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Evidence Table 2. Early Life OM and Long-Term Speech and Language Development

[The eight components of study quality score are: study cohort clearly defined; subjects assembled at a uniform time point; pathway of subject entry clearly described; complete follow-up achieved; withdrawals/drop-outs described; objective outcomes used; outcome assessment blinded; and extraneous factors adjusted.  1 indicates presence and 0 indicates absence.]
	Record#
Author
Year
	Study Quality
OME Definition
Group(s) and Sample Size
	Time/Place
Subject Characteristics
Inclusion/Exclusion Criteria
	Risk Groups
Predictors
Outcome Measures
	Findings

	877
Black
1993
	Prospective Cohorts Study

Study Quality Score (0–8):
3 (00001101)

OM Diagnosis: 
By otologic examination by unspecified examiner.

OM Groups:
Group 1: OM+: High Infant Otitis Media (at least two cases of otitis media within the first year of life documented by otologic examination)
Group 2: OM–: No Infant Otitis Media (Had not experienced otitis media during first year of life)
N=31 subjects
N1=21
N2=10
	Time: 4-year follow-up (actual time of study not specified)
Place: Inner-city sample in Baltimore, Maryland

Characteristics:
· 87% had African-American primary caregivers 

· 61% had not completed high school

· 81% single women

· 91% received medical assistance

· all children were enrolled in kindergarten or Head Start I
Inclusion:
· Age: 4 years follow-up of the original cohort of infants 

· partipated in authors earlier study

· Born at term with appropriate weight for gestational age

· No medical problems beyond OM

Exclusion: None
	Age: 
OM history: first year of life
Outcomes: 4–6 years of age

OM History: At least 2 episodes of OM within the first year documented of otologic exam. A child could receive credit for only one bout of OM within each 29-day period.

Outcome Measures: 
Cognitive development: 
McCarthy Scales of Children’s Abilities (verbal, perceptual processing, quantitative, memory, and motor).  Each has a mean score of 50 and a standard deviation (SD) of 10.  Scores on the first 3 scales are summed to give a GCI with a mean (SD) of 100 (15).

Language development:
Peabody Picture Vocabulary Test-Revised, an assessment of receptive language.  Has mean (SD) of 100 (15).
	
                          OM+
            OM–
Test
               Mean (SD)        Mean (SD)
McCarthy Scales
  Verbal
46.7 
(11.5)
 41.0 
(10.7)
  Perceptual
47.5 
(12.8)
 43.2 
(11.4)
  Quantitative
43.6 
( 8.6)
39.1 
(10.5)
  Memory
46.0 
(10.6)
 41.5 
(12.0)
  Motor
53.0 
(12.4)
 36.4 
(10.2)

GCIa
92.6 
(19.5)
 84.9 
(19.3)

PPVT–Rb
82.9 
(17.3)
 72.4 
(17.6)  

a General cognitive index
b Peabody Picture Vocabulary Test–Revised

	
	
	
	
	


	Record#
Author
Year
	Study Quality
OME Definition
Group(s) and Sample Size
	Time/Place
Subject Characteristics
Inclusion/Exclusion Criteria
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Predictors
Outcome Measures
	Findings


	1219
Feagans
1987
	Prospective cohort study

Study Quality Score (0–8):
5 (11100101)

OM Diagnosis:
OM diagnosed by 2 pediatricians and 2 nurse practitioners using pneumatic otoscopy.  Beginning 1978 tympanometry was used to corroborate the diagnosis

Group: Children who were part of a medical and day care intervention project
N=44 subjects
	Time: 1972–1982
Place: Children were sampled from a day care center in Pennsylvania
Characteristics: 
· Black

· Low socioeconomic status;

· Attended day care center 50 weeks per year from 6 weeks to 5 years of age.

Inclusion:
· Age: 5–7 years (measures at both time points)
· children who were followed from birth to 2nd grade
· biologically normal at birth
· high risk for general developmental delays in language and intelligence due to low SES
Exclusion: None
	Age: 
OM History: 0–3 year of life
Outcomes: at 5–7 years of age 

OM History:
Frequency of OM
Duration of OM

Outcome Measures:
Mean length of utterance (MLU) at age 5
Mean length of utterance (MLU) at age 6
Paraphrase score at age 5
Paraphrase score at age 6

Predictors in the study:
Mother’s IQ at birth
Mother’s education
Home environment (HOME) at 18 months
Language (WPPSI IQ) at age 5
Frequency of OM in 0–3 years of life
Duration of OM in 0–3 years of life
	
Mean (SD)

Length of utterance
   At age 5
10.3 (2.9)
   At age 7
12.4 (3.8)

Paraphrase score
   At age 5
7.2 (1.4)
   At age 7
8.0 (1.0)

Multiple regression analysis-Age 5

MLU:
R2 = 0.07, p>0.10, no variable significant.

Paraphrase score: R2 = 0.47, p<0.001, 
WPPSI IQ most significant followed by frequency of OM.  

Multiple regression analysis-Age 7

MLU: R2 = 0.13, p<0.20; IQ was the only significant predictor (R2= 0.12, p<0.02).

Paraphrase score: R2 = 0.22, p>0.11; WPPSI and duration of OM were significant predictors (R2= 0.18, p<0.02)


	1255
Fischler
1985
	Retrospective-prospective study

Study Quality Score (0–8):
5 (11001110)

OM Diagnosis:
By medical record review of documented physician’s clinical diagnosis.

OM Groups:
Group 1: HR/REC (HR-High risk status,REC-recurrences of OM attacks after age 2) ~ >=2 attacks by age 2 yr and >=3 attacks after age 2 yr
Group 2: HR/NREC ~ >=2 attacks by age 2 yr and <3 attacks after age 2 yr
Group 3: NHR/NREC ~ <2 attacks by age 2 yr and <3 attacks after age 2 yr
N=167 
N1=33
N2=63
N3=71
	Time: Start date~7/1974 
Place: Four Indian reservations in Arizona
Characteristics:
· 50% had family income under $5000 per year

· 37% had housing below average 

· 13% primarily Apache speaking at home

Inclusion:
· Age: 6–8 years
· healthy Apache Indian children who had been followed since birth
Exclusion: 
· moved during study period
· absent or not tested because of time constraints
· medical reasons (specific conditions not specified)
	Age: 
OM history: 0–2 years of life
Outcome: at 6–8 years

Examiner(s): 
· Unspecified physicians for diagnosis of otitis media;

· School nurse for hearing tests;

· Pediatrician/otolaryngologist for otoscopic examinations;

· Certified speech pathologists for language testing.

