Evidence Table 1. Question 1 – Studies evaluating association of neonatal hyperbilirubinemia to neurodevelopmental outcomes – Part I

	Author, Year
	Demographics
	Inclusion Criteria
	Exclusion Criteria
	Study Design

(Duration)

	Bengtsson, 1974

[#74170112]
	Location: Sweden

Setting: Hospital

Birth years: 1957 to 1962

Number of centers: ND

Enrolled subjects: 111 (115 controls)

Evaluated subjects: 105 (113)

Mean GA (range): 38-42 wks

Mean BW (range): > 2500 g

Mean Apgar score at 5 min: ND

Breastfed: ND

Male: ND

Race: ND
	Healthy term infants with SB > 20 mg/dl

BW > 2500 g

GA 38-42
	Any iso-immunization (positive Coombs tests)

Obstructive jaundice

Sepsis, Asphyxia, other serious neonatal disorders

Mom with prolonged labor, difficult delivery, C/S or other

    pregnancy complication
	Prospective 

cohorts 

(6.5-13 

years)

	Boggs, 1967

[#67261091]
	Location: US

Setting: CPP

Birth years: 1959 to 1964

Number of centers: 14

Enrolled subjects: 23000

Evaluated subjects: 18484

Mean GA (range): ND

Mean BW (range): > 2500 g

Mean Apgar score at 5 min: 3% < 7; 97% 7-10

Breastfed: ND

Male: ND

Race: ND
	Unselected live-born singletons sample

For current review, only infants with BW > 2500 g were evaluated
	Death (426)

Institutionali-zation (8)


	Preliminary

report of a 

prospective

longitudi-

nal study

	Boo, 1994

[#95018454]
	Location: Malaysia

Setting: Hospital

Birth years: 6/1/1984 to 12/32/1984

Number of centers: 1



Controls
Hearing loss
Enrolled subjects: 
Total=136


Evaluated subjects: 
100
28

Mean GA (range): 
39.9(0.6
39.6(1.0 wks

Age at recruitment:
7.1(3.6
11.6(18.6 days

Mean BW (range): 
3021.7(501.8
3023(365.1 g

Mean Apgar score

 at 1 min: 
ND
ND

Breastfed (%): 
20%
32%

Male (%): 
80/128=62.5%

Race (%) –

Malays:
50%
54%

Chinese:
38%
29%

Indians:
11%
10%
	Jaundiced term infants admitted to the out-born nursery
	Aminoglyco-side Rx (5)

Congenital cyanotic heart disease (1)

Congenital infection (2)
	Prospective and retrospec-tive cohorts: data collection was prospective but analysis was retrospec-tive

	Chen, 1995

[#96017937]
	Location: Taiwan

Setting: Hospital

Birth years: ND

Number of centers: 1



Subjects
Controls
Enrolled subjects: 
ND
ND

Evaluated subjects:
72
22

Mean GA (range): 
39.2(1.1
39.5(1.1  wks

Mean BW (range): 
3436.7
3350.2(241 g

Mean Apgar score

 at 5 min: 
( 7

Breastfed (%): 
ND
ND

Male (%): 
53%
55%

Race (%):  
Asian
Asian
	GA 38-41 wks

Uncomplicated pregnancy and delivery

Apgar ( 7 @ 5 min

Normal fetal growth

No congenital abnormalities

Uneventful neonatal course except jaundice
	ND
	Prospective 

longitudinal 

study (2 

year)

	Culley, 1970

[#70266548]
	Location: UK

Setting: Hospital

Birth years: 1958 to 1966

Number of centers: 1

Enrolled subjects: 83 (209 controls)

Evaluated subjects: 73 (48)

Mean GA (range): ND

Mean BW (range): ( 2500 g

Mean Apgar score at 1 min: ND

Breastfed: ND

Male: ND

Race: ND
	Non-hemolytic jaundice group: jaundice infants in nursery diagnosed by icterometers. For current review, only infants with BW ( 2500 g were evaluated.

Controls: non-jaundiced infants. For current review, only infants with BW ( 2500 g were evaluated.
	No follow-up for mild jaundice (icterometer reading ( 3) infants.

Lost to follow-up or incomplete assessment at 6 years old.


	Prospective 

cohort (6 

years)

	Esbjorner, 1991

[#91281442]
	Location: Sweden

Setting: Hospital

Birth years: ND

Number of centers: 1

Enrolled subjects: 9

Evaluated subjects: 9

Mean GA (range): 38.3 (35-42) wks

Mean BW (range): 3297 (2440-4420) g

Mean Apgar score at 5 min: 9-10

Breastfed: ND

Male: ND

Race: ND
	Healthy, AGA infants with hyperbilirubi-nemia requiring treatment

No malformations
	ND
	Prospective 

cross-

sectional 

study

	Escher-Gräub, 1986

[#87136731]
	Location: Switzerland

Setting: Hospital

Birth years: ND

Number of centers: 1



Subjects
Controls
Enrolled subjects: 
996

Evaluated subjects:
76
401

Mean GA (range): 
40.3(1.12
40.6(1.07
wks

Mean BW (range): 
3387(354
3475(403
g

Mean Apgar score
8.36(1.02
8.31(1.04  @1 min

 at 1, 5 min: 
9.45(0.60
9.30(0.63  @5 min

Breastfed (%): 
ND
ND

Male (%): 
53%
45%

Race (%):  
Swiss
Swiss
	Singleton birth at term (38-42 weeks) BW > 10th %tile

No PhotoRx


	Congenital malforma-tions

Perinatal asphyxia

Birth trauma

Neonatal illness

Hemolytic disease
	Prospective 

cross-

sectional 

study

	Grimmer, 1999

[#99345621]
	Location: West Germany

Setting: Hospital

Birth years: 1978 to 1988

Number of centers: 1

Enrolled subjects: 58

Evaluated subjects: 16 (18 controls)

Mean GA (range): ( 37 wks

Mean BW (range): ( 2500 g

Mean Apgar score at 1 min: ND

Breastfed: ND

Male: ND

Race: ND
	Subjects: healthy non-hemolytic term newborns with TSB 20-30 mg/dl

Controls: for every jaundiced infant recruited, infant born next in the same hospital who had the same sex and whose total SB levels never exceeded 12 mg/dl was chosen as a control
	Blood group incompati-bility (18)

Hemolytic anemia (2)

BW < 2500 g or GA < 37 wks (6)

Hydrocephalus (1)

Septicemia (1)

Hepatobiliary disease (1)

Mechanical ventilation (3)

Families of the children were unsuccess-fully followed-up (11)
Failed to come to examination date (2)
	Prospective 

cohorts

	Grunebaum, 1991

[#91231060]
	Location: Israel

Setting: Hospital

Birth years: 1/1/1980 to 6/30/1984

Number of centers: 1

Enrolled subjects: 60

Evaluated subjects: 46

Mean GA (range): 25% < 37 wks

Mean BW (range): 3090(430 (2010-4020) g

Mean Apgar score at 1 min: ND

Breastfed: 100%

Male: ND

Race: ND 
	Clinical jaundice consistent throughout the first 3 weeks of life or later
	Infants with abnormal physical or lab. findings
	Prospective 

single-arm 

study

	Gupta, 1990

[#91244386]
	Location: India

Setting: Hospital

Birth years: 3/1989-11/1989

Number of centers: 1

Enrolled subjects: 25(20)

Evaluated subjects: ND

Mean GA ( range): 40.4 ( 0.6

Mean BW: 2680 ( 260 g

Mean Apgar score at 1 min: 8.52 ( 0.34

Mean Apgar score at 1 min: 9.14 ( 0.46

Breastfed (%): ND

Male(%):  60

Race(%): Indian
	Infants with hyperbiliurbi-nemia at level exceeding ET as per Cockington charts, who were admitted to NICU
	GA < 37 weeks

BW < 1500 gms

Low Apgar scores

Exposure to ototoxic and/or bilirubin binding drugs

Infections

Craniofacial malforma-tions
	Prospective 

cohort

	Gupta, 1998

[#98355379]
	Location: India

Setting: Hospital

Birth years: 1/1/1980 to 6/30/1984

Number of centers: 1

Enrolled subjects: 60

Evaluated subjects: 60

Mean GA (range): 37.8 wks

Mean BW (range): 2.43 Kg

Mean Apgar score at 1 min: ND

Breastfed: ND

Male: 42%

Race: 100% Indian 
	GA 37-40 weeks

No abnormalities on physical exams
	Adverse perinatal factors

Neonatal infection

LBW

Malformations of head and neck

Birth asphyxia

Meningitis
	Prospective 

longitudinal 

cohort

	Holmes, 1968

[#68310019]
	Location: US

Setting: Hospital

Birth years: 3/1/1957 to 3/31/1960

Number of centers: 1

Enrolled subjects: 195 eligible from charts; 82 available; 2 later excluded

Evaluated subjects: 63 (17 controls)

Mean GA (range): Term

Mean BW (range): > 2500 g

Mean Apgar score at 1 min: ND

Breastfed: ND

Male: ND

Race: ND
	Clinically normal weight (> 2500 g or more)


	Respiratory distress syndrome, sepsis, congenital malforma-tions, positive test for syphilis, prolonged labor, difficult deliveries, C/S, abnormal presenta-tions or other major complica-tions of pregnancy labor or delivery

For subject group excluded if only one bilirubin level done
	Prospective 

cohorts (4 

y 7 m – 7 y 

8 m)

