Evidence Table 1. Studies Evaluating Short Stature Secondary to Medical Impairment

Part I

	Author, Year
	Demographics
	Inclusion Criteria
	Exclusion Criteria
	Disease/Condition Type (N)
	Study Design

(Duration)

	
	
	
	
	
	

	Abbott

1982

82277019


	Location: US

Setting: In-patient

Mean age: 11(3 y

Age range: 4-18 y

Mean height: ND

Height range: 81-132 cm

Male: 64%

Race: White 82%, Black 18%

Enrolled: ND

Evaluated: 11

Number of sites: 1
	Short stature due to growth hormone deficiency and/or other pituitary hormone deficiency
	None
	Isolated short stature
	Prospective cross-sectional cohort

	
	
	
	
	
	

	Angehrn

1979

80093987


	Location: Switzerland

Setting: ND

Mean age: 4(2.2 y

Age range: ND

Mean height, SDS: –4.4(1.0

Male: 80%

Race: ND

Enrolled: ND

Evaluated: 20

Number of sites: 1
	Russell-Silver syndrome:
Height < 2 SDS
Low normal growth velocity
Low birth weight
Moderate bone age retardation
Small triangular face and skull of large appearance
	None
	RSS
	Prospective longitudinal cohort

	
	
	
	
	
	

	Frisch

1990

90350511


	Location: Austria

Setting: Clinic

Mean age: 12±3 y

Age range: 6.8-15.7 y

Mean height, SDS: –2.5(0.9

Height range, SDS: –4.5 to –0.9 

Male: 67%

Race: ND

Enrolled: ND

Evaluated: 23

Number of sites: 1
	Isolated GH deficiency, or 

Multi-pituitary hormone deficiency
	None
	GH deficiency
	Prospective cross-sectional

	
	
	
	
	
	

	Gordon

1984

84214634

Gordon

1982

82268405


	Location: US

Setting: Pediatric endocrinology clinic

Mean age: 
Cases 10(2.2 y
Controls 10(2.1 y

Age range: 
Case 6-12 y
Control 6-12 y

Mean height, SDS: <5th percentile

Male: 83%

Race: ND

Mean SES: 3.5 (Hollinghead)

Enrolled: ND (23 controls)

Evaluated: 24 (23)

Number of sites: 1
	Cases - Constitutional short stature < 5th percentile height
Skeletal maturation delayed > 13 months 
Height velocity > 4 cm/y

Controls - Normal height
Matched for age, IQ, SES and sex
	Cases - Abnormal GH studies
Psychiatric history

Controls - Psychiatric history
	Isolated short stature
	Prospective cross-sectional cohort

	
	
	
	
	
	

	Holmes

1986

Holmes

1985

86060101 


	Location: US

Setting: Pediatric endocrinology clinic

Mean age, initial: 12 y

Mean age, follow-up: 15 y

Age range: ND

Mean height, SDS: < –2

Male: ND

Race: ND

SES: Middle class 21%

Enrolled: 76

Evaluated: 47

Number of sites: 1
	Height < –2 SDS

Patients at pediatric endocrinology clinic
	Additional medical diagnoses (e.g., IDDM)
	Isolated short stature:
GH deficiency (17)
Constitutional delay (21)

Turner syndrome (9)
	Prospective longitudinal cohort

(Mean 3.1 y
Range 2.2-4.0 y)

	
	
	
	
	
	

	Kranzler

2000

20102780


	Location: US

Setting: Region

Mean age: 10(1.4 y

Age range: 6-12 y

Mean height, SDS:
Referred –2.7(1.0
Non-referred –1.7(0.5
Controls +0.1(0.4

Height range, SDS:
Referred –4.5 to –1.3
Non-referred –3.2 to –1.3
Controls –0.7 to +0.7

Male: 51%

Race: ND

Enrolled: ND

Evaluated: 61 (29 controls)

Number of sites: 2
	Referred Cases - Height < 5th percentile
Pediatric endocrinology clinics
(n=27)

Non-referred - Identified in local public schools as shortest 10% of class
(n=34)

Controls - Height in middle 50%
At local public schools.
	IQ < 75

Serious psychiatric or medical problem

English not primary language
	Isolated short stature
	Prospective cross-sectional cohort

	
	
	
	
	
	

	Lai

1994

95243689


	Location: UK

Setting: Clinic

Mean age: 9±2 y

Age range: ND

Mean height, SDS: –2.2(1.5

Male: 80%

Race: White 95%; West Indian 5%

SES: 80% Middle-class or higher

Enrolled: 30

Evaluated: 25

Number of sites: 3
	Russell-Silver Syndrome (met 3 of 5 criteria)

Age 6-12 y
	None
	RSS
	Prospective cross-sectional

	
	
	
	
	
	

	McCauley

1987

87161055

McCauley

1986

86141341


	Location: US

Setting: Pediatric endocrinology clinic

Mean age: 
Turner 13(2.4 y
SS 13(2.8 y

Age range: ND

Mean height:
Turner 52(5.0 in
SS 53(4.5 in

Male: 0%

Race: White 94%, Black 6%

SES:41(16 (Hollingshead revised)