OM history: 
Groups defined by number of OM episodes by age 2 

Outcome measures:
· Four subtests of the Test of Language Development (TOLD).

· Two receptive language subtests (picture vocabulary [PV] and grammatic understanding [GU])

· Two expressive subtests (grammatic completion [GC] and oral vocabulary [OV])

· Articulation: informally scored as normal or suspect

· Nonverbal intelligence by the block-design subtest of the Wechsler Intelligence Scale for Children-Revised (WISC-R)

[For all subtests raw scores were converted into age standardized scores.  Standard scores were based on national norms having mean (SD) of 10 (3).] 
	
 
Mean (SD)

 Group 1
Group 2
Group 3
OM risk
 High
 Moderate
Low

TOLD subtest
Receptive  language
  PV
  5.6 (2.3)
6.8 (2.8)
6.1 (2.7) 
  GU
 7.2 (2.2)
8.1 (2.3)
7.9 (2.1)

TOLD subtest
Expressive language
  GC
 5.0 (1.7)
5.7 (1.9)
5.4 (2.4)
  OV
 6.1 (3.0)
7.7 (2.8)
7.1 (2.7)

WISC-R block design
Non-verbal intelligence

 10.6 (2.9)
 10.4 (3.1)
 10.0 (2.7)


	1277
Freeark
1992
	Retrospective-Prospective Cohort Study

Study Quality Score (0–8):
4 (10000111)

OM Diagnosis:
By whom, not specified; How diagnosed, not specified.  (OM history obtained from medical records).

OM Groups:
Group 1: High OM: Above median of OM severity defined by frequency of OM episodes and days with effusion.

Group 2: Low OM: Below median of OM severity defined  by frequency of OM episodes and days with effusion.
N=54 subjects
N1=26
N2=28

	Time: not specified
Place: university-based pediatric clinic, Michigan

Characteristics:
· 86% white

· 82% of mothers and 91% of fathers with at least some college education

· 77% of fathers in lower middle to upper middle class occupations or were full-time graduate students

· 75% of mothers employed

Inclusion:
· Age: 3–4 years
· in patient roster of a university-based pediatric clinic
· both parents living in home
· parents had at least a high school ed. and not receiving public assistance
· family had no more than four children
· child did not suffer from a chronic illness or disability
Exclusion: None
	Age: 
OM history: 0–3 years of life
Outcome: 3–4 years
Examiner(s):
Trained examiners for language testing.

OM History:
OM severity defined by a) number of separate episodes of otitis and b) total number of days of effusion over the first 3 years.

Outcome measures:
Verbal Scale Index (VSI) of the McCarthy Scale of Children’s Abilities – a summary measure of the child’s verbal abilities derived from 6 subtests assessing verbal fluency and memory, word knowledge, and verbal reasoning.

Stratification Factor:
Parent Verbal Stimulation (PVS) – total frequency of mothers’ and fathers’ descriptive and reflective statements and questions during the first 10 minutes of the dyadic interaction.
	
VSI below mean (# and %)

High OM
Low OM

High PVS Group
2/14
10/14

14%
 71%

Low PVS Group
 8/12
 4/14

 67%
 29%

Total
  10/26
14/28

 38%
  50%

Hierarchical multiple regression analysis showed that interactions between parent verbal stimulation and otitis severity were significant in predicting the VSI and the VIP score for the interaction segment with fathers.


	1373
Gravel
1992

Same cohort in 1941, 2295 and 4728.

See 1941, 2295, and 4728  for further comments.
	Prospective Cohort Study

Study Quality Score (0–8):
5 (11001110)

OM Diagnosis:
Pediatric nurse practitioners completed pneumo-otoscopic examinations. 

OM Groups:
Group 1: OM+: Otitis positive children – when bilateral OM was detected at 30% or more of the baby’s first year visits.  (Also, had poorer auditory sensitivity by click ABR.)
Group 2: OM–: Otitis negative children – when middle ear status was rated as normal in both ears during 80% or more of the first year visits.
N=23 
N1=10
N2=13
	Time: not specified
Place: Clinical Research Center for Communicative Disorders (which draws subjects from the LIFE Program of the R.F. Kennedy Center, Albert Einstein College of Med. Bronx, NY

Characteristics:
· low socioeconomic urban neighborhoods based on Hollingshead’s (1975) index

· none had sensorineural hearing loss

Inclusion:
· Age: 4 years (measures taken during first year of life as well)
· all children were enrolled at 40 wks postconceptional age for follow-up through the LIFE Program
· either high-risk infant graduates of a NICU or FT graduates of the well-baby nursery of Jacobi Hospital
· English reported as the primary language spoken
Exclusion:
· neurologically compromised
	Age: 
OM history: 0–1 of life
Outcome: at 4 years of age

Examiner(s):
Not specified

OM history:
OM groups were defined by otoscopic histories.

Outcome measures:
Cognitive measures (Stanford-Binet 4th Edition):
  Composite IQ Score
  Verbal reasoning
  Abstract/visual reasoning
  Quantitative reasoning,
   Short-term memory

Language measure (Sequenced Inventory of Communication Development-Revised (SICD-R) – a standardized measure of communicative functioning combining parental report with direct assessment:
  Expressive scale 
  Receptive scale  
	
                      Mean (SD)

OM+
OM–
Cognitive
   N
9
 13
   Global IQ
87.8 (14.8)
  86.0 (8.6)
   Verbal IQ
88.3 (15.9)
  84.3 (9.4)

Expressive language in months
   N
8
 12
   Mean (SD)
 36.0 (5.2)
39.0 (6.2)

Receptive language in months
   N
8
  13
   Mean (SD)
  35.5 (5.4)
37.8 (5.3)


	4728
Gravel
1996

Same study subjects as 1373, 1941, 2295

See 1373, 1941, and 2295  for further comments.
	Prospective Cohort Study

Study Quality Score (0–8):
3 (01000110)

OM Diagnosis:
Pediatric nurse practitioners completed pneumo-otoscopic examinations. 

