Update in Pediatric Endocrinology
Jennifer M. Barker MD

A5

Disclosures

Update in Pediatric Endocrinology:
Growth and Diabetes
Jennifer M. Barker MD
REPRESENTING ALL OF MY COLLEAGUES
University of Colorado Anschutz Medical Campus
Department of Pediatrics, Section of Endocrinology
jennifer.barker@childrenscolorado.org

• Any unlabeled/unapproved uses of drugs or products
referenced will be disclosed

Diagnosis of diabetes

Objectives

1
Describe the
differences
between type 1
and type 2
diabetes

• Jennifer M. Barker MD has no financial relationships
with commercial interests to disclose

2
Explain the initial
treatment of
youth with type
2 diabetes

3
Identify growth
charts that
warrant further
evaluation

• Testing performed for screening purposes
• Children who are overweight or obese with additional risk factors
for type 2 diabetes
• Testing performed for evaluation of symptoms
• Children who present with symptoms of diabetes
• ADA definition of diabetes:
Fasting
2-hr OGTT† HbA1c
Random glucose
glucose
Prediabetes
≥100 mg/dL ≥140 mg/dL 5.7-6.4%
--≥200 mg/dL plus
Diabetes*
≥126 mg/dL ≥200 mg/dL ≥6.5%
symptoms of diabetes
• Note: confirmatory testing is required for asymptomatic individuals

Yes!

Causes of diabetes
Type 1 diabetes
• Insulin deficiency
• Autoimmune disease
impacting the Beta-cells
of the pancreatic islet
• May have insulin
resistance if they also
have obesity
• Laboratory testing
• positive pancreatic
autoantibodies

Type 2 diabetes
• Insulin resistance
• Relative insulin
deficiency
• Laboratory testing
• evidence for the
metabolic syndrome
and other
comorbidities of
obesity
• negative pancreatic
autoantibodies

MODY (Monogenic
diabetes, maturity onset
diabetes of the youth)
• Diabetes caused by a
single gene defect
• Laboratory testing
• negative pancreatic
autoantibodies

Is Type 2 diabetes the
same in kids as in
adults?
And No!

Slide courtesy of Dr. Phil Zeitler
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Relationship Between Insulin Sensitivity and
Insulin Response in Apparently Healthy Subjects

Glucose Homeostasis
 Balance Between Insulin action and secretion
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The relationship between insulin secretion and
insulin action during the development of T2D

Insulin Sensitivity across the spectrum of
dysglycemia
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From Bacha et al Diabetes Care 2009

-Cell Function Declines After Diagnosis, Whereas
Insulin Sensitivity Remains Relatively Stable

Insulin Secretion across the spectrum
of dysglycemia
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Type 2 Diabetes increases dramatically at
puberty

US T2D Epidemiology: Adults versus Kids

ADULTS

YOUTH (19 years)

Incidence (new cases/y)

~1,469,000 per year

~5,100 per year

Prevalence
Overall

12.3 per 100 (12.3%)

0.5 per 1,000 (~1 in 370 obese)

A5

0.23 per 1,000 (0.023%)
0.68 per 1,000 (0.068%)

10 - 14 years
15 - 19 years
20 - 44 years
45 - 64 years
65 and older

4.1 per 100 (4.1%)
16.2 per 100 (16.2%)
25.9 per 100 (25.9%)

Prevalence by Gender
Male
Female

13.6 per 100 (13.6%)
11.2 per 100 (11.2%)

0.35 per 1,000 (0.035%)
0.58 per 1,000 (0.058%)

Slide courtesy of Dr. Phil Zeitler

Slide courtesy of Dr. Phil Zeitler

Liese et al. Pediatrics 2006

Demographics and socioeconomic status of
youth-onset T2D in the US
Age
Duration of DM
(months)
BMI Z-score

5 (4,9)
2.21 (1.89, 2.47)

Tanner 4/5

83.9%

Female

64.9%

Ethnicity

• Youth onset T2D associated with:
• Lower family income
• Lower parental education attainment
• High proportion live in single-parent
households
• Extreme stressors are more common
• Possible contribution of stress itself to
pathophysiology of T2D