	Hyman, 1969

[#69132491]
	Location: US

Setting: Hospital

Birth years: 1955 to 1961

Number of centers: 1

Enrolled subjects: 742

Evaluated subjects: 405

Mean GA (range): 90% Term; 10% Preemies

Mean BW (range): ND

Mean Apgar score at 1 min: ND

Breastfed: ND

Male: 54%

Race: 93% White, 72% Black, <1% Asian
	Infants < 1 weeks of age with a diagnosis of hemolytic disease of the newborn or indirect hyperbilirubi-nemia of at least 15 mg/dl

Infants whom “it was possible to follow “for at least 4 years
	ND
	Prospective 

cohort (4 

years)



	Johnston, 1967

[#67081206]
	Location: Canada

Setting: Hospital

Birth years: 1957 to 1958

Number of centers: 1

Enrolled subjects: 168

Evaluated subjects: 129 (95 controls)

Mean GA (range): ND (11% preemies)

Mean BW (range): ND

Mean Apgar score at 1 min: ND

Breastfed: ND

Male: ND

Race: ND
	Subjects: infants with indirect SB level > 20 mg/dl

Control group I: infants with “low bilirubin levels” in newborn period

Control group II: older, unaffected siblings
	Lost to follow-up
	Prospective 

cohorts (5-

6 years)

	Naeye, 1978

[#79054333]
	Location: US

Setting: CPP

Birth years: 1959 to 1966

Number of centers: 14

Enrolled subjects: 53518

Evaluated subjects: 45347 ( 41444 @ 7 yrs

Mean GA (range): ND

Mean BW (range): ND

Mean Apgar score at 1 min: ND

Breastfed (%): ND

Male (%): ND

Race (%): ND
	Unselected 53518 pregnancies in US between 1959 and 1966
	Multiple births

Major congenital malformation

Down’s syndrome

Hydrocephalus

Lead intoxication

Fractured skull

Inborn error of metabolism (hypothyroid-ism …)
	Prospective 

longitudi-

nal cohort 

(8 years)

	Newman, 1993

[#94021217]
	Location: US

Setting: CCP

Birth years: 1959 to 1966

Number of centers: 12



White
Black
Enrolled subjects: 
54795

Evaluated subjects:
21375
19949

Mean GA (range): 
39.8(2.3
38.7(3.2
wks

Mean BW (range): 
3369
3195
g

Mean Apgar score

 at 1 min: 
ND
ND

Breastfed (%): 
12%
3%

Male (%): 
52%
51%

Race (%): 
52% White; 48% Black
	Live-born infants
	Nonsingleton birth (1148)

BW < 2500 g or unknown (226)

Not white or African American (3595)

No bilirubin measure-ments were recorded (2510)

Died before 1 year old (391)
	Prospective 

longitudinal 

cohort (7 

years)

	Odell, 1970

[#70075541]
	Location: US

Setting: Hospital

Birth years: ND

Number of centers: 1

Enrolled subjects: 32

Evaluated subjects: 14

Mean GA (range): ND

Mean BW (range): 3002.3 (2540-3827) g

Mean Apgar score at 1 min: ND

Breastfed (%): ND

Male (%): 71%

Race (%): ND
	32 children, ages 4-7 years old, had been patients in the hospital nurseries

For current review, only infants with BW ( 2500 g were included
	ND
	Prospective 

cohort

	Ozmert, 1996

[#97154941]
	Location: Turkey

Setting: Hospital

Birth years: 1/1980 to 12/1985

Number of centers: 1

Enrolled subjects: 416

Evaluated subjects: 102 (27 controls)

Mean GA (range): ND

Mean BW (range): ND

Mean Apgar score at 1 min: ND

Breastfed (%): ND

Male (%): 68%

Race (%): ND
	Peak bilirubin > 17 mg/dl
	BW < 3000 g

GA < 37 wks

Twins

Apgar < 3 @5 min

IVH, sepsis, meningitis, intrauterine infection, neonatal abnormali-ties, inborn errors of metabolism

G6PH deficiency

Congenital abnormali-ties
	Prospective 

cohorts

	Paludetto, 1986

[#86296856]
	Location: Italy

Setting: Hospital

Birth years: ND

Number of centers: 1



Subjects
Controls
Enrolled subjects:
32
17

Evaluated subjects:
17
17

Mean GA (range): 
39 (37-40)
39 (37-41)wks

Mean BW (range): 
3345
3427
g



(2700-4000)
(2770-3850)

Mean Apgar score

 at 1 min: 
8 (6-9)
7.5 (4-9)

Breastfed (%): 
100%
100%

Male (%): 
64.7%
64.7%

Race (%):  
ND
ND
	Uneventful pregnancy, vaginal delivery w/o complication, single birth, no congenital malformation, Apgar>7 @5 min, at term, AGA, breast feeding, no perinatal complications

Subjects: Bilirubin > 8 mg/dl on 3rd days of life.

Controls: matched for sex, mother’s age, parity and father’s profession
	Received PhotoRx, ET or presented other associated disease
	Prospective 

cohorts

	Perlman, 1983

[#84041257]
	Location: Israel

Setting: Hospital

Birth years: 2/1981 to 5/1981

Number of centers: ND



Subjects
Controls
Enrolled subjects: 
24
19

Evaluated subjects:
24
19

Mean GA (range): 
38.5(1.3
39.5(0.9
wks

Mean BW (range): 
3300(368
3270(336
g

Man Apgar score


   @ 1 min:
8.25(0.74
8.47(0.7

   @ 5 min: 
9.5(0.51
9.47(0.51

Breastfed (%): 
ND
ND

Male (%): 
58%
47%

Race (%):  
ND
ND
	GA 37-41 weeks

Pregnancy and delivery uncomplicated

BW and HC 10th to 90th %tile for GA

Absence of congenital anomalies

Neonatal course uncomplicated

Informed consent


	ND
	Prospective 

cohorts

	Rapisardi, 1989

[#89213178]
	Location: US

Setting: Hospital

Birth years: ND

Number of centers: 1

Enrolled subjects: 29

Evaluated subjects: 29

Mean GA (range): 38-41 wks

Mean BW (range): 2650-4390 g

Mean Apgar score at 5 min: > 8

Breastfed (%): ND

Male (%): ND

Race (%): ND
	Healthy FT AGA infants with uncomplicated labors and deliveries

No PhotoRx
	Multiple births

Congenital anomalies

Gross intrauterine infections
	Prospective 

cross-

sectional 

cohort

	Rosta, 1971

[#72185033]
	Location: Budapest

Setting: Hospital

Birth years: 1960 to 1962

Number of centers: 1

Enrolled subjects: 102

Evaluated subjects: 84

Mean GA (range): ND

Mean BW (range): ( 2500 g

Mean Apgar score at 1 min: ND

Breastfed (%): ND

Male (%): ND

Race (%): ND
	BW ( 2500 g

SB ( 15 mg/dl
	Lost to follow up
	Prospective 

cohort (7-

9.5 years)

	Rubin, 1979

[#79153498]
	Location: US

Setting: CPP + EFS

Birth years: 

Number of centers: 1



Moderate
Severe
Controls



Jaundice
Jaundice
Enrolled subjects: 

1613

Evaluated subjects:
164
77
125

Mean GA (range): 
40.5(2.6
39.6(3.1
38.6(2.8

Mean BW (range): 
3374(465
3215(590
3003(654

Mean Apgar score
7.7(1.8
7.8(1.7
7.9(1.6

 at 1, 5 min: 
8.7(1.2
8.7(1.1
8.5(1.5

Breastfed (%): 
ND
ND
ND

Male (%): 
ND
ND
ND

Race (%):  

96.5% White
	Subjects were selected from the participants both in the EFS and the Minnesota section of the CPP

Subjects: SB ( 11 mg/dl

Controls: infants randomly selected from the remainder of the EFS population, with SB ( 10 mg/dl
	ND
	Prospective 

cohorts (7 

years)

	Scheidt, 1977

[#77209363]
	Location: US

Setting: CPP

Birth years: 1959 to 1964

Number of centers: 14

Enrolled subjects: 24524 @8 months; 27270 @12 months

Evaluated subjects: ND

Mean GA (range): ( 36 wks

Mean BW (range): > 2500 g

Mean Apgar score at 1 min: ND

Breastfed (%): ND

Male (%): ND

Race (%): mixed Whites and Blacks
	Unselected 53518 pregnancies in US between 1959 and 1966

Infants examined within 2 wks of age 8 months and within 4 wks of age 12 months

For current review, only infants with GA(36 wks and BW>2500 g were included
	Multiple births

Major congenital malformation

Down’s syndrome

Hydrocephalus

Lead intoxication

Fractured skull

Inborn error of metabolism (hypothyroidism …)
	Prospective 

longitudinal 

cohort (1 

year)

	Seidman, 1991

[#91375839]
	Location: Israel

Setting: Hospital

Birth years: 11/1970-12/1971

Number of centers: 1

Enrolled subjects: 2044

Evaluated subjects: 1948

Mean GA ( range): 39.3 weeks 

Mean BW(g): 3378.4 g 

Mean Apgar score at 1 & 5 min: 8.8

Breastfed (%): ND

Male(%):  53%

Race(%): Israel, Asia, Euro-America; Africa
	Unselected subjects identified through the computerized data base of the Jerusalem Perinatal Study