Enrolled: 23 (22 controls with SS)

Evaluated: 33 total

Number of sites: 1
	Cases - Turner syndrome
Followed at Endocrine and Genetics Clinics

Controls - Girls with height < 5th percentile from cause other than Turner syndrome
Followed at Endocrine and Genetics Clinics
	Verbal IQ < 79-80
	Turner syndrome (17)

Isolated short stature (16)
	Prospective cross-sectional cohort

	
	
	
	
	
	

	Meyer-Bahlburg

1978

78184456


	Location: US

Setting: Pediatric endocrine clinic

Mean age:
GH def 12 y
Multi-hormone def 13 y

Age range:
GH def 4-18 y
Multi-hormone def 6-18 y

Mean height, SDS:
GH def –3.6
Multi-hormone def –3.9

Height range, SDS:
GH def –4.8 to –2.4
Multi-hormone def –6.0 to –1.9

Male: 73%

Race: ND

Enrolled: 29

Evaluated: 22 (age ( 18 y; 29 total)

Number of sites: 1
	Isolated growth hormone deficiency, or

Multiple hormone deficiency
	None
	Isolated growth hormone deficiency (9 total)

Multiple hormone deficiency (13 total)
	Prospective cross-sectional cohort

	
	
	
	
	
	

	Pollitt

1964
	Location: US

Setting: Endocrine clinic

Mean age: ND

Age range: 3-16 y

Mean height: ND

Height range: 70-126 cm

Male: 40%

Race: ND

Enrolled: ND

Evaluated: 15

Number of sites: 1
	Significant short stature thought to be due to growth hormone deficiency – either pan-hypopituitary or isolated

Pediatricians thought were well-adjusted psychologically and had cooperative parents
	None
	Isolated short stature
	Prospective cross-sectional cohort

	
	
	
	
	
	

	Robinson

1983

84052395


	Location: US

Setting: Region

Mean age: ND

Age range: 7-15 y

Mean height: ND

Male: 0%

Race: ND

Enrolled: 9

Evaluated: 9

Number of sites: ND
	Monosomy X karyotype (45, X) and partial monosomy X
	None
	Turner Syndrome
Monosomy (6)
Partial monosomy (3)
	Prospective cross-sectional cohort

	
	
	
	
	
	

	Ross

1997

97320537


	Location: US

Setting: ND

Mean age: 9.5 y

Age range: ND

Mean height: ND

Male: 0%

Race: 87% White

SES: 47 (Hollingshead)

Enrolled: ND

Evaluated: 40

Number of sites: 2
	Turner syndrome, confirmed by karyotyping

Age (5 and <12 y
	Estrogen treatment

Androgen treatment
	Turner syndrome
	Prospective cross-sectional cohort (derived from RCT of GH treatment)

	
	
	
	
	
	

	Rovet

1985
	Location: Canada

Setting: Clinic

Mean age: 14±1 y

Age range: ND

Mean height: 139(9 cm

Male: 100%

Race: ND

Enrolled: 27

Evaluated: 25

Number of sites: 1
	Height more than 2 SD below mean
	History of familial short stature
	Isolated short stature
	Prospective cross-sectional

	
	
	
	
	
	

	Siegel

1986
	Location: US

Setting: Endocrinology clinic

Mean age: 12(2.3 y

Age range: 6-16 y

Mean height, SDS: < –2

Male: 71%

Race: ND

SES, Social position: High 5%, High average 21%, Average 31%, Low average 33%(14), Low 10%

Enrolled: 53

Evaluated: 42

Number of sites: 2
	Idiopathic hypopituitarism
	Deprivation dwarfism

Craniopharyngioma

Age < 6 y

IQ < 30
	Isolated short stature
GH def (28)
Multiple hormone def (14)
	Prospective cross-sectional cohort

	
	
	
	
	
	

	Siegel

1994
	Location: US

Setting: Endocrinology clinic

Mean age: 
GHD 11(2.7 y
ISS 11(2.6 y
Control 11(2.8 y+

Age range: ND

Mean height, SDS:
GHD –2.7(0.6
ISS –2.8(0.6
Control +0.1(0.9

Male: 75%

Race: White 91%

Enrolled: 177 (90 controls)

Evaluated: 177 (90)

Number of sites: 27
	Cases - Height < 3rd percentile

Controls - Normal height
	Known mental impairment

Severe psychiatric

Chronic medical illness

Non-English speaking

Short stature secondary to systemic disease, tumor, or genetic abnormalities
	Isolated short stature
GH Def (87)
Idiopathic SS (90)
	Prospective cross-sectional cohort

	
	
	
	
	
	

	Siegel

1998

98356098 


	Location: US

Setting: Clinic

Initial mean age: 10 y
Control 11 y

Initial mean height:
TS 120(13 cm
GHD/ISS 125(12 cm
Control 145(17 cm

Male: 0%

Race: ND

Enrolled: 88 (Controls 67)

