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Economic Qutcomes in Young Adulthood for Extremely

Low Birth Weight Survivors

~

WHAT’S KNOWN ON THIS SUBJECT: Extremely small and
extremely preterm infants are known to experience significant
rates of neurosensory impairment, and large proportions have
difficulties in school. Only a few studies have evidence on adult
outcomes such as educational attainment and earnings.

WHAT THIS STUDY ADDS: This study compares educational and
labor market outcomes for a cohort of extremely low birth weight
survivors and a normal birth weight control group, controlling
for family background. Survivors experience some deficits, but
deficits typically are not large.
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OBJECTIVE: The goal was to compare educational attainment and la-
bor market outcomes in young adulthood (2126 years of age) for a
Canadian, population-based cohort of 149 extremely low birth weight
(ELBW) (<<1000 g) survivors and a normal birth weight (NBW) cohort of
133 young adults from the same geographic area who were matched to
the ELBW cohort in childhood.

METHODS: We estimated the effects of ELBW status, according to gen-
der, on continuous outcomes through least-squares regression and
those on hinary outcomes through logistic regression. We controlled
for family background and considered neurosensory impairment and
10 as mediating variables.

RESULTS: Controlling for family background, ELBW male subjects were
less likely to complete high school or to attend a university than were
their NBW counterparts, and their educational attainment was reduced
by >1 year. Among subjects who were working, weekly earnings were
~27% lower. ELBW female effects on education were not significant,
but ELBW female subjects were less likely than NBWsubjects to be
employed or in school and they also seemed to experience lower
earnings.

CONCLUSION: Our findings suggested that ELBW survivors are some-
what less productive as adults, on average, than are subjects born NBW
and that effects are not confined to subjects with severe neurosensory
impairments. In accord with other studies, however, we found that
productivity deficits for most ELBW subjects were not large. Pediatrics
2010;126:1102—e1108
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Rates of survival of extremely small
and very preterm infants have im-
proved dramatically with advances in
neonatal intensive care since the
1970s. Although much is known about
outcomes for survivors in childhood,
evidence is limited with respect to
adult outcomes, including effects on
economic productivity.! Typically, ap-
proximately one-fourth of survivors
born at extremely low birth weight
(ELBW) (=1000 g) have serious neuro-
sensory impairments (NSIs), and more
than one-half are in special education
or have repeated a grade in school by
age 9.2 Are these early life difficulties
associated with lower levels of educa-
tional attainment and ultimately lower
earnings?

Our team has monitored a population-
based cohort of ELBW survivors who
were born between 1977 and 1982 in
central-west Ontario, Canada. Out-
comes at 3 and 5 years were report-
ed,** and outcomes were compared
with those of aterm control group at 8
years,® adolescence®?% and young
adulthood.®"" The aim of this report is
to explore the differences between
ELBW and control subjects with re-
spect to young adult outcomes related
to economic productivity, including ed-
ucational attainment, earnings, and
disability.

Although subjects were early in their
labor market careers at the time of the
interviews and some were still in
school, the outcomes we examined are
associated with earnings later in life.
Voluminous literature finds that edu-
cational attainment is strongly related
to earnings.'?'s Early career earnings
also are an indicator of later earnings,
although the correlation coefficient is
much less than 1.141

There are several reasons for interest
inthe long-term outcomes of ELBW sur-
vivors. Knowing the difficulties, if any,
that ELBW survivors are likely to en-
counter in the transition to adulthood
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may inform policy decisions regarding
public support for ELBW survivors and
their families. Understanding the con-
sequences of ELBW also is relevant for
estimating the benefits of policies that
would reduce its incidence. Finally, in-
formation on long-term outcomes is
one input for economic evaluations of
interventions that improve survival
rates among these infants.

METHODS

Study Groups and Data Collection

Participants and data collection meth-
ods were described elsewhere.® The
original cohort included 397 infants
who weighed 501 to 1000 g at birth, 179
of whom (45%) survived to hospital
discharge. There have been 13 subse-
quent deaths. Of the 166 survivors eli-
gible to participate at young adult-
hood, 149 (90%) did so. Parents
provided information for 7 severely
disabled ELBW subjects. No deaths
have occurred in the normal birth
weight (NBW) cohort of 145 term-born
children recruited at 8 years of age
and matched to the ELBW cohort ac-
cording to age, gender, and family
socioeconomic status; 133 of the
NBW subjects (92%) participated at
young adulthood. Information was
obtained through face-to-face inter-
views conducted by trained inter-
viewers between January 2002 and
April 2004. Written informed consent
was obtained from all young adults.
The study was approved by the ethics
review board of Hamilton Health
Sciences.