95.3% records ere obtained and matched to military draft medical records.
	ND
	Retrospec-

tive cohort 

(17 years)

	Soorani-Lunsing, 2001

[#11726727]
	Location: Netherlands

Setting: Hospital

Birth years: 11/1997 to 6/1998

Number of centers: 1



Subjects
Controls
Enrolled subjects: 
ND
ND

Evaluated subjects:
20
20

Mean GA (range): 
272(12
278(12
day

Mean BW (range): 
3480(403
3357(402 g

Mean Apgar score

 at 1 min: 
ND
ND

Breastfed (%): 
75%
70%

Male (%): 
75%
75%

Race (%):  
Caucasian
Caucasian
	Subjects: “healthy” term Caucasian infants whose TSB > 12.9 mg/dl

Controls: “healthy” Caucasian infants without hyperbilirubi-nemia, born in the same period and matched for sex & GA
	ND
	Prospective 

longitudinal 

cohorts (1 

year)

	Suresh, 1997

[#98374505]
	Location: US, Europe, Australia, Saudi Arabia

Setting: Questionnaires

Birth years: ND

Number of centers: multiple

Enrolled subjects: open

Evaluated subjects: 42

Mean GA (range): 3 (7%) “preterm”

Age @ recruitment: 2 months to 21 years old

Mean BW (range): ND

Mean Apgar score at 1 min: ND

Breastfed (%): ND

Male (%): 75%

Race (%): ND
	Information was obtained on 42 Crigler-Najjar Syndrome Type I (CN1) patients returned by 14 physicians (primary pediatricians and gastroenterolo-gists) and in 3 cases, by parents of patients
	ND
	Survey

	Tan, 1992

[#92139200]
	Location: Singapore

Setting: Hospital

Birth years: ND

Number of centers: 1



Subjects
Controls
Enrolled subjects: 
30
36

Evaluated subjects: 
30
31

Mean GA (range): 
38.8(0.35
38.8(0.31 wks

Mean BW (range): 
3411
3354
g

Mean Apgar score


 at 1 min: 
ND
ND

Breastfed (%): 
ND
ND

Male (%): 
47%
48%

Race (%): 
ND
ND
	Subjects: Healthy (w/o infection or trauma/contusion/caphalhema-toma) term infants who had nonhemolytic hyperbilirubinemia

Controls: healthy term infants with SB < 8.2 mg/dl
	Controls: subsequent jaundice > 8.2 mg/dl (5)
	Prospective 

cohorts

	Upadhyay, 1971

[#71238892]

*Hardy, 1971 [#71238891] provide more detail info. on the Johns Hopkins Collaborative Perinatal Study cohort
	Location: US

Setting: Hospital

Birth years: ND

Number of centers: 1



Subjects
Controls
Enrolled subjects: 
34
20

Evaluated subjects: 
20
20

Mean GA (range): 
38.45
38.90
wks

Mean BW (range): 
3411
3354
g

Mean Apgar score


 at 1 min: 
ND
ND

Breastfed (%): 
ND
ND

Male (%): 
65%
ND

Race (%): 

White:
20%
ND

Black:
80%
ND
	Subjects: bilirubin > 20 mg/dl and BW > 2500 g

Controls: “matched”
	Subjects: high risk mothers (6), SB measured prior to standardized method (5), lost to follow-up (2), death with kernicterus (1)
	Prospective 

cohorts

	Valaes, 1980

[#81031849]
	Location: Greece

Setting: Follow-up study of RCT of PB

Birth years: 10/1968 to 11/1971

Number of centers: multiple

Enrolled subjects: 719

Evaluated subjects: 489

Mean GA (range): ( 33 wks

Mean BW (range): ( 2100 g

Mean Apgar score at 1 min: ND

Breastfed (%): ND

Male (%): ND

Race (%): ND
	Living in the island of Lesbos

All children in phase I RCT

Randomly selected children in phase II RCT from each area

Children not included in the previous group but with mark jaundice
	Moving out of the area (103)

Failed to trace the family (28)

Death (13)

Noncompliance (80)

Missing formal IQ test (1)
	Prospective 

follow-up 

study of 

subjects of 

the prior 

RCT of PB

	Vohr, 1989

[#89328704]

Vohr, 1990

[#90339225]
	Location: US

Setting: Hospital

Birth years: ND

Number of centers: ND



Subjects
Controls
Enrolled subjects: 
50

Evaluated subjects:
25
25

Mean GA (range): 
39.9(0.4
40(1 wks

Mean BW (range): 
3248(547
3245(463
g

Mean Apgar score

 at 1 min: 
ND
ND

Breastfed (%): 
ND
ND

Male (%): 
52%
40%

Race (%):  
ND
ND
	Term infants in the normal nurseries with or without jaundice

Informed consent
	Perinatal asphyxia

Cogenital malforma-tions

Hemorrhage

Sepsis

Infection

Rh incompati-bility
	Prospective 

cross-

sectional 

study

	Wolf, 1997

[#98030356]

Wolf, 1999

[#99156393]
	Location: Zimbabwe

Setting: Hospital

Birth years: 7/1991 to 6/1992

Number of centers: 1

Enrolled subjects: 50

Evaluated subjects: 35

Mean GA (range): 37.8 wks

Mean BW (range): 2660 g

Mean Apgar score at 5 min: ( 7

Breastfed (%): ND

Male (%): ND

Race (%): 100% African
	Severe jaundice (SB > 23.4 mg/dl) in the 1st week of life

For current review, only infants, GA ( 34 weeks, were evaluated @ 1 year of age
	Apgar < 7 @ 5 min

Hypoxic-ischaemic brain injury

Died before the age of 4 month (2)

Lost to follow up (3 by 4 months; additional 2 by 1 year)
	Prospective 

longitudinal 

cohort (4 

months; 1 

year)

	Yilmaz, 2001

[#21125314]
	Location: Turkey

Setting: Hospital

Birth years: 1/1990 to 12/1996

Number of centers: 1

Enrolled subjects: 755

Evaluated subjects: 87

Mean GA (range): Term

Mean BW (range): 3349.8 g

Mean Apgar score at 5 min: ND

Breastfed (%): ND

Male (%): 67%

Race (%): ND
	Newborns who were treated in the hospital for indirect hyperbilirubi-nemia.


	Preterms

SGA

Metabolic abnormali-ties

Infection

Hypoxia-ischemia

Congenital malformation

ET

Unable to reach
	Prospective 

cohort


	Author, Year
	Disease/Condition Type (N)
	Potential Confounding Factors
	Outcomes
	Outcome Definitions

	Bengtsson, 1974

[#74170112]
	Group I: ABO-compatible FT jaundiced infants (N=66)

Group II: ABO-incompatible FT jaundiced infants (N=45)

Controls: non-jaundiced infants (N=115)
	36.4% Group I subjects received ET

44.4% Group II subjects received ET
	@6.5-13 years old: Neurologic exam

Hearing loss

IQ

Psychological disturbance
	General exam, gross motor,   

     fine motor

Standard audiometry. Reduction of at least 30 dB at 2 frequencies between 500 and 6000 c/s

6.5-7 years old – Terman-Merrill Test

8-13 years old – WIT

“noteworthy symptoms and functional maladjustment” ex. Anxiety, aggressiveness

	Boggs, 1967

[#67261091]
	CCP subjects, BW > 2500 g (N=18,484)
	Coombs’ test positive and negative

Some subjects received ET

Including infants with congenital malformations
	@8 months: BSID
	Abnormal: MDI < 75 (10th %tile); PDI < 25 (10th %tile)

	Boo, 1994

[#801]
	Controls: Infants without hearing loss (N=100)

Cases: Infants with hearing loss (N=28)

Peak TSB (mg/dl):

Controls: 18.4(7.4

Cases: 21.6(7.5

Peak indirect SB (mg/dl):

Controls: 17.5(7.1 

Cases: 20.9(7.4
	Some hemolytic disease in both groups


	Hearing loss
	Mild: no BSER at 45 dB nHL

Moderate: no BSER at 65 dB nHL
Severe: no BSER at 85 dB nHL

	Chen, 1995

[#96017937]
	Subjects: healthy infants w/ SB ( 10 mg/dl

Controls: healthy infant w/ SB < 10 mg/dl
	All infants w/ SB ( 15  mg/dl (64%) underwent PhotoRx; all infant w/ SB ( 20 mg/dl (29%) underwent ET.
	VEP

@1 year:

Neurologic Exam

Neurodevelop-ment
	Latency N1, P2, N2

Amplitudes N1-P2, P1-N2

ND

DDST

	Culley, 1970

[#70266548]
	Subjects: healthy Infants w/ moderate or severe non-hemolytic jaundice (SB ( 12 mg/dl) (N=73)

Controls: healthy non-jaundiced infants (N=48)
	SB levels were estimated by icterometers


	@6 years of age:

Overall handicap

IQ

CNS deficit

hearing
	Assessments were done by 2 pediatricians, an audiologist, and by a team of psychologists and psychiatric social workers

	Esbjorner, 1991

[#91281442]
	Jaundice infants requiring Rx (SB>16.7 mg/dl) (N=9).

Causes of Jaundice:

ABO incompatibility (1)
	All infants receive PhotoRx, but none underwent ET
	@4 (3.5-6) days, post Rx: ABR


	ABR was recorded without sedation, immediately after feeding.

