
 
current as of November 26, 2009. 
Online article and related content
 

 
 http://jama.ama-assn.org/cgi/content/full/295/6/667

 
. 2006;295(6):667-675 (doi:10.1001/jama.295.6.667) JAMA

 
Saroj Saigal; Barbara Stoskopf; David Streiner; et al. 
 

 Normal Birth-Weight Controls
Adolescence to Young Adulthood: Comparison With 
Transition of Extremely Low-Birth-Weight Infants From

 Correction  Contact me if this article is corrected.

 Citations
 Contact me when this article is cited.
 This article has been cited 46 times.

 Topic collections
 Contact me when new articles are published in these topic areas.

Pediatrics; Child Development; Quality of Life; Rehabilitation Medicine 

 the same issue
Related Articles published in

 . 2006;295(6):695.JAMAMaureen Hack et al. 
Young Adult Attainments of Preterm Infants

 Related Letters

 . 2006;295(22):2603.JAMASaroj Saigal et al. 
In Reply:
 

 . 2006;295(22):2603.JAMAHelen Harrison. 
Transition to Adulthood for Extremely Low-Birth-Weight Infants

 http://pubs.ama-assn.org/misc/permissions.dtl
permissions@ama-assn.org
Permissions
 

 http://jama.com/subscribe
Subscribe

 reprints@ama-assn.org
Reprints/E-prints
 

 http://jamaarchives.com/alerts
Email Alerts

 by guest on November 26, 2009 www.jama.comDownloaded from 

http://jama.ama-assn.org/cgi/content/full/295/6/667
http://jama.ama-assn.org/cgi/alerts/ctalert?alertType=correction&addAlert=correction&saveAlert=no&correction_criteria_value=295/6/667
http://jama.ama-assn.org/cgi/external_ref?access_num=jama%3B295%2F6%2F667&link_type=ISI_Citing
http://jama.ama-assn.org/cgi/alerts/ctalert?alertType=citedby&addAlert=cited_by&saveAlert=no&cited_by_criteria_resid=jama;295/6/667
http://jama.ama-assn.org/cgi/alerts/collalert
http://jama.ama-assn.org/cgi/content/short/295/6/695
http://jama.ama-assn.org/cgi/content/short/295/22/2603
http://jama.ama-assn.org/cgi/content/short/295/22/2603-a
http://jama.com/subscribe
http://pubs.ama-assn.org/misc/permissions.dtl
http://jamaarchives.com/alerts
mailto:reprints@ama-assn.org
http://jama.ama-assn.org


ORIGINAL CONTRIBUTION

Transition of Extremely Low-Birth-Weight
Infants From Adolescence to
Young Adulthood
Comparison With Normal Birth-Weight Controls
Saroj Saigal, MD, FRCPC
Barbara Stoskopf, RN, MHSc
David Streiner, PhD
Michael Boyle, PhD
Janet Pinelli, RNC, MScN, DNS
Nigel Paneth, MD, MPH
John Goddeeris, PhD

SUCCESSFUL TRANSITION TO ADULT-
hood is traditionally viewed as
the attainment of the following
markers: completion of formal

education, entry into the labor force,
living independently from the family,
and marriage and parenthood.1,2 The
actual level of educational attainment
and employment may depend on or
be associated with parental education,
socioeconomic status, marital har-
mony, family structure, sex, success at
school, and motivation of the indi-
vidual.3-7 Thus, reachingadulthoodisnot
merely a process of biological matura-
tion but involves a social construct
that is appropriate for a particular
society.1,8-10

Despite the recent dramatic improve-
ments in survival, extremely low-birth-
weight (ELBW, weighing �1000 g) and
very low-birth-weight (VLBW, weigh-
ing �1500 g) children11-14 and adoles-
cents15-22 remain disadvantaged on
many measures of cognition, aca-
demic achievement, behavior, and so-
cial adaptation. Survivors from the early
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Context Traditionally, educational attainment, getting a job, living independently,
getting married, and parenthood have been considered as markers of successful tran-
sition to adulthood.

Objective To describe and compare the achievement and the age at attainment of
the above markers between extremely low-birth-weight (ELBW) and normal birth-
weight (NBW) young adults.

Design, Setting, and Participants A prospective, longitudinal, population-based
study in central-west Ontario, Canada, of 166 ELBW participants who weighed 501
to 1000 g at birth (1977-1982) and 145 sociodemographically comparable NBW par-
ticipants assessed at young adulthood (22-25 years). Interviewers masked to partici-
pant status administered validated questionnaires via face-to-face interviews be-
tween January 1, 2002, and April 30, 2004.

Main Outcome Measures Markers of successful transition to adulthood, includ-
ing educational attainment, student and/or worker role, independent living, getting
married, and parenthood.