Evaluated: 47 (25)

Number of sites: ~27
	Cases - Girls with Turner syndrome, GH deficiency, or idiopathic short stature

Controls - Matched for age and socioeconomic status
	Did not follow through with 3 y of GH therapy
	Turner syndrome (22)

GH deficiency (13)

Idiopathic short stature (12)
	Prospective longitudinal cohort 

(3 y)

	
	
	
	
	
	

	Skuse

1997

Gilmour

1996

96408881

Skuse

1994

95252652
	Location: UK

Setting: Growth clinics

Mean age:
Case 8(1.5 y
Control 9(1.4 y

Age range:
Case 6-11 y
Control 2-11 y

Mean height, SDS :
Case –2.5(0.3
Control –0.3(1.1

Male: 72%

Race: ND

SES (Parent profession): 59% advantaged/professional ; 14% clerical/craft; 14% manual

Enrolled: 31 (25 controls)

Evaluated: 22 (22)

Number of sites: 2
	Cases - Height < 5th percentile
(< –2 SDS)
Height velocity over the last year above –1.5 SDS
Age 6-11 y
Prepubertal

Controls - From each case’s school class, matched for age, sex, and SES
	Cases - Bone age delayed > 2 y

Medical treatment for growth retardation
Russell-Silver children who had IQ < 72
	Isolated short stature (15)

Russell-Silver syndrome (7)
	Prospective cross-sectional cohort

	
	
	
	
	
	

	Stathis

1999

20099119


	Location: Australia

Setting: Region

Mean age: 5.5 y

Age range: 4-6 y

Mean height: <3rd percentile

Male: 53%

Race: ND

Enrolled: ND

Evaluated: 113 (3,178 controls)

Number of sites: 1
	Cases - Height < 3rd percentile
Age 4-6 y

Controls - Height between 10th and 90th percentile
Age 4-6 y
	PPVT-R score < 50

Cerebral palsy

Other serious neurological disorder
	Isolated short stature
	Prospective cross-sectional cohort

	
	
	
	
	
	

	Steinhausen

1976

77086274


	Location: Germany

Setting: Inpatient

Mean age:
SS 14(2.7 y
Control 14(2.6 y

Age range: 
SS 9-18 y
Control 9-18 y

Mean height, SDS: <3rd percentile

Male: 81%

Race: ND

SES: Lower class 59%, Middle class 41%

Enrolled: ND

Evaluated: 32 (32 controls)

Number of sites: 1
	Cases - Height < 3rd percentile

Controls - Age and sex matched from local schools with “normal” stature
	None
	Isolated short stature
GH deficiency (16)
Constitutional delay (16)
	Prospective cross-sectional cohort

	
	
	
	
	
	

	Tanner

1975

75217260


	Location: UK

Setting: Growth disorder clinic

Mean age: ND

Age range: 1.4-10 y

Mean height, SDS: –3.6

Height range, SDS: –6.3 to –2.2

Male: 56%

Race: ND

Enrolled: 39

Evaluated: 39

Number of sites: 1
	Russell-Silver syndrome

Height < –2 SDS

Adjusted birth weight ( 2 SD below the mean of the Tanner-Thomson standard
	None
	RSS
	Unclear

	
	
	
	
	
	

	Voss

1994

Voss

1991

92151680

Downie

1997

97159125 

Downie

1996

96408882


	Location: UK

Setting: Region

Mean age: ND

Age range: Data at ages 5-6 y, 7-9 y, 11-13 y, mean 13 y (see comments)

Mean height (age 5-6 y), SDS:
Case –2.3(0.3
Control +0.1(0.6

Mean height (mean age 13, No GH): Case 139 cm
Control 155 cm

Male: 54%

Race: ND

SES: Class I/II 20%; Class III 49%; Class IV/V 31%; 25% unemployed fathers

Enrolled: 140 (140 controls)

Evaluated: 140 (140)
(See comments)

Number of sites: 1
	Cases - Height <3rd percentile, starting school between 1985 and 1986

Controls - From same school class
Height between 10th and 90th percentile
Matched for age, sex and school class
	Cases - Organic disease (e.g., Turner syndrome or celiac disease); Immigrant parents

Controls - None
	Isolated short stature
	Prospective longitudinal cohort

(up to 9 y)

	
	
	
	
	
	

	Wilson

1986
	Location: US

Setting: ND

Mean age: ND

Age range: 6-17 y

Mean height, SDS: ND

Male: ND

Race: ND

Enrolled: ND

Evaluated: 6,768-7,119 (all heights)

Number of sites: ND
	National Health Examination Survey (NHES):
1963-1965: 7,119 children
6-11 y
1966-1970: 6,768 adolescents
12-17 y
	None
	Isolated short stature
	Prospective cross-sectional cohort

	
	
	
	
	
	