14.0 (12,16)

White
Hispanic
AA
AI

19.9%
42.2%
31.6%
6.2%

FH diabetes
Nuclear
Nuclear + GP

59.6%
89.4%

GDM

33.3%

Lives with
Both parents
Mother
Father
Neither

38.7%
47.0%
5.1%
9.2%

Parental Education
HS or less
College or more

26.3%
16.8%

Tight link between
psychosocial/
environmental
factors and T2D

Income
< 25k
> 50k

41.4%
24.9%

Slide courtesy of Dr. Phil Zeitler

Slide courtesy of Dr. Megan Kelsey

TODAY J Clin Endocrinol Metab 2010

Stress-related behaviors / Physiology
• Adolescent depression/
negative affect relate to
eating:
• More overall
• More snack foods
• More in the absence of
hunger
• Uncontrolled eating

Youth-onset T2D: Trends in incidence

• Adolescent depression relates
to:

Fatigue/
Energy
Depletion

– Poorer fitness/less activity
– Sleep
disturbance

Depressed
Mood/
Anhedonia

– Cortisol
dysregulation

Depression-Insulin Resistant Phenotype

16

Appetite
Disturbance

Sleep
Disturbance

• Incidence of youth
onset T2D increasing by
4.8% per year
• Recent incident cases
approximately 5,300
per year
• Total prevalence
approximately 35,000 –
50,000

Bruggink et al., Sports Med Int Open, 2019; Byrne et al., Int J Eat Disord, 2020; Kelly et al., Eat Behav, 2016; Mooreville et al., Appetite, 2014;
Radin et al., Pediatr Obes, 2016; Shomaker et al., J Adolesc Health, 2011; Int J Eat Disord, 2010

Slide courtesy of Dr. Megan Kelsey

Slide courtesy of Dr. Megan Kelsey

SEARCH for Diabetes in Youth Study,
Meyer-Davis et al. NEJM 376(15): 1419

18
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How does type 2 diabetes present?

How do you know what type of diabetes
someone has?

• 6-11% youth with T2D present in DKA
• Many present without symptoms

• Phenotype of the patient
• Evidence for insulin resistance
• Family history
• Most people with type 2 diabetes have a family history in
1st or 2nd degree relative
• Some individuals with type 1 diabetes will have a family
history of autoimmunity
• Laboratory testing
• Pancreatic autoantibodies identify the autoimmune
process associated with type 1 diabetes

• Not all have acanthosis or other typical
features of insulin resistance
• Family history of type 2 diabetes in first
degree relative is common (60%)
• Youth-onset T2D incidence in girls twice as
high as boys
• Racial and ethnic minorities
disproportionately affected
• Disease of pubertal onset

Slide courtesy of Dr. Megan Kelsey

New onset diabetes in overweight youth
Initiate lifestyle management and diabetes education
A1C≥8.5%
No acidosis with/without ketosis

A1C<8.5%
No acidosis or ketosis

Metformin PO BID, titrate up
to 2000 mg as tolerated

•
•
•

Basal insulin: 0.5 U/kg
Titrate up q2-3 days
Metformin PO BID, titrate up
to 2000 mg as tolerated

19

Slide courtesy of Dr. Megan Kelsey

Acidosis and/or DKA and/or HHNK

•
•

Manage DKA or HHNK
IV insulin until acidosis resolves, then SC
insulin until antibodies are known

Case 1: Initial
presentation

Pancreatic autoantibodies

• Continue metformin
• Wean insulin guided by BG

Usually over
2-3 months

Continue/initiate MDI/pump as for T1D

A1C goals not met
Consider other
drug therapy

Initiate add-on insulin or increase to
maximum of 1.5 U/kg
A1C goals not met

Does this
patient have
diabetes
based on
information
provided?