Results At young adulthood, 149 (90%) of 166 ELBW participants and 133 (92%)
of 145 NBW participants completed the assessments at mean (SD) age of 23.3 (1.2)
years and 23.6 (1.1) years, respectively. We included participants with neurosensory
impairments (ELBW vs NBW: 40 [27%] vs 3 [2%]) and 7 proxy respondents. The pro-
portion who graduated from high school was similar (82% vs 87%, P=.21). Overall,
no statistically significant differences were observed in the education achieved to date.
A substantial proportion of both groups were still pursuing postsecondary education
(47 [32%] vs 44 [33%]). No significant differences were observed in employment/
school status; 71 (48%) ELBW vs 76 (57%) NBW young adults were permanently em-
ployed (P=.09). In a subanalysis, a higher proportion of ELBW young adults were nei-
ther employed nor in school (39 [26%] vs 20 [15%], P=.02 by Holm’s correction);
these differences did not persist when participants with disabilities were excluded. No
significant differences were found in the proportion living independently (63 [42%]
vs 70 [53%], P=.19), married/cohabitating (34 [23%] vs 33 [25%], P=.69), or who
were parents (16 [11%] vs 19 [14%], P=.36). The age at attainment of the above
markers was similar for both cohorts.

Conclusion Our study results indicate that a significant majority of former ELBW
infants have overcome their earlier difficulties to become functional young adults.
JAMA. 2006;295:667-675 www.jama.com
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postneonatal intensive care era have
only now reached young adulthood. Al-
though some aspects of longer-term
outcomes on VLBW young adults have
been reported in a few studies,23-28 de-
tails of the process of educational, so-
ciological, economic, and personal ad-
aptations of former ELBW infants at
young adulthood are virtually un-
known.

We report the outcomes at young
adulthood of a population-based co-
hort of former ELBW infants born in
central-west Ontario, Canada, and a
comparison group of normal birth-
weight (NBW) children recruited at age
8 years. We focus in both cohorts on
educational attainment, student and/or
worker role, and independent living as
markers of successful transition to adult-
hood. We describe and compare the age
at attainment of these markers, such as
age at finishing school, getting a first job,
age at first leaving home, getting mar-
ried, and becoming a parent.4,8-10,29 Based
on the high prevalence of neurodevel-
opmental (28%) and school difficulties
(special education and/or grade repeti-
tion, 58%) reported in this cohort at ado-
lescence (mean [SD] age, 14.0 [1.6]
years),16-18 we hypothesized that com-
pared with NBW peers the ELBW co-
hort would have a lower level of educa-
tional attainment and enrollment in
postsecondary education, as well as a
lower level of employment. We also hy-
pothesized that independent living and
other markers of transition to adult-
hood would be considerably delayed or
not achieved at all.

METHODS
Study Participants

At young adulthood, 166 long-term
ELBW survivors who weighed 501
to 1000 g at birth and born (1977-
1982) to residents of a geographically
def ined region in central -west
Ontario, Canada, were eligible for
recruitment into the study. These
children were followed up longitudi-
nally from birth, and we have previ-
ously reported on their outcomes at
ages 3 years,30 5 years,31 8 years,12,32

and at adolescence.16-18

At young adulthood, 145 NBW par-
ticipants born at term were eligible for
the study. They were recruited at age
8 years from a random list of children
provided by the local school boards and
matched for sex, age, and social class
to each index child,12,32 and followed up
longitudinally to adolescence.16-18

Parents of both ELBW and NBW
young adults completed question-
naires at the same time as their chil-
dren.

Interview Protocol

Young adults in both groups were re-
called when aged between 22 and 25
years for face-to-face interviews con-
ducted by masked, trained lay profes-
sional interviewers, using scripted
questions with a skip pattern and
administered in a standard order. The
majority of interviews (93%) were con-
ducted in private at McMaster Chil-
dren’s Hospital, Hamilton, Ontario. Al-
though 90% of the young adults lived
in Ontario, they traveled between 10
and 350 km for the interviews; the re-
maining traveled greater distances and
all were reimbursed for their travel ex-
penses. Information on young adults
who were severely impaired and un-
able to respond was obtained from par-
ents. Interviews were conducted be-
tween January 1, 2002, and April 30,
2004. Our study was approved by the
research ethics board of Hamilton
Health Sciences and written informed
consent was obtained from all young
adults and their parents.

Questionnaires

The following information was
obtained on both cohorts using ques-
tions derived primarily from the
Ontario Child Health Study Question-
naires.33

Young Adult Participants. Demo-
graphic information included age, mari-
tal status, current living arrange-
ments, and household membership;
partner relationships, such as marriage/
common-law marriage; history of preg-
nancies in the female participants;
and pregnancies in partners of male
adolescents. Educational status, such

as high school completion, post-
secondary education, highest degree/
diploma obtained, and current enroll-
ment in a postsecondary university,
college, or apprenticeship program, was
obtained. The work status in young
adults was determined by current em-
ployment status, part-time or full-
time employment, and type of employ-
ment; if not employed, reasons for
unemployment or inability to work
were obtained.

