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Programmed cell death; pruning of synapses (Weeks 12-36) 

Axon and dendrite growth (Week 15– Postnatal Week 2) 

Synaptogenesis stage (Week 23– Postnatal Year 2) 

Synaptic pruning (Month 12– Adolescence) 

Myelination (Week 36-Middle Age) 

Language 

Development 

Motor 

Development 

Cognitive 

Development 

Sensory Organs/

Peripheral  

Nervous System 

Endocrine 

System 

Blood/Immune 

System 

Musculoskeletal 

System 

 Eye: development of optic primordia, otic vesicle (Weeks 3-4) 
 PNS: most cranial nerve ganglia  

 Eye: optic cup, stalk , lens vesicle, pigmentation in 
retina  (Weeks 4-5) 

 Ear: primordia of cochlear duct, endolymphatic duct 

Migration: movement of nerve cells from proliferation zone to final position (Weeks 6-32) 

Neuroblasts Proliferation Stage: creation of billions of neurons (Weeks 6-20) 

Neurulation begins with neural plate and neural tube development (Weeks 2-4)   

                                                    Organogenesis                               

 Eye: Optic fibers develop, nerve fibers in retina (Weeks 6-7) 
 Nose: nasal cavity formation, vomeronasal organ developing 

Eye: Iris, Ciliary Body form (Weeks 9-15) 

 Ear: cochlear nerve developed (Weeks 5-6) 
 Eye: beginning of rod and cone photoreceptor development 
 Nose: olfactory tubercles develop, olfactory fibers enter brain 
 PNS: Nerves enter upper and lower limb buds, phrenic nerve 

develops, all spinal nerves present 

 Eye: Cone and Rod Photoreceptors development complete, pupils can respond to light (Weeks 24-28) 
 Mouth: ability to taste develops in fetus 
 Nose: nose is functional; premature infants born at this stage can detect odors 
 Ear: ability to detect high and low frequencies 

Auditory cortex fully matured  (Years 10-14) 

Development tonotopic columns: in auditory cortex, begin to receive, recognize, react to sound (Week 28- 30)  

Fetus capable of learning sounds, voices, music (Week 32-40)  
Vocalization through vowel-like cooing (Month 0-3)  

Consonant-like sounds; anticipates food through vocalization  (Month 3-6)  

Single words, sound imitation, name recognition (Month 6-9)  

Voice recognition, response to verbal requests (Month 9-12)  

Gesturing, understands “no”, 2-3 words (Month 12-15)  

Vocalizes “no”, fluent jargon (Month 15-18)  

Vocab 20 words, pointing, 2 word sentences (Month 18-24)  

50+ spoken words, 300 word vocab, 3-4 word sentences (Month 24-30)  

Verbalizes needs, uses plural, adjectives, asks questions (Month 30-36)  

900-1000 word vocabulary (Month 36)  

Converses in sentences, follows 2-3 unrelated commands, 50-75% articulation of consonants (Year 3)  

1500 word vocabulary, 100% articulation of consonants (Year 4)  

Understands 6000 words, vocab 2,500+, categorizes and defines words,  act out stories (Year 5)  

Explains words, use of large words, symbolic language  (Year 6)  

Fluent speech, use of slang, talk about feelings (Year 7)  

Easily expresses and communications, bragging and exaggeration  (Year 8)  

Risk Factor 

Pathogenesis 

Intervention 

Genitourinary 

System 

Cardiovascular 

System 

Skin/Integument 

System 

Respiratory 

System 

Embryonic stage (Weeks 4-5) 
 Formation of the ventral trachea 
 Left-right asymmetry (5 lung lobes) 

Pseudoglandular stage (Weeks  5-17) 
 Branching morphogenesis; forming of the bronchial tree 
 Gas exchange system develops, pulmonary vascularization/epithelial cell differentiation 

10 weeks 

Canalicular Stage (Weeks 16-25) 
 Gas exchange system starts to develop  
 Pulmonary vascularization; epithelial cell differentiation 

Saccular stage (Weeks  24-36) 
 Double capillary  network, thinning of the connective tissue; maturation of the surfactant system 

Alveolar stage (Week 36– Year 7) 
 Formation of the alveoli 
 Maturation of the gas exchange system and microvascular system; lung matures into a single-layer capillary bed 

Gastrointestinal 

System 

Foregut, midgut and hindgut form from endoderm (Weeks 2-3) 

Developmental Domains 

Heart begins formation from mesoderm (Week 2-3) 

Circulatory system function begins (Week 3-4) 
 Heart begins beating 
 Tubular heart begins folding 

Heart is 2 chambered, functioning (Week 4-5) 
 Pacemaker cells form 
 Blood vessels penetrate forebrain (diencephalon) 

Heart has 4 chambers (Week 7) 

 Arteries and veins of heart complete (Week 7-8) 
 Blood supply to brain and EKG similar to adult pattern 

Heart fully formed (Week 11) 

Continued cell division (Weeks 12-40) 

Functional septation of the atrial chambers as well as the  
pulmonary and systemic circulatory system (Birth) 

 Liver early embryogenesis from hepatic plate (Weeks 3-4) 
 Pancreas early development 
 Rupture of membranes between future mouth and throat 
 Formation of pharyngeal arches 
 Begin formation and growth of small and large intestines 
 Esophagus primordia development 

 Liver  begins late embryogenesis: producing blood cells, forms biliary ducts (Weeks 5-6) 
 Rectum formation, formation of peritoneal cavity 
 Stomach formation into regions of gastric canal, fundus, corpus, pyloric antrum 
 Dorsal and ventral pancreas fuse 

 Formation of submandibular gland primordia (Weeks 6-7) 
 Formation of primitive oral cavity  
 Formation of anal membrane, rupture of cloacal membrane 

 Folds form in stomach wall (Weeks 7-9) 
 Peristalsis begins in large and small intestine 
 Nerves reach intestinal loop 

 Kidneys appear (Weeks 5-6) 
 Germ cells (early reproductive cells) migrate to gonads 

 Ovaries appear in the female embryo (Weeks 6-7) 
 Testes begin to differentiate in male embryo 

 Herniation ends, abdomen large enough to house organs (Weeks 10-11) 
 Small intestine lined with villi; intestines begin absorbing water and glucose 

Beginning of bowel movements, bile production (Weeks 11-12) 

Villi form in colon (Week 16) 

Peyer’s patches form; beginning of gastric secretions and 
pancreatic zymogen (Week 20) 

Intestinal lining contains all adult cell types  (Week 25) 

Digestive enzymes produced (Week 15) 

Fetus drinks approximately 15oz  
of amniotic fluid a day (Week 37) 

Development of primordial blood vessels, blood islands in umbilical vesicle  (Weeks 1-2) 

Three types of blood cells in yolk sac (Weeks 2-3) 

Formation of spleen primordia and thymus develops (Weeks 3-5) 

Liver begins forming blood and producing lymphocytes; adenoids develop (Weeks 5-6) 

Bone marrow begins replacing cartilage in humerus (Week 8) 

 Development of the palatine tonsils (Weeks 10-12) 
 Development of antigen-presenting immune cells of the skin 

(Langerhans cells) 
 Stem cells detected in bone marrow 

Embryotic immune cells (pluripotent erythroid and granulomacrophage progenitors) first appear in yolk sac  (Weeks 3-4) 

T cells detectable in intestinal mucosa (Weeks 12-14) 

B cells detectable in spleen (Weeks 13-23) 

CD3+ T cells detectable in circulation (Weeks 14-16) 

Maximum levels of IgM and IgG synthesis occurring in the spleen  (Weeks 17-18) 