Antibodies:
1. GAD-65
2. Islet cell (IA-2)
3. Zinc transporter (ZnT8)
4. Insulin

• 17 yo White, non-Hispanic male
• Saw PCP because “wasn’t feeling well”
• Noted to have high BP and Hba1c of
7% (done with routine screening)
• Weight gain of 75 lb over past year
following sudden death of FOC of
cardiac cause
• FHx: T2D in 2 grandparents,
hypothyroidism in same grandparents;
strong hx of HTN and early heart
disease
• Exam: BMI 56, BP 150/70, no
acanthosis noted, Tanner 5 puberty
Slide courtesy of Dr. Megan Kelsey

21
Arslanian et al, Diabetes Care
2018

22

Diagnosis of prediabetes and diabetes

Yes

Prediabetes
Diabetes*

No

Fasting
glucose

2-hr
OGTT†

HbA1c

Random glucose

≥100
mg/dL
≥126
mg/dL

≥140
mg/dL
≥200
mg/dL

5.76.4%

---

≥6.5%

≥200 mg/dL plus
symptoms of diabetes

* Diagnosis of diabetes requires confirmatory testing or clinical signs/symptoms of

diabetes such as polyuria, polydipsia, DKA, unexplained weight loss.
† Two hours after 1.75 g/kg, maximum 75 g, oral glucose load.
American Diabetes Association, Standards in Medical Care, Diabetes Care 2019
Slide courtesy of Dr. Megan Kelsey
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Slide courtesy of Dr. Megan Kelsey

24
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What is the
important
next step for
this patient?

A5

Type 1 diabetes

What type of
diabetes do
you think the
patient has?

• Confirm the diagnosis of diabetes
• Repeat hemoglobin A1c – 7.2%
• Random glucose – 176 mg/dL
• THE PATIENT HAS DIABETES

Type 2 diabetes
Slide courtesy of Dr. Megan Kelsey
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New onset diabetes in overweight youth
Initiate lifestyle management and diabetes education

Clinical features of:
T1D
• White, non-Hispanic
• Lack of typical insulin
resistance features
• Some autoimmunity in the
family

A1C≥8.5%
No acidosis with/without ketosis

A1C<8.5%
No acidosis or ketosis

Metformin PO BID, titrate up
to 2000 mg as tolerated

T2D

• Severe obesity
• Recent rapid weight gain
• Mild presentation

•
•
•

Basal insulin: 0.5 U/kg
Titrate up q2-3 days
Metformin PO BID, titrate up
to 2000 mg as tolerated

Slide courtesy of Dr. Megan Kelsey

Acidosis and/or DKA and/or HHNK

•
•

Manage DKA or HHNK
IV insulin until acidosis resolves, then SC
insulin until antibodies are known

Pancreatic autoantibodies

• Continue metformin
• Wean insulin guided by BG

Usually over
2-3 months

Continue/initiate MDI/pump as for T1D

A1C goals not met
Initiate add-on insulin or increase to
maximum of 1.5 U/kg
Slide courtesy of Dr. Megan Kelsey

Back to our 1st
case:

27

• Patient was presumed to have type 2
diabetes
• Patient started on metformin
• Pancreatic autoantibodies sent
• 2 pancreatic autoantibodies were positive
• Patient had excellent glycemic control on
metformin monotherapy, started on lowdose glargine
• Patient decompensated and started on
MDI a few months later
• As one of my mentors used to say “obesity
doesn’t protect you from type 1 diabetes”
Slide adapted from Dr. Megan Kelsey

26

29

Consider other
drug therapy

A1C goals not met

Antibodies:
1. GAD-65
2. Islet cell (IA-2)
3. Zinc transporter (ZnT8)
4. Insulin
28
Arslanian et al, Diabetes Care
2018

Confirming diabetes diagnosis and type:
• Reminder: in absence of frank hyperglycemia OR
sign/symptoms of diabetes ADA recommends confirmatory
testing for diagnosis of diabetes
• All children for whom diagnosis of T2D is being considered
should have pancreatic autoantibody testing
• Consider genetic evaluation for monogenic diabetes based
on clinical characteristics
Slide courtesy of Dr. Megan Kelsey

30
Arslanian et al, Diabetes Care
2018

5

Update in Pediatric Endocrinology
Jennifer M. Barker MD

Case 1
Learning
Points

• Patient had features of both T1 and
T2D at presentation
• Insulin resistance can significantly
affect the presentation of type 1
diabetes
• Pancreatic autoantibodies are
important markers of the autoimmune
process associated with type 1
diabetes
• Presence of pancreatic autoantibodies
associated with rapid decompensation
of glycemic control requiring treatment
with insulin
Slide adapted from Dr. Megan Kelsey

Does this
patient have
diabetes based
on information
provided?