Parent Participants. Maternal and
paternal education, occupation, and so-
cioeconomic status, classified accord-
ing to the Hollingshead 4-factor in-
dex, were obtained.34 Information on
parental race (white or nonwhite) and
place of birth was based on parent re-
port and obtained by the research nurse
at the time of enrollment as part of the
demographic information.

Canadian Population Data. Data on
sociodemographic, educational, em-
ployment, and marital status of the
study population were also compared
with age-matched Canadian popula-
tion data obtained from the most cur-
rent census from Statistics Canada
(2001)10 and recent Youth in Transi-
tion Survey reports, a longitudinal sur-
vey of more than 22 000 Canadian
youth aged 18 to 22 years.6,7

Definitions

Secondary schools in the Ontario edu-
cation system consist of 3 streams: a
5-year advanced level (Ontario Aca-
demic Credits), a prerequisite for uni-
versity entrance; a 4-year general level;
and a 4-year basic level program, which
focused on vocational and life skills but
did not qualify for entrance to postsec-
ondary education.

An undergraduate degree was con-
ferred after a 3- to 4-year program.
Graduate school (eg, law, dentistry,
medicine, business) was a further 2- to
4-year program. Colleges of Applied
Arts and Technology required a gen-
eral level high school certificate and
conferred a diploma after a 2- to
3-year program that produced job-
ready, skilled workers. Trades appren-
ticeships and certificates for shorter
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(�1 year) workplace-oriented study
programs were also conferred by
colleges.

Individuals who considered their job
as their primary activity, excluding stu-
dents with part-time jobs, were classi-
fied according to Hollingshead job-
category classification.34 Independent
living was defined as living away from
the parental home, excluding school-
related residence. Information regard-
ing assisted living, group home, or in-
stitution was obtained where applicable.

Statistical Analyses

�2 Tests of significance were used to as-
sess differences in categorical vari-
ables between the ELBW and NBW par-
ticipants and analysis of variance was
used to compare mean differences be-
tween groups. Final educational attain-
ment of young adults and their par-
ents was collapsed into 3 categories: less
than high school, high school gradua-
tion and/or some postsecondary edu-
cation, and completed postsecondary
graduation. Young adults still in school
were excluded from this analysis. The
highest levels of educational attain-
ment of young adult and either parent
were regrouped to develop parent-
young adult dyads.

Unless stated otherwise, data are pre-
sented on all participants, inclusive of
those participants with neurosensory
impairments. Although exact P values
(P�.05) are provided in the text or
tables where applicable, due to mul-
tiple testing, Holm’s correction35 was
used for key variables of primary hy-
potheses to establish statistical signifi-
cance. Secondary analyses were not sub-
jected to Holm’s correction. SPSS
version 11.0 (SPSS Inc, Chicago, Ill) was
used for all statistical analyses.

RESULTS
Study Participants

Between 1977 and 1982, 179 of 397 in-
fants who weighed 501 to 1000 g at birth
survived to hospital discharge (sur-
vival rate, 45%)30; subsequently, 13 chil-
dren died postdischarge (6 before age 3
years, 4 severely impaired children be-
tween ages 9 and 16 years, and 3 in the

late teenage years [1 severely impaired,
1 unintentional drowning, and 1 car
crash]). Of the 166 eligible long-term
survivors, 9 were lost to follow-up and
8 refused (6 of these nonparticipants had
neurosensory impairments [2 with mild
cerebral palsy, 3 with autism, and 1 with
cognitive impairment], no information
was available on 5 participants, and the
remaining 6 had no significant prob-
lems). Thus, the outcome is reported on
149 (90%) of 166 surviving young
adults, including parental proxy re-
sponses for 7 participants who were se-
verely disabled. Neurosensory impair-
ments were identified in 40 participants
(27%): cerebral palsy (n=20, 4 nonam-
bulatory), autism (n=2), unilateral
blindness (n=8), bilateral blindness
(n=11), and significant cognitive im-
pairment (n=14) (not mutually exclu-
sive). The mean IQ at adolescence (aged
12-16 years) for ELBW participants with
neurosensory impairments was 80 (SD,
25; median, 87; range, 43-132), and for
ELBW participants without impair-
ments, the mean IQ was 95 (SD, 12). Pa-
rental questionnaires were completed by
142 (88%) of 161 parents. The major-
ity of participants were mothers (92%).
Except for lower maternal education
among those participants who were lost
or refused (�high school, 50% vs 21%;
P=.02), no statistically significant dif-
ferences were found in single-parent
status, mean birth weight, sex, and neu-
rosensory impairments between partici-
pants and nonparticipants.

No deaths occurred among the 145
NBW cohort followed up longitudi-
nally from age 8 years, but 5 NBW par-
ticipants were lost to follow-up and 7
refused to participate (none had im-
pairments). The remaining 133 (92%)
of 145 NBW young adults partici-
pated in the study, including all 3 (2%)
with neurosensory impairments. Pa-
rental questionnaires were completed
by 130 (92%) of 141 NBW partici-
pants, primarily mothers (97%). No
demographic differences were ob-
served between participants and
nonparticipants.