Latency I, II, III, V

IPL I-V

	Escher-Gräub, 1986

[#87136731]
	Subjects: healthy jaundiced infants w/ max. bilirubin 11.7-14.6 mg/dl (N=76)

Controls: healthy infants w/ max. SB < 5.8 mg/dl (N=401)
	Meconium staining of the amniotic fluid was more frequently observed in control group (20%) than in the jaundice group (7.9%)
	BNBAS
	Infants’ behaviors: habituation, orientation, motor performance, range of state, regulation of state, autonomic regulation

9-point scale was used to divide behavior categories (“low”, “moderate”, and “high”) according to the criteria of Als et al.

	Grimmer, 1999

[#99345621]
	Subjects: healthy non-hemolytic jaundiced infants with TSB 20-30 mg/dl (N=16)

Controls: non-jaundiced infants (N=18)
	All subjects received PhotoRx
	@85 (61-187) months: Neurological outcome
	Touwen Subscales: Sensorimotor apparatus, Posture, Balance of the trunk, Coordination of the extremities, Fine manipulative abilities, Choreiform dyskinesia, Gross motor functions, Quality of motility; Associated movements

	Grunebaum, 1991

[#91231060]
	Healthy breast-milk jaundiced infants (N=46)

Mean maximal TSB in first 2 weeks = 12.06(2.6 mg/dl
	25% infants were treated with PhotoRx
	Measured at age 31.1(16.6 months:

Growth

Neurological exam

Neurodevelop-ment
	Wt, Ht, and HC

ND

DDST

	Gupta, 1990

[#91244386]
	Subjects: full term infants(N=25)

Cause of jaundice:

ABO incompatibility: 7/25

Rh incompatibility: 10/25

Subaponeurotic bleed:1/25

Cause unclear: 7/25

Controls: non icteric full term infants(N=20)
	Exchange transfusion
	@10(3 days of life:

BAER

Auditory threshold
	Latency  I, III, V and I-P IPL

	Gupta, 1998

[#98355379]
	Group I: Infants with SB > 18 mg/dl (N=15)

Group II: Infants with SB 12-18 mg/dl (N=30)

Causes of Jaundice:

38% G6PD deficiency

20% ABO incompatibility

42% unknown

Controls: matched normal neonates without jaundice or SB < 12 mg/dl during the first 6 days of life (N=15)


	None was found 
	@1 and 6 months: ABR

@1 and 6 months: IPL recovery
	Interpeak Latency (IPL) I-III, III-V, I-V

Full recovery: normal wave pattern and normal I-P latencies both at 80 dB and 40 dB

Partial recovery: Normal responses at 80 dB and delayed I-P latencies at 40 dB

No recovery: absence of normal wave pattern or delayed I-P latencies both at 40 dB and 80 dB

	Holmes, 1968

[#68310019]
	Group I: healthy infants with “low” bilirubin level (TSB 6.4-12.5 mg/dl) (N=29)

Group II: healthy infants with “high” bilirubin level (TSB 15-24 mg/dl) (N=34)_
	2 (7%) Group I subjects received ET; 4 (14%) received streptomycin

9 (26%) Group II received ET; 9 (26%) received streptomycin
	@4 y 7 m – 7 y 8 m: Neurologic examination

Hearing

Motor development
	Physical exam for any neurological signs

Audiometer with an ascending descending technique. Frequencies reported from 250 to 4000

Modified Oseretsky test. Measures motor maturation and development of motor skills. Oseretsky and modifications by Holbrook and Sloan with additional modifications by study: 5 categories static coordination and body balance; dynamic manual coordination; general dynamic coordination; speed; simultaneous movements. Each item given 4 points for adequate and complete; partial for adequate but incomplete

	Hung, 1989

[#90054139]
	Group I: infants with kernicterus (N=10)

Group II: jaundice infants with ABR testing before and after ET (N=6)

Group III: jaundice infants who only had ABR testing after ET (N=20)

Group IV: infants who need only PhotoRx, with ABR testing after PhotoRx (N=39)

Causes of Jaundice: mostly ABO incompatibility, G6PH deficiency and unknown factors
	
	
	

	Hyman, 1969

[#69132491]
	Infants w/ hemolytic disease or SB ( 15 mg/dl (N=405)


	87% receive ET and streptomycin Rx

Prematurity (determined by BW)

Neonatal complications
	@4 yrs or more of age:

Sensori-neural hearing loss

IQ

Auditory rote memory difficulties

CNS abnormalities
	Hearing absence when 15 dB in 2 or more frequencies in the speech range

Stanford-Binet, WISC, Merrill-Palmer Scales, Raven Progressive Matrices, and Madeleine Thomas Completion Stories

EEG findings

	Johnston, 1967

[#67081206]
	Subjects: infants with SB > 20 mg/dl (N=129)

Causes of Jaundice:

71% iso-immunization

20% ABO incompatibility

9% other

Control group I: infants with “low” bilirubin levels (N=95)

Control group II: older, unaffected siblings (N=82)
	95% subjects received one or more ET

Prematurity (19% in subject group; 12% in control group)
	@5-6 yrs of age:

Audiological assessment

Neurological assessment

IQ
	Hearing loss (Not defined)

ND

Stanford-Binet

	Naeye, 1978

[#79054333]
	CPP subjects, mixed term and preterm infants (N=41,444)
	Placental infection, respiratory distress as a probable indication of acute inflammation

Prematurity
	@4 yrs of age: IQ

@7 yrs of age: Neurologic exam


	ND

	Newman, 1993

[#94021217]
	CPP subjects, BW > 2500 g (N=41,324)


	About 50% infants with SB ( 20 mg/dl received ET

Including infants with hemolytic disease (2% infants had Coombs positive tests)
	@7 yrs old:

Adjusted IQ

Neurologic exams

Hearing loss
	WISC adjusted for center, maternal education, BW, BW squared, gender, feeding method, maternal oxytocin used, Coomb’s test, maternal age, maternal age squared, parity, and prematurity by analysis of covariance.

“Complete normal”, “neurologically suspicious”; “neurologically abnormal”

Diagnosed by audiometry. Sensorineural hearing loss was defined as an air conduction loss of 30 dB or more at 2 or more frequencies in both ears, with an average air-bone gap across those same frequencies of 10 dB or less.

	Odell, 1970

[#70075541]
	Group I: infants w/ SB ( 19 mg/dl (N=6)

Group II: infants w/ SB > 19 mg/dl (N=8)

Causes of Jaundice:

43% Rh incompatibility

14% ABO incompatibility

14% Other blood incompatibility

21% Unknown
	71% received one or more ET
	@4-7 yrs old:

IQ

Visual motor coordination

Short-tem memory
	Stanford-Binet test for children < 5 years old

WISC for children ( 5 years old

Bender Visual-Motor Gestalt test and Sequin Form Board

Children’s Embedded Figures test and Reitan’s Trial Making test

	Ozmert, 1996

[#97154941]
	Group I: infants w/ SB 17-20 mg/dl and negative direct Coombs’ test (N=13)

Group II: infants w/ SB 20-22 mg/dl and negative direct Coombs’ test (N=26)

Group III: infants w/ SB 22-25 mg/dl and negative direct Coombs’ test (N=27)

Group IV: infants w/ SB > 25 mg/dl and negative direct Coombs’ test (N=19)

Group V: infants w/ SB > 20 mg/dl and positive direct Coombs’ test (N=17) (11 children had Rh and 6 ABO incompatibility)

Controls: randomly chosen among children of the same age admitted to hospital outpatient and w/o hyperbilirubinemia (N=27)
	None was found
	@8-13 yrs of age:

BAEP

IQ
	Abnormal BAEP: IPL I-V values > 4.34(0.15 msec

WISC-R: full, verbal, and performance IQs

	Paludetto, 1986

[#86296856]
	Group I: Healthy term infants w/ bilirubin > 8 mg/dl on 3rd days of life (N=17)

Controls: matched term infants w/ bilirubin < 6 mg/dl on 3rd days of life (N=17)
	Not all controls had bilirubin measurement
	BNBAS
	Infants’ behaviors: habituation, orientation, motor performance, range of state, regulation of state, autonomic regulation

	Perlman, 1983

[#84041257]
	Subjects: FT infants w/ SB > 15 mg/dl (N=24)

Cause of jaundice:

25% ABO incompatibility

4% Rh incompatibility

Controls: FT infants in whom jaundice was not observed during the first 6 days of life, or SB < 12 mg/dl (N=19)
	All subjects received PhotoRx; 3 (12.5%) also received ET
	ABR loss of waves

Amplitudes

Latencies
	Loss of waves I, III, and wave complex IV-V on at least one occasion

Amplitude ratio – III: I; IV-V:I

Amplitude difference – III minus I, IV-V minus I

Brainstem transmission time

	Rapisardi, 1989

[#89213178]
	Group I: Healthy FT infants w/ SB > 12 mg/dl (N=9)

Group II: Healthy FT infants w/ SB 6-12 mg/dl (N=10)

Group III: Healthy FT infant w/ SB < 6 mg/dl (N=10)
	Group I infants were significantly older when assessed
	Cry variability
	As an indicator of “neurophysiological functioning”.