A5

What type of
diabetes do
you think the
patient has?

No

T1D

32

Type 1 diabetes
Type 2 diabetes
Slide courtesy of Dr. Megan Kelsey

33
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Back to Case 2…
Patient treated in ED for ketosis.
What would you send her home on?

Clinical features of:
• Presentation with
ketoacidosis

Slide adapted from Dr. Megan Kelsey

31

Yes

Slide courtesy of Dr. Megan Kelsey

Case 2

• Patient characteristics
• 13 yo Hispanic female
• BMI 30.3 kg/m2 (98%ile)
• Presentation:
• ED with polyuria, polydipsia
• pH 7.3, BG 300 mg/dl, bicarb 12, BHOB 5.16
• HbA1c >14%
• PMHx: eczema
• FHx: Sister, MOC, FOC, PGM, maternal aunt, all 4
grandparents with T2D; no family history of
autoimmunity
• Pubertal exam: T5

T2D

• Obesity
• Pubertal age child
• Strong family history of type
2 diabetes
• Member of an ethnic group
with high risk for type 2
diabetes
Slide courtesy of Dr. Megan Kelsey
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1. Long-acting insulin alone
2. Long-acting insulin + metformin
3. Multiple daily injections (long and short-acting)
4. MDI + metformin
Slide courtesy of Dr. Megan Kelsey

36
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New onset diabetes in overweight youth
Initiate lifestyle management and diabetes education
A1C≥8.5%
No acidosis with/without ketosis

A1C<8.5%
No acidosis or ketosis

Metformin PO BID, titrate up
to 2000 mg as tolerated

•
•
•

Slide courtesy of Dr. Megan Kelsey

Acidosis and/or DKA and/or HHNK

Basal insulin: 0.5 U/kg
Titrate up q2-3 days
Metformin PO BID, titrate up
to 2000 mg as tolerated

•
•

Manage DKA or HHNK
IV insulin until acidosis resolves, then SC
insulin until antibodies are known

Pancreatic autoantibodies

Youth with marked hyperglycemia (blood glucose ≥ 250
mg/dl, HbA1c ≥ 8.5%) without acidosis at diagnosis who are
symptomatic with polyuria/polydipsia and/or weight loss
should be treated with basal insulin while metformin is
initiated and titrated.
Slide courtesy of Dr. Megan Kelsey

Case 2 Follow-up

Continue/initiate MDI/pump as for T1D

A1C goals not met

37

Consider other
drug therapy

A1C goals not met

41

Antibodies:
1. GAD-65
2. Islet cell (IA-2)
3. Zinc transporter (ZnT8)
4. Insulin
38
Arslanian et al, Diabetes Care
2018

Case 2:
Teaching points

• Consider starting metformin if signs
of insulin resistance
• Glycemia can improve quickly in T2D,
even if present with metabolic
decompensation!
• Metformin adverse effects:
• Troubleshoot how they are taking
the medication
• Consider switch to XR (note that
generic form is only available in
500 mg tablets)
• Gap in care: infrequent contact with
patient to titrate BGs, likely related to
high psychosocial stress
Slide courtesy of Dr. Megan Kelsey
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• Insulin can promote weight gain
• Teaching required to start short-acting
insulin may cause unnecessary stress
• Multiple daily injection regimen may cause
confusion for families if diagnosis is changed
• MDI does not treat associated insulin
resistance
• Addition of metformin to long-acting insulin
almost always results in ability to rapidly
wean insulin
Slide courtesy of Dr. Megan Kelsey

Usually over
2-3 months

Initiate add-on insulin or increase to
maximum of 1.5 U/kg

• Patient received basic diabetes
education in hospital
• Started on glargine 0.5 units/kg,
metformin titration
• Seen for initial visit, not yet at full
dose metformin, switched to
extended release
• HbA1c >14%
• Follow-up visit 4 months later
• At full dose metformin
• Self-weaned from insulin
• HbA1c 6.4%
Slide courtesy of Dr. Megan Kelsey

But is there
any
downside to
short acting
insulin?