Development of the parotid gland (Weeks 20-40) 

 Somites form beginning of skeletal muscle (Week 4-5) 
 Formation of diaphragm primordia 
 Vertebrae formation 

 Joint and cartilage development begins (Weeks 5-6) 
 Diaphragm formed 
 Beginning tooth formation 

 Development of skull bones (occipital and sphenoid (Week 6-7) 
 Arm bone formation (humerus, ulna, radius) 
 Deltoid formation, tendons attach muscle to bone 

 Fingers and toes separate (Week 7-8) 
 Ribs formed, have cartilage 
 Hardening of shaft in long bones (arms and legs) 
 Esophageal longitudinal muscle development 

 Ossification underway in most bones (Week 9-10) 
 Nails and tooth buds form 
 Most muscles formed in their specific location 

 Palate fuses (Week 10-11) 
 Facial muscles in final position 

Esophageal muscles functional (Week 38) 

Development of allantois, sac-like structure used in  
gas exchange and liquid waste (Weeks 1-2) 

Bladder and rectum separate caudal to ureters (Weeks 4-5) 

 Formation of urethra (Weeks 7-8) 
 Male embryos begin producing testosterone 
 Testes begin to differentiate in male embryo 
 Nephrons form in the kidneys  
 Kidneys begin producing urine 

 External genitalia begin forming (Weeks 8-9) 
 Germ cells (oogonia) begin reproducing in the ovaries 
 Uterus identifiable  

Bladder cell development resembles smooth muscle (Weeks 11-12) 

Oogonia (reproductive cell) production peaks and ends in ovaries  (Weeks 19) 

Glomeruli (blood filtering capillaries) complete 
formation in kidneys (Weeks 32) 

Early Pregnancy Factor (EPF) is released to prevent the  
mother’s immune system from rejecting the embryo (Week 1) 

Thyroid develops (Weeks 3-4) 

Pituitary gland develops (Weeks 4-5) 

 Thyroid detaches from pharynx (Weeks 5-6) 
 Pituitary gland begins secreting growth hormone and adrenocor-

ticotropin hormone (ACTH) 
 Parathyroid gland forms (Week 6-7) 
 Adrenal cortex forms over the kidneys 
 Pancreas begins producing glucagon (glucose control hormone) 

Testosterone is produced and released from testes in male embryos (Weeks 7-8) 

 Pituitary gland begins producing TSH (thyroid stimulating hormone), FSH (follicular stim-
ulating hormone), LH (luteinizing hormone), and PL (prolactin) (Weeks 12-16) 

 Thyroid gland producing hormones 

Pancreas begins secreting insulin (Week 15-24) 

Skin is one cell thick , is transparent (Week 2) 

 Melanocytes form in epidermis (Weeks 5-6) 
 Nipples appear 

 Volar pads form on hands (Weeks 6-7) 
 Upper and lower eyelids form and grow 
 Mammary gland primordium forms 
 Formation of cheeks 

 Epidermis becomes 2 layers (Weeks 7-8) 
 Fingertips thicken 
 Plantar pads form in toes 
 Hair emerges along mouth and form eyebrows 

 Epidermis becomes 3 layers (Weeks 9-10) 
 Fingernails, toe nails, and fingerprints form 

 Nose and lips completely formed (Weeks 10-11) 
 Basil skin layer forms from intermediate layer 

Sebaceous glands form (Weeks 11-12) 

 All epithelial layers reach final arrangement (Weeks 12-16) 
 Body fat emerges throughout body, deposits in upper and lower limbs 

 Apocrine sweat glands develop (Weeks 16-20) 
 Melanin production begins 
 Vernix caseosa, a protective substance, guards the skin from amniotic fluid  
 All skin layers and structures are formed 

Periderm disappears, stratum corneum develops (Weeks 21) 

 Fat deposits reduce wrinkles (Weeks 24-28) 
 Tear production begins 

 Eye: 4 of 10 adult layers present in retina, optic nerve 
reaches brain, cornea development (Weeks 7-8) 

 Nose: tympanic membrane development 
 PNS: cranial nerve distribution similar to adult pattern 

 Ear: inner and outer ear cell development  (Weeks 10-12) 
 Mouth: taste buds formed in the mouth 

 Brain forms with 3 sections: forebrain, midbrain, hindbrain (Week 3)   
 Neural tube closes 

 Spinal cord development (Week 3-7)   
 Medulla and pons development  

 Cerebellum and hypothalamus development begins  (Week 4-5 )   
 Brain forms left and right cerebral hemispheres 
 Optic vesicles form from the forebrain 
 First nerve fibers appear; most cranial nerves developed 
 Synapses among motor neurons in spinal cord 

 Cerebral cortex and dura formation (Week 5-6)   
 Thalamus, pallidum, amygdala development begins 
 Nerve cell differentiating; brainwave activity beings 

Dorsal Induction Stage (Days 18-26) 

Ventral Induction Stage (Weeks 4-10) 

Glioblasts Proliferation Stage (Month 5-12) 

Corpus callosum development, myelination of spinal cord begins (Weeks 11-12) 

Cerebellum reaches adult structure (Weeks 12-16) 

Sulci form on surface of cerebral hemispheres (Weeks 16-20) 

Fetus begins releasing hormones  to the bloodstream in response to 
pain: cortisol, b-endorphins, and norepinephrine  (Week 16-20) 

 Eye: Retina forms discrete layers (Weeks 16-20) 
 Ear: Cochlear development ends, hearing begins  

Movement begins in fetus (Week 5)  

Head rotation and leg movement begin (Week 7)  

Bending of hip and knee (Week 8)  

Fetus opens and closes mouth, tongue movement (Week 8-9)  

Speaking motion of larynx (Week 16-20)  

Health     

Outcome 

Hippocampus develops (Weeks 13-20) 

Cognitive Impairment 

Iron deficiency during hippocampus development (hypothesized mechanism) 

Anemia in mother, diet low in meat, sickle cell disease1 

Iron supplementation in pregnancy1 

Impaired development of immune cells 

Surfactant production (Weeks 25-40) 

Surfactant deficiency, underdeveloped lung 

Increased risk of childhood pneumonia 

Autoimmune disease1 

Preterm birth 

Inflammation of fetal membranes/acute chorioamnionitis 

Intrauterine infection, e.g. group B streptococci and Escherichia coli (Weeks 15-37)1 

Antibiotic therapy and vaccination1 

Antibiotic therapy, e.g. intravenous ampicillin, erythromycin, oral amoxicillin1 

 

 

Maternal viral/bacterial infection1 

Abnormal placentation, reduced placental perfusion caused 

Gestational diabetes1 

Prevention: diet and exercise. Screening: oral glucose tolerance test (Week 24). Treatment: insulin therapy1 

by pre-eclampsia (Weeks 20-37) 

 

High blood pressure, selenium deficiency 1 

Blood pressure screening, selenium supplementation1 

Premature rupture of membranes (Weeks 20-37) 

Intrauterine infection, e.g. Mycoplasma hominis and Ureaplasma urealyticum; uterine overdistension (Weeks 20-37)1 

 

Low birth weight 

Intrauterine growth restriction (IUGR) 

Lifestyle factors (alcohol, cocaine, heroin, smoking)1; maternal periodontitis1 

IUGR, placental insufficiency, pre-eclampsia, eclampsia, thrombosis, activation of monocytes/complement system 

 

Antiphospholipid syndrome (APS)1 

Avoidance of alcohol and drugs during pregnancy, preventive dental care and dental cleaning1 

