children under three years.?

The term has historically encompassed a wide range of presentations, from mild growth faltering to
severe malnutrition and developmental regression.®> Contemporary definitions emphasize objective
anthropometric indicators, such as weight-for-age below the 5th percentile or a drop in two or more major
percentile lines on a standard growth chart.* The use of z-scores and growth velocity, particularly through
standardized charts like those from the World Health Organization (WHO) and Centers for Disease Control
and Prevention (CDC), aids in more precise identification.”,*

FTT carries significant implications. Short-term effects include impaired immune function and increased
infection risk, while long-term consequences may involve reduced adult stature, cognitive deficits, and delayed
puberty.”.? From an endocrinologic perspective, persistent growth failure may signal underlying hormonal
abnormalities such as growth hormone (GH) deficiency, hypothyroidism, or cortisol excess.® Identifying these cases
early is crucial, particularly when nutritional interventions do not reverse growth faltering.

Despite its prevalence, FTT remains a poorly standardized diagnosis, with variability in recognition,
assessment protocols, and intervention across institutions.!® This review aims to consolidate evidence-based
approaches to the evaluation and management of FTT in infants, with emphasis on endocrine, gastrointestinal,
and psychosocial factors contributing to inadequate growth.
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2. Growth Physiology and Milestones in Infancy

Infant growth is a complex and tightly regulated process influenced by genetic, hormonal, nutritional,
and environmental factors. During the first year of life, infants experience the most rapid growth of any
developmental period. Weight typically doubles by 4-6 months and triples by 12 months, while length
increases by approximately 50% in the first year.! This rapid somatic growth is largely driven by nutritional
intake, insulin, thyroid hormones, and the growth hormone—insulin-like growth factor-1 (GH-IGF-1) axis.?
While GH plays a lesser role in fetal growth, it becomes increasingly important postnatally, especially beyond
the first 6 months of life.* Inadequate growth during this period may reflect not only caloric insufficiency but
also disruptions in hormonal signaling or underlying pathology.

Standardized growth charts provide a critical tool for assessing growth trajectories. The World Health
Organization (WHO) and Centers for Disease Control and Prevention (CDC) offer internationally recognized
growth standards that define expected weight-for-age, length-for-age, and head circumference percentiles.*,’
Head circumference, an important indicator of brain growth, increases by nearly 12 cm during the first year,
reflecting active neurodevelopment.® Deviations from these expected patterns—such as crossing two or more
major percentile lines—warrant further evaluation for failure to thrive (FTT) and underlying causes. Growth
monitoring using z-scores and velocity curves enables clinicians to detect early signs of growth faltering and
intervene before long-term developmental consequences emerge.’

3. Definitions and Classifications of Growth Faltering

Growth faltering, commonly synonymous with failure to thrive (FTT), describes a heterogeneous group
of conditions marked by inadequate physical growth in infants and young children. The syndrome broadly
captures a deceleration or plateau in weight gain relative to age- and sex-matched peers but can also include
disturbances in linear growth and head circumference in more chronic or severe cases.!

Diagnostic Criteria and Growth Standards

Objective diagnostic criteria for growth faltering rely primarily on anthropometric measurements
compared against internationally recognized growth references. The World Health Organization (WHO)
growth standards for children aged 0 to 5 years derive from a diverse cohort of healthy, breastfed infants raised
in optimal conditions, enabling their use as a global benchmark.? In contrast, the Centers for Disease Control
and Prevention (CDC) charts, primarily based on U.S. populations over several decades, offer an alternative
reference standard more commonly used in the United States.?

These growth charts use z-scores (standard deviation scores) and percentiles to quantify how far a child’s
measurements deviate from the median of the reference population. Per WHO guidelines, moderate
malnutrition is defined as weight-for-age, height-for-age, or weight-for-height z-scores below —2 SD, while
severe malnutrition corresponds to values below —3 SD.* The CDC generally considers children below the 5th
percentile in weight-for-age or weight-for-length as indicative of FTT.?

A more sensitive diagnostic approach incorporates changes over time—specifically, crossing two or
more major percentile lines downward on growth charts—which may signal an active process of growth
faltering even if absolute measurements remain within ‘normal’ limits.® Growth velocity assessments further
enhance early detection by capturing deceleration trends prior to significant weight deficits.