	Rosta, 1971

[#72185033]
	Infants w/ SB ( 15 mg/dl (N=84)

Cause of jaundice: nearly equal distribution Rh and ABO immune-haemolysis, and hyperbilirubinemia of unknown origin
	Some subjects received ET,  streptomycin, and/or other treatments
	@8 yrs of age:

Hearing loss

Neurology
	Kamplex OB-3 apparatus of suspect sensorineural hearing loss. Rabari’s exhaustion test and speech audiometry

Neurologic exam and IQ

	Rubin, 1979

[#79153498]
	Moderate jaundice: infants w/ SB 11-15 mg/dl (N=146)

Severe jaundice: infants w/ SB 16-23 mg/dl (N=77)

Controls: infant w/ SB ( 10 mg/dl (N=125)

*Subjects were from CPP
	GA and BW are significantly different between groups

(Unknown Rx effect)
	@8 months: BSID

@1 yr of age: Neurologic exams

IQ

@5, 6 years:

School readiness

Language

@7 yrs of age:

IQ

Neurologic exam
	MDI & PDI

Stanford-Binet

MRT

ITPA

WISC

	Scheidt, 1977

[#77209363]
	Group IV: Healthy infants with GA ( 36 wks and BW > 2500 g (N=?). Subgroups: SB ( 9, 10-14, 15-19, ( 20 mg/dl.

Group V: Healthy infants with GA ( 37 wks and BW > 2500 g (N=?). Subgroups: SB ( 9, 10-14, 15-19, ( 20 mg/dl.
	Significantly more white infants had elevated bilirubin level (SB 15-19 or >20 mg/dl), than did Black infants


	@8 months: Bayley’s MDI; PDI
	Bayley Scales of Mental and Motor Development

	Seidman, 1991

[#91375839]
	Racially diverse term infants (N=1,948)


	Some subjects receive PhotoRx and/or ET

Some subjects had Coombs positive test
	@17 years old: IQ
	Wechsler Adult Intelligence Scale (translated version of the verbal test and nonverbal matrices test)

	Soorani-Lunsing, 2001

[#11726727]
	Subjects: Healthy infants with billirubin > 12.9 mg/dl (N=20)

Controls: matched infants w/o hyperbilirubinemia (N=20)
	50% subjects received PhotoRx
	@3-8 days, 3 and 12 months: Neurologic dysfunction

@12 months: Behavioral problem
	Neurological exam was used standardized technique of Prechtl

@3 months: abnormal – marked hypertonia, hypotonia, asymmetries or hyperexcitability syndrome

@12 months:

Minor neurologic dysfunction type 1 – presence of hypotonia w/o significant reflex or postural deviancies

Minor neurologic dysfunction type 2 (more severe) – mild abnormalities in muscle tone regulation in combination with significant reflex or postural deviancies

By parental questionnaire



	Suresh, 1997

[#98374505]
	CN1 patients (N=42), aged 2 months to 21 years old

CN1 = Complete absence of the hepatic enzyme UDP glucurony transferase, resulting in a lifelong unconjugated hyperbilirubinemia

Mean peak TSB = 26.6(5.8 mg/dl

Mean TSB (typical) = 19.8(4.5 mg/dl

Postneonatal period birubin levels – 10% < 15 mg/dl, 37.5% 15-19 mg/dl, 42.5% 20-29 mg/dl; 10% > 30 mg/dl
	7% “Preterm”

39 (93%) received Rx – 79% PhotoRx, 28% ET, 20% Phenobarbitone; Cholestyramin, albumin infusions, and plasmapheresis in 1 case
	@2 months to 21 years old: Hearing loss

Neurodev-elopmental status

School Performance
	According to patients’ survey

	Tan, 1992

[#92139200]
	Subjects: healthy term infants with non-hemolytic jaundice (N=30)

Controls: healthy term infants with SB < 8.2 mg/dl (N=31)
	Subjects received PhotoRx
	@Pre- and post- Rx: BAER
	Latency V

IPL: III-V, I-V

	Upadhyay, 1971

[#71238892]
	Subjects: infants with billirubin > 20 mg/dl (N=20)

Cause of Jaundice:

50% ABO incompatibility

35% Rh incompatibility

5% Septicemia with a gram-negative organism

10% Unknown

Controls: infants with bilirubin < 10 mg/dl (N=20)


	11 (55%) jaundiced infants had ET
	@8 months: Bayley’s MDI; PDI

@12 month: Neurologic exam

@36 months: Hearing, language and speech

@48 months: Stanford-Binet IQ
	Non-normal: abnormal (BSID mental score ( 75; motor score ( 27. Definitions are from Hardy’s paper) or suspect (short attention span, motor hyperactivity and poor motor coordination)



	Valaes, 1980

[#81031849]
	Subjects: infants with marked jaundice  (SB > 16 mg/dl) (N=44)

Cause of Jaundice:

ABO incompatibility (13)

G6PD deficiency (1)

Unknown (24)

Controls: infants without marked jaundice (N=445)
	Prematurity, defined as 33-36 wks; BW 2100-3000 g (16% in subject group)

ET (20% in subject group)

Prenatal PB
	@61-81 months of age:

VMI

DAW

VOC

Hearing Loss
	Visual-Motor integration test

Draw-a-Woman test (language development)

Georgas Vocabulary test

Same as CPP project

	Vohr, 1989

[#89328704]

Vohr, 1990

[#90339225]
	Subjects: infants with moderate bilirubin level (SB 10-20 mg/dl) (N=25)

Cause of Jaundice:

60% ABO incompatibility

Controls: infants with low bilirubin level (SB < 8 mg/dl) (N=25)
	16 (64%) subjects had PhotoRx, while none of control infants had PhotoRx (p<0.001)
	On day 1 to 2:

BNBAS

BAER
	Clusters

Auditory items

Latency I, III, IV, V

Interpeak I-III, III-V, I-IV,V



	Wolf, 1997

[#98030356]

Wolf, 1999

[#99156393]
	Infants w/ TSB > 23.4 mg/dl

Cause of Jaundice:

23% ABO incompatibility

14% Sepsis

3% Congenital syphilis

60% Unknown
	All received PhotoRx

4 (11%) infants received ET

2 (6%) infants had HIV seropositive at 1 year
	@4 months of age: neurodevelop-mental examination

@1 year of age: BSID
	Infant motor screen (IMS) according to Nickel et al. Test rating (normal, suspect, abnormal) and test score (0-28)

Normal = PDI > 84

Suspect = PDI 68-83 = between 1 SD and 2 SD below the mean

Abnormal = PDI < 67

	Yilmaz, 2001

[#21125314]
	Infants w/ TSB ( 12 mg/dl (N=87)

Cause of jaundice:

44% ABO incompatibility

16% Rh incompatibility

40% non-hemolytic jaundice
	11.4% treated only with PhotoRx

11.5% treated with both PhotoRx and ET
	@10-72 months: neurological exam

Hearing loss
	DDST

BAER


	Author, Year
	Associations found
	Biases / Limitations
	Comments

	Bengtsson, 1974

[#74170112]
	There were 4, 1 ABO-compatible and 3 ABO-incompatible, (3.7%) children in the hyperbilirubinemia group (N=108) had neurogenic hearing loss. No cases of sensorineural hearing loss were found among the control children. The difference between the 2 groups was not significant.

The mean IQ was 106.6(17.26, 105.9(15.49, and 105.9(16.76 in children with ABO-compatible hyperbilirubinemia (N=66), ABO-incompatible hyperbilirubinemia (N=42), and control (N-115) children. 

No significant correlation was found between the IQ values and the maximal bilirubin values in either of the hyperbilirubinemia groups.

7 (11%) of children with ABO-compatible hyperbilirubinemia had IQ < 85.

5 (11%) of children with ABO-compatible hyperbilirubinemia had IQ < 85.

None of the control children had IQ < 85.

Psychological disturbances were found in 6 (5.4%) of the children in the hyperbilirubinemia group and in 3 (2.6%) of those in the control group. This difference is not statistically significant. No significant correlation was found between the maximal bilirubin values and the presence of psychological disturbances.
	None stated
	No data on funding source

Internal validity: B

	Boggs, 1967

[#67261091]
	There were significant linear association between the maximum total SB levels in the neonatal period, and, low total motor score (PDI < 27) and low mental score (MDI < 75) at 8 months, in both BW 2501-3000 g and BW ( 3000 g (N=13,568) groups.

For infants with BW 2501-3000 g (N=4,916), the estimated increase in per cent of infants with a low PDI score was 1.2% for each 1 mg/dl rise in total SB level. The estimated increase in percent of infants with a low MDI score was 0.8% for each 1 mg/dl rise in total SB level.

For infants with BW ( 3000 g (N=13,568), the estimated increase in per cent of infants with a low PDI score was 0.5% for each 1 mg/dl rise in total SB level. The estimated increase in percent of infants with a low MDI score was 0.3% for each 1 mg/dl rise in total SB level.
	Not stratified by gestational age

Included babies with hemolytic anemia, ET, and congenital malformations.
	Study was government funded

Internal validity: B

	Boo, 1994

[#801]
	Infants with hearing loss had significant higher mean peak TSB levels, compared to those without hearing loss (21.6(7.5 vs. 18.4(7.4 mg/dl, respectively, p=0.02). However, there was no significant difference in the prevalence of hearing loss, when comparing infants with lower peak total hyperbilirubinemia (peak TSB ( 19.8 mg/dl) to those with high peak TSB > 19.8 mg/dl (16% vs. 33%, p=0.11).