Frequent prenatal visits, testing for APS antibodies, fetal surveillance testing, treatment with aspirin and heparin1 

 

Chronic hypoxemia due to placental dysfunction 

Intrauterine growth restriction 1 

Fetal surveillance testing, e.g. fetal non-stress test and amniotic fluid index1 

  

Systematic inflammation (high serum levels of CRP and corticotrophin releasing hormone); high cortisol levels, non-suppression of immune-
inflammatory response causing susceptibility to infection 

Psychological or social stress; clinical depression1 

Psychotherapy (group or individual), cognitive behavioral therapy, pharmacological treatment with precaution and frequent check ups1 

 

 

TORCH infections (toxoplasmosis; other (syphilis, varicella-zoster, parvovirus B19); rubella; cytomegalovirus; and herpes simplex)1 

RPR screening for syphilis in first 3 months, antibiotic therapy e.g. penicillin1 Repeat RPR screening for syphilis Weeks 28-32 if high risk, antibiotic therapy e.g. penicillin1 

Damage to the developing nervous system 

Syphilis infection during pregnancy (prior to, or during, delivery)1 

RPR screening for syphilis in first 3 months, antibiotic therapy e.g. penicillin1 Repeat RPR screening for syphilis Weeks 28-32 if high risk, antibiotic therapy e.g. penicillin1 

 

Endothelial cell dysfunction, impaired placental function, elevated CRH concentrations, impaired maternal immune function, increased circulation of inflammation biomarkers 

Nutritional factors such as low serum levels of iron, folate, and zinc, due to low meat diet, cereal-based diet high in phytates. Risk factors for folate deficiency include kidney disease, liver disease, celiac disease, sickle cell disease, alcohol use1 

Folic acid supplementation1 

Increased risk of diarrhea in low birth weight infants 

Zinc deficiency in mother during pregnancy  

Continued folic acid supplementation, zinc supplementation1 

Low meat  diet, cereal-based diet high in phytates, gastrointestinal disease, high supplemental iron1 

Zinc supplementation1 

  

Congenital hypothyroidism and iodine deficiency disorders (IDD) caused by hypothyroxinemia effecting neuron and dendrite growth (Week 14– 40) 

Living in area of low access to iodized salt; diet low in dairy products, seafood, meat, eggs or iodine fortified bread 1,2 

Salt fortified with iodine1; Potassium iodine supplementation from first prenatal visit in women in areas low iodine fortification or at risk women1; iodized oil supplementation1 

Cognitive development does not begin prior to frontal lobe development, which is not complete until the very end stages of pregnancy through birth.  

Pneumonia/lower respiratory infections (Week 3– Childhood) 

Viral agents (e.g. respiratory syncytial virus and adenoviruses); bacterial agents (e.g. Streptococcus pneumonia and Haemophilus influenzae type b (Hib); fungal agents (Week 3– Childhood) 

Parental smoking1; malnutrition2; indoor air pollution2; crowded living conditions2; history of asthma2; being underweight3; bronchopulmonary dysplasia3; prematurity3; impaired immune system3(Prenatal—Childhood)*** 

Exclusive breastfeeding and adequate complementary feeding1,2; immunization (against Haemophilus influenzae type b, pneumococcus, measles, and whooping cough)2; oral antibiotic therapy6 (amoxicillin tablets) (Birth—Childhood) 

Preterm birth complications e.g. pulmonary immaturity/respiratory distress syndrome; feeding difficulties; cerebral palsy; (Birth)** 

Preterm birth due to premature rapture of membranes (PROM); inflammation of fetal membranes; intrauterine growth restriction (Prenatal)*** 

Lifestyle factors (e.g. smoking and alcohol use during pregnancy)1; previous preterm birth1; maternal under-nutrition1; gestational diabetes1; pre-eclampsia1; depression1; TORCH infections1  (Prenatal Period)*** 

Administration of antenatal corticosteroids to at-risk mothers1; maternal immunization and screening1; iron, folic acid, calcium supplementation for pregnant mothers1; vitamin A supplementation1, 
kangaroo mother care1,6; immediate drying, stimulation, and provision of warmth2,6; safe oxygen therapy for preterm babies3; resuscitation for the newborn baby6 (Prenatal—Birth)*** 

Lack of oxygen  during or  immediately post  delivery (Birth) 

Prolonged labor1; maternal sedation in premature babies1; difficult breech delivery1; delivery in the absence of a skilled birth attendant2; preeclampsia/eclampsia3; inadequate resuscitation6; prolonged rupture of membranes6(Labor and Delivery) 

Skilled birth attendants/facility-based delivery2; home visits by a skilled health worker2; use of cesarean section in the event of prolonged labor2; intra-partum fetal monitoring2; neonatal resuscitation6 (Birth– Week 1) 

Malaria (Month 3-Childhood, Peak Age 4-6 Years) 

Plasmodium parasites (e.g. Plasmodium falciparum and Plasmodium vivax) (Month 3-Childhood) 

Socio-economic status2; vitamin A deficiency2; living in areas with stagnant water2; zinc deficiency2; being underweight2,3; community net ownership2; age6 (Prenatal—Childhood)*** 

Vitamin A supplementation1; insecticide treated mosquito nets (e.g. long-lasting insecticidal nets)2; indoor residual spraying of insecticides2; antimalarial therapy5 (Prenatal– Childhood)*** 

Diarrhea/diarrheal diseases (Week 4– Childhood, peak before age 5) 

Viral agents (e.g. rotavirus); bacterial agents (e.g. Shigella and Salmonella species); parasites (e.g. Giardia lamblia) (Week 4– Childhood) 

Lack of exclusive breastfeeding1; poor sanitation2; unsafe water2; under-nutrition2 (Prenatal—Childhood)*** 

Appropriate feeding practices/exclusive breastfeeding1,2; water, sanitation and hygiene programs2; oral rehydration therapy5; oral zinc supplementation5; rotavirus vaccination5; antibiotics (e.g. for dysentery)5 (Birth– Childhood) 

Neonatal sepsis (Birth—Neonatal Period) 

Meningitis (Month 1-Childhood) 

Measles (Birth—Childhood) 

HIV/AIDS [Vertical transmission, limited horizontal transmission] (Birth– Breastfeeding) 

Malnutrition (Month 1—Childhood, peak after year 1 if proper breastfeeding) 

Bacterial agents (Group B Streptococcus; Haemophilus influenzae; Escherichia coli); viral agents, fungal agents, and protozoan agents  (Early onset: Birth– Postnatal; Late onset: Week 1– Neonatal Period) 

Maternal peripartum infection/Group B streptococcal colonization1; premature/prolonged time of membranes rupture1; chorioamnionitis/intra-amniotic 
infection1; cesarean section1; low socio-economic status2; invasive medical procedures2; preterm /low birth weight babies3;  (Prenatal—Birth)*** 

Universal GBS screening of all pregnant women at 35–37 weeks1; intrapartum antibiotic prophylaxis (e.g.  Penicillin, ampicillin, cefazolin, or clindamycin)1; routine GBS maternal vaccination1; adherence to infection control protocols2  (Prenatal– Neonatal Period) 

Bacterial agents (e.g. Haemophilus influenzae sero-group B); viral agents (e.g. enteroviruses); fungal agents (Month 1—Childhood) 

Incomplete vaccination2; community/crowded living setting2; prematurity3; prolonged rapture of membranes1  (Prenatal –Childhood)*** 

Immunization against pneumococcal infections with vaccines such as the Haemophilus influenzae type b vaccine during childhood (year 11)2; intravenous antibiotic therapy2; cortisone therapy/use of corticosteroids2; antifungal medication2 (Neonatal—Childhood) 