A record search of the Provincial
Ministry for Vital Statistics revealed no

further deaths among the 14 lost sur-
vivors in the 2 groups.

Neonatal and Current Parental
Sociodemographics

Mean (SD) birth weight for the ELBW
cohort was 841 (124) g and mean
(SD) gestational age was 27.1 (2.3)
weeks (TABLE 1). The majority of
ELBW and NBW participants were
white (140 [94%] and 129 [97%],
respectively) and from 2-parent fami-
lies (116 [82%] and 103 [79%],
respectively). Approximately half of
both cohorts were from the upper 2
socioeconomic status categories.34 The
mean (SD) age at assessment for
ELBW and NBW participants was 23.3
(1.2) years and 23.6 (1.1) years,
respectively (P=.02).

Educational Achievements to Date

Only the highest completed educa-
tional level was reported; those partici-
pants still pursuing postsecondary edu-
cation were included in the completed
high school level (TABLE 2). The mean
(SD) total years of education was sig-
nificantly different between groups
(ELBW vs NBW: 13.9 [2.3] vs 14.5
[2.3] years; P=.02 by Holm’s correc-
tion; mean difference, −0.61; 95% con-
fidence interval [CI], −1.10 to −0.07)
and by sex (male ELBW vs male NBW:
13.4 [2.3] vs 14.5 [2.2] years; P=.009;
female ELBW vs female NBW: 14.4
[2.2] vs 14.6 [2.3] years; P=.51). The
2-way analysis of variance yielded
P= .01 by group, P= .03 by sex, and
P=.12 by interaction. There were no sta-
tistically significant differences be-
tween ELBW and NBW groups in the
4 categories of education achieved to
date, inclusive of participants who were
still at school and pursuing postsec-
ondary education. The proportion who
graduated from high school was simi-
lar in both groups (ELBW vs NBW: 122
[82%] vs 116 [87%]; P=.21) and com-
parable with the Canadian population
(87%). Among high school graduates,
ELBW participants were less likely to
complete the advanced high school
course, a requirement for university en-
trance (ELBW vs NBW, 36% vs 57%;
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P=.001). The 2-way interaction among
advanced high school graduates, group,
and sex was significant (P= .008 by
Holm’s correction); these differences re-
mained (P=.01) when participants with
impairments were excluded.

Among ELBW participants with less
than a high school education, 11 (50%)
of 22 had neurosensory impairments,
and 8 (5.4%) of 149 ELBW partici-
pants were incapable of being educated
and enrolled in special resource classes;
none of the NBW participants required
this resource. In a subanalysis of post-
secondary education, a significantly
lower proportion of ELBW partici-
pants was enrolled in or had com-
pleted university education (ELBW vs
NBW, 23% vs 37%; P=.01 by Holm’s
correction; odds ratio [OR], 1.97; 95%
CI, 1.70-2.40).

Sex differences were observed within
the ELBW group. Subanalyses of those
participants with the lowest educa-
tion (�high school) revealed a higher
proportion of male participants in this
category (17 [25%] vs 8 [10%] of fe-
male participants, P=.01; OR, 3.15; 95%
CI, 2.60-3.60). Male participants were
also less likely to be enrolled in or
graduated from college or university
(male vs female, 49% vs 71%; P=.01;
OR, 2.49; 95% CI, 2.15-2.83).

Table 1. Birth and Current Family Sociodemographic Characteristics of ELBW and NBW
Young Adult Participants*

Characteristics

No. of Young Adult Participants (%)

ELBW
(n = 149)

NBW
(n = 133)

Birth characteristics
Birth weight, mean (SD), g 841 (124) 3384 (487)
Gestation, mean (SD), wk 27.1 (2.3) †
�750 g birth weight 40 (27) NA
�26 wk gestation 33 (22) NA
Sex, male 67 (45) 60 (45)
Race, white 140 (94) 129 (97)
Neurosensory impairments 40 (27) 3 (2)

Current family characteristics
Family status (2 parents) 116 (82) 103 (79)
Social class‡

1-2 68 (47) 71 (56)
3 43 (30) 27 (21)
4-5 34 (23) 30 (23)

Current highest maternal education
�High school 28 (21) 26 (20)
Completed high school 42 (31) 26 (20)
Partial postsecondary 26 (19) 27 (21)
Completed university/college 38 (28) 49 (38)

Current highest paternal education§
�High school 26 (22) 26 (26)
Completed high school 25 (21) 18 (18)
Partial postsecondary 20 (17) 18 (18)
Completed university/college 46 (39) 39 (41)

Participants at adulthood
Survivors assessed 149 (90) 133 (92)
Age at assessment, mean (SD), y 23.3 (1.2) 23.6 (1.1)�

Abbreviations: ELBW, extremely low birth weight; NA, not applicable; NBW, normal birth weight.
*For current family characteristics, there were 142 ELBW participants and 130 NBW participants; for maternal edu-

cation, 134 ELBW participants and 128 NBW participants; and for paternal education, 117 ELBW participants and
101 NBW participants.