Classifications of Growth Faltering

Growth faltering can be classified into three broad categories: organic, non-organic, and mixed or
functional.

e Organic Failure to Thrive: Accounts for approximately 20-30% of cases and is attributable to
identifiable medical conditions that interfere with nutrient intake, absorption, or metabolism. Common organic
causes include gastrointestinal disorders such as celiac disease and gastroesophageal reflux disease (GERD);
congenital anomalies; endocrinopathies such as hypothyroidism and growth hormone deficiency; chronic
infections; and genetic syndromes.” Organic FTT typically manifests with additional clinical signs, such as
vomiting, diarrhea, or developmental delays, prompting targeted investigations.

e Non-organic Failure to Thrive: Also known as psychosocial growth failure, this form lacks a clear
medical etiology and is primarily driven by environmental, behavioral, or socioeconomic factors.® These
include caregiver neglect, maternal depression, inadequate feeding techniques, or household food insecurity.
Non-organic FTT is the most common type in high-income countries and requires a multidisciplinary
psychosocial assessment.
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e Mixed or Functional Failure to Thrive: Recognizes the overlap between organic and non-organic
factors. Children with mixed FTT may have underlying medical conditions compounded by psychosocial
stressors that exacerbate growth impairment.® Functional classifications also consider mechanisms such as
inadequate intake, malabsorption, increased metabolic demands, or altered nutrient utilization.'® This nuanced
model aids clinicians in tailoring interventions beyond the traditional binary classification.

Challenges in Definition and Classification

Despite standardized criteria, diagnosing FTT remains complex. Variability in growth patterns, ethnic
and genetic differences, and transient illnesses can confound interpretation. Moreover, cultural biases in
feeding practices and growth expectations may lead to over- or under-diagnosis.'' Thus, diagnosis requires
integration of anthropometric data with clinical history, physical examination, and psychosocial context.

Emerging research advocates for a more holistic approach that includes neurodevelopmental
assessments, caregiver-child interaction evaluation, and socioeconomic screening to better capture the
multifactorial nature of growth faltering.'?

4. Clinical Assessment

The clinical evaluation of growth faltering must be comprehensive and systematic to identify underlying
causes—medical, nutritional, or psychosocial—and to distinguish between normal variation and pathological
growth failure. Early and accurate assessment allows for timely interventions that can prevent long-term sequelae.

History

A detailed and focused clinical history is fundamental. Prenatal and perinatal factors, such as intrauterine
growth restriction (IUGR), prematurity, and birth complications, can predispose infants to FTT and should be
carefully documented.! Feeding history is critical, encompassing type of feeding (breast milk, formula, mixed),
frequency, volume, feeding difficulties (e.g., poor latch, vomiting, choking), and transitions to solid foods.? A
24-hour dietary recall or feeding diary can quantify caloric and nutrient intake and reveal patterns of inadequate
consumption.

Family history should include genetic, metabolic, or endocrine disorders.®> Environmental factors—such
as socioeconomic status, caregiver-child interactions, exposure to neglect or abuse, and psychosocial
stressors—are essential components of the assessment, especially in suspected non-organic FTT.* Symptoms
like vomiting, diarrhea, recurrent infections, and developmental delays suggest organic causes and warrant
further investigation.®

Physical Examination

A thorough physical examination should assess general appearance, growth parameters, and systemic
signs of disease or neglect. Key components include:

e Anthropometric measurements: Accurate weight, length/height, and head circumference using
calibrated equipment. Serial measurements are crucial to assess growth velocity and identify faltering trends.®

e General assessment: Signs of malnutrition such as wasting, muscle atrophy, edema, or
micronutrient deficiency (e.g., pallor, glossitis, brittle hair).

e System-specific examination: Identification of dysmorphic features may suggest genetic syndromes;
organomegaly could indicate metabolic or storage diseases; cardiac murmurs may point to congenital heart
disease affecting growth; and neurologic exam can reveal developmental delay or neurocutaneous disorders.’

e Developmental evaluation: Assessment of motor milestones, social interaction, language
development, and cognitive function helps identify delays associated with chronic undernutrition or underlying
neurologic pathology.?

Anthropometric Assessment

Growth charts remain a cornerstone for interpreting anthropometric data. Weight-for-age assesses both
acute and chronic undernutrition but cannot distinguish between wasting and stunting. Weight-for-length or
BMlI-for-age is more sensitive for acute malnutrition, while height-for-age primarily reflects chronic
undernutrition or stunting.® Head circumference is a proxy for brain growth and neurodevelopment, with
reductions indicating potential brain growth impairment.'°
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Plotting these parameters over time allows clinicians to observe crossing of percentile lines—a
significant indicator of growth faltering. Z-scores provide statistical standardization and are preferred for
research and clinical monitoring."!

Red Flags

Certain historical or clinical features necessitate urgent evaluation and referral to specialists:

Rapid decline across two or more major percentiles on growth charts

Persistent vomiting, diarrhea, or feeding intolerance

Developmental regression or global delay

Dysmorphic features suggestive of genetic syndromes

Signs of neglect or abuse

Chronic respiratory symptoms such as cough or tachypnea

Failure to respond to nutritional intervention after 4 to 8 weeks of treatment'?
Recognition of these red flags prioritizes further diagnostic workup, including laboratory testing and

specialist consultations.