	Young-Hyman

1986
	Location: US

Setting: Endocrine clinic

Mean age: 12 y

Age range: ND

Mean height, SDS: ND

Male: 78%

Race: ND

SES: Upper middle class

Enrolled: 27

Evaluated: 27

Number of sites: 1
	Children with SS who presented to endocrine clinics for evaluation
	Chronic health problem

Mental disability
	Isolated short stature
	Prospective cross-sectional cohort


	Author, Year
	Predictors
	Predictor Measures
	Outcomes
	Outcome Measures

	
	
	
	
	

	Abbott

1982

82277019


	Isolated short stature
	ND
	Cognitive/Academic
	IQ (WISC)

Academic achievement (WRAT)

Visual-motor skills (Developmental Test of Visual-Motor Integration)

	
	
	
	
	

	Angehrn

1979

80093987
	Russell-Silver syndrome
	Height < –2 SDS, low normal growth velocity, low birth weight for gestational age, moderate bone age retardation, typical small triangular face, and large skull
	Cognitive/Academic
	IQ (ND)

	
	
	
	Psychomotor
	Psychomotor development (Denver developmental screening test)

	
	
	
	
	

	Frisch

1990

90350511


	Isolated short stature/GH deficiency

Hypopituitary GH deficiency
	GH peak < 5 ng/ml in 2 stimulation tests
	Cognitive/Academic
	IQ (HAWIK & HAWIE, German version of Wechsler IQ test)

Academic performance (Repetition of grade)

	
	
	
	Behavioral/Psychological
	Personality structure tests (Freiburger Personality Questionnaire, Giessen Test)

Sociability, Social activity, Neuroticism (Hamburger Neuroticism-Extroversion Scales)

	
	
	
	
	

	Gordon

1984

84214634

Gordon

1982

82268405
	Isolated short stature
	Height < 5th percentile
	Cognitive
	IQ (WISC-R)

Math, reading, comprehension (PIAT)

	
	
	
	Behavioral
	School adjustment, Internalization (CBCL – Teacher)

	
	
	
	
	

	Holmes

1986

Holmes

1985

86060101 


	Isolated short stature:

CGD (21)
	Retarded bone age, growth velocity within 2 SD of normal for age, projected adult height normal
	Cognitive/Academic
	IQ (WISC-R)

	
	
GHD (17)
	Maximum GH ( 7 ng/ml on 9 samples
	
	

	
	
TS (9)
	ND
	
	

	
	
	
	
	

	Kranzler

2000

20102780


	Isolated short stature
	Referred: Height < 5th percentile

Non-referred: Height < 10th percentile of class
	Cognitive/Academic
	Verbal and non-verbal intelligence (K-BIT)

Educational achievement (KTEA brief form)

	
	
	
	Behavioral
	Adaptive and problem behaviors (BASC – Teacher)

	
	
	
	
	

	Lai

1994

95243689


	Isolated short stature
	Russell-Silver syndrome
	Cognitive/Academic
	IQ (WISC)

Reading comprehension (Neale Analysis of Reading Ability)

Arithmetic comprehension (ND)

Cognitive processing (Matching Familiar Figure Test)

Special educational needs

	
	
	
	
	

	McCauley

1987

87161055

McCauley

1986

86141341
	Turner syndrome 
	Karyotype showing absence of all or part of an X chromosome
	Cognitive
	IQ (WISC)

	
	
	
	Behavioral
	Behavior factor (Piers-Harris Scale – Children self-report)

	
	Isolated short stature
	Height < 5th percentile
	Psychological 
	Depression (Children’s Depression Inventory)

	
	
	
	
	

	Meyer-Bahlburg

1978

78184456
	Isolated growth hormone deficiency, and multiple hormone deficiency
	GH deficient or panhypopituitary
	Cognitive
	IQ (WISC)

	
	
	
	
	

	Pollitt

1964
	Hypopituitary short stature
	Panhypopituitary 

Isolated GH deficiency

Turner syndrome

Primordial

Undiagnosed
	Cognitive
	IQ (WISC Scale for Children – age > 5 y)

	Robinson

1983

84052395


	Turner Syndrome
	45, X monosomy or partial monosomy on karyotype from chromosomal exam of amniotic membrane
	Cognitive
	IQ (Wechsler Preschool and Primary Scale of Intelligence)

Language development (“A comprehensive speech and language evaluation”)

	
	
	
	Physical Development
	Neuromuscular maturation (Bruininks-Oseretsky Test of Motor Proficiency)

	
	
	
	
	

	Ross

1997

97320537
	Turner syndrome
	Karyotype 45,X
	Cognitive/Academic
	IQ (WISC-R)

Academic achievement (WART - reading)

	
	
	
	
	

	Rovet

1985
	Isolated short stature
	SD from mean
	Cognitive
	IQ (WISC)

	
	
	
	
	

	Siegel

1986
	Hypopituitary isolated short stature
	GH secretion < 7 ng/dL, delayed bone age, growth < 4 cm in past year, height < –2 SDS or below the 3rd percentile
	Cognitive/Academic
	IQ (WISC-R)

Academic achievement (WRAT)