Controlling for various confounding factors, the significant risk factors associated with hearing loss in term jaundiced neonates were severe hyperbilirubinemia which needed exchange transfusion and the age of onset of hyperbilirubinemia. The probability of hearing loss increased with exchange transfusion and lowered with the age of onset of hyperbilirubinemia.
	Not all methods were reported

Statistics method used to build the predicting model was not appropriate
	No data on funding source

Internal validity: C

	Chen, 1995

[#96017937]
	The latency of VEPs were significantly prolonged in infants w/ SB ( 15 mg/dl (N=46), compared with infants w/ SB 10-15 mg/dl (N=26) and controls (N=22).

At 1 year of age, none of the infants w/ SB 10-20 mg/dl (N=44) showed any abnormality in the DDST and neurological examination. Among infants w/ SB > 20 mg/dl (N=18), 4 (22%) were abnormal in gross motor and fine motor skills of DDST.
	14% subjects were lost to follow-up for DDST and neurological exam at 1 year of age
	No data on funding source

Internal validity: C

	Culley, 1970

[#70266548]
	At 6-year follow up, of 49 moderate (SB 12-16 mg/dl) non-hemolytic jaundice infants, BW ( 2500 g, 1 (2%) had CNS deficit and 1 (2%) had IQ < 80.

At 6-year follow up, of 24 severe (SB > 16 mg/dl) non-hemolytic jaundice infants, BW ( 2500 g, 1 (2%) had CNS deficit and none (0%) had IQ < 80.

None of control infants had CNS deficit or IQ < 80 at 6-year follow up.

CNS deficit didn’t correlated with level of jaundice.

All IQs were within normal range. IQ didn’t vary due to bilirubin levels in children stratified by BW. Even severe jaundice had no effect on IQ except 1 brain damaged, deaf child.
	No GA was given. BW ( 2500 g was used as the indicator of term gestational age.

Bilirubin levels were estimated by icterometer
	Study was privately funded

Hemolytic jaundice group was not included for current review, because it’s difficult to rule out prematurity and Rx effects.

Internal validity: B

	Esbjorner, 1991

[#91281442]
	Significant correlations between the latencies to wave I, III, V, IPL I-V and the reserve albumin concentration (r=-0.89, p<0.01)

No significant correlation between the latency to wave V and the total bilirubin concentration was found (r=0.02, p=0.95)
	Small sample size

Indirect method for measuring serum albumin concentrations
	Study was hospital funded

Internal validity: C

	Escher-Gräub, 1986

[#87136731]
	Jaundiced infants not required PhotoRx (SB 11.7-14.6 mg/dl) (N=76) showed a less mature behavioral organization than the infants of the control group (SB < 5.8 mg/dl) (N=401). The jaundiced infants were more sleepy, showed more often a poor capacity to attend and to process environmental events, more floppiness, and poorer organizational capacities with respect to state control; and, were more difficult to console.
	Neonatal assessment only, no long-term follow-up
	Study was hospital funded

Internal validity: B

	Grimmer, 1999

[#99345621]
	At age 61—187 months, none of the children studies had medical problems or overtly abnormal neurological findings.

When examined by a standardized, age-adjusted neurological follow-up assessment according to Touwen, cluster profiles didn’t differ significantly between formerly jaundiced children (N=16) and controls (N=18), except for worse scores of formerly jaundiced children on the choreiform dyskinesia scale.
	Selection bias (58 infants with bilirubin 20-30 mg/dl ( 29 excluded ( only 18 of 29 was traced ( only 16 of the 18 children was studies)

Age at follow-up ranged from 61 to 187 months (5-15 years)
	No data on funding source

Internal validity: C

	Grunebaum, 1991

[#91231060]
	46 children with BMJ had growth, neurological examination, and DDST at mean age of 31 months. It was found that growth and neurological examination was normal in all infants. All but 2 children had normal DDST.

Of the two children with abnormal DDST, one was delay in language ability, and the other one was delay in fine motor performance. However, both children had normal DDST for the repeated DDST at 1 month later.
	27% lost to follow-up for the neuro-developmental outcomes

Incomplete data
	No data on funding source

Internal validity: C

	Gupta, 1990

[#91244386]
	Auditory threshold raised in 48% subjects

Wave III, V and I-V IPL  latencies were significantly prolonged in subjects (p<0.01) as compared to controls

Wave               Subjects                       Controls

III                   5.22 ( 0.20                     5.01 ( 0.19 P<0.05

V                    7.34( 0.14                     7.10 ( 0.08  P<0.01

I-P IPL           5.36 ( 0.11                     5.14 ( 0.09  P<0.001 

ABR abnormalities occurred in greater frequency in hyperbilirubinemic infants requiring exchange transfusion (mean serum bilirubin : 30.8 ( 2.4 mg%) than in those with serum bilirubin ranging between 20-25mg%(p<0.001)

ABR abnormalities however improved in all infants on follow up retesting at 3 months
	Some patients were given 20mg/Kg of Triclofan for testing, unclear which subjects received the medication

Bilirubin levels in the controls is unclear

Exchange transfusion may have caused increased abnormality in ABR 
	No data on funding source

Internal validity: C

	Gupta, 1998

[#98355379]
	Infants with severe jaundice (SB>18 mg/dl) (N=15) and those with moderate jaundice (SB 12-18 mg/dl) (N=30) both had significantly prolonged IPL I-III, III-V, and I-V, compared with non-jaundiced infants (SB<12 mg/dl) (n=15).

Combined severe and moderate jaundiced infants (N=45), the mean IPL I-III, III-V, and I-V was 2.88(0.30, 3.50(0.24, and 5.92(0.22, respectively. All but IPL I-II were significantly prolonged, compared to non-jaundiced infants’ (2.48(0.60, 3.20(0.54, and 5.12(0.26, respectively)

At 6 months, 60% of severe jaundiced infants (N=15) who showed full recovery of IPL had a mean SB level of 21.98 mg/dl, whereas 27% of severe jaundiced infants with a mean SB level of 25.4 mg/dl showed partial recovery of IPL. There were 3 (13%) severe jaundice infants showed no recovery of IPL with mean SB level of 26.3 mg/dl.

At 6 months, 83% of moderate jaundiced infants (N=30) who showed full recovery of IPL at 6 months had a mean SB level of 16.14 mg/dl, whereas 13% of moderate jaundiced infants with a mean SB level of 17 mg/dl showed partial recovery of IPL. There were 1 (3%) moderate jaundice infants showed no recovery of IPL with mean SB level of 17.7 mg/dl.
	“Noncooperative children” were sedated with promethazine hydochloride

Testing at intensity of  80 dB and 40 dB to define recovery @ 6 months

Unknown Rx effect
	No data on funding source

Internal validity: B

	Holmes, 1968

[#68310019]
	All infants with low and high bilirubin levels had normal neurologic exam; all had normal hearing, even subset with streptomycin

Oseretsky test score correlates with age: age effects held constant; correlation of peak SB level with test score showed r=0.23 (opposite of what expected). They then did youngest and oldest age groups for covariance and found no differences.

In normal FT babies there is no relationship between mild to moderate hyperbilirubinemia (TSB 6.4 to 24 mg/dl) and later motor development as measured by the Oseretsky test. Physical exams were normal. No hearing impairment.

All controls had normal neurologic, audiometric, and Oreletsky  exams. Correlation was not done in the control group.
	None stated
	Study was government funded

Study reviewed 10 more studies published before 1966 for the relationship between neonatal jaundice and later neurological outcomes 

Internal validity: C

	Hyman, 1969

[#69132491]
	Among infants with SB < 20 mg/dl (N=243), 5 (2%) developed sensorineural hearing loss. Among infants with SB ( 20 mg/dl (N=108), 11 (10%) developed sensorineural hearing loss. All infants received ET and streptomycin Rx; thus, the significant association was between sensorineural hearing loss and high SB levels (p<0.01)

Of 38 patients assessed for intelligence outcomes, 5 (4 term and one preemie) had subnormal mentality. Of them, three had very high bilirubin exposure, ( 30 mg/dl. No association was found between high bilirubin exposure and low IQ.

Auditory rote memory difficulties were found in 10 (8 term and 2 preemies) (48%) of 21 patients tested who had high bilirubin and 5 (29%) (all term) of 17 patients who had low bilirubin. No statistical significant difference in the prevalence of auditory rote memory difficulties between infants with SB ( 20 mg/dl (N=17) and infants with SB < 20 mg/dl (N=21)

No significant difference in incidence of CNS abnormalities among infants exposed to different levels of bilirubin below 20 mg/dl. However, among infants exposed to bilirubin levels above 20 mg/dl, the incidence of CNS abnormalities increased sharply.
	BW was used as measure of maturity, so no GA was given

Low incidence of specific CNS abnormalities
	Study was government funded

Internal validity: B

	Johnston, 1967

[#67081206]
	Infants with SB > 20 mg/dl (N=129) had mean IQ of 104.8. It’s no different from the mean IQ (102.8) among their older, unaffected siblings (N=82)

Infants with SB > 20 mg/dl had a significant more sensorineural hearing loss (7%), compared to infants with “low” bilirubin levels (N=95) (0%).

Mild athetosis was found in 3 infants with SB > 20 mg/dl.
	No exclusion criteria given but assume was lost to follow-up

Limited demographic data was given
	No data on funding source

Internal validity: C

	Naeye, 1978

[#79054333]
	IQs, measured at 4 years of age, showed an increased frequency of mental impairment in subjects with peak bilirubin > 7 mg/dl

The frequency of low IQs with increasing bilirubin levels increased more rapidly in infected than non-infected infants.