• Continue metformin
• Wean insulin guided by BG

What about
downside of
metformin if
patient ends
up having
T1D?

40

• Metformin shown to have benefits in patients with
T1D in terms of lowering insulin needs and
cardiovascular benefits
• Youth with T1D AND obesity have similar
cardiovascular risk to patients with T2D
• Metformin extremely safe

Slide courtesy of Dr. Megan Kelsey

42
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TODAY Complication—long-term outcomes

Glycemic targets
Measure q3 months, goal <7% (E)
Considering low rates of hypoglycemia in T2D, may
individualize target (e.g. <6.5%) (E)
Home self-monitoring of BG to be individualized based on
treatment (E)
Slide courtesy of Dr. Megan Kelsey

Youth newly
diagnosed with
type 2 diabetes
require screening
for complications
of diabetes AT
ONSET of diabetes

Slide courtesy of Dr. Megan Kelsey

Arslanian et al, Diabetes Care 2018

• Laboratory testing:
• Lipid panel
• AST/ALT
• Urine microalbumin/creatinine
ratio
• 25-OH vitamin D
• Blood pressure
• Ophthalmologic examination for
retinopathy
• Additional screening for PCOS,
sleep apnea, arthritis

Mainstays of
T2D
treatment

45

44

1. Need to address insulin resistance
• Healthy eating
• Physical activity
• Sleep (sleep hygiene, treatment of sleep apnea)
• Stress reduction
• Screen for comorbidities, including psychological
• Oral medications, newer non-insulin injectables
• Weight loss (obesity pharmacotherapy, bariatric
surgery)
2. Need to assess psychosocial barriers to
treatment
3. Need to provide insulin if inadequately controlled
on other medications

Slide courtesy of Dr. Megan Kelsey

COVID and T2D: Effects
of the pandemic on
presentation: Colorado

A word about the impact
of covid

TODAY Study Group, NEJM, 2021

• Mean A1c similar to previous
years

Arslanian et al, Diabetes Care 2018

46

Pandemic impact on new onset T2D at
Colorado

% in DKA

• Median A1c higher (9.7 vs. 8.6%)
• Proportion in DKA almost doubled
• Other centers report anywhere
between 50 and 300% increase in
incidence

47

Slide courtesy of Dr. Megan Kelsey
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Potential
explanations
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Change in BMI

• Rapid weight gain
• Increase in sedentary behavior, decrease
in physical activity
• Increased access to food
• Contribution of psychosocial stress
• Increase in mental health disorders
during pandemic
• Relationship between insulin sensitivity
and depression
• Known association with psychosocial
stress and T2D
• Possible contribution of COVID itself
Slide courtesy of Dr. Megan Kelsey

• Change most notable in:
• Younger age groups
• Youth with obesity
• Hispanic youth
• Bigger change in boys than in girls
• Changes in Black and White youth
greater than in Asian youth
• Parental report data suggest that
physical activity went down,
sedentary behavior up during
pandemic
Dunton et al, BMC Public Health 2020; Francisco et al,
Front Psychiatry 2020; Moore et al, Int J Behav Nutr
Phys Act 2020

Slide courtesy of Dr. Megan Kelsey

49

In summary

50

Resources
• https://today.bsc.gwu.edu
• American Diabetes Association (T2D
brochure for teens):
http://www.diabetes.org/living-withdiabetes/parents-and-kids/childrenand-type-2/?loc=lwd-slabnav

• Puberty, obesity, ethnic background, family history and exposure to
gestational diabetes are risk factors for type 2 diabetes in youth
• Type 2 diabetes in youth is increasing in incidence
• Differentiating type 1 from type 2 diabetes is difficult based on clinical
features alone
• Need to measure Pancreatic autoantibodies to identify the
autoimmune process associated with type 1 diabetes
• Treatment requires a multidisciplinary approach to address glycemic
control and screen for and treat underlying comorbidities