†Full-term gestation (�38 weeks).
‡Based on Hollingshead classification.34

§Paternal refers to predominantly biological or adoptive father (78%) but includes step/common-law father (22%).
�P = .02.

Table 2. Educational Attainment to Date by Sex of All ELBW and NBW Young Adult Participants*

Male Participants Female Participants Total Participants
Canadian

Population
Norms, %†ELBW NBW

P
Value ELBW NBW

P
Value ELBW NBW

P
Value

All ELBW and NBW Participants
No. of participants 67 60 82 73 149 133
Total years of education completed,

mean (SD), y‡
13.4 (2.3) 14.5 (2.2) .009 14.4 (2.2) 14.6 (2.3) .51 13.9 (2.3) 14.5 (2.3) .02 NA

Highest achievement to date, No. (%)§
�High school 17 (25) 7 (12) 8 (10) 9 (12) 25 (17) 16 (12) 10
High school 34 (51) 35 (58) 46 (56) 40 (55) 80 (54) 75 (56) .06 NA
College/trades 14 (21) 11 (18)

.07
22 (27) 13 (18)

.29
36 (24) 24 (18)

34
University 2 (3) 7 (12) 6 (7) 11 (15) 8 (5) 18 (14)

Participants Still in School �
No. of participants 17 20 30 24 47 44
Enrolled in community college, No. (%)¶ 8 (47) 5 (25)

.16
13 (43) 8 (33)

.45
21 (45) 13 (29)

.14 44
Enrolled in university, No. (%) 9 (53) 15 (75) 17 (57) 16 (67) 26 (55) 31 (71)
Abbreviations: ELBW, extremely low birth weight; NA, not available; NBW, normal birth weight.
*Significance of all P values was determined by using the Holm’s correction. Highest achievement to date categories were mutually exclusive and included those participants who

were still in school.
†From the Youth in Transition Survey reports (1979-1981 births).6,7 The mean age of the cohort was 22 years.
‡Two-way analysis of variance: P = .01 by group (ELBW vs NBW), P = .03 by sex (male vs female), and P = .12 by interaction.
§When neurosensory impairments were excluded, P = .05.
�When neurosensory impairments were excluded, P = .44.
¶Includes trades and high school equivalency.

ADOLESCENCE TO ADULTHOOD OF EXTREMELY LOW-BIRTH-WEIGHT INFANTS

670 JAMA, February 8, 2006—Vol 295, No. 6 (Reprinted) ©2006 American Medical Association. All rights reserved.

 by guest on November 26, 2009 www.jama.comDownloaded from 

http://jama.ama-assn.org


Paired analysis of educational attain-
ment (�high school, high school, or
�high school) within young adult/
parent dyad by group, excluding those
participants still in school, revealed no
statistically significant difference be-
tween ELBW parents’ and young adults’
final attainment (P=.61) (TABLE 3).
However, within the NBW group,
young adults achieved significantly
higher final attainment than their par-
ents did (P=.006).

Employment Status

For the 4 categories of employment or
in school status, there were no signifi-

cant differences by group (P=.09) or
when participants with impairments
were excluded; however, differences
by sex were observed for between-
group comparison of female partici-
pants only (P=.001) (TABLE 4). The
2-way analysis of variance interaction
between group and sex was significant
(P=.01 by Holm’s correction); how-
ever, when participants with neuro-
sensory impairments were excluded,
the difference became nonsignificant
(P=.10). There were no differences in
part-time or full-time employment for
those participants who were perma-
nently employed (P = .85); 3 ELBW

participants and none of the NBW
participants were employed in shel-
tered workshops. Data for permanent
employment for both ELBW and NBW
participants (71 [48%] vs 76 [57%],
respectively) were comparable with
the Canadian population norms
(41%). For young adults with perma-
nent employment, there were no dif-
ferences between ELBW and NBW
participants in occupational prestige
(P=.25).34

In a subanalysis, a higher propor-
tion of ELBW than NBW participants
were neither employed nor in school
(39 [26%] vs 20 [15%], P = .02 by

Table 3. Educational Attainment to Date of ELBW and NBW Young Adult/Parent Dyad Participants*

Highest Level Completed

No. of Participants (%)

ELBW
(n = 98)

NBW
(n = 85)

Young Adult Parent
P

Value Young Adult Parent
P

Value

�High school 20 (20) 23 (23) 12 (14) 24 (28)

High school 35 (36) 47 (48) .61 33 (39) 30 (35) .006

�High school 43 (44) 28 (29) 40 (47) 31 (37)
Abbreviations: ELBW, extremely low birth weight; NBW, normal birth weight.
*Young adults still in school were excluded.