An increase in the prevalence of abnormalities detected by neurologic test at 7 years of age started at peak neonatal bilirubin levels of 12 to 13 mg/dl. The prevalence of these neurologic abnormalities were more frequent in those had prior amniotic fluid infections than in those not infected.

Amniotic fluid infections as reflected by inflammation in placental were associated with long-term IQ and neurologic impairment ONLY in children who had displayed respiratory distress as newborns
	Outcomes definitions are not clear

Don’t know if the results were confounded by any Rx

Subjects’ demographic data was not given 
	Study was government funded

Internal validity: C

	Newman, 1993

[#94021217]
	For CPP white infants with SB < 20 mg/dl, the mean adjusted IQ was 103.4.

For CPP black infants with SB < 20 mg/dl, the mean adjusted IQ was 93.3.

No significant difference in adjusted IQ between children with SB < 20 mg/dl and ( 20 mg/dl in either race.

RR of IQ < 85, comparing SB < 20 to ( 20 mg/dl, was 0.74 (95%CI 0.41-1.36) in whites, and 1.06 (95%CI 0.79-1.41) in blacks.

There was no significant association between peak SB and IQ in either race (r=0.13 in whites; r=0.34 in blacks, p>0.05).

3.8% of white infants with SB < 20 had abnormal neurologic exam, while 4.5% of white infants with SB ( 20 mg/dl had abnormal neurologic exam.

15.1% of black infants with SB < 20 had abnormal neurologic exam, while 22.4% of black infants with SB ( 20 mg/dl had abnormal neurologic exam.

Adjusted OR of abnormal neurologic exam, comparing SB < 20 to ( 20 mg/dl, was 1.1 (95%CI 0.6-2.1).

A significant linear trend association was found while increasing in bilirubin levels, the proportion of children with abnormal neurologic exams increased (p=0.06). The specific neurologic examination items most associated with bilirubin levels were mild and nonspecific motor abnormalities.

2.2% of CPP subjects had hearing loss. Adjusted OR of hearing loss was 1.08 (95% CI 0.3-3.5)

There was evidence of effect modification by race (p=0.02), when examining IQ and neurologic outcomes. There was no evidence of effect modification by gender, prematurity, Coombs’ test result, or ET. No evidence of effect modification by any of the variables was found when outcome was hearing loss.

When bilirubin was dichotomized, there was 7% of girls only 3% of boys with bilirubin ( 20 mg/dl had abnormal neurologic exams (p=0.02). However, there was no interaction when bilirubin was categorized.
	Follow-up to age 7 years old was available in only about 80% of the infants originally enrolled, and only about half of these had hearing evaluations.

Study data didn’t show how many subjects were evaluated for 7-year IQ outcome.

33,272 subjects were evaluated for 7-year neurologic examination, and, 16,886 children were evaluated for hearing loss
	Study was government funded.

The authors fairly reported both the limitations and advantages. Methodology and statistical methods were reported in detail. Although there was no description of subjects who were lost to follow up, systematic bias is unlikely to happen. Overall, this is a good quality research, but the language  is too statistically orientated.

Internal validity: A

	Odell, 1970

[#70075541]
	The mean IQ of infants w/ maximum SB ( 19 mg/dl (N=6) was 86.3 (75-100). Of them, 2 (33%) children had IQ < 80.

The mean IQ of infants w/ maximum SB > 19 mg/dl (N=8) was 93.8 (64-118). Of them, 2 (25%) children had IQ < 80.

“A correlation was not found between the maximum SB concentration and the subsequent presence of either low IQ and psychometric scores or cerebral palsy.”

No significant effects of BW, gender hemolytic disease, ET, and SB levels to the presence or absence of brain damage

Highly significant correlation of the saturation of patients’ sera with bilirubin as measured by index to the children’s psychometric test results was found. All (100%) of the children with abnormal psychometric test results (N=8) had the index ( 8. Three (50%) of the six children with normal psychometric test results (N=6) had the index ( 8. 
	Only 1/3 of original group available for analyses

No control or comparison group

No GA given
	Study was government funded

Internal validity: C

	Ozmert, 1996

[#97154941]
	Compared to infants w/o hyperbilirubinemia (N=27), the prevalence of abnormal BAEP was significantly more frequent among infants w/ SB 20-22 mg/dl and negative Coombs’ test (35%) (N=26), infants w/ SB 22-25 mg/dl and negative Coombs’ test (48%) (N=27), and infant w/ SB > 20 mg/dl and positive Coombs’ test (41%) (N=17) infants.

No difference in verbal IQs was found between groups.

Infants w/ SB > 20 and positive Coombs’ test (N=17) had significant lower both performance and full IQs, compared to normal controls (N=27). However the mean performance IQ (93.00(12.93) was within normal range. On the other hand, the full IQ was below normal (87.28(20.36).
	Of 416 eligible children, only 102 were located and could participate.

Control group not from same birth cohort

Don’t know if subjects underwent Rx for hyperbilirubinemia
	No data on funding source

Internal validity: C

	Paludetto, 1986

[#86296856]
	There was no difference in any behavioral item of the Brazelton Scale at 1st (3rd days of life), 2nd (4th days of life), and 3rd (1 month of age) observation between jaundiced infants (N=17 @1st observation, N=7 @2nd observation; N=10 @3rd observation) and matched controls.
	Only 4 controls had bilirubin measurement

Small sample size
	No data on funding source

Internal validity: C

	Perlman, 1983

[#84041257]
	Ten (42%) of 24 hyperbilirubinemic infants (SB>15 mg/dl) had loss of waves, whereas these waves were present in all recordings in control infants (SB<12 mg/dl)

There is no difference in the mean wave amplitudes between jaundiced (N=24) and non-jaundiced infants (N=19).

Brainstem transmission time was significantly prolonged in jaundiced infants (5.97(0.30 ms), compared to non-jaundiced infants (5.78(0.28 ms).

The mean maximum bilirubin level in jaundiced infants with absent waves (N=10) was 18.9(2.6 mg/dl, compared with 18.6(2.9 mg/dl in jaundiced infants without absent waves (N=14) (p>0.5)

Regression of latencies and amplitudes against maximum SB didn’t demonstrate statistically significant correlation.
	Babies had received PhotoRx. Effect of PhotoRx is not excluded

Small sample
	No data on funding source

Internal validity: B

	Rapisardi, 1989

[#89213178]
	The purpose of the study was to test the hypothesis that infant cry variability is increased in moderately high-risk infants. It was found that infants with the highest levels of bilirubin showed a greater coefficient of variation (CV) of the format frequency 1 (F1) during phonation (PF1) than infants with lower or medium levels of bilirubin (P<0.05). The CV of F1 during dysphonation (DF1) was also greater in the group of infants with the highest level of bilirubin compared to the group of infants with medium bilirubin (p<0.05)

The correlation between the CV of F1 during phonation (PF1) and level of bilirubin was significant (r=0.37, p<0.05), suggesting that more variability in F1 was related to higher concentrations of bilirubin.
	“High bilirubin” defined as SB > 12 mg/dl

No long-term follow-up

Small sample size
	Study was government funded

Internal validity: B

	Rosta, 1971

[#72185033]
	Severe sensorineural hearing loss was detected in 5 (6%), a mild to moderate one in 9 (11%) patients. “The above incidence was surpassing the frequency of similar alterations in the normal population.”

“Perceptive hearing loss was related to the gravity of jaundice and, in addition, to the presumable side effect of streptomycin treatment.”

Distribution of IQ was the same as in the normal population. 4 (5%) children had an IQ below 0.70, 11 (13%) had an IQ between 0.70 and 0.80.

Of the 84 jaundice infants, 35 (42%) had peak SB level below the “limit of ET”, 27 (32%) had peak SB level exceeding the limit of ET but not representing an absolute indication for ET; and, 20 (24) had peak SB level above the limit of ET. Summing up all the findings in the three groups, “sequelae” were found in 34%, 37%, and 55%, respectively.
	Large amount of missing data

Didn’t give details by outcomes

Included diagnoses such as 5 children with febrile seizures

Unable to tell which of the abnormal “sequelae” were included in the report by subgroups

Many general statements made without data
	No data on funding source

Internal validity: C

	Rubin, 1979

[#79153498]
	Infants with SB 16-23 mg/dl (N=153) had significantly lower Bayley’s MDI and PDI scores at 8 months of age, compare to infants with SB 11-15 mg/dl (N=66) and those with SB ( 10 mg/dl (N=120). Controlling for GA, there was no longer a difference on MDI, but PDI remained significant.

Infants with SB 16-23 mg/dl (N=153) had significantly more neurologic abnormalities at 1 year of age, compare to infants with SB 11-15 mg/dl (N=69) and those with SB ( 10 mg/dl (N=120). Controlling for GA, the difference still remained significant.

No significant differences were found between groups for MRT & ITPA at 5 and 6 year of age, IQ at 7 years of age, and neurologic abnormalities at 7 years of age.

The mean IQ at 7 years of age was 100.06(12.74, 101.75(13.79, and 102.02(15.01 for infants with SB 0-10, 11-15, and 16-23 mg/dl, respectively.
	Some lost to follow up
	No data on funding source

Internal validity: B

	Scheidt, 1977

[#77209363]
	For white term (GA ( 36 wks and BW > 2500 g) and FT (GA ( 37 wks and BW > 2500 g) infants, Bayley’s PDI score was significantly decreased with elevated SB levels (SB(10 mg/dl). However, significant decrease in Bayley’s MDI score only occurred in white term infants with SB(15 mg/dl.