Visual-motor integration skills (Bender Visual-Motor Gestalt Test: a significant visual-motor integration deficit was defined as if the developmental score was < 16th percentile, and four or more errors were significant indicators of brain injury)

	
	
	
	
	

	Siegel

1994
	Isolated short stature
GH deficient
Idiopathic short stature
	Height < 3rd percentile
	Cognitive/Academic
	IQ (Slosson Intelligence Test)

Academic achievement (WRAT - revised)

	
	
	
	
	

	Siegel

1998

98356098 
	Isolated short stature
	Turner syndrome

GHD/ISS
	Cognitive/Academic
	IQ (Slosson Intelligence Test)

Academic achievement (WRAT - revised)

	
	
	
	
	

	Skuse

1997

Gilmour

1996

96408881

Skuse

1994

95252652
	Isolated short stature and Russell-Silver syndrome
	Height < –2 SDS
	Cognitive
	IQ (WISC for children – version III)

	
	
	
	Behavioral
	Competence and self-concept (Harter Self Perception Profile for Children, Harter Pictorial Scale of Perceived Competence and Social Acceptance for Young Children, CHIPS)

	
	
	
	
	

	Stathis

1999

20099119
	Isolated short stature
	Height < 3rd  percentile
	Cognitive
	Receptive vocabulary (PPVT-R, which correlates closely with intellectual ability)

	
	
	
	
	

	Steinhausen

1976

77086274


	Isolated short stature
	Height < 3rd percentile
GH deficiency or no endocrine disease
	Cognitive/Academic
	Primary mental abilities (LPS)

IQ (WISC)

Academic performance (Grade level for age)

School achievement (ND)

	
	
	
	Behavior
	Extraversion and Neuroticism (Hamburg Neuroticism Extraversion Scale)

	
	
	
	
	

	Tanner

1975

75217260
	Russell-Silver syndrome
	Height < –2 SDS, adjusted birth weight< –2 SDS, no other obvious cause of short stature
	Cognitive/Academic
	IQ (ND)

Academic achievement (Grade repetition)

	
	
	
	
	

	Voss

1994

Voss

1991

92151680

Downie

1997

97159125 

Downie

1996

96408882
	Isolated short stature
	Height < 3rd percentile
	Cognitive/Academic
	IQ (Short form IQ scale of the British Ability Scales)

Attainment (Word reading and basic number skills scales of British Ability Scales)

	
	
	
	Behavioral
	Behavioral problems (Rutter’s Behavior Questionnaire – Teacher)

Locus of control (Nowicki and Strickland scale )

	
	
	
	
	

	Wilson

1986
	Isolated short stature
	Height < 5th percentile
	Cognitive/Academic
	IQ (WISC)

Academic achievement (WRAT)

	
	
	
	
	

	Young-Hyman

1986
	Isolated short stature
	ND
	Cognitive
	IQ (WISC-R)

Visual-motor integration skills (Bender Visual-Motor Gestalt Test)


	Author, Year
	Associations found
	Potential Biases
	Comments

	
	
	
	

	Abbott

1982

82277019


	Mean (SD) IQ of children with SS due to pituitary hormone deficiency (n=11) was Full Scale = 88 (17), Verbal = 89 (20), Performance = 89 (16), Reading = 88 (17), Spelling = 85 (14), and Arithmetic = 83 (15)

Mean (SD) WRAT scores for children with SS (n=11) were Reading = 88 (17), Spelling = 85 (14), and Math = 83 (15)
Visual-Motor Integration skills were significantly below average among children with SS
	Compared to population norms
	Study was government and hospital funded

	
	
	
	

	Angehrn

1979

80093987


	Mean (range) IQ for children with SS due to RSS (n=9) was 91 (38 to 110); 3 subjects had low IQs of 85, 83, and 38; an additional 5 subjects were “probably of normal intelligence”

Of subjects with RSS, 3 of these children had microcephaly; 3 children had sub-normal IQ, 2 of whom had microcephaly

More than half of the psychomotor activities on the Denver developmental screening test occurred at an age > 90th percentile in subjects with RSS (n=14)
	Incomplete testing

IQ test used not reported

Incomplete and unclear reporting

Small sample size for IQ data
	No data on funding source

	
	
	
	

	Frisch

1990

90350511


	The median (range) IQ of children with GHD (n=23) were Full Scale = 115 (68-131), Performance = 114 (61-136), Verbal = 104 (72-128); full score and performance IQ were significantly higher than population norms; verbal IQ was similar to population norms

Performance Behavior (zeal and school aversion) was similar in children with GHD (n=20) compared to population norms

Sociability in children with GHD (n=20) than population norms; Social activity in children with GHD was similar to population norms (No further data)

Emotional Stability (including mood, control, depression) in children with GHD was similar to population norms (No further data)

Delayed Schooling was more common in children with multiple pituitary hormone deficiencies and SS (33%) than normal population (2.1%)
	Compared to population norms

Reporting incomplete
	No data on funding source

	
	
	
	

	Gordon

1984

84214634

Gordon

1982

82268405


	Mean (SD) IQ for children with SS due to constitutional delay (n=24) were total 108 (14), verbal 107 (16), and performance 108 (14).