OM Groups:
Group 1: Otitis positive children – when bilateral OM was detected at 30% or more of the baby’s first year visits.
Group 2: Otitis negative children – when middle ear status was rated as normal in both ears during 80% or more of the first year visits.
N=17 subjects
N1=10
N2=7

	Time: not specified
Place: Clinical Research Center for Communicative Disorders (which draws subjects from the LIFE Program of the R.F. Kennedy Center, Albert Einstein College of Med. Bronx, NY

Characteristics:
· low socioeconomic urban neighborhoods based on Hollingshead’s (1975) index

· all had normal hearing and normal middle-ear function on test day

Inclusion:
· Age: 9 years
· born in the same urban hospital
· auditory testing conducted during first year of life and at 9 years of age
Exclusion: None
	Age: 
OM history: 0–1 of life
Outcome: at 9 years of age

Examiner(s):
Not specified

OM history:
OM groups were defined by otoscopic histories.

Outcome measures:
· Binaural masking level difference (MLD)

· Speech-in-competition task-adapted from the Pediatric Speech Intelligibility (PSI) test

· Selected auditory attention task – An experimental version of the PSI

· Story memory tasks – a subset of the standardized Wide Range Assessment of Memory and Learning (WRAML)

· Clinical Evaluation of Language Fundamentals-Revised (CELF-R)


	No raw data were reported.  

The following were reported between OM+ and OM– groups:

1.
A significant difference between the early OM+ and early OM– groups was found on the story-recall memory task (t=2.42; p=0.032).

2.
No significant differences between the groups were found on the MLD, competitive listening tasks, language screen, the PSI selective auditory attention task, or the story recognition-memory task.


	1435
Harsten
1993
	Prospective Cohort Study

Study Quality Score (0–8):
6 (11101110)

OM Diagnosis:
AOM was diagnosed by otomicropscopy, performed by an otolaryngologist and defined as an acute episode of earache in a child, with red bulging eardrum(s) or purulent discharge, occasionally febrile and with signs of upper respiratory tract infection.

OM Groups:
Group 1: Children with recurrent AOM (RAOM defined as at least six episodes of AOM during a 12-month period) during the first 3 years of life
Group 2: Children without any AOM episode during the first 3 years of life
N=42 subjects
N1=13
N2=29
	Time: not specified
Place: University Hospital of Lund, Sweden
Characteristics:
· 45% first-borns

· 71% mother educated at college level

Inclusion:
· Age:  Birth cohort 

· monolingual, Swedish children, born at University Hospital of Lund

Exclusion: None
	Age: 
OM history: 0–3 year of life
Outcomes: at 4 and 7 year of age 

Examiner(s):
Otolaryngologist for otomicroscopy, tympanometry, tone-audiograms 

Phoniatrician and clinical linguist for hearing and speech

OM history: 
Groups defined by number of episodes of AOM during a 12 month period.

Outcomes: 
· Phonology – based on material from the phoneme test and producing word pairs of the auditory discrimination task.

· Grammar – from the Ringsted material
· Interaction – Thematic pictures were used for this analysis

· Grammatical and interactional analysis – based on sequential pictures and thematic pictures
	Phonology
% (#) had traces of deviance/deviant


RAOM
Healthy

Age 4
69% 
(9/13)
 76% (22/29)
 
Age 7
83% 
(10/12)
 54% (15/28)

Grammar
% (#) abnormal


RAOM
Healthy

Age 4
  0%
(0/13)
  0%
(0/29)
Age 7
  0% 
(0/12)
  0%
(0/28)

Interaction
% (#) had traces of deviance


RAOM
Healthy

Age 4
31% 
(4/13)
 21% 
(6/29)
Age 7
17% 
(2/12)
 39% 
(11/28)

RAOM=recurrent acute otitis media


	1623
Kaplan
1973
	Prospective Cohort Study

Study Quality Score (0–8):
6 (11001111)

OM Diagnosis:
A research nurse visited the cohort children 4 times a year during first 2 years and at least 2 times a year for the next 2 years.  During each visit, information concerning middle ear abnormality was obtained and medical records of the time between visits were reviewed.  Only OM described with otorrhea was used for analysis.

OM Groups:
Group 1:  age of onset of first otorrhea at 0–1 year of age

Group 2: age of onset of first otorrhea at age 2–10 years

Group 3: no history of otorrhea
N=489 
N1=291
N2=83
N3=115

	Time: Birth cohort (10/1960–12/1962); follow-up conducted between 9/1969–7/1971
Place: 28 Eskimo villages located in the Yukon and Kuskokwim River Delta areas of Southwestern Alaska

Characteristics:
Not described.

Inclusion:
· Age: Birth Cohort born between 10/1960–12/1962 and followed up between 9/1969–7/1971
· born in 25 villages w/in Alaska specified under place and/or residing in 3 additional villages at follow-up
Exclusion: 
· Children with pure sensory hearing loss were excluded from analysis
	Age:
OM history: 0–1 year of life
Outcome: at 10 years of age

Examiner(s):
Experienced audiologist for air and bone conduction measurements

Two psychologists administered speech and intelligence testing

OM history: 
Groups based on onset of first episode of otorrhea  during 0–1 year; during 2–10 years or no history. 