Table 4. Current Employment and School Status by Sex of All ELBW and NBW Young Adult Participants

No. of Participants (%)

Canadian
Population
Norms, %*

Male Female Total

ELBW NBW
P

Value ELBW NBW
P

Value ELBW NBW
P

Value

Employment/School Status of All Participants†

No. of participants 67 60 82 73 149 133

Permanent employment‡ 38 (57) 33 (55) 33 (40) 43 (59) 71 (48) 76 (57) 41

Part-time employed and in school 10 (15) 7 (12) 10 (12) 16 (22) 20 (13) 23 (17)
.09 44§

Not employed and in school 5 (7) 12 (20)
.17

14 (17) 2 (3)
.001

19 (13) 14 (11)

Not employed and not in school 14 (21) 8 (13) 25 (30) 12 (16) 39 (26) 20 (15) 14

Only Permanently Employed Participants

No. of participants 38 33 33 43 71 76

Hours of work �
Full-time (�30 h) 33 (87) 31 (94)

.31
26 (79) 33 (77)

.83
59 (83) 64 (84)

.85
83

Part-time (�30 h) 5 (13) 2 (6) 7 (21) 10 (23) 12 (17) 12 (16) NA

Job classification¶
Unskilled, semi-skilled 24 (63) 16 (49) 13 (39) 14 (33) 37 (52) 30 (40)

Skilled, technical, clerical 12 (32) 11 (33) .18 13 (39) 20 (47) .79 25 (35) 31 (41) .25 NA

Management, professional 2 (5) 6 (18) 7 (21) 9 (21) 9 (13) 15 (20)
Abbreviations: ELBW, extremely low birth weight; NA, not available; NBW, normal birth weight.
*From the Youth in Transition Survey reports (1979-1981 births).6,7 The mean age of the cohort was 22 years.
†When neurosensory impairments were excluded, P = .10. Two-way analysis of variance, interaction between group and sex, P = .01 by Holm’s correction.
‡Three permanently employed ELBW participants were in sheltered workshops.
§In school, regardless of employment.
�The main reason for part-time work was no full-time work was available. When neurosensory impairments were excluded, P = .99.
¶When neurosensory impairments were excluded, P = .09.
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Holm’s correction; OR, 2.00; 95% CI,
1.70-2.30). Of these participants, a
larger proportion of ELBW compared
with NBW participants were not em-
ployed due to chronic illness or per-
manent disability (46% vs 15%, P=.03).
This difference was not entirely ac-
counted for by neurosensory impair-
ments and included some ELBW par-
ticipants with mental health issues. The
observed differences in unemploy-
ment did not persist when partici-
pants with impairments were ex-
cluded. Among female participants, a
higher proportion of ELBW partici-
pants were neither employed nor in
school (25 [30%] vs 12 [16%], P=.04;
OR, 2.22; 95% CI, 1.82-2.62).

Living Arrangements, Marriage,
and Parenthood

No differences were observed for overall
living arrangements between ELBW and
NBW participants (P=.19) (TABLE 5).
The proportion of participants who
were still living in the parental home
was 58% for ELBW participants, 47%
for NBW participants, and 58% for the
Canadian population norms (aged
20-24 years)10; 4 ELBW participants
with disabilities were living in group
homes or assisted-living apartments.
The 2-way analysis of variance inter-
action among living arrangements,
group, and sex was not significant

(P=.68). There were no significant dif-
ferences overall and by sex between
ELBW and NBW participants in mari-
tal status (married or cohabitating, 34
[23%] vs 33 [25%]; P=.69). The ma-
jority of ELBW and NBW young adults
were single or never married (115
[77%] vs 100 [75%], P=.69; and 80%
for Canadian population norms),10 and
a minority were parents in both groups
(16 [11%] vs 19 [14%], P=.36). Cana-
dian population norms for parent-
hood was available only for females
(6%).10

No significant differences were
observed in the mean age at which the
transition markers were achieved. The
mean (SD) age at completion of edu-
cation of those participants not cur-
rently in school was 20.1 (2.2) years
in the ELBW group and 20.5 (2.1)
years in the NBW group (P=.22; mean
difference, −0.38; 95% CI, −0.99 to
0.24). Among the permanently
employed, the mean (SD) age of first
employment was 21.5 (1.9) vs 22.0
(2.0) years (P=.16; mean difference,
−0.45; 95% CI, −1.10 to 0.19). The
mean (SD) age at which the ELBW
and NBW participants first left the
parental home was 19.6 (2.3) vs 19.3
(2.5) years (P=.51; mean difference,
0.27; 95% CI, −0.54 to 1.10). The
mean (SD) age at which the partici-
pants were first married/cohabitating

was similar (21.8 [1.9] vs 21.8 [2.3]
years; P=.95; mean difference, 0.002;
95% CI, −0.99 to 1.00). No differences
were observed in mean (SD) age of
first-time parenthood (20.4 [2.2] vs
20.6 [2.5] years, P=.75; mean differ-
ence, −0.26; 95% CI, −1.80 to 1.30).