Mean (SD) scores on PIAT for children with SS (n=24) were math 103 (16), reading recognition 102 (11), and comprehension 102 (11); these were, similar to scores among children with normal stature who were matched by IQ (n=23): 103 (9.6), 102 (7.5), and 103 (10), respectively

Mean (SD) teacher CBCL scores for children with SS (n=24) were total 31.2 (26.5) and for controls (n=23)  27.5 (27.6); conduct problem scores were 22.6 (4.3) and 24.1 (6.8), respectively; inattentive/passive 12.7 (4.8) and 12.1 (4.8), respectively; hyperactive 13.7 (5.9) and 11.9 (4.3), respectively; and socialization 14.7 (2.5) and 14.3 (3.0), respectively
	Comparisons of cognitive function between short children and controls of questionable value since controls were matched for overall IQ

No outline of the statistical analyses used in the paper; therefore, it is hard to evaluate the significance
	Study was government and private funded

There is no evidence that these behavior problems constitute a disability

The subjects and controls were matched for IQ and had equal school performance

	
	
	
	

	Holmes

1986

Holmes

1985

86060101 


	Mean (SD) Verbal IQ in children with isolated SS (n=47) was 102 (13); among these children, those with GH deficiency (n=17) verbal IQ was 97 (13), those with constitutional delay (n=21), 104 (14) and those with TS (n=9), 103 (14); these were all similar to population norms
	40% non-participation rate

Those declining participation more likely to have constitutional delay and to have received optimal treatment benefits

Study presented only partial data, focusing on significant results

IQ compared only to population norms
	No data on funding source

	
	
	
	

	Kranzler

2000

20102780


	Mean (SD) IQ scores of referred children with SS (n=27) were Verbal = 101 (16), Matrices = 106 (14), and Composite = 103 (14); of non-referred children with SS (n=34) were Verbal = 104 (15), Matrices = 105 (14), and Composite = 105 (14); and of normal controls (n=29) were verbal = 110 (12), matrices = 110 (17), and composite = 112 (13);
Post hoc analysis found that referred short children had significantly lower Verbal IQ than normal controls; other comparisons were statistically similar

Mean (SD) composite and spelling Educational Achievement (KTEA) scores were similar for referred short children, 106 (18) and 105 (15), non-referred short children, 107 (19) and 104 (19); and, controls, 114 (17) and 102 (17).

Mean (SD) mathematics and reading KTEA scores were lower for referred short children, 107 (21) and 104 (15) and for non-referred short children, 105 (19) and 106 (18) than for controls, 121 (20) and 115 (18).

Teacher ratings on BASC for Externalizing behavior, Internalizing behavior, School Problems composite, Behavior symptoms index and Adaptive Skills composite were each similar among referred short children, non-referred short children and normal controls
	Study of cognitive skills excluded children with low IQ

Definition of non-referred short children sample vague

Predominantly post hoc analyses
	Study was government, privately and pharmaceutical funded

	
	
	
	

	Lai

1994

95243689


	The mean (SD) IQ of children with RSS (n=25) were Full Scale = 86 (24), range 46-130, Verbal = 89 (23), range 52-141, and Performance = 84 (24), range 47-127; these were significantly lower than population norm, 100 (15)

In children with RSS, larger Head Circumference was significantly associated with higher IQ (r=0.5-0.6)

Reading Comprehension in children with RSS was delayed by a mean of 15.4 months; Arithmetic Competence was delayed by a mean of 7 months

Cognitive Processing, measured by reaction time and error scores in children with RSS (n=22) was similar to normal controls from an earlier study (n=90)

Special Education needs were necessary in 9 (36%) children with RSS, primarily in reading and language skills; 12 (48%) children received speech therapy
	Compared to population norms and controls from prior study
	No data on funding source

	
	
	
	

	McCauley

1987

87161055

McCauley

1986

86141341


	Mean verbal and performance IQ (SD) for girls with TS (n=17) were 95 (11) and 91 (10), respectively; those IQ (SD) scores for girls with SS not due to TS (n=16) were 100 (12) and 108 (14), respectively.
The difference in performance IQ between the groups was significant; however, both groups had verbal and performance IQ scores within 1 SD of the mean

Girls with TS had significantly lower performance on arithmetic, digit span, picture completion, object assembly, and coding subscales than girls with SS; performance on other subscales were similar for the two groups

Self-reported Piers-Harris behavior factor and Children’s Depression Inventory scores were similar in girls with TS and girls with SS;
“Although the TS children indicated low self-concept they did not endorse features of clinical depression.”
	Excluded children with low IQ
	Study was hospital funded

	
	
	
	

	Meyer-Bahlburg

1978

78184456


	Mean IQ of children with isolated GHD (n=13) was 101, and of children with multiple hormone deficiency (n=9) was 102