Outcomes: 
· Wechsler Intelligence Scale for Children (WISC) – modified

· Bender-Gestalt test

· Draw-A-Person test

Stratification Factor:
Concurrent hearing status: 
No hearing loss or conductive component or hearing loss at 26+dB
	No Hearing Loss Group


 
Group 1
Group 2
Group 3
1st om at
  0–1y
  2–12y
  noOM
N
 
88
32
53
Verbal Score

Mean
80
79
81

Range
(50–100)
(55–105)
(55–105) 
Performance Score

Mean
100
100
102

Range
(70–140)
(70–125)
(70–135)

Conductive Component Group


 
Group 1
Group 2
Group 3
1st om at
  0–1y
  2–12y
  noOM
N
 
42
8
17
Verbal Score

  Mean
70
80
76

  Range
(45–90)
 (60–100)
 (55–90) 
Performance Score

  Mean
92
100
95

  Range
(55–125)
 (85–110)
 (75–115)

Hearing Loss 26+dB Group


 
Group 1
Group 2
Group 3
1st om at
  0–1y
  2–12y
  noOM
N
 
32
5
6
Verbal Score

  Mean
72
71
80

  Range
(55–100)
 (55–85)
 (60–100) 
Performance Score

  Mean
95
94
101

  Range
(55–125)
(70–120)
 (70–115)


	4651
Klein
1988
	Prospective Cohort Study

Study Quality Score (0–8):
4 (10100101)

OM Diagnosis:
By pediatricians using pneumatic otoscopy until age 3 and both pneumatic otoscopy and tympanometry in years 4 through 7.

OM Groups:
Group 1: Time spent with effusion <32 days during first 2 years of life

Group 2: Time spent with effusion 33–108 days during first 2 years of life

Group 3: Time spend with effusion >108 days during first 2 years of life.

N=196 subjects
Number of subjects by groups not given
	Time: Enrollment of infants began in 1975 & continued for 2 yrs (7-year follow-up)
Place: Private practices in Holliston and Framingham, MA, and an urban health center in East Boston
Inclusion:
· Random sample of children still active in the practices at age 7.
Exclusion: 
· parental refusal
· nonwhite race
· English not the primary language spoken at home
· Seizures
· mental retardation, cerebral palsy
· hearing loss >20db at time of testing (deferred until able to pass hearing test)
	Age:
OM history: first 3 years of life (recruited at <3 months of life)

Outcome: at 7 years of age

Examiner(s):
Pediatricians for OM history.
Not mentioned for speech and language testing.

OM History:
· Criteria for effusion – otorrhea, gas-liquid levels visible on otoscopy or marked reduction of mobility. Tympanometric criterion: type B curve.

· Time spent with effusion – assigned a ‘window’ of 23 days to each observation of effusion, whether accompanied by signs of illness or not.  It could be shortened or extended by multiple examinations.

Outcome measure:
· Wechsler Intelligence Scale for Children-Revised (WISC-R) 

· Goldman-Fristoe-Woodcock test

· WUG test

· Peabody Picture Vocabulary Test

· Boston Naming Test

· A recorded language sample

· Metropolitan Achievement Test (reading and mathematics)
	No raw data were given.

Multivariate results were reported as follows:

Least square (LS) mean and standard error (SE) of full scale WISC-R controlling for socioeconomic status and sex:



Effusion Group

  Group 1
 Group 2
     Group 3

   <32 d
 33–108 d
    >108 d

LS mean
113.4
107.5
105.6
SE
 1.41
 1.49
 1.34

Group 1 vs Group 2, p=0.005
Group 1 vs Group 3, p<0.0001
Group 2 vs Group 3, p=NS.

The investigators report that ‘similar results were found in both the performance and verbal scores.  Speech and language measures significantly associated with otitis media during the first 3 years of life included aspects of speech production, speech perception, morphologic production, morphologic comprehension, lexical production, and syntactic production.

	1941
Mody
1999

Same study as 4780
Mody
1996

Same cohort as 1373, 2295, and 4728.

See 1373, 2295, and 4728  for further comments.
	Prospective Cohort Study

Study Quality Score (0–8):
4 (11000101)

OM Diagnosis:
By trained and validated pediatric nurse practitioner (PNP) using a pneumatic otoscope under the supervision of a pediatric otolaryngologist.  The PNP recorded a description of TM characteristics for each ear, using a 9-item otoscopic checklist and made the determination of “clear,” “suspicious,” or “positive” for OM.

OM Group:
Group 1: OM+: (Children who had 30% or more of the 13 first-year visits with otitis media bilaterally)
Group 2: OM–:  (Children who had 80% or more of the 13 first-year visits with normal middle ear findings bilaterally)
N=14 subjects
N1=7
N2=7

	Time: Follow-up from birth to 9 years (actual dates not specified)
Place: Subjects recruited from Longitudinal Infant Follow-up and Evaluation (LIFE) program of the Rose F. Kennedy Center, Albert Einstein College of Medicine, New York, NY
Characteristics:
· 71% high risk births

· 64% male

· 57% African-American

· 36% Hispanic

· 64% low SES

· 36% middle SES

Inclusion:
· Age: 9 years (followed from birth)
· English is the primary language spoken in the home
· received all medical, audiological, and developmental assessments through the LIFE program at monthly evaluations from birth through first year
· normal hearing and normal middle ear function on test day
Exclusion: 
· neurologically compromised as an infant
	Age:
OM history: first year of life
Outcome: at 9 years of age

Examiner(s):
Trained and validated pediatric nurse practitioner for OM history;

Type of examiner(s) not specified for speech and language testing.

OM history:
Defined by pneumatic otoscopy findings during first year of life.

Outcome measures:
· Four nonsense syllables (/s(/, /z(/, /k(/, /g(/) presented auditorily

· Test on identification and temporal order recall using 4 synthetic speech syllables, /ba/, /da/, /sa/ and /a/.
	Mean number of items correctly reported


OM+
 OM–

Serial Position
  1
64
   69
  2
47
   53
  3
41
   57
  4
38
   53

Errors by type and number of phonetic features


OM+
OM–

Transposition 
Errors
92%
  95%

Total errors
146
104
   0 shared features
30
 18
   1 shared feature
 35
 21
   2 shared features
81
 65

Mean (SD) number of errors on identification and temporal order judgment (TOJ)a

OM+
OM–

1. /ba/-/da/
   Identification
1.0(1.0)
 0.4(0.8) 
   TOJ 400
0.7(1.5)
 0.0(0.0)
   TOJ (100/50/10)
4.3(3.7)
 1.1(0.9)

2. /sa/-/a/
   Identification
2.1(2.3)
 1.7(1.4)
   TOJ 400
3.1(2.5)
0.6(0.8)
   TOJ (100/50/10)
6.7(5.7)
 3.6(3.2)

a From article 4780.