For black term (GA ( 36 wks and BW > 2500 g) infants, both Bayley’s MDI and PDI scores were significantly decreased with elevated SB levels (SB(10 mg/dl). However, no association between SB levels and Bayley’s MDI and PDI scores was found in black FT (GA ( 37 wks and BW > 2500 g) infants.

The study examined the potentially confounding factors found that race is significant confounder, SES is not associate with bilirubin levels; and, BW and GA appear to be more powerful determinants of Bayley’s MDI & PDI test performance than levels of maximum SB.
	Don’t know if the results were confounded by any Rx

The authors noted that the mean scores for each comparison tend to be progressively lower at bilirubin levels above 14 mg/dl because of small sample size
	Study was government funded

Internal validity: B

	Seidman, 1991

[#91375839]
	For males (N=1031), the mean IQ was 105.2(1.7, 105.5(1.9, and 103.9(2.4 for those had no jaundice, moderate jaundice (5-8 mg/dl on day 1, 10-15 mg/dl on day 2, or 13-20 mg/dl thereafter, and severe jaundice (>8 mg/dl on day 1, >15 md/dl on day 2, or >20 mg/dl thereafter) respectively.

For females (N=917), the mean IQ was 103.4(1.5, 104.7(1.9, and 102.4(2.6 for those had no jaundice, moderate jaundice and severe jaundice, respectively.

Adjusted odds for full-term, coombs negative male with severe hyperbilirubinemia was 2.96 (95%CI 1.29-6.79)
	Not a true prospective study even though authors claim that it is a “historical” prospective study.

Not all the details of logistic analysis were presented.
	No data on funding source

Internal validity: B

	Soorani-Lunsing, 2001

[#11726727]
	None of jaundiced or control infants had abnormal neurologic exams through the study period.

At 3-8 days of life, infants with SB > 12.9 mg/dl (N=20) had significant higher prevalence of mild neurologic dysfunction (70%), than controls (25%) (N=20). Controlling for other factors, the odds of developing mild neurologic dysfunction was 6.62 (95%CI 1.59-27.51), compared jaundiced infants to controls.

At 3 months of life, infants with SB > 12.9 mg/dl (N=20) had significant higher prevalence of mild neurologic dysfunction (55%), than controls (25%). Controlling for other factors, the odds of developing mild neurologic dysfunction was 3.75 (95%CI 1.03-14.53), compared jaundiced infants to controls.

At 1 year of life, infants with SB > 12.9 mg/dl (N=20) had significant higher prevalence of mild neurologic dysfunction (50%), than controls (10%). Controlling for other factors, the odds of developing mild neurologic dysfunction was 9.47 (95%CI 1.67-53.65), compared jaundiced infants to controls.

At 1 year of life, all 5 children with minor neurologic dysfunction type 2 had had total SB ( 19.6 mg/dl. 4 of them received PhotoRx. None of the controls had minor neurologic dysfunction type 2.

Behavior of the study and control children at age of 12 months didn’t differ according to the parental questionnaire.

Study also found BW, group membership and male gender are best explanation of neurologic dysfunction in the logistic model.
	Small sample size

No data on TSB level available for control group
	No data on funding source

Internal validity: C

	Suresh, 1997

[#98374505]
	Hearing was normal in 34 (94%) patients (reported in 36 patients). 1 children with hearing loss had conductive loss from otitis media.

No sensorineural hearing loss was reported despite bilirubin levels 20-29 and (30 mg/dl in some patients

All 42 patients are reported to be of normal height and weight.

The neurodevelopmental status (reported in 39 patients) is reportedly normal (with good school performance) in 77% (30/39).

2 patients have kernicterus.

4 have cerebellar symptoms.

1 each has developmental delay, mild intention tremor, and mild speech delay.
	Questionnaires mailed to 27 physicians “thought to be in contact with CN1 patients” – 14 physicians and 3 parents returned information on 42 CN1 patients.

No objective measures of hearing loss

Lack of definitions of outcomes.
	No data on funding source

Internal validity: C

	Tan, 1992

[#92139200]
	Before PhotoRx, infants with hyperbilirubinemia (mean SB 16.7 mg/dl) (N=30) had significantly prolonged latency V and IPL III-V and I-V. BAER significantly improved after day 1 Rx, and there was no difference in latencies and IPL between subjects and controls.

In PhotoRx group, there was significant difference between the preexposure and postexposure values of latency V and IPL III-V and I-V.

The correlation between the bilirubin levels and the BAER values during PhotoRx was highly significant r=0.967 and p<0.001 for latency V; r=0.999 and p< 0.001 for IPL I-V; and r=0.963 and p< 0.001 for IPL III-V. 

“The amplitude measurements proved too unreliable for meaningful comparison.”
	Post-Rx latencies and IPL was not given. Data was presented in graphs.

No long-term follow-up
	No data on funding source

Internal validity: A

	Upadhyay, 1971

[#71238892]
	Significantly more infants with hyperbilirubinemia (bilirubin>20 mg/dl) were non-normal in Bayley’s developmental outcomes at 8 months, compared to those with bilirubin<10 mg/dl (4/17 vs. 0/18, respectively. P<0.01). No differences in neurologic exams at 12 months; and, hearing language and speech outcomes at 36 months between the two groups.

At 48 months, 2 (10%) hyperbilirubinemic children had IQ scores below 80 (49 and 68). 4 (20%) control children (bilirubin<10 mg/dl) had IQ scores below 80 but none below 70.

The mean IQ scores between the two groups were not significantly different. The mean IQ of the hyperbilirubinemic children was 93.5 and that of the controls was 90.5. 
	Definitions of abnormal, suspect, or non-normal were not clearly given

Large amount of missing data
	No data on funding source

Internal validity: C

	Valaes, 1980

[#81031849]
	Degree of jaundice was found no Association to VMI, DAW and VOC scores.

Two children had hearing loss in the high frequency scored low in the verbal test but other tests were not different from the population.

RCT of PB found PB significantly decreased the prevalence of jaundice.
	Didn’t followed all of the RCT subjects

Majority of subjects pre-exposed to prenatal PB

Including infants with hemolytic disease and few preemies
	No data on funding source

Internal validity: B

	Vohr, 1989

[#89328704]

Vohr, 1990

[#90339225]
	Moderately jaundiced infants (N=23), SB 10-20 mg/dl, scored significantly lower in the orientation (p<0.04), state range (p<0.01), and state regulation (p<0.03) cluster scores; and, all auditory items, compared with infants with SB < 8 mg/dl (N=27).

Infants with moderate jaundice also showed significantly prolonged Latency IV or B; and, Interpeak I-V, both reflecting central conduction time, when compared with infants with low bilirubin level.

All items in BNBAS were significantly correlated to levels of SB. The correlation showed that increased levels of SB with decreased scores on the individual BNBAS items. After control for PhotoRx by partial correlations, most of correlations remained significant except for state regulation and autonomic stability.

Increased bilirubin level also correlated with an increased latency of BAER wave IV, V (r=0.25, p<0.05)
	No long-term follow-up

Small sample size
	No data on funding source

Internal validity: A

	Wolf, 1997

[#98030356]

Wolf, 1999

[#99156393]
	@ 4 months of age (N=45, mixed term and preterm infants):

Linear correlation showed an association of maximum TSB and test rating at 4 months (r=0.32, p<0.05) and test scores at 4 months (r=0.44, p<0.03)

No association was found between GA and TSB

No relationship between the cause of jaundice and 4-month neurodevelopmental outcomes.

Mean TSB in the normal IMS group was 27.3(5.3 mg/dl; in the suspect and abnormal IMS group the mean TSB was 28(4 mg/dl and 33.7(10.3 mg/dl, respectively. These differences were not significant (p=0.06)

@ 1 year of age (N=35, term infants only):

8 (23%) term infants, with mean TSB 33.4 mg/dl, had abnormal and suspect BSID and clinical diagnosis at 1 year.

27 (77%) term infants, with mean TSB 26.5 mg/dl, scored normal on the BSID at 1 year.

“Relationship between Bayley motor score and TSB correlation was 0.59 (p<0.01)”
	Infants were enrolled only if clinically jaundiced.

Treatment effects couldn’t be ruled out. 

No control group

Not all detail was given


	No data on funding source

Internal validity: C

	Yilmaz, 2001

[#21125314]
	Neurological dysfunction was observed in 10 (11.5%) of the 87 subjects. Subjects with maximum SB levels < 20 mg/dl (N=10) didn’t show any neurological abnormalities, whereas 4 (9.3%) of the subjects with SB 20-23.9 mg/dl (N=43) had only dysconjugated gaze movements and 6 (17.6%) of the subjects with SB ( 24 mg/dl had neurological manifestations.

The mean peak SB level was 26.1(4.9 mg/dl in subjects with neurological dysfunction (N=10), while that was 23.2(3.4 mg/dl in subjects with normal neurological function (N=77) (p<0.05).

The duration of jaundice was significantly longer in neurologically abnormal subjects (6.1(1.9 days), than in neurologically normal subjects (4.7(2.4) (p<0.05).
	Large amount of missing data
	No funding source

Internal validity: C
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