Statistical Analyses

We analyzed continuous outcome vari-
ables through least-squares regres-
sion, reporting heteroskedasticity-
robust SEs.'® For binary outcome
variables, we used logistic regression.
Results reported for the logistic re-
gression analyses are estimates of the
change in probability of the outcome
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variable associated with a change in
the explanatory variable (marginal ef-
fect). Results expressed as relative
risks and odds ratios are included in
Appendix 1.

We pooled data for all subjects, allow-
ing the ELBW effect to differ according
to gender. Regressors were included
to control for differences in family
background and for the age of the sub-
ject at the time of the interview. We
also explored the possibility that the
effects of ELBW status might be medi-
ated by effects on 1Q or onthe presence
of NSIs. In a few instances, values for
missing variables were imputed. We
performed single imputation by us-
ing the Markov chain Monte Carlo
iterative method in SPSS 18 (SPSS,
Chicago, IL) to fit a univariate (single-
dependent variable) model, with all
other available variables in the
model as predictors."”

Outcome Variables

Educational Attainment

Three measures were used, namely,
high school completion, whether an in-
dividual had ever attended university,
and years of schooling. We defined
years of schooling completed as the
sum of the highest grade of elemen-
tary or secondary school completed
(maximum of 13), years of education
completed at a community college,
technical institute, or trade school,
and years completed at a university.'
In Ontario during the relevant period,
most students who went onto a univer-
sity completed a 5-year high school
program (Ontario Academic Credits);
for others, high school was typically 4
years. Nine of the ELBW subjects (or
their proxy respondents) indicated
that schooling was in a special pro-
gram different from mainstream
schools. The average 1Q in this group
was 47, and 7 subjects had significant
NSIs. We imputed values for years of
schooling for these subjects.
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TABLE 1 Characteristics of Birth Weight Groups

Labor Market Variables

For young adults of this age (mean:
23.4 years), we considered being nei-
ther employed nor in school to be a
negative indicator of future earnings.
Individuals were classified as em-
ployed or in school if, in the previous
week, they were enrolled in or at-
tended school, worked at a job or busi-
ness, or did not work because of vaca-
tion or acute illness or injury. For
employed subjects, we computed
usual weekly earnings on the basis of
the usual wage or salary from all jobs
before taxes and other deductions. In
our main analyses, this variable is in
logarithmic form. We also examined 2
indicators of disability, namely, receipt
of a government disability pension in
the past year and activity limits (ie, a
health condition limiting normal activ-
ities at home, at a job, or in school).

Control Variables

Age was the difference between the in-
terview date and the birth date and
was allowed to take noninteger values
(range: 21.2-26.5 years; SD: 1.1 years).
Controls for family background were
based on interviews conducted at ~8
years of age, the earliest time at which
we had such information. Mother mar-
ried indicated that the child’s mother
was married at that time (not neces-
sarily to the biological father). Moth-
er’s education was grouped into 3 cat-
egories, that is, less than high school,
high school only, or more than high
school. We imputed values for 10 ELBW
subjects for whom information on
mother’s education and mother’s mar-
ital status was missing.

Mediating Variables

We considered NSIs, defined as cerebral
palsy, mental retardation (IQ score >2
SD below the population normative
value), blindness, or deafness, and 1Q
scores measured at 8 years of age as
potentially mediating the effects of ELBW.