	4675
Owen
1996
	Prospective Cohort Study

Study Quality Score (0–8):
4 (11000101)

OM Diagnosis:
By trained technicians using automated screening tympanometers with a 226 Hz probe tone.  Acoustic reflectivity was also measured using acoustic otoscope at 30% of visits.  OME diagnoses were based on type B tympanogram or >= 5 acoustic reflectivity or visible purulent otorrhea without an otoscope.

OM Groups:
Group 1: High OME (children who had extended OME across first three years of life)
Group 2: Early OME (children who had OME which peaked from 0–6 months of age)
Group 3: Later OME (children who  had OME which peaked from 6–12 months of age)
Group 4: Low OME (children who experienced relatively low levels across first 3 yrs of life)
N=294 subjects
Sample size for each group not specified.
	Time: Infants enrolled in program between 1984–1989 
(5 yr follow-up)
Place: Texas 
Characteristics:
· 49% male

· 56% Euro-American

· 30% African-American

· 14% English-speaking Hispanic

· wide socioeconomic range

· Half breast fed at birth

· 41% had cigarette smoke exposure

· 19% mother smoked

· 63% attended day care

Inclusion:
· Age: 5 years (follow-up from birth)
· healthy-term infant from English-speaking family
Exclusion: None
	Age: 
OM history: 0–3 years of life
Outcome:  at 5 years of age

Examiner(s):
Trained technicians for OM history
Trained graduate students for language and cognitive testing.

OM history:
If 2 consecutive visits showed OME, the intervening days were counted as days with OME.  If one visit showed OM and the next normal status, or vice versa, half of the intervening days were counted as days with OME. 

OME duration was defined as the proportion of time a subject spent with OME (total OME days divided by total days) in the period examined.

Outcome measures:
· Test for Auditory Comprehension of Language-Revised (TACL-R)

· Auditory discrimination subtests of the Carrow Auditory Visual Abilities Test (CAVAT)

· Goldman-Fristoe test for articulation (G-F)

· Carrow Elicited Language Inventory (CELI)

· Stanford-Binet Fourth Edition for cognition

Covariates:
Gender, Ethnicity, Birth rank, Day care attendance, Duration of breast feeding, Cigarette smoke exposure, SES, Educational stimulation at home, Mother’s intelligence
	Raw results were not reported.  

The following findings were reported:

1.
CELI, a measure of child’s productive control of grammar, showed a significant inverse relation to duration of OME [t(266)=–2.62; p=0.01]. 

2.
Goldman-Fristoe, a measure of articulation errors, OME amount was positively related to articulation errors [t(213)–6.42;p=0.01]

3.
CAVAT yielded significant relations for auditory blending and auditory discrimination in quiet modified by ethnicity and breast feeding.

4.
TACL-R total and word class scores were also related to OME cluster group.

5.
High OME cluster group tended to be most adversely affected, but all relations were moderated, chiefly by ethnicity, breast feeding and home stimulation scores.

6.
Association of duration of OME in first 18 months of life and Stanford Binet composite scores: r=–0.11, p<0.05.

7.
Association of duration of OME and nonverbal reasoning and visualization factor scores: r=0.13, p<0.05)

8.
Associations in 5 and 6 were not substantiated when effects of environmental and demographic variables were controlled in multivariate analysis.

	2135
Paul
1993
	Retrospective-Prospective Cohort Study

Study Quality Score (0–8):
3 (00100101)

OM Diagnosis:  
Based on parental reporting.

OM Group:
Middle ear involvement  was defined as either the placement of myringotomy tubes or the presence of six or more ear infections treated by a physician before the second birthday, by parent report.

Group 1: OM+: defined by middle ear involvement, stratified by normal or late talkers
Group 2: OM–: lack of such middle ear involvement, also stratified by normal or late talkers.

N=44 subjects
N1=20 (8 normal and 12 late talkers)
N2=24 (13 normal and 11 late talkers)
	Time: Not specified

Place: Portland Oregon.  Subjects are subset of those participating in the Portland Language Development Project (PLDP), a longitudinal study of outcomes of early expressive language delay.

Characteristics:
· all passed speech reception screenings

· 15–33% of each subgroup had abnormal tympanograms

Inclusion:
· Age: 20–34 at entrance
· subjects recruited from children participating in the Portland Language Development Project (PLDP)
Exclusion: None
	Age: 
OM history: first 2 years of life
Outcome: at 3 and 4 years of age

Examiner(s):
Certified audiologist in sound-treated booth.

OM History: Based on parental reports.

Outcome measures:
· Goldman-Fristoe Test of Articulation at age 3

· Word Articulation subtest of the Test of Language Development-Primary at age 4.

· Sample of free speech collected during a 
15-minute play interaction between mother and child at ages 3 and 4.

· Speech samples were used to compute mean length of utterance (MLU) in morphemes for each sample.

Stratification groups:
Children were placed in normal versus late talking (LT) groups on the basis of their expressive vocabulary size as reported by parents on the Language Development Survey (LDS) at intake into the PLDP.  
	MLU – Mean (SD)   


OM+
  OM–

Normal Talkers
n=8
   n=13
   Age 3
 4.26 (1.56)
 4.05 (0.85)
   Age 4
 4.82 (0.32)
 4.55 (0.89)
Late Talkers
n=12
 n=11
   Age 3
2.42 (0.60)
 2.61 (0.79)
  Age 4
4.08 (1.05)
 3.91 (1.09)

Goldman-Fristoe %tile – Mean (SD)


OM+
  OM–

Normal Talkers a
n=8
  n=13
   Age 3
 58.9 (33.0)
 62.3 (32.4)
   Age 4
 57.1 (26.0)
 54.5 (37.8)
Late Talkersa
n=12
n=11
   Age 3
12.3 (10.8)
 18.9 (19.8)
   Age 4
17.8 (19.0)
 31.6 (28.6)

a Children who at 20 to 34 months of age used fewer than 50 words were assigned to the LT group. About one-third of the LT subjects showed some delay in receptive language abilities, but they generally scored within 6 months of age level on the Reynell Receptive Language Scales.