Slide courtesy of Dr. Megan Kelsey
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Shifting gears –
let’s talk about growth

James Tanner using his Harpenden Stadiometer- 1992
53

Slide courtesy Dr. Michael Kappy
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Measurements
Supine: before age 2y
• Firm box, inflexible board, head lies at inflexible board, movable footboard, feet
placed perpendicular to plane of supine infant
• Child relaxed, legs fully extended, head in “Frankfurt” plane – line connecting
outer canthus of eye and external auditory meatus is perpendicular to the long
axis of trunk.
• Between ages 2-3y
• Both length and height can be helpful to assess growth velocity more accurately
• Supine length averages about 1cm greater than standing height
• Standing: older children
• Stand erect, head in Frankfurt plane, back of head, thoracic spine, and buttocks
should be touching vertical axis of stadiometer, heels put together toes slightly
separated.
• Diurnal variations
• Up to 0.8cm shorter at end of the day compared to morning
•

A5

Normal growth patterns
• Normal growth rates
• 0-12 mos = 25 cm/yr (38
cm/yr 0-2mos, 12 cm/yr by
12mos)
• 1 yr = 12 cm/yr
• 2 yr = 10 cm/yr
• 2-4 yr = 7 cm/yr
• 4-5 yr = 6 cm/yr
• 5 yr – puberty = 5 cm/yr
• F puberty peak = 10 cm/yr; M
puberty peak = 12 cm/yr

• Upper (sitting height)/Lower (pubic
symphysis to floor) segment ratios
• Birth = 1.7
• 10 years = 1.0
• Adult <1.0
• Arm span – ±4cm height
• arm span < height before
puberty
• arm span > height after puberty

Slide courtesy Dr. Christine Chan

Growth charts – where do they come from?
• Cross-sectional data from National Center for Health Statistics introduced in
1977, now adopted by CDC
• 3 Limitations:
1. infant data primarily white, formula-fed, middle class infants from
OH; Data from older children came from NHANES (1963-1974)
• WHO growth charts released in 2006 to describe children 0-5 yrs
in 6 countries worldwide (including US) – better data, but no
data beyond 5 yrs
2. Do not define growth rates of children <3 rd or >97th%ile, those for
whom measurement of growth is most critical
3. Tanner developed longitudinal growth charts to address variability
of normal growth during puberty  used to develop height
velocity standards

Slide courtesy Dr. Christine Chan

Growth velocity

• GV <4 cm/yr is always abnormal

Slide courtesy Dr. Christine Chan

Slide courtesy Dr. Christine Chan

Considerations
when
evaluating
growth:

Regulation of Growth

Slide courtesy Dr. Michael Kappy

• Parental heights – short parents, short children
• Overall health –
• Could this growth pattern be related to an
occult underlying health condition?
• Symptoms and signs for an underlying hormonal
cause of short stature?
• Growth hormone deficiency
• Thyroid hormone deficiency
• Pubertal hormone deficiency
• Growth pattern –
• Height impacted >weight – suggests endocrine
disorder
• Weight impacted >height – suggests nutritional
deficiency or chronic illness
• Upper to lower segment ratio

10
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Classic hormones that influence growth

Nutritional impacts of growth

Growth Hormone

Growth pattern: weight impacted before length/height
Caused by either decreased caloric intake or malabsorption
Health conditions associated with malabsorption cause:
• Decreased absorption of nutrients – malnutrition
• Increased inflammation – inhibitory impact of cortisol on growth
Health conditions to consider:
• Inflammatory bowel disease
• Celiac disease
Laboratory testing to consider: CBC, CMP, ESR, CRP, TTg, IgA

• Stimulation of epiphyseal growth
• Stimulation of osteoclast differentiation and activity, stimulation of
osteoblast activity, increase of bone mass
Thyroid
• Direct effects on epiphyseal cartilage
• Permissive effects on GH secretion
Sex steroids: Estrogen and Testosterone
• Androgens work in part through enhancement of GH secretion; also
directly affect IGF1 production
• Epiphyseal maturation/fusion primarily estrogen mediated
Slide courtesy Dr. Christine Chan