Measles virus (paramyxovirus family ) (Birth—Childhood) 

Vitamin A deficiency in infant2; low vaccination coverage2; overcrowding2 (Birth—Childhood) 

Routine measles vaccine (MMR vaccine) combined with mass immunization campaigns2; oral vitamin A supplementation for 2 days upon infection2; good nutrition and adequate fluid intake upon infection2 (Neonatal—Childhood) 

Human immunodeficiency virus (retrovirus) (Prenatal—Adulthood) 

HIV infected mother1; low maternal CD4 count1; elevated maternal viral load1; transfusion of untested blood2; mixed feeding2; prematurity/low birth weight3 (Prenatal—Breastfeeding)*** 

Test and treat programs/PMTCT for the mother1; cesarean section before onset of labor or rupture of membranes1,2; counseling and support on infant feeding2; blood safety programs2; early infant diagnosis and treatment for the infant2,6 (Prenatal—Childhood) 

Deficiencies of fatty acids, trace elements, and vitamins; extravascular fluid accumulation; abnormal absorption; increased risk of infection; diminished metabolic capacity to overcome physical and physiological demands of illness (Birth-Childhood) 

Faulty weaning practices1; low socio-economic status2; poor sanitation2; large family size2; low birth weight3; being female for baby6; (Prenatal—Childhood)*** 

Exclusive breastfeeding1; nutrition education1,2; nutritional support both pre and postnatal2 (Prenatal—Childhood)*** 

First breath triggered by cardiovascular changes (Birth) 
 At birth, lungs are collapsed and fluid filled. The first breath exchanges air for lung fluid  
 Fluid in upper respiratory tract expelled, fluid in alveoli absorbed 
 Reduction in vascular resistance,  increase in pulmonary blood flow, thinning of pulmonary arteries 
 Blood fills alveolar capillaries  

Valve closures in heart (Birth—3 weeks) 
 At birth, foramen ovale functionally closes at the first breath  
 Smooth muscle contraction functionally closes the ductus arteriosus (direct connection be-

tween the pulmonary  trunk and dorsal aorta) in first day; structural closure by week 3 
 Functional close of ductus venosus (connection between umbilical blood and vena cava) 

within hours of birth; structural closure by 20 days 

Anatomical closure of the foramen ovale (Birth– Month 12) 

Valve changes divert blood to lungs, initiated by first breath (Birth) 

Fetal breathing movements prepare lungs mechanically for respiration (Week 27– Birth) 

Fetal breath movements prepare musculoskeletal system for mechanical respiration  (Weeks 27-birth) 

Trachea cell differentiation  (Birth—Month 6) 

Respiratory rate 30-60 breaths per minute (Birth—Month 12) 

Endochondral ossification begins at birth and continues through age 26. Periosteal buds develop at the ends of each long bone mesenchyme. New cartilage is formed from theses buds, then turned into bone. (Birth—Year 26)  

Union of ossified portions begin in the lumbar region of the vertebral column (Month 12) 

Fusion of arches with vertebral bodies begins in cervical region  (Year 3) 

Peak height velocity in girls occurs in early puberty before menarche (Year 9-12) 

Fusion of maxillary-premaxillary sutures, anterior fontanelle in skull (Month 12 –24) 

Fusion of temporal  sutures in skull (Year 2-4) 

Gross: Sitting without support, back arcing  (Month 3-9)  

Gross: Standing with assistance (Month 4-11)  

 Gross: Hands and knees crawling  (Month 5-13)  
 Gross: Walking with assistance   

 Major reflexes present from birth including: sucking, swallowing, rooting, tongue retrusion, moro (extension and retraction of limbs), 
palmer (closing hand in response to stimuli), stepping when feet touch hard surface, blink, cough, gag, sneeze, yawn, neck arcing (Birth)  

 Motor development begins, first cephalocaudal followed by proximodorsal  

Gross: Standing alone (Month 6-17)  

Gross: Walking alone (Month 8-18)  

 Gross: Holds up head  (Month 2)  
 Fine: places hands together  

Pays attention to faces, follows object with eyes, begins to act bored (cries) (Month 2) 

Conveys emotions, responds to affection, uses hands and eyes together, recognizes people (Month 4) 

Looks around, brings things to mouth, displays curiosity, pass things from one hand to another  (Month 6) 

Watches falling items, plays peek-a-boo, smooth movements, looks for hidden items (Month 9) 

Looks at  correct item when named, explores through shaking/throwing, copies gestures, correct 
use of items (i.e. cup), puts items in containers, follows simple instructions  (Month 12) 

Knows what objects are, points to get attention of others, points to a body part, scribbles, 
can follow 1-step verbal commands (Month 18) 

Finds hidden items, sorts shapes and colors, completes sentences and rhymes, plays make-
believe, builds towers of 4+ blocks, displays hand preference, follows 2 step instructions, names 
items in pictures (Month 24) 

Rapid increase in Hassall's corpuscles in thymus  (Month 1-2) 

Eruption of primary teeth (Month 2– 24) 

Eruption of 28 secondary teeth (Year 6-13) 

Tuning of hair cells in cochlea (Weeks 28– Postnatal Month 1) 

Increased sensitivity to sound; sound threshold 20-25dB poorer than adults (Month 6) 

Sound  threshold 10 dB poorer than adults (Month 12) 

Improved localization of sound as a result of shift from reflexive behavior (subcortical) 
at birth to voluntary/controlled behavior (cortical) (Month 5) 

Necrotizing enterocolitis (Week 1—Week 3) 

Neonatal tetanus; childhood tetanus (Day 4—Neonatal Period, Infancy—Childhood) 

 Asthma  (Year 3– Childhood) 

Type 1 diabetes onset (Year 4—Adolescence) 

 Pertussis (Month 3—Childhood) 

Otitis media (Month 6– Childhood) 

Helminth infections (Month 12—Childhood, peak age 5-10) 

Rickets (Month 5—Childhood) 

Autism (Month 6– Childhood) 

Trisomy 21 (Fetal Development)*** 
Phenylketonuria (PKU) (Month 3– Adulthood) 

Attention deficit hyperactivity disorder (ADHD) (Month 12– Childhood) 

 Accidental Injury/trauma (Month 1—Childhood) 

RSV infection/bronchiolitis (Month 4—Childhood) 

Microcephaly (Fetal Development)*** 

Gastrointestinal inflammation and coagulation necrosis/overactive immune system; (Post Delivery—Week 2)  

Maternal drug use1; maternal hypertensive disease1; maternal infections1; formula feeding1; preterm birth3; underdeveloped intestine3; abnormal colonization of the bowel3; hypoxia3,6; sepsis6; (Prenatal—Week 2)*** 

Exclusive breastfeeding1; prophylactic probiotics2; antenatal steroids2; surgery (laparotomy with resection of affected bowel and primary peritoneal drainage)2; systemic antibiotics to treat infections2,6 (Birth—Week 2) 

Neonatal encephalopathy due to birth asphyxia and trauma (Birth) 

**Preterm birth complications would begin between 23 and 37 weeks gestational age depending on when the child is born, but for simplicity all postnatal activity is mapped after Birth 
***Prenatal risk factors and interventions would begin in the prenatal period, but for simplicity all items relating to postnatal outcomes are mapped after Birth 

Bacterial agent (Clostridium tetani) (Birth—Neonatal Period, Infancy—Childhood) 