	4657
Roberts
1986

4656
Roberts
1989

Same study subjects as in 4806/
3118, 3117, and 4319.
See 4806/
3118, 3117, and 4319 for further comments.
	Prospective Cohort Study

Study Quality Score (0–8):
6 (10101111)

OM Diagnosis:
By pediatricians and pediatric nurse practitioners based on pneumatic otoscopy.  60% time tympanometry was used to corroborate the OME diagnosis.

OM Groups: Based on total OME duration in days during first 3 years of life. 

Group 1: Days with total OME between 0–87 days.

Group 2: Days with total OME between 88–181 days.

Group 3: Days with total OME over 181 days.

N=61 subjects up to 6 years
N1=20
N2=20
N3=21

N=44 subjects up to 8 years
N1=15
N2=14
N3=15
	Time: 9/1972–12/1984 (follow-up from birth to third year of school)
Place: Frank Porter Graham Child Development Center, U of North Carolina at Chapel Hill, NC
Characteristics of 61 subjects

· African American

· 57% boys

· Average of 10.5 years of education of mother

· Mother’s mean IQ score was 84.

· Hearing was within normal limits at time of testing

Inclusion:
· Age: 3.5–6 years of age at followup
· participant in longitudinal on-site research day-care program
· attended the Frank Porter Graham Child Development Center, 5 full days/wk, 50 wks/yr through 5 yrs of age
· identified at birth as biologically normal
· Classified as at risk for poor school performance 
Exclusion: 
· incomplete data
	Age: 
OM history: 2 months–3 years; Outcome: at 3.5–8 years of age 

Examiner(s):
Pediatricians and pediatric nurse practitioners for clinical history

Psychologists for measurements of child development.

OM History:
Duration of each episode of unilateral and bilateral was calculated by subtracting the date of onset of OME from the resolution date.  Days of total 

Outcome measures:
Cognitive capacity:

· Stanford-Binet Intelligence Scale

· McCarthy Scale of Children’s Abilities (McCarthy)

· Wechsler Preschool and Primary Scale of Intelligence (WPPSI)

· Wechsler Intelligence Scale for Children-Revised (WISC-R) verbal scale

· Classroom Behavior Inventory (CBI) verbal intelligence

Academic achievement:

· Peabody Individualized Achievement Test (PIAT)

· Woodcock-Johnson Psychoeducational Battery (WJPB)
	Age 3.5–4 years



Mean (SD)

Group 1
Group 2
Group 3
McCarthy
(n=20)
 (n=20)
 (n=21)

Cognitive
 103 (12)
 104 (10)
 100 ( 8)
Verbal
  52 (  7)
 54 (  7)
52 (  5)

Stanford-Binet
Intelligence
   (n=20)
        (n=20)
    (n=19)


101 (11)
 98 (  8)
99 (11)

Age 4.5 years



Mean (SD)

Group 1
Group 2
Group 3
McCarthy
(n=19)
  (n=20)
(n=19)

Cognitive
 100 (13)
 103 (  9)
97 (10)
Verbal
  53 (  9)
 55 (  6)
52 (  8)

Age 5 years

WPPSI
Intelligence
 (n=19)
 (n=20)
  (n=20)

Full-scale
 102 (12)
 101 (10)
 98 (11)
Verbal
104 (11)
 101 (  9)
 97 (12)
Performance
100 (13)
 101 (11)
 100 (11)

Age 8 years



Groups by OME days

<82d
83–157d
>157d

(n=15)
(n=14)
(n=15)

Intelligence – Verbal IQ
WISC-R
98 (13)
 96 (14)
 94 (10)
CBI
 14 (  5)
 12 (  3)
 12 (  3)


	4806
Roberts
1988

3118
Roberts
1988

Same study subjects as in 4657/
4656, 3117, and 4319.
See 4657/
4656, 3117, and 4319 for further comments
	Prospective Cohort Study

Study Quality Score (0–8):
4 (10100101)

OM Diagnosis:
By pediatricians and pediatric nurse practitioners based on pneumatic otoscopy.  60% time tympanometry was used to corroborate the OME diagnosis.

OM Groups Based on total OME duration in days during first 3 years of life. Duration of each episode of unilateral and bilateral was calculated by subtracting the date of onset of OME from the resolution date.

Group 1: lower third–OME days (8–143 days)

Group 2: middle third–OME days (144–269 days)

Group 3: upper third–OME days (314–931 days)

N=55 children tested for speech at different ages. 

12 tested once;  7 tested 2 times;  19 tested 3 times; 6 tested 4 times and 11 tested 5 times.

N=34 in the language study
	Time: 1975–1986 study period (8 yr follow-up reported); speech and language measured between 1982–1986
Place: Frank Porter Graham Child Development Center, Un. of North Carolina at Chapel Hill, NC
Characteristics:
· 93% black, 7% white

· 67% boys

· All passed hearing screen and had type A or C tympanogram.

Inclusion:
· Age:  8 years (followed from <3 months)
· Attended Frank Porter Graham Child Development Center for 5 days/wk, 50 wks/yr until entry into kindergarten
· Socioeconomically disadvantaged 

· identified at birth as biologically normal
· Classified as at risk for poor school performance 
· Tested for speech and language between 1982–1986

Exclusion: None
	Age: 
OM history: 2 months–3 years; Outcome: at 2.5–8 years of age
Examiner(s):
Pediatricians and pediatric nurse practitioners for clinical history. 

Psychologists for measurements of child development.

Master’s level speech-language pathologists and graduate research assistants collected speech data.