Impacts of
hormone
deficiency on
growth

• Length/Height impacted before weight –
preserve BMI
• May be accompanied by abnormal body
proportions
• Puberty may be impacted
• Laboratory testing
• Thyroid hormone deficiency – TSH, Free T4 or
Total T4
• Growth hormone deficiency – IGF-1 and
consider IGF-BP3 in young children
• Testosterone or estrogen deficiency
• Consider evaluation if patient has delayed
puberty
• Consider evaluation for Turner syndrome
in girls with short stature or delayed
puberty of unclear etiology - karyotype

Abnormal body proportions
Decreased arm span
Increased U:L ratio
• Skeletal dysplasias
• Hypothyroidism
• Turner syndrome
• Rickets

Increased arm span
Decreased U:L ratio
• Scoliosis
• Spinal irradiation
• Hypogonadism
• Marfan syndrome

Slide courtesy Dr. Christine Chan

Turner syndrome: clinical features

Turner syndrome
• Incidence 1:2500 female live
births
• 1-2% of fetuses 45X
• Growth patterns if untreated
• Birth L and W: -1SD
• 0-3 yrs: slight slowing of GV
to -2.2 SD
• 3-13 yrs: continued
deceleration
• No pubertal growth spurt
• Mean adult height 4ft 8in

oShort stature
oPrimary ovarian insufficiency
oShort webbed neck, low hairline
oLow set ears
oSwollen or puffy hands and feet
oSoft nails that turn upward
oMultiple pigmented nevi
oSHOX haploinsufficiency: short
fingers/toes, Madelung
deformities
Slide courtesy Dr. Christine Chan

oCardiovascular: 5-10% have
aortic coarctation; 30% bicuspid
aortic valves; HTN
oKidney: 33% malformations; UTIs
oEar infections, dental problems
oOsteoporosis
oMetabolic syndrome
oHypothyroidism 33%
oVisual-spatial coordination
difficulties
Slide courtesy of Dr. Christine Chan
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Growth
evaluation

• Review growth chart - ask yourself:
• How short are they?
• Which components of growth are impacted?
Weight? Length?
• Was weight or height decreased first?
• What is the BMI?
• What is the genetic potential? (Mid-parental height in
inches)
• Girls (mother’s height +father’s height - 5)/2
• Boys (mother’s height +father’s height +5)/2
• Genetic potential is +/- 3-4” of midparental height
• Are there any symptoms of underlying health condition
or genetic syndrome associated with short stature?
• What is the pubertal status?
• Consider laboratory testing:
• CBC, ESR, CMP, TTg, IgA, TSH, T4, IGF-1, Karyotype
(in girls)
• Consider bone age

A5

Let’s look at some growth charts!

15 month old with
no growth for 6 months and
weight loss
Decreasing head
circumference

Typical Growth in Protein
Calorie Malnutrition
Note Onset at 2 Months

UA: Massive proteinuria
CMP: Na+ = 123mEq/L
K+ =6.1mEq/L
Creatinine = 2.3mg/dL
Ultrasound:
Bilateral hydronephrosis
VCUG:
Bilateral ureteral valves
Outcome: Renal Transplant

Slide courtesy Dr. Michael Kappy

Slide courtesy Dr. Michael Kappy

13.5 year old boy with
“silent” Crohn disease
Pre-pubertal
Growth velocity = 3.5cm/yr
Normocytic anemia
ESR = 80mm/hr
Hypoalbuminemia

“Silent” Crohn Disease
Pre- and Post-Surgical Rx

Dx: + Fecal calprotectin
UGI- Severe disease

Slide courtesy Dr. Michael Kappy
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“Silent”

Crohn Disease Pt.

Normal PE- Asymptomatic

A5

“Silent”

Crohn Disease Pt.