COMMENT
Generally, the process of transition to
adulthood for individuals with disabili-
ties is considerably delayed because of
physical and emotional problems, edu-
cational disadvantages, fewer opportu-
nities, and the lack of acceptance by
peers and employers.36-38 Thus, at a time
when most parents are anticipating a
greater freedom from child care respon-
sibilities, parents of young adults with
disabilities express concern regarding
the long-term outlook for the physical
and mental development, educational
and work prospects, and the ability of
their children to achieve indepen-
dence.37-40 However, contrary to our hy-
potheses and much of the literature, we
have shown that a significant majority
of our ELBW participants have made a
fairly successful transition from ado-
lescence to adulthood. This general
finding holds even though we in-
cluded all ELBW participants with dis-
abilities, including those for whom
proxy responses were obtained. Within
the ELBW cohort, a substantial pro-

Table 5. Independent Living, Marital Status, and Parenthood by Sex of All ELBW and NBW Young Adult Participants

No. of Participants (%)

Canadian
Population
Norms, %*

Male Female Total

ELBW
(n = 67)

NBW
(n = 60)

P
Value

ELBW
(n = 82)

NBW
(n = 73)

P
Value

ELBW
(n = 149)

NBW
(n = 133)

P
Value

Current living arrangements†
Parental home‡ 42 (63) 27 (45)

.04
44 (54) 36 (49)

.26
86 (58) 63 (47)

.19
58

Independent living 25 (37) 33 (55) 38 (46) 37 (51) 63 (42) 70 (53) NA

Marital status§
Single, never married 56 (84) 46 (77) 59 (72) 54 (74) 115 (77) 100 (75) 80

Married 5 (7) 2 (3) .14 10 (12) 7 (10) .87 15 (10) 9 (7) .33
20

Unmarried, living with partner 6 (9) 12 (20) 3 (16) 12 (16) 19 (13) 24 (18)

Parenthood � 7 (10) 6 (10) .93 9 (11) 13 (18) .22 16 (11) 19 (14) .36 6¶
Abbreviations: ELBW, extremely low birth weight; NA, not available; NBW, normal birth weight.
*From Statistics Canada (2001).10 Age of the cohort was 20 to 24 years.
†When neurosensory impairments were excluded, P = .14. Two-way analysis of variance, interaction between group and sex, P = .68.
‡Included special nonindependent living arrangements (3 ELBW participants in group homes and 1 ELBW participant in assisted-living apartment).
§When neurosensory impairments were excluded, P = .28.
�When neurosensory impairments were excluded, P = .51.
¶Includes females only.

ADOLESCENCE TO ADULTHOOD OF EXTREMELY LOW-BIRTH-WEIGHT INFANTS

672 JAMA, February 8, 2006—Vol 295, No. 6 (Reprinted) ©2006 American Medical Association. All rights reserved.

 by guest on November 26, 2009 www.jama.comDownloaded from 

http://jama.ama-assn.org


portion of young adults with disabili-
ties managed to complete high school,
were enrolled in university education,
lived independently, and were em-
ployed. Even with their education not
yet completed, the educational attain-
ment of the majority of ELBW young
adults was equal to that of their par-
ents. Considering that 25% or more
of the ELBW participants had disabili-
ties, this is indeed a significant achieve-
ment and attests to the remarkable
resilience of the study participants.
These findings do not support the pre-
dictions by Walther et al41 and the
fears of parents40 that nearly half of the
VLBW graduates from the early era
of neonatal intensive care would be
unable to become fully independent
adults.

However, some differences in mark-
ers of academic achievement were lower
in ELBW young adults, such as a lower
proportion with advanced high school
certificate and university enrollment or
graduation. As in other studies,23,27

VLBW male participants did less well
academically than VLBW female par-
ticpants. A small proportion (�4%) of
ELBW participants with disabilities re-
quired supervised employment in shel-
tered workshops and were living in
group homes.

The adult roles and responsibilities
assumed by our study participants
have to be viewed in the context of
current industrialized society. The
studies by Arnett1,2 proposed the term
emerging adulthood, a new conception
of development for the period from the
late teenage years through early 20s
(18-25 years). It is distinct from both
adolescence and young adulthood in
that, although emerging adults may
have shed dependency, they have not
yet assumed the normative traditional
roles attributed to adulthood, thus
leading to a sort of prolonged adoles-
cence. Between 1960 and 1993, the
median age of marriage in the United
States increased by 4 years.42 Both
marriage and parenthood are now
delayed to mid-to-late 20s in North
America.10,42 In parallel, the period of
education lasts longer with a higher

proportion of young people obtaining
at least some college or university edu-
cation.43 Our study participants are still
at a relatively young age to have com-
pleted a full transition to all of the
above expected normative social roles.
Nevertheless, compared with the NBW
cohorts, they were achieving these
markers at the same age.