OM History:
Days of total OME was analyzed both as a continuous and categorical variable.

Outcome measures:
Speech

· Goldman-Fristoe Test of Articulation to which 6 additional words were added.

Transcription and Phonology

· CER – total number of consonants in error

· TPP – total number of phonological processes

Language – 15-minute elicited conversational speech sample of language play situation.

· Number of words per communication unit (cu)

· Dependent clauses per cu

· Ratio of total different words to total cu

· Ratio of total different conjunction words (excluding ‘and’ to total cu

· Number of utterances per turn.
	Spearman coefficient of correlation (R) between number of phonologic processes and total OME days

Age(yr)
N
R
P-Value

3
   27
  –0.04
  0.85
4
   25
0.29
  0.16
5
   24
0.31
  0.15
6
   30
0.29
  0.13
7
   29
0.18
  0.34
8
   19
0.10
  0.69

Spearman coefficient of correlation (R) between language measures and total OME days at age 5 (n=34)

Measure
R
P-Value

Words/cu
 –0.04
0.83

Dependent 
Clauses/cu
   0.17
0.33

Different 
Words/cu
–0.03
0.89

Different
Conjunctions/cu
 0.20
0.26

Different
Pronouns/cu
0.09
0.62

Regression analysis revealed that (a)  children with more OME tended to have a greater total number of phonological processes and (b) Unilateral OME(0–3) provided independent prediction of median TPP given Bilateral OME(0–3), but that Bilateral OME(0–3) was a nonsignificant predictor given Unilateral OME(0–3).

	3117
Roberts
1991

Same study subjects as in 4657/
4656, 4806/3118and 4319.
See 4657/
4656, 4806/
3118, and 4319 for further comments.
	Prospective Cohort Study

Study Quality Score (0–8):
2 (00000101)

OM Diagnosis:
By pediatricians and pediatric nurse practitioners based on pneumatic otoscopy.  60% time tympanometry was used to corroborate the OME diagnosis.

OM Groups: Based on total OME duration in days during first 3 years of life. Duration of each episode of unilateral and bilateral was calculated by subtracting the date of onset of OME from the resolution date.

N=63 subjects
Subjects were stratified into two groups SES status:

Group 1: LSES (Children from families of lower socioeconomic status)
Group 2: MSES (Children from families of middle socioeconomic status)
N1=33
N2=30
	Time: Cohort of  8–12 children entered every 1–2 years between 1978 and 1985
Place: Attended the Frank Proter Graham Child Development Center (FPG), a research day-care center, University of North Carolina at Chapel Hill
Characteristics:

LSES
 MSES
male
 64%
  50%
black
88%
  33%
single mom
82%
3%

· all passed hearing screen,  had type A or C tympanogram, and did not have OME

Inclusion:
· Age: 6 years (follow-up from birth)
· attended the Frank Porter Graham Child Development Center
· identified at birth as biologically normal
· Classified as at risk for poor school performance
Exclusion: None
	Age: 
OM history: 2 months–3 years; Outcome: at 4.5–6 years of age 

Examiner(s):
Pediatricians and pediatric nurse practitioners for clinical history.

Psychologists for measurements of child development.

Master’s level speech-language pathologists and research assistants for speech data.

OM History:
Days of total OME was analyzed both as a continuous and categorical variable.

Outcome measures: Language tests

Age 4–5 years

· Miller-Yoder Language Comprehension Test (M-Y)

· Bankson Language Screening Test (Bankson)

· Clinical Evaluation of Language Functions (CELF)

· Peabody Picture Vocabulary Test-Revised (PPVT-R)

At Age 5, 15-minute elicited sample of language play situation
· Words/communication unit (cu)

· Dependent clauses per cu

· Ratio: total different words to total cu

· Ratio: total different conjunction words (excluding ‘and’) to total cu

· Ratio: different pronouns to total cu

· Number of utterances per turn.
	Spearman’s correlation coefficient (R) between language outcomes and total OME days during first 3 years of life


           LSES

         MSES
Measure
N
 R
N
 R
Standardized Tests

Bankson
25
0.13
22
0.02
M-Y
25
0.08
22
0.14
PPVT-R
24
–0.08
20
0.03
CELF receptive
  25
0.25
21
0.24
CELF expressive
24
0.23
21
0.17

Language Sample

Words/cu
 28
0.05
 26
–0.22

Dependent
  
Clauses/cu
   28
0.04
 26
–0.02

Different 
Words/cu
 28
0.26
 26
0.00

Different
Conjunctions/cu
28
0.02
 26
0.13

Different
Pronouns/cu
28
0.24
 26
–0.12


	4319
Roberts
1995

This is a continuation of study by Roberts.
4657
4656

Same study subjects as in 4657/
4656, 4806/
3118 and 3117 

See 4657/
4656, 4806/
3118, and 3117 for further comments.
	Prospective Cohort Study

Study Quality Score (0–8):
3 (00000111)

OM Diagnosis:
By pediatricians and pediatric nurse practitioners based on pneumatic otoscopy.  60% time tympanometry was used to corroborate the OME diagnosis.

OM Groups: Based on total OME duration in days during first 3 years of life. 

Group: African American children enrolled as infants in research child-care program (follow-up to 12 years of age)
N=56 of 61 subjects reported in 4657 and 4656.

	Time: Cohort assembled 9/1972–12/1984,  follow-up from birth to 12 years of age)
Place: Frank Porter Graham Child Development Center, U of North Carolina at Chapel Hill, NC
Characteristics of 61 subjects:
· African American

· 57% boys

· Average of 10.5 years of education of mother

· Mother’s mean IQ score was 84.

· Hearing was within normal limits at time of testing

Inclusion:
· Age: 12 years of age at followup
· participant in longitudinal on-site research day-care program
· attended the Frank Porter Graham Child Development Center, 5 full days/wk, 50 wks/yr through 5 yrs of age
· identified at birth as biologically normal
· Classified as at risk for poor school performance 
Exclusion: 
· incomplete data
	Age: 
OM history: 2 months–3 years; Outcome: at 12 years of age 

Examiner(s):
Pediatricians and pediatric nurse practitioners for clinical history

Psychologists for measurements of child development.