5. Management Strategies

Effective management of growth faltering requires a multidisciplinary approach tailored to the
underlying etiology—whether nutritional, medical, or psychosocial. The primary goals are to restore adequate
growth, address any organic causes, improve feeding practices, and ensure a safe, nurturing environment."

Nutritional Intervention

Nutritional rehabilitation is the cornerstone of treatment for most children with growth faltering. Initial
strategies focus on optimizing caloric and protein intake through age-appropriate, nutrient-dense foods, while
maintaining a structured feeding schedule.? For infants, this may involve increasing formula volume or
concentration, while older children may benefit from energy-rich supplements or fortified meals.> The
recommended intake for catch-up growth is approximately 150% of the basal energy requirement, adjusting
as needed based on weight gain trajectory.*

Micronutrient deficiencies—particularly iron, zinc, vitamin D, and folate—should be corrected through
supplementation based on clinical and laboratory findings.'® Iron deficiency anemia is common in children
with FTT and is associated with impaired cognitive development, warranting prompt treatment.'® A registered
dietitian should be involved early to develop individualized feeding plans, assess intake adequacy, and monitor
progress.® Regular anthropometric follow-up (every 1-2 weeks initially) helps guide dietary adjustments and
evaluate response to therapy.'

Successful catch-up growth is generally defined as an increase in weight-for-age or weight-for-length
z-score by at least 0.5 within 4 to 8 weeks.!” Failure to achieve this milestone warrants reassessment for
unresolved medical or psychosocial factors.

Medical Treatment

Management of underlying medical conditions is essential in children with organic failure to thrive.
Specific therapies vary by diagnosis:

e Gastrointestinal disorders: Treatment of conditions such as gastroesophageal reflux disease
(GERD), celiac disease, and chronic diarrhea improves nutrient absorption and retention.?

e Endocrinopathies: Pediatric endocrinology consultation is critical for conditions like growth
hormone deficiency or hypothyroidism, which may require hormone replacement therapy.?!

e Infectious diseases: Prompt diagnosis and treatment of chronic infections (e.g., tuberculosis, HIV)
are necessary to restore growth potential.'!

Pharmacologic interventions such as appetite stimulants (e.g., cyproheptadine) are generally not first-
line but may be considered in refractory cases after thorough evaluation and nutritional optimization.??

Psychosocial and Behavioral Support

In non-organic or mixed FTT, addressing psychosocial factors is paramount. A multidisciplinary team
involving social workers, mental health professionals, and child psychologists can evaluate parent-child
interaction problems, maternal depression, or household food insecurity.?
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Responsive feeding techniques—emphasizing caregiver attentiveness to hunger and satiety cues,
emotional encouragement, and positive reinforcement—have demonstrated efficacy in overcoming behavioral
feeding resistance.?* Parental education supports feeding competence and caregiver confidence, particularly
when prior negative feeding experiences exist.

In rare cases involving neglect or abuse, referral to child protective services ensures the child’s safety
and access to appropriate interventions.'

Multidisciplinary Team Coordination

Complex or refractory cases benefit from a coordinated, team-based approach. A pediatrician, dietitian,
nurse, social worker, psychologist, and medical subspecialists collaborate to address medical, nutritional,
behavioral, and social domains comprehensively.'® Regular multidisciplinary meetings and shared care plans
optimize communication and improve outcomes.

Public Health and Prevention

Population-level strategies, including maternal education, breastfeeding promotion, and food security
programs, are crucial in preventing FTT. Integration of growth monitoring into routine primary care visits
enables early detection and timely referral.!” Public health policies that address socioeconomic determinants
and support caregiver well-being contribute significantly to reducing the incidence of growth faltering.

6. Outcomes and Prognosis

The long-term prognosis of infants and young children with growth faltering depends on multiple factors,
including the timing, duration, severity, and underlying cause of the condition, as well as the adequacy and
timeliness of interventions. While many children achieve full recovery with appropriate care, others—
particularly those experiencing chronic malnutrition or psychosocial deprivation—may suffer lasting effects
on physical growth, neurodevelopment, and emotional health.!

Physical Growth Outcomes

Catch-up growth is achievable in most children, especially if intervention occurs early and the cause of
FTT is reversible.? Early nutritional rehabilitation supports restoration of weight and linear growth, though
linear growth (height) is more vulnerable to prolonged deficits and may remain impaired, resulting in
permanent stunting.> Children with severe or repeated episodes of growth faltering are also at increased risk
of delayed puberty and reduced final adult height.*

The critical window for growth recovery is within the first 1000 days of life, from conception to age 2
years, during which growth velocity and brain development are most rapid.® Delays in intervention beyond
this period substantially reduce the potential for complete catch-up growth.