Neonatal: poor antenatal care1,2; lack of adequate maternal anti-tetanus vaccination1,2; unclean cord care practices2
  Low SES2; unsafe deliveries outside health facilities2; Low SES2; lack of access to vaccine2; lack of access to medical care for wounds2; dangerous play5 (Prenatal—Neonatal Period; Infancy—Childhood)*** 

Neonatal: Maternal immunization with tetanus toxoid (tetanus vaccine)1; safe delivery practices2; Childhood: vaccination with tetanus toxoid2 (Prenatal—Birth, Infancy—Childhood)*** 

Airway obstruction/narrowing due to inflammation and bronchial hyper-responsiveness (Year 3– Adolescence) 

Maternal smoking1; early exposure to environmental agents2; indoor pollution2; pets2; premature birth3; family history of allergy4; viral upper respiratory infections6  (Birth—Adolescence) 

Exclusive breastfeeding1, steroids2; anti-leukotrine medications2; short acting bronchodilators2 (Birth—Childhood) 

Autoimmune/destruction of insulin producing cells of the pancreas/beta cells (Year 4—Adolescence) 

Parental age (older)1; geography2; preeclampsia3; hereditary/having a parent with type 1 diabetes4; having other autoimmune diseases4; genetics4; neonatal infections6 (Prenatal—Childhood)*** 

Insulin therapy2; monitoring of carbohydrate intake and blood sugar2 (Year 4– Adolescence) 

Bordetella pertussis (Month 3—Childhood) 

Unvaccinated infants2; not having received the minimal protective series of three doses2,6; waning of acquired immunity in teen and adult years6 (Birth—Adolescence) 

DTaP vaccine prior to exposure2; antibiotic therapy once diagnosed2 (Month 2—Childhood) 

Bacterial agents (e.g. Group A streptococci, Haemophilus influenzae) (Month 6– Childhood) 

Not having been breastfed1; exposure to smoke in the household1; being in a group of day-care2; sibling history of recurrent otitis media2,4; age6 (Birth– Childhood) 

Antibiotic therapy (amoxicillin)2; analgesics (acetaminophen and ibuprofen) to alleviate pain2 (Month 6– Childhood) 

Parasites e.g. roundworm (Ascaris lumbricoides); whipworm (Trichuris trichiura,); hookworm (Ancylostoma duodenale, Necator americanus); tapeworm (Taenia solium, Taenia saginata, Diphyllobothrium latum); threadworm (Strongyloides stercoralis) (Birth—Childhood) 

Poor sanitation and hygiene2; low SES2; lack of access to clean water2; crowded living conditions2; poor nutritional status2,6 (Birth—Childhood) 

School-based deworming (e.g. single oral dose of albendazole (400 mg) or mebendazole (500 mg))2; water and sanitation improvement programs2; community health education program2 (Birth—Childhood) 

Vitamin D deficiency (softening and weakening of bones due to inadequate bone mineralization) (Birth—Childhood) 

Prolonged breastfeeding without supplementation1; inadequate weaning practices1; lack of exposure to sunlight2; prematurity3; children with darker skin4 (Birth—Childhood) 

Oral vitamin D supplementation2; calcium supplementation (350–1,000 mg elemental calcium daily)2 (Birth—Childhood) 

Genetic alterations that affect biological pathways of brain development and plasticity (Prental– Postnatal Development)*** 

Parental age1; maternal gestational diabetes1; maternal infection and exposure to teratogens during pregnancy1; maternal medication1; birth injury/trauma2; premature birth3; having a sibling with ASD4; genetic or chromosomal conditions such as fragile X syndrome4; sex of the child4; birth order6 (Prental– Postnatal Development)*** 

Regular screening of infants and toddlers for symptoms and signs of autistic disorder2; early intervention services (e.g. therapy to help the child talk, walk, and interact with others)2 (Birth– Year 3) 

An extra chromosome 21 as a result of a meiotic nondisjunction error in the segregation of chromosomes 21 during the formation of gametes (Fetal Development)*** 

Maternal age1; maternal cigarette smoking and alcohol use1 (Prenatal)*** 

Prenatal screening and diagnostic testing for trisomy (Prenatal)1,2***; Early intervention services (e.g. speech, occupational, and physical therapy)2 (Birth—Adolescence) 

Autosomal recessive inborn error leading to deficiency of phenylalanine hydroxylase, an enzyme that metabolizes phenylalanine (Fetal Development)*** 

Having two parents with defective PAH gene4; ethnicity6 (Fetal Development)*** 

Newborn screening programs for PKU1,2; early dietary management/phenylalanine restriction2; pharmacologic management (e.g. sapropterin)2 (Birth—Childhood) 

Multiple gene-mediated effects (e.g. genes for dopamine and norepinephrine) (Birth—Childhood) 

Maternal smoking and alcohol use1; maternal stress during pregnancy1; brain injury2; environmental exposures (e.g. lead)2; premature birth/low birth weight3 (Prenatal—Childhood)*** 

Parent training1,2; behavior therapy2; cognitive therapy2; drug therapy (e.g. psychostimulants such as Ritalin, Dexedrine, and Adderall XR)2 (Month 12—Childhood) 

Unintentional injury to the child (e.g. brain trauma during birth; falls; burns; drowning; poisoning) (Month 1—Childhood) 

 Parental mental health (e.g. depression)1; lack of supervision1,2; low SES2; large families2,6; prematurity4; instrumental delivery4; being male6; children with psychological difficulties6 (Prenatal—Childhood)*** 

Vigilant adult supervision1,2;  safe sleeping practices (e.g. place infants on their backs to sleep)1,2; fencing of swimming pools2; use of appropriate age-restraint car seats2; non-use of infant walkers2; child-resistant packaging2; use of approved bicycle helmets2
 (Birth—Childhood) 

Respiratory syncytial virus (Month 4—Childhood) 

Maternal smoking1; lack of breastfeeding1,2; day care attendance2; indoor smoke pollution2; crowded living conditions2; malnutrition2; infants with history of prematurity3; bronchopulmonary dysplasia3, low birth weight3; congenital abnormalities (e.g. CHD, Down 
syndrome)4; winter births6 (Birth—Childhood) 

Supportive care with particular attention to maintaining hydration and oxygenation2; palivizumab prophylaxis for high-risk infants2 (Month 4—Childhood) 

Zika virus infection in mother (Fetal Development)*** 

Maternal exposure to areas with infected mosquitos (Aedes aegypti, Aedes albopictus)2, maternal sexual contact with an infected partner2 (Prenatal)*** 

Long sleeves1, avoid mosquito infected areas1, mosquito nets1,2, insect repellent1,2(Prenatal)*** 

Infant protected by mother’s antibodies (Prenatal Week 24—Month 6) 
 IgG isotype transferred across placenta at 24 weeks gestation 
 IgA isotype transferred during breastfeeding 

Humoral immunity: IgG levels approximately 70% of adults and IgA levels 30%  (Month 12) 

Detection of the complement system, soluble plasma proteins  (Weeks 6-14) 

Tonsils rapidly increase in size (Year 5-6) 

Rapid development of adenoids  (Birth-Month 24) 

 Lymphoid tissue: rapid influx of T cells, B cells, and monocytes (Birth) 
 Immune stimulation achieved by early bacterial colonization of the gut 
 High number of immature NK cells  

Complement system developed to adult level (Month 6-18) 

T cell production peaks (Months 6-9) 

T cell and B cell production declines until it reaches adult levels  (Year 6-7) 

Limited neutrophil activity during neonatal period (Birth-Month 12) 

Hassall's corpuscles increase in thymus over time (Month 2—Year 11) 

B cell peak production, 95% naïve B cells, few memory B cells (Months 3-4) 