Patients with multiple hormone deficiencies have somewhat lower IQs than patients with isolated GHD, after controlling for SES
	Compared to population norms
	No data on funding source

	
	
	
	

	Pollitt

1964
	Mean (SD) IQ for children over age 5 with SS (n=13) were total 103 (16), verbal 103 (15), and performance 102 (16);
These IQ scores were not significantly different than normal IQ
	Compared to population norms
	No data on funding source

Descriptive study

	
	
	
	

	Robinson

1983

84052395


	Mean (SD) IQ of girls with TS (n=9) were Full Scale = 87 (20), Verbal = 93 (25), and Performance = 83 (12). Siblings (n=17) had significantly higher Full Scale IQ = 111 (15) and Performance IQ = 107 (14), but similar Verbal IQ =113 (15).

The TS girls were at non-significantly greater risk of developing Language Disorders than their unaffected siblings
	Small sample

Handwriting problems not defined

Methods and results not fully reported

Most analyses were done for all subjects (girls and boys with various sex chromosomal anomalies) together
	No data on funding source

	
	
	
	

	Ross

1997

97320537


	Mean (SD) Full scale IQ in girls with TS with GH treatment (n=20) was 98 (14) and without GH (n=20) was 99 (15)

Mean (SD) Academic Achievement (WART) reading score in girls with TS with GH treatment (n=20) was 100 (14) and without GH treatment (n=20) was 97 (17), similar to population norms
	Indirectly compared to population norms
	Study was government funded

	
	
	
	

	Rovet

1985
	The mean IQ of boys with SS (n=25) were Verbal = 98, Performance = 102, and Full Scale = 101
	Compared to population norms
	Study was hospital funded

	
	
	
	

	Siegel

1986
	Mean (SD) IQ for children with hypopituitary SS (n=42) were verbal 94 (18), range 52 to 127, and performance 94 (16), range 49-123;
Both the verbal and performance IQ were significantly below normal IQ

Mean (SD) WRAT scores for children with hypopituitary SS (n=42) were reading 96 (16.9), range 52 to 131, and math 85 (13.9), range 52-126;
The WRAT reading score was in normal range, but the WRAT math score was significantly below the normal score (100)

Significant visual-motor integration deficits occurred in 11 (26%) of children with hypopituitary SS (n=42), indicating “a significant number of hypopituitary youngsters have visual-motor integration problems.”
	Compared to population norms

Excluded children with severe mental retardation
	Study was hospital funded

	
	
	
	

	Siegel

1994
	Mean (SD) IQ for children with GHD (n=87) was 110 (16) for children with ISS (n=90) was 107 (19); compared to 116 (15) for control children (n=90);
Significantly more GHD children (9%) and ISS children (18%) had IQs < 90, than control children (3%)

Mean (SD) WRAT scores for children with GHD (n=87) were reading 103 (18), spelling 98 (17), and math 99 (17); for children with ISS (n=90) were reading 102 (18), spelling 98 (17), and math 96 (21); and for control children (n=90) were reading 105 (14), spelling 103 (14), and math 105 (16)
Significantly more ISS children (22%) had a skill deficit in math (score < 80) compared to GHD (10%) and normal children (7%)
	Excluded children with “known mental impairment”
	No data on funding source

	
	
	
	

	Siegel

1998

98356098 


	The mean IQ of girls with TS (n=22) was 102 (11), and with GHD/ISS (n=25) was 105 (15); these were not significantly different than controls (n=25) with 109 (17).

Mean (SD) WRAT scores for children with TS (n=22) were reading 98 (15), spelling 95 (19), and math 90 (16); for children with GHD/ISS (n=25) were reading 105 (18), spelling 99 (21), and math 102 (22); and for control children (n=25) were reading 98 (16), spelling 100 (15), and math 99 (20). No significant differences among groups.
	CBCL completed by parent, typically mother
	Study was pharmaceutical company funded

	
	
	
	

	Skuse

1997

Gilmour

1996

96408881

Skuse

1994

95252652
	Mean (SD) IQ of children with SS (n=22) were Full Scale =  96 (19), Verbal = 95 (20), and Performance =  97 (17); for normal children (n=22), Full Scale = 107 (17), Verbal = 105 (17), and Performance = 108 (17);
Children with SS had statistically lower Full Scale IQ and Performance IQ than controls, but statistically similar Verbal IQ

Conduct, Global, Physical, Athletic, Social, and Scholastic competencies measured by Teacher CBCL were similar among SS children (n=17) and controls
	Excluded Russell-Silver Syndrome children who had low IQ

Incomplete reporting of results.

Teacher CBCL completed only on subset of subjects
	Study was pharmaceutical funded 

	
	
	
	

	Stathis

1999

20099119


	Mean receptive vocabulary score on PPVT-R test for boys with SS (n=60) was 92, which was significantly lower for normal height boys, 98 (n=1,660)

Mean receptive vocabulary score on PPVT-R test for girls with SS (n=53) was 92, which was significantly lower for normal height girls, 95 (n=1,508)
	Study of correlation of PPVT-R score  to height excluded those with score < 50
	No data on funding source

PPVT-R score was adjusted for maternal age, education, non-English speaking background, age at evaluation, maternal depression at birth and maternal height

	
	
	
	

	Steinhausen

1976

77086274


	Mean IQ for children with SS (n=32) were total 103, verbal 102, and performance 103.