Among the few articles on VLBW
survivors as young adults, the most no-
table is the study by Hack et al,23 which
describes a large cohort of 20-year-old
inner-city VLBW survivors from Cleve-
land compared with NBW peers. A sig-
nificantly lower proportion of VLBW
young adults had graduated from high
school (74% vs 83%, P=.04), and fewer
VLBW male participants compared with
female participants were enrolled in
postsecondary education (30% vs 53%,
P=.002). The study by Cooke27 per-
formed a postal survey of a hospital-
based cohort of 19- to 22-year-old
VLBW survivors and an NBW compari-
son group attending mainstream
schools in Liverpool, England. A higher
proportion of VLBW young adults com-
pared with NBW young adults had vo-
cational qualifications (54% vs 23%, re-
spectively; P�.001), fewer were at
university or had completed a degree
(23% vs 58%, P�.001), and a higher
proportion were in paid employment
(44% vs 27%; P�.05). A major limita-
tion of this study was that only 57% and
44%, respectively, of VLBW and NBW
young adults participated.

Some differences between our find-
ings and those by Hack et al23 merit
further comment. Compared with our
cohort, the participants in the study
by Hack et al were more mature at
birth (27.1 vs 29.7 weeks) and fewer
had neurosensory impairments (27%
vs 10%). However, the 2 populations
were very different. The Cleveland
cohort23 was 55% black and 41% were
from socioeconomically disadvantaged
single-parent families. Thus, despite
the greater immaturity of our cohort, a
higher proportion graduated from
high school (82% vs 74%). In fact, the
proportion of our ELBW young adults
who graduated from high school

was similar to the Cleveland NBW
cohort.23

Although there is no doubt that
ELBW children are at high risk of
incurring substantial neurological
deficit, and that those children with
such damage have poor outcomes
regardless of the age at assessment, the
future of those children with more
subtle deficits must be considered
from a lifespan perspective, as recov-
ery may not be evident until adult-
hood.44 The few studies of young
adults who were born preterm seem to
suggest that some recovery of function
does occur, in that the participants
were doing better than predicted in
their health, behavior, and social and
emotional functioning; however, the
samples in the literature are not
equivalent with respect to degree of
immaturity, birth weight, race, and
socioeconomic status.23-27 Important
proximal sources of influence on early
child development, such as parental
disharmony, the quality of infant-
mother attachment, the child’s tem-
perament, and social support and
mentoring,5,45 need to be evaluated in
preterm populations. The longitudinal
study from birth to mid-life of socially
disadvantaged children born on the
island of Kauai by Werner and Smith46

has significantly advanced the con-
cepts of vulnerability and resilience,
and of protective factors that allow
vulnerable children to overcome bio-
logical and social, family, and environ-
mental adversity to become competent
and caring adults. Whether these con-
cepts apply to preterm populations,
with their greater biological risk,
remains to be determined.

Against our expectations and many
odds, a significant majority of ELBW
young adults have overcome earlier dif-
ficulties to become functional mem-
bers of society. It is not clear what fac-
tors contributed to the positive outcome
beyond adolescence, as all through child-
hood the ELBW cohort was signifi-
cantly compromised in comparison with
their peers.12,16 Our study participants
were predominantly white and from a
relatively advantaged, homogeneous
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population. Regional intensive care was
well-established during this period30 and
all participants had access to universal
health care through provincial-based in-
surance systems. Children with disabili-
ties were integrated into regular schools
and were provided teaching assistants,
and home and workplace accommoda-
tions were made by the Canadian soci-
ety for persons with disabilities. Our data
are, therefore, only generalizable to
populations with similar sociodemo-
graphics and living in similar environ-
ments from the era of the 1980s, and per-
haps the 1990s.

Whether our findings are relevant to
the young adults of today who weighed
less than 1000 g at birth is a more dif-
ficult question. Recent studies show that
there is little, if any, improvement in
the last 30 years in the prevalence of
neurodevelopmental disabilities in in-
fancy47-49 or school performance in mid-
childhood.19,20 Current ELBW survi-
vors, however, are more immature in
gestational age and it is feared that they
may have even poorer outcomes.47-49 It
is possible, however, that with some of
the advantages of access to modern neo-
natal intensive care, better nutrition,
and early infant intervention, the out-
comes to early childhood of ELBW
young adults born in this century will
be more favorable than that reported in
recent studies,13,14,49 and may improve
further over time. Our study should
provide hope to parents for an equiva-
lent, if not a better, future for their pre-
mature children in the longer term. On-
going studies from research centers with
established cohorts from the recent era
are warranted.
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Why abandon a belief merely because it ceases to be
true? Cling to it long enough and . . . it will turn true
again, for so it goes. Most of the change we think we
see in life is due to truths being in and out of favor.

—Robert Frost (1874-1963)

ADOLESCENCE TO ADULTHOOD OF EXTREMELY LOW-BIRTH-WEIGHT INFANTS

©2006 American Medical Association. All rights reserved. (Reprinted) JAMA, February 8, 2006—Vol 295, No. 6 675

 by guest on November 26, 2009 www.jama.comDownloaded from 

http://jama.ama-assn.org