OM History:
Duration of each episode of unilateral and bilateral was calculated by subtracting the date of onset of OME from the resolution date. 

Summary measures:

· No. OME – total number of OME episodes

· ML/OME – mean length in number of days of the OME episodes

· Duration OME – number of days with either bilateral or unilateral OME.

Outcome measures:
Cognitive capacity:

· Wechsler Intelligence Scale for Children-Revised (WISC-R)

· Full-scale IQ

· verbal IQ

· performance IQ

· Freedom from Distractibility Factor

Academic performance:

· Woodcock-Johnson Psychoeducational Battery

Behavior

· Child Behavior Checklist
	Correlation coefficient, R, between language outcomes and total OME days during first 3 years of life 

At Age 12
Measure
    N
R1
R2

Intelligence-WISC-R
  Full scale IQ
   56
     –0.17
      –0.12
  Verbal IQ
56
     –0.10
      –0.08
  Performance IQ
56
     –0.18
      –0.13

Where R1 is the simple correlation coefficient and R2 is the standardized regression coefficient adjusted for gender and home environment.

The multivariate tests of the relationships between the ranks of No. OME(0–3) and ML/OME(0–3) during early childhood and the Full-Scale, Verbal, and Performance IQ were not significant either when the HOME or gender were considered or ignored.

	2295
Ruben
1997

Same study cohort as 1373, 1941, and 4728 by 
Gravel
See 1373, 1941, and 4728  for further comments.
	Prospective Cohort Study

Study Quality Score (0–8):
5 (11001110)

OM Diagnosis:
Pediatric nurse practitioners completed pneumo-otoscopic examinations. 

OM Groups:
Group 1: Otitis positive children – when bilateral OM was detected at 30% or more of the baby’s first year visits.
Group 2: Otitis negative children – when middle ear status was rated as normal in both ears during 80% or more of the first year visits.
N=30 subjects
N1=18
N2=12
	Time: not specified
Place: Clinical Research Center for Communicative Disorders (which draws subjects from the LIFE Program of the R.F. Kennedy Center, Albert Einstein College of Med. Bronx, NY

Characteristics:
· low socioeconomic urban neighborhoods based on Hollingshead’s (1975) index

Inclusion:
· Age: 9 years
· born in the same urban hospital
· auditory testing conducted during first year of life and at 9 years of age
Exclusion: None
	Age: 
OM history: 0–1 of life
Outcome:  2–9 years of age

Examiner(s):
Not specified

OM history:
OM groups were defined by otoscopic histories.

Outcome measures:
18 measures of communicative function was measured.  Data were summarized by calculating the mean score for OM– group and then comparing the score of each child in the OM+ group with that of the mean for the OM– group.  Each OM+ score that was >= the mean of the OM– group was counted and the percent of children in the OM+ group who had higher scores than the OM– was calculated for each measure.  Differences between the groups were considered meaningful when less than 40% of the OM+ children in the group exceeded the score of the OM– group.
	Percent OM+ children performed more poorly than the OM- in the following measure:

Measure
 %

Expressive language at 1 yr
0%
Expressive language at 2 yr
8%
Expressive language at 4 yr
25%

Receptive language competition
at 4 yr
 38%

Speech in competition ratio as measured adaptively at 4 yr
   30%

Comprehension of grammatical structures 
at 6 yr
11%

School readiness at 6 yr
0%

Recall of a narrative at 9 yr
14%


	2583
Teele
1990

Same cohort as 2579
	Prospective Cohort Study

Study Quality Score (0–8):
6 (10101111)

OM Diagnosis:
By physicians and nurse practitioners using a standard sealed pneumatic otoscope.

To resolve ambiguous diagnoses, otoadmittance was used sporadically at 0–3 years of age, but frequently at 4–7 years. 

Group: Children followed prospectively from birth until age 7 years and whose cognitive and linguistic abilities were assessed at age 7
N=194 subjects
	Time: Enrollment of infants began 6/1975 (follow-up during first 7 yrs of life)
Place: Subjects drawn from larger cohort of children enrolled at an urban health center in East Boston and a private practice in the Holliston/Framingham area of MA
Characteristics:
· 54% male

· 57% high SES

· 69% from private practice

Inclusion:
· Age: 7 years (followed from birth)
· Caucasian
Exclusion: 
· seizures
· mental retardation
· cerebral palsy
· two languages spoken in home
· non-white
	Age: 
OM history: 0–2 years
Outcome: at 7 years of age

Examiner(s):
Physicians and nurse practitioners for clinical history.

Experienced psychometricians for intelligence and achievement tests

Certified speech clinicians administered speech and language tests.

OM history:
Used the number of days with MEE by age 3 years as a predictor variable.  Unless documented to be shorter, each episode of MEE lasted 29 days.  

Outcome measures:
Cognitive assessment

· WISC-R

Speech and language
· Subsample of Goldman-Fristoe and Goldman-Fristoe-Woodcock Tests

· WUG test

· Peabody Picture Vocabulary Test

· Boston Naming Test

· Complex sentences and set of pictures for story telling

Academic achievement

· Metropolitan Achievement Test
	Cognitive ability (mean IQ by WISC-R) at 7 years of age after adjusting for SES status and gender.



Time with MEE

<30d
30–129d
>130d

(n=58)
(n=77)
(n=59)

Full Scale
113
108
105   
Verbal
 112
106
106
Performance
 112
108
104

Linguistic abilities (mean score) after adjusting for SES status and gender



Time with MEE

<30d
30–129d
>130d

(n=58)
(n=77)
(n=59)

Goldman-Fristoe-Woodcock
  Articulation
 106
 66
 56
  Discrimination
  34
 30
 28
WUG
  Receptive
 1.5
 1.8
2.2
  Expressive
2.4
 2.0
 1.9

Morphologic markers

 31
26
 20

Lexical use
 1.5
 1.5
1.5

Speech sample score

 83
80
 78   