Reduction in naïve B cells; change toward peripheral B cells.  
Only 20% naïve by age 10 (Year 10) 

Impaired B cell isotype switching and lack of antigenic stimulation ( (Month 1) 

Memory B cells increase to adult levels  (Year 10-15) 

NK cells drop to adult levels (Year 5) 

Poor antigen-presenting function and T cells activation of neonatal dendritic cells  (Month 1) 

Growth and Maturation 

Damage to the developing nervous system (Prenatal– Childhood)*** 

Cochlear infection; sensori-neural hearing loss; cataract and rubella retinopathy; intrauterine growth restriction; exposure to limited vocabulary in the home (Prenatal-Childhood)*** 

TORCH infections (toxoplasmosis; other (syphilis, varicella-zoster, parvovirus B19); rubella; cytomegalovirus; and herpes infections)2, lead exposure2 (Prenatal—Childhood)*** 

Early syphilis testing/RPR screening1 and antibiotic/penicillin therapy for the mother1; antiviral therapy1,, avoid lead exposure2 (Prenatal– Childhood)*** 

 Ovaries contain a large number of developing oocytes that will form a dense primordial 
germ layer at the ovary periphery  (Birth) 

 Ovaries contain up to a million follicles in which oocytes form ovum; no further production 
of ovum during the lifetime.  

Kidneys reach maturation (Month 6) 

Testes: Primordial germ cells (gonocytes) are replaced by adult dark and pale spermatogonia that make 
up the spermatogonial stem cell (Month 2) 

Onset of puberty and gonadarche in girls  (Year 9-14) 
 Thelarche: development of breast bud first sign of puberty in girls (Year 9-11) 
 Appearance of secondary sex characteristics, including body hair and breast development and maturation of gen-

italia  
 Estrogen stimulation of the vaginal mucosa produces physiologic leukorrhea 
 Menarche: menstrual onset begins 6-12 months after physiologic leukorrhea onset (year 9-12) 
 Neural changes produce libido 
 Ovarian enlargement and growth acceleration  

Onset of puberty and gonadarche in boys (Year 11-16) 
 Increase in testicular volume and thinning of scrotum signal 

onset of puberty (year 11-12) 
 Growth of the penis follows (Year 11-12) 
 Testosterone production in testes, carried in circulation by 

specific carrier globulin 
 Spermatogenesis and masculinizing androgen production 
 Appearance of secondary sex characteristics, including body 

and facial hair, voice change (mid puberty) 
 Neural changes produce libido  
 Sustentacular cells produce anti-mullerian hormone (AMH) 
 Prostate gland doubles in size 

Uterine growth continues, with increased outer muscle thickness (Birth– Childhood) 

Testes descent to the scrotum (Weeks 36-40) 

Boys: Short spike in follicle-stimulating hormone, luteinizing hormone lead to peak in production of re-
productive hormones such as testosterone, inhibin B, and anti-Mullerian hormone (Month 1) 

Increase in number of Leydig and germ cells (Month 3) 

Impaired cognitive development (Month 6– Childhood)*** 

Delayed language development (Month 12– Childhood)*** 

Parental education level1,2; TORCH infections (toxoplasmosis; other (syphilis, varicella-zoster, parvovirus B19); rubella; cytomegalovirus; and herpes simplex)2; low SES2 (Prenatal-Childhood)*** 

Prenatal screening1; antibiotic therapy for the mother1; antiviral therapy1; increased reading to child1,2; fetal monitoring2; cochlear implants2 (Prenatal-Childhood)*** 

 System fully developed at birth but still immature (Birth) 
 Infant skin thin with less subcutaneous fat between the layers, effecting control over body tem-

perature 
 Vernix caseosa coats the skin of newborns 
 Low melanin makes the skin appear lighter at birth and more susceptible to sun damage 
 Low keratin at birth  

Decrease in sebaceous gland activity; more prone to dryness and cracking of skin (Year 2-6)  

Eccrine glands reach adult levels of production (Year 2)  

Eccrine glands, fully formed and mature at birth, begin sweat production (Month 1)  

Apocrine gland production begins, may result in body odor (Year 9-17)  

Changes in the composition of the cutaneous microflora take place over the first year of life (Birth– Month 12)  

Skin acidity drops, assisting with enzyme function and lipid metabolism (Birth-Month 3)  

Ovaries move from abdominal cavity to ovarian fossae (Year 6) 

 Maturation of reflexes toward voluntary control of movement begins (Month 6) 
 Fine: Can reach toward and grab objects, transfer from hand to hand 
 Gross: No head lag, can roll 

 Fine: dressing oneself, cutting across a page with scissors, coloring between 
lines (Year 4.5)  

 Gross: riding a bike with training wheels 

 Fine: drawing a square (Year 5)  
 Gross: standing on one foot for 15 seconds  

 Fine: printing name, tying a shoelace, repetitive finger tapping of thumb and 
index finger, tripod hold of pencil (Year 5.5)  

 Gross: jumping down steps  

 Fine: rhythmic tapping, ability to spread with butter knife (Year 6)  
 Gross: Riding a bike without training wheels  

Fusion of the posterior fontanelle of skull (Month 1.5) 

 Cerebral cortex half adult thickness (Birth) 
 Major sensory tracts myelinated but motor tract still developing 

Nerve tissue present at birth but has little myelination insulation, leading to slower 
rate of nerve transmission and less efficient movement (Birth) 

Cell count of cerebellum has reached adult levels; cerebrum and brain stem at 60% (Month 18) 

 Gross: head steady while sitting (Month 4)  
 Fine: reach for toys, bring to mouth 

Fine: pincer grasp, bangs objects (Month 8-10)  

Fine: scribbling (Month 15)  

 Fine: 4-5 block towers (Month 24)  
 Gross: kick a ball, jump, walk stairs  

 Fine: copies circles (Month 36)  
 Gross: can balance on 1 foot for 1 second  

 Fine: buttoning and unbuttoning (Year 4)  
 Gross: hops  

Fine: drawing a diagonal line (Year 7)  

Finger gnosia: can tell what finger was touched with eyes closed  (Year 8)  

Gross: alternate foot hopping (Year 8.5)  

Fine: sequential finger tapping at fast speed (Year 9)  

 Fine: lack of choreiform movements with arms extended (Year 10)  
 Gross: tandem stance for 10 seconds with eyes closed  

Fine: can suppress mirror movements with 
sequential finger tapping (Year 11)  

Fine: draw 3 dimensional 
cube (Year 12)  

Intentional injury/trauma (Prenatal– Childhood)*** 

Intentional injury to the child (e.g. scalding/burning; battering; maltreatment) (Prenatal-Childhood)*** 

Parental mental health (e.g. depression)1; maternal age1; low SES2; marital status6; living with step parents6; sex of the infant (being female)6 (Prenatal-Childhood)*** 

Female infanticide prevention programs2; home visitation by trained nurses during pregnancy and the first two years of life2 (Prenatal-Childhood)*** 

  

Reduced uteroplacental perfusion as a result of abnormal cytotrophoblast invasion of spiral arterioles  

Maternal plasma and cervical HIV-1 viral (RNA) load and genital infections  

Pregnancy induced hypertension (PIH)/preeclampsia1 

Maternal HIV 1 

Routine blood pressure and urine screening during prenatal visits, selenium supplementation1 

Adequate nutrition and the provision of highly active antiretroviral therapy during pregnancy (test and treat programs)1 

Normal passage of meconium  (Birth– Day 3) 