Post-Remicade RX

CBC- mild “iron deficiency”
anemia
ESRs: 28-30mm/hr
F/U fecal calprotectin= 1000

Slide courtesy Dr. Michael Kappy

SM: one of my favorite growth charts

Slide courtesy Dr. Michael Kappy

Describe growth pattern
• Weight> height
• What else do you want to know?
• Midparental height – 5’3”
• Physical examination – patient prepubertal, eating a snickerdoodle
cookie (the large kind!)
• Symptoms of malabsorption – nothing really, mom is a
gastroenterologist and really doesn’t think the patient has
malabsorption
• Let’s do the work –up anyway….
• TTg >100, IgA = 153, ESR = 8, CBC – normal
• Diagnosis: celiac disease

OR: 5-year-old male presenting with short stature

Take home
points

• Growth patterns with weight
impacted more than height
suggest an underlying nutritional
or malabsorptive process
• Laboratory evaluation should
investigate for these etiologies
(CBC, ESR/CRP, TTg, IgA)
• Treatment of underlying process
results in improved growth

Describe
growth
pattern
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Growth pattern height>weight
• What else do you want to know?
• Mid-parental height – 6’
• Normal development
• Normal physical examination
• Laboratory testing:
IGF-1 < 25 ng/mL
TSH = 3.2 uIU/mL
FT4 = 1.2 ng/dL

MRI

This is concerning for growth hormone deficiency

Response to growth hormone

Take home
points

• Decreased linear growth velocity
(crossing height percentiles) is
concerning for growth hormone
deficiency
• Growth hormone deficiency may
be associated with abnormalities in
the pituitary gland
• Growth hormone treatment results
in increased linear growth velocity
and improved height outcome

JM continued

JM: 12-year-old
girl with short
stature

• Describe the growth pattern
• Height>weight
• What additional information do you want?
• Mid-parental height = 5’6”
• Symptoms – hair thinning, constipation, excellent student
• Physical examination – decreased relaxation phase of DTRs,
neurologic exam otherwise normal, prepubertal
• Laboratory testing:
• TSH = 653 uIU/mL
• FT4 = 0.3 ng/mL
• IGF-1 = 57 ng/mL
• Diagnosis: primary hypothyroidism
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Response to treatment: Thyroid hormone is a
growth hormone too!
Take home
points

• Decreased linear growth velocity is
concerning for hypothyroidism
• Symptoms of hypothyroidism are
often subtle in children and
adolescents
• Treatment with levothyroxine
results in increased linear growth
velocity BUT also advances
puberty and may result in short
stature for family (this did not
happen in this case)

GT: continued

GT: 14-year-old
boy presents for
short stature

• What does the growth chart show?
• Height and weight appear to be equally impacted
• Decreased height percentiles around the time of puberty
• What else do you want to know
• Mid-parental height 5’8”
• Healthy and no symptoms
• Pubertal status: Tanner 1 pubic hair, testes 3 cc bilaterally
(Prepubertal)
• Bone age = 11 years
• Laboratory testing
• Consider testing based on symptoms
• Presumptive diagnosis constitutional growth delay
• Treatment – short course testosterone

GT: response to testosterone

GT:
Response to
treatment

• Testosterone resulted in an increased linear growth velocity –
• this rules out growth hormone deficiency
• Testosterone resulted in physical changes including acne, increased
penis size, increased pubic hair.
• NOW, watch to ensure that he goes through puberty on his own
• Comes back in 6 months – testes now 8 cc, increased pubic hair
• Diagnosis: constitutional growth delay
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Summary:
Growth
evaluation

• Review growth chart - ask yourself:
• How short are they?
• Which components of growth are impacted?
Weight? Length?
• Was weight or height decreased first?
• What is the BMI?
• What is the genetic potential? (Mid-parental height in
inches)
• Girls (mother’s height +father’s height - 5)/2
• Boys (mother’s height +father’s height +5)/2
• Genetic potential is +/- 3-4” of midparental height
• Are there any symptoms of underlying health condition
or genetic syndrome associated with short stature?
• What is the pubertal status?
• Consider laboratory testing
• CBC, ESR, CMP, TTg, IgA, TSH, T4, IGF-1, Karyotype
(in girls)
• Consider bone age

A5

Questions?
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