Primary mental abilities on LPS intelligence test were significantly different among children with SS (n=32) and controls (n=32) for only 2 of 14 measures of intelligence; Spatial orientation was 4.7 for SS children and 6.2 for controls; Speed of closure was 4.4 for SS children and 5.3 for controls

Grade level was appropriate in 59% of children with SS (n=17); Academic achievement was adequate in 48% of SS children

Among children with short stature (n=32) mean extraversion and neuroticism scores on HANES were 11.4 and 12.9, respectively. These were similar to controls (11.6 and 15.6, respectively).
	Not all of the psychological tests are published and validated; the one well-known test (WISC) was used without data in control group

Many comparisons with some statistical significance but questionable clinical significance; the intelligence (LPS) and personality (CPQ) variables are not well defined

No statistical comparison was done for social and coping behavior; and, school performance; Average scores only

No outline of how the subset 17 kids were selected

School achievement not defined
	No data on funding source

	
	
	
	

	Tanner

1975

75217260


	Mean (SD) IQ for children with SS due to RSS (n=11) was 103 (21), range 70-130

Of subjects with RSS and head circumference < 3rd percentile (n=18), 83% were at “normal” schools, 17% were at schools for educationally subnormal children (“usually IQ < 80”);
Of subjects with head circumference > 3rd percentile (n=19), all were at normal schools
	IQ test not described and performed in only a sub-sample
	No data on funding source

	
	
	
	

	Voss

1994

Voss

1991

92151680

Downie

1997

97159125 

Downie

1996

96408882


	Mean (SD) IQ in children aged 7-9 y with SS (n=140)was 102 (15.2) and for controls with normal height (n=140), IQ was 104 (14.1); there was no significant difference between the two groups; there was also no significant difference in Verbal scales, Non-verbal scales, Speed of Information Processing, or Reading or Number Attainment, after controlling for SES

Behavior Disturbance (total Teacher RBQ score > 9) occurred in  29% of children aged 7-9 y with SS (n=132), and in 21% of control children (n=132); the difference was not significant;
Hyperactivity (Activity subscale score ( 3) occurred in 16% of SS children compared to 8% of control children (p=0.003);
Mean (SD) Total Behavior scale score for children with SS was 6.2 (6.2), compared to 5.1 (6.5) for control children (NS)
Conduct subscale score was 1.2 (2.3) for children with SS, compared to 1.0 (2.1) for control children (NS)
Emotional subscale score was 1.2 (1.4) for children with SS, compared to 1.2 (1.7) for control children (NS)
Activity subscale score was 1.7 (2.1)for children with SS, compared to 1.1 (1.6) for control children (NS after controlling for SES)

Mean (SD) IQ in children aged 13 y with SS, not treated with GH, (n=84-106 for different tests) and controls (n=93-119), were 103 (17) and 109 (16), respectively (p=0.005);
Reading Attainment of 44.3 (8.8) and 47.9 (8.5), respectively (p=0.002);
Math Attainment of 40.2 (7.2) and 43.5 (9.2), respectively (p=0.003);
Locus of Control score of 16.6 (5.0) and  14.3 (5.1), respectively (p=0.001),
Behavior score of 6.8 (7.5) and 5.3 (6.8), respectively (NS);
The statistical significance of these differences were reduced, but remained significant, after controlling for SES
	None noted
	Studies were hospital and pharmaceutical funded

Downie studies included subsets of subjects in Voss studies; one examined subjects treated with GH; one examined untreated subjects

Different sized subsets of subjects, at different ages, analyzed in different articles

	
	
	
	

	Wilson

1986
	Mean IQ (WISC) for children with SS, aged 12-17 (N~350) was 92

Mean IQ (WRAT) for children with SS, aged 12-17 (N~350) was 91

Among children of all heights, aged 6-11 (n=7,119), both WISC and WRAT scores showed a significant but small correlation with height (r=0.18, WISC; r=0.17, WRAT)

Among children of all heights, aged 12-17 (n=6,768), both WISC and WRAT scores showed a significant but small correlation with height (r=0.20, WISC; r=0.19, WRAT)

“The association between height and IQ scores is less among the subjects with a high family income”
	Prevalence and correlation data only

Incomplete reporting
	Study was government funded

	
	
	
	

	Young-Hyman

1986
	Mean (SD) IQ for children with SS (n=27) was 110 (16), range was 85 to 142

Mean (SD) perceptual-motor skill for children with SS (n=27) was significantly delayed at 9.2 y (1.2 y), compared to chronological age 11.8 y
	How significance was defined for perceptual-motor skill test was not outlined in the paper
	No data on funding source
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