Risk if meconium aspira-
tion if fetus experiencing 
stress from reduced sup-
ply of blood and oxygen 
(Pre-Labor– Birth) 

Initial exposure to colostrum (breast milk) after birth: (Birth) 
 Provides nutrients to the still immature digestive tract 
 Provides lipase and lactase as concentrations of digestive enzymes are low in newborn  
 Provides antigens and innate immune mediators to protect neonate from infection 
 Promotes initial stool passage  

Bile secretion begins (Week 22) 

Intestinal fatty acid absorption (Week 24) 

Regulatory gut peptides (hormones such as gastrin; paracrine/
neurocrine peptides such as  gastric inhibitory peptide) present at 
birth but limited release in response to feeding (Birth– Month 1) 

Trypsin, amylase, lipase secreted to the duodenum  (Week 31) 

Rapid increase in production of pancreatic enzymes (Birth– Month 12) 

Continued breastfeeding after neonatal period: (Month 1– Breastfeeding cessation) 
 Promotes colonization of microbiota in the sterile gut 
 Provides protective antibodies through Month 6 
 Exclusive breastfeeding through Month 6 protects against common childhood illnesses 

Newborn intestinal tract sterile (Birth) 

Digestive enzymes at full function (Month 24) 

Ability to bite, suck, and chew semi-solid food develops (Month 5-6) 

Position of stomach shifts from transverse orientation to  vertical (Year 7-10) 

Stomach capacity 210-360mL; 10% that of adult stomach (Month 12) 

Acid secretion reaches adult levels (Year 10) 

Require 95 kcal/day; double the caloric requirement of late adolescence (Month 12-36) 

Bowel control begins to develop (Month 24-30) 

Suboptimal adrenocortical response to stress due to underdevelopment of the  
hypothalamic-pituitary-adrenal (HPA) axis (Birth– Week 2) 

 Decrease in growth hormone levels (Week 2– Month 2) 
 Growth hormone levels correlated with insulin levels 

Growth hormone and prolactin levels elevated (Birth) 

Increase in growth hormone-binding protein  (Month 6) 

Insulin-like growth factors: Increase in IGFF-1 and IGFBP-3 (Month 10) 

Insulin-like growth factors: Decrease in IGFBP-1 and IGFBP-2 and an increase in IGF-2 (Month 3) 

Sex hormones and insulin-like growth factors IGF-1 and IGFBP-3 are low at birth and remain low until puberty (Birth– Puberty) 

Thyroid hormone acutely released at birth, followed by rapid decline at day 1, slower decline until day 5 (Birth) 

Disease Pathology 

Emotional 

Development 

Smiles at people, calms self with foot or hand in mouth, tries to look at parent (Month 2) 

Smiles spontaneously, enjoys play and may cry when it stops, copies facial expressions (smile/frown) (Month 4) 

Recognizes faces and knows if someone is a stranger, likes to play with others, 
responds to other’s emotions, looks at self in a mirror (Month 6) 

May be afraid of strangers, may be clingy with familiar adults, has favorite toys (Month 9) 

Is shy or nervous around strangers, cries when parent leaves, shows fear, has favorite things/people, repeats 
sounds or actions for attention, hands over a book when they want to hear a story, assists in dressing, plays 
games such as “peek-a-boo” (Month 12) 

May exhibit temper tantrums, shows affection,  hands over things to play, plays simple pretend, clings to 
caregiver in new situations, points to things, explores alone in vicinity of caregiver (Month 18) 

Copies others, gets excited around other children, displays independence, demonstrates 
defiant behavior, begins to include other children in play (Month 24) 

Copies adults and friends, shows unprompted affection for friends, takes turns in games, shows concern for 
crying friends, understands “mine” vs “his/hers”, wide range of emotions, separates easily from parents, 
may be upset by change, dresses oneself (Month 36) 

Enjoys doing new things, plays “Mom” and “Dad”, more creative in make believe, prefers playing with other children vs 
alone, cooperates with children, often can’t tell real from make believe, talks about likes and interests (Year 4) 

Wants to please/be liked by friends, more likely to agree with rules, may sing/dance/act, shows concern/sympathy for 
others, recognizes gender, can tell real from make believe, displays more independence, demonstrates both cooperative 
and demanding behavior (Year 5) 

Emotional development does not begin prior to frontal lobe development, which is not complete until the very end stages of pregnancy through birth.  

Can work toys with buttons/levers/moving parts, plays make believe with dolls/animals/people, 
does puzzles with 3-4 pieces, understands the meaning of “two”, copies circles, turns book pages 
one at a time, builds towers of more than 6 blocks, screws/unscrews jar lids (Year 3) 

Can name some colors/numbers, understands counting/time, “same” vs different”; remembers 
part of a story, draws person with 2-4 body parts, uses scissors, copies some capital letters, plays 
board or card games, tells what will happen next in a story (Year 4) 

Counts 10+ things, draws person with 6+ body parts, can print some letters and numbers, copies 
triangles and other shapes, knows about things used daily e.g. money, food (Year 5) 

Engages in group play, influenced by peer pressure,  can manage feelings in work and play, increased independence/
trying new things, experiences anxiety or fear, plays solitary games, seeks love, and approval from adults (Year 8) 

Start to think about the future, understand more about ones place in the world, pay more attention to friendships and 
teamwork, want to be liked and accepted by friends (Year 6– Year 8) 

Engages in projects and basic research, uses the calendar, uses 
reasoning, shows interest and curiosity about nature, people, 
places and other cultures, shows interest in technology, art, 
words; considers other perspectives, shows persistence, reflec-
tion and evaluation of learning (Year 8) 

Rapid development of mental skills; learn better ways to describe experiences and talk about 
thoughts and feelings; less focused on self, more concern for others (Year 6– Year 8) 

Become independent from family, see other points 
of view more clearly, increased attention span, face 
more academic challenges (Year 9-11) 

More ability for complex 
thoughts, better able to express 
feelings through talking, develop 
a stronger sense of right and 
wrong (Year 12-14) 

Stronger, more complex relationships with friends and peers; friendship becomes more emotionally important, 
particularly same sex friends; experience increased peer pressure; become aware of ones body, risk of body image 
and eating problems.  (Year 9-11) 

More concern for body image, 
looks, clothing; focus on them-
selves, alternate between high 
expectations and lack of confi-
dence; demonstrate moodiness; 
show more interest and influ-
ence by peer group; express less 
affection toward parents, possi-
bly rudeness; feel stress from 
school work; potential for devel-
oping eating problems, feelings 
of sadness or depression (Year 12
-14) 

Prepubertal stage: the hypothalamic-pituitary-gonadal axis remains dormant as it has been since 
early childhood; serum concentration of luteinizing hormone (LH) and sex hormones (estradiol in 
girls, testosterone in boys) undetectable (Year 8-9) 

Sustained and active interaction between between 
hypothalamus, pituitary, and gonads leads to visible 
culmination of secondary sex characteristics and the 
onset of puberty (Year 9-11) 

1-3 years before puberty gonadotropin-releasing hormone (GnRH) increas-
es, followed by increased pituitary responsiveness, leading to increasing 
sex steroid levels and nocturnal luteinizing hormone and follicle– stimu-
lating hormone secretion (Year 9-11) 

Peripuberty: luteinizing hormone (LH) pulses occur dur-
ing the daytime, in 90-120 minute intervals (Year 12-14) 

Mid/late puberty in girls: a posi-
tive feedback mechanism devel-
ops in which increasing mid-
ovulation cycle increase in estro-
gren causes an increase in luteiniz-
ing hormone (Year 12-14) 