Neurodevelopmental and Cognitive Outcomes

Early-life undernutrition and growth faltering are linked to adverse neurodevelopmental outcomes,
including impairments in language acquisition, motor skills, memory, executive function, and IQ.°
Deficiencies in critical micronutrients such as vitamin B12 and folate during infancy can cause lasting brain
developmental impairments, impacting myelination and cognitive function.?® These deficits may arise from
both direct effects of nutrient deficiencies on brain development and secondary psychosocial factors, such as
inadequate stimulation and caregiving.”

Functional neuroimaging studies reveal structural brain alterations in previously malnourished children,
including reduced white matter volume, delayed myelination, and altered connectivity.® Although some neural
plasticity remains post-rehabilitation, many changes may be only partially reversible, underscoring the
importance of early detection and intervention.

Psychosocial and Emotional Consequences

Children with a history of FTT are at higher risk for behavioral problems, including anxiety, social
withdrawal, attention deficits, and poor emotional regulation.’ In non-organic FTT, caregiver-child interaction
issues, neglect, or maternal depression contribute not only to impaired growth but also to long-term emotional
dysregulation.'® Chronic stress during early childhood can alter hypothalamic-pituitary-adrenal (HPA) axis
function, resulting in maladaptive stress responses that persist into adulthood.'!
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Modifying Prognosis

Timely diagnosis and implementation of multidisciplinary intervention strategies significantly improve
outcomes. Children demonstrating adequate catch-up growth and normalization of growth parameters within
the first 6 to 12 months of intervention have better physical and neurodevelopmental prognoses.'? Parental
education, stable caregiving environments, and ongoing developmental monitoring are critical to ensuring that
improvements in anthropometric measures translate to gains in cognition, language, and behavior.

Conversely, persistent or severe FTT is associated with increased morbidity and mortality, especially in
resource-limited settings where infectious diseases and food insecurity compound risks.'* Longitudinal studies
highlight that early-life growth faltering correlates with increased risk of chronic diseases, including metabolic
syndrome, cardiovascular disease, and impaired immune function in adulthood, a phenomenon often described
as “developmental programming” or the “thrifty phenotype” hypothesis.'*

Conclusions and Future Directions

Failure to thrive (FTT) in infancy is a multifaceted clinical syndrome reflecting a disruption in the
complex interplay of nutrition, medical health, hormonal regulation, and psychosocial well-being. Early
identification through standardized anthropometric tools, careful clinical assessment, and awareness of red
flags is essential to initiate timely interventions and prevent long-term adverse outcomes.

Management of FTT requires a holistic, multidisciplinary approach addressing not only nutritional
rehabilitation but also underlying medical conditions, psychosocial factors, and family dynamics. Nutritional
interventions remain the cornerstone of treatment, supplemented by targeted medical therapies and
psychosocial support tailored to individual etiologies. Close collaboration among pediatricians, dietitians,
social workers, psychologists, and subspecialists optimizes care and supports catch-up growth and
developmental progress.

Despite advances in growth monitoring and intervention strategies, challenges persist, including
variability in diagnostic criteria, limited standardization across healthcare settings, and insufficient integration
of psychosocial assessment into routine care. Future efforts must focus on developing unified, evidence-based
guidelines that incorporate medical, nutritional, developmental, and social dimensions of FTT.

Emerging research highlights the importance of early life as a critical window for intervention,
emphasizing prevention through maternal health, breastfeeding promotion, and food security. Technological
innovations, such as digital growth monitoring tools and telehealth platforms, may enhance access to
specialized care and facilitate longitudinal follow-up, particularly in underserved populations.

Further investigation into the biological mechanisms underlying FTT, including hormonal regulation,
gut microbiome interactions, and neurodevelopmental pathways, may reveal novel diagnostic markers and
therapeutic targets. Additionally, longitudinal studies tracking long-term outcomes across diverse populations
are needed to better understand the trajectory of recovery and identify factors that promote resilience.

In conclusion, improving outcomes for infants with FTT demands a comprehensive, evidence-based
approach that integrates medical treatment with nutritional and psychosocial support. Strengthening healthcare
systems, empowering caregivers, and addressing socioeconomic determinants are essential to reducing the
burden of growth faltering worldwide. Continued research and policy efforts focused on early identification,
prevention, and multidisciplinary management will be critical to optimizing growth, development, and long-
term health for this vulnerable population.
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