Peripuberty– late puberty: GnRH 
pulse release is regulated by mul-
tiple neuropeptides, including 
glutamic acid, kisspeptin, neuro-
kinin-B, γ-aminobutyric acid, pre-
proenkephalin, and dynorphin 
(Year 12-14) 

Mid puberty: serum luteinizing 
hormone concentrations increase 
earlier in the pubertal process in 
boys than in girls (Year12-14) 

Adrenarche: Adrenarche occurs when serum levels of dehydroepiandrosterone (DHEA) and its sulfate (DHEAS) begin 
to increase, prior to increase in sex hormone (Years 6-8) 

Fusion of arches with vertebral bodies begins in lumbar region (Year 6) 

Peak height velocity in boys occurs 
after puberty is underway, 2 years 
after girls, and continues for longer 
time period. Boys also experience an 
increase in lean muscle mass during 
this time.  (Year 13-18+) 

Sebaceous gland increases sebum production again at adrenarche, increasing susceptibility to acne  (Year 9-17)  

Sebaceous gland increases secretion of sebum  shortly after 
birth with peak at 1 week, then subsides (Birth-Week 1)  

Pubarche in girls: development of public hair begins in girls 6-12 months after puberty onset; body hair also devel-
ops during this time (Year 9-14)  

Pubarche in boys: development of public hair as well pigmen-
tation of the scrotum, followed shortly after by body and faci-
al hair development (Year 11-16)  

Change in metabolism during puberty to conserve amino ac-
ids, promoting protein synthesis and muscle development 
(Year 11-16) 

Leptin hormone secretion precedes prepubertal stage; high concentrations associated with early onset puberty and 
increased body fat (Year 6-8) 

Puberty growth spurt in boys and girls, begin distally with growth in hands and feet, 
extending to arms and legs, ending in trunk and chest.  (Year 10-18+) 

Bone growth in puberty precedes bone mineralization and bone density, increasing risk 
of fracture. Skeletal growth precedes muscle growth, increasing risk of sprains.  (Year 
10-18+) 

Puberty results in: (Year 10-16) 
 Estrogen production directly promotes bone maturation, as well as proximally by me-

diating the increased production of growth hormone, causing pubertal growth spurts  
 After bone maturation, epiphyseal fusion occurs and bone growth ceases 
 One-half to two-thirds of total bone calcium is laid down during puberty (Year 10-16) 
 Girls experience increase in percent body fat  

Mid-adolescence: 
heart size increases, 
blood pressure in-
creases, and blood 
volume and hemato-
crit increase, increas-
ing aerobic capacity; 
more prominent in 
males (Year 13-17) 

Mid-adolescence: vital 
lung capacity increas-
es, increasing aerobic 
capacity; more promi-
nent in males (Year 13
-17) 

Mid-adolescence: rapid enlargement of the larynx, pharynx, and lungs leads to changes 
in vocal quality, often preceded by vocal instability (Year 10-17) 

Mid-adolescence: elongation of the optic globe often results in myopia (Year 10-17) 

Prepuberty: Gray matter volume peaks in the frontal 
lobes, at age 11 in girls and 12 in boys, as a result of 
dendritic overproduction, then decreases as a result 
of pruning of synapses (Year 11-12) 

Increase in white matter volume reflecting increased myelination, and subsequent fa-
cilitation of integrated brain activity and more efficient transmission of information be-
tween regions of the brain. First seen in posterior cortex (sensory and motor regions) 
and progresses anteriorly (Year 10-20) 

Maturation of the prefrontal cortex, associated with executive function, continues to 
develop (Year 10-25) 

HIV/AIDS [Horizontal transmission] (Toddler– Adulthood) 

Congenital anomalies (Fetal Development)*** 

Leukemia and other neoplasms (e.g. nephroblastoma, neuroblastoma, acute leukemia and myeloid leukemia ) (Month 12—Childhood) 

Abnormal cell growth (Prenatal– Adolescence) 

Maternal infection1; parental age1; exposure to environmental agents (prenatally and postnatally) such as DES2; prior chemotherapy2; birth weight3; inherited chromosomal/DNA aberrations4; congenital anomalies4; race4; (Prenatal—Childhood)***  

Preventive surgery2; chemotherapy2; radiotherapy2 (Month 12– Childhood) 

Tuberculosis (Month 12—Childhood) 

Leishmaniasis (visceral (kala azar), cutaneous, mucocutaneous ) (Month12– Childhood) 

Mycobacterium tuberculosis (Month 12– Adolescence) 

Leishmania parasites (transmitted by infected female phlebotomine sandflies (Month 12—Adolescence) 

Malnutrition2; HIV infection2; crowded living conditions2; exposure to adults with active TB2; low SES2; indoor air pollution2 (Month 12– Adolescence) 

Malnutrition2; poor housing2; crowded living conditions2; poor sanitation2; weakened immune system2 (Month 12– Adolescence) 

BCG (bacille Calmette-Guerin) vaccination2; isoniazid treatment for latent TB infection for 9 months2; isoniazid and rifampicin combined with 2 months of pyrazinamide with addition of ethambutol or streptomycin for pulmonary TB2 (Month 12– Adolescence) 

Indoor residual spraying2; long lasting insecticide-treated mosquito nets2; community mobilization and education programs2; oral therapy with miltefosine2 (Month 12– Adolescence)  

Road injuries (Birth– Adulthood, increased risk beginning age 10) 

Unintentional injury to the young child as pedestrians, motorcycle riders, motor vehicle occupants, and bicyclists (Birth– Adulthood, increased risk beginning age 10) 

Lack of supervision2; developmental immaturity2; low SES2; poor vehicle design2; fatigue2; night driving5; inexperience in driving5; risk-taking (e.g. speeding,  drink-driving)5; driving with other teenagers/peer influence5; not using safety equipment (e.g. seat belts, helmets)5; being a male young child6 (Birth– Adulthood, increased risk beginning age 10) 

Road engineering measures (e.g. speed zones/humps around schools, designated pedestrian crossings, and exclusive motorcycle and bicycle lanes)2; alcohol interlock systems2; child restraint systems2; seat belts laws mandating seat belt use including public awareness campaigns2; helmet laws and promotion of helmet use among children2; drink-driving laws2; well-designed public transportation systems2; emergency and trauma care2 (Birth– Adulthood, increased risk beginning age 10) 

Transfusion of untested blood2; extended mixed feeding in an HIV+ mother2; use of contaminated needles2, re-use of needles 2 (Toddler—Adolescence) Transfusion of untested blood2; sexual abuse2; lack of awareness2; use of contaminated needles2; no or inconsistent condom use5; 
early age at sex initiation5; unprotected sex5; STIs5; multiple concurrent partnerships5; injection drug use5 (Adolescence-Adulthood) 

Key: Risk Factor and Intervention Types 

1: Maternal factors 
2: Environmental factors 
3: Prematurity related factors 
4: Genetic factors 
5: Behavioral factors in child 
6:Other 

Blood safety programs2; medical male circumcision2,5; bio-behavioral interventions including consistent condom use3; HIV educa-
tion programs2 (Adolescence– Adulthood) 

Molecular and biochemical defects causing disorders such as (e.g. spina bifida; congenital heart disease; Hirshsprung’s disease) (Fetal Development)*** 

Parental age1; folic acid deficiency1,2; exposure to environmental agents (e.g. thalidomide, alcohol, and smoking, and high doses of radiation)2; birth order2; low birth weight 3; having cerebral palsy4 (Fetal Development)*** 

Prenatal screening1; folic acid supplementation2; surgery2 (Prenatal– Neonatal Period)*** 