el1104 GODDEERIS et al

ELBW (N = 149) NBW (N = 133)
Birth weight, mean = SD, g 841 £ 124 3384 *+ 487
Gestational age, mean = SD, wk 271123 NA
Male, % 45.0 45.1
White, % 94.0 97.0
Age, mean = SD, y 233+t12 23610
Mother married, %2b 90.0 (N = 140);90.6 89.5
Mother’s education less than high school, %2° 31.7 (N=139); 31.5 24.8
Mother’s education more than high school, %2° 37.4 (N=139);36.9 504
1Q score, mean = Spab 90.7 = 18.4 (N = 140);90.5 = 18.3 1042 =124
NSI, % 26.9 2.3
High school completion, % 819 87.2
Duration of schooling, mean = 38D, y° 140 =23 (N=140);13.7 = 25 145 *+23
Attended university, % 26.8 436
Employed or in school, % 73.8 85.0
Usual weekly earnings, mean * SD, $¢ 398 *+ 241 (N = 88) 487 * 264 (N = 98)
Disability pension, % 18.8 0.8
Activity limits, %° 20.9 (N = 148); 20.8% 1.3

NA indicates not applicable. Variable definitions are provided in the text.

aAssessed at age 8.

b Nindicates nonimputed values for ELBW subjects; the first number reported for ELBW subjects excludes imputations and

the second number includes them.

¢ Nvalues include only subjects reporting positive earnings.

10 scores were imputed for 9 ELBW sub-
jects, all of whom also had mother’s
background information missing.

RESULTS

Group Characteristics

Table 1 presents means for some im-
portant variables for the 2 groups,
with and without missing values im-
puted. The groups were well matched
with respect to gender distribution
and race (nearly all subjects in both
groups were white), and similarly
large proportions in both groups came
from 2-parent households. Levels of
maternal education were somewhat
higher for the NBW group, and the NBW
subjects were slightly older, on aver-
age, at the time of the interview. Forty
ELBW subjects and 3 NBW subjects
were classified as having NSIs. The
mean 1Q was 12.5 points lower for
ELBW subjects, with exclusion of the 9
ELBW subjects for whom 1Q data were
not obtained (all of whom attended
regular schools).

Educational Attainment

Table 2 presents results of logistic re-
gression analysis of high school com-

pletion. On the whole, these results
provide weak evidence that ELBW sta-
tus reduced the probability of comple-
tion for male subjects but not for fe-
male subjects. The baseline estimate
for male subjects was a 14.8-
percentage point decrease inthe prob-
ability of completion (P = .03). Includ-
ing NSl as aregressor reduced the size
of the effect, and statistical signifi-
cance was lost. The baseline plus 10
analysis suggested that the effect was
mediated through 10. In results not
shown, an additional 10 points of IQ in-
creased the probability of high school
completion by ~5 percentage points
(P <<.001).

Table 2 also shows that ELBW male sub-
jects were ~22 percentage points less
likely to attend a university, compared
with NBW male subjects, in the base-
line model (P = .01). As with high
school completion, the effect was me-
diated through 1Q. Results for years of
schooling were consistent with those
for high school and university school-
ing in showing a substantial negative
effect for ELBW male subjects, with a
~1.1-year reduction in schooling (P <
.01) inthe baseline case. When, instead
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TABLE 2 ELBW Effects on Various Outcomes According to Gender

Marginal Effect, Mean = SE

High School Attended Duration of Employed or Log(Weekly
Completion University Schooling in School Earnings)
(N=282)2 (N = 282)2 (N = 282)° (N =282)2 (N = 186)°
Baseline
ELBW female 0.014 =0044 —0.075£0084 —0223*0354 —0.152*=0.067¢ —0.156 £ 0.172
ELBW male —0.148 = 0.069c¢ —0.218 =0.080¢ —1.134 =0.415¢ —0.097 +£0.064 —0.308 = 0.139°
Baseline plus NSI
ELBW female 0.041 £0.045 —0.057 £ 0.087 0.005 = 0351  —0.097 =0.070 —0.137 =0.176
ELBW male —0.095 = 0.074 —0.200 = 0.084c —0.843 =0.412° —0.038 £0.069 —0.259 £ 0.144
Baseline plus 1Q
ELBW female 0.068 =+ 0.045 0.038 = 0.085 0438 +0349 —0.119*0070 —0.116=*=0.174
ELBW male —0.015=0.063 —0.030 = 0.086 0.118 £0.382  —0.047 = 0.066 —0.231 = 0.151

Baseline covariates were male, mother married, mother’s education less than high school, mother’s education more than
high school, and age. In logistic regression analyses, ELBW female marginal effects were calculated at male = 0, ELBW
male = 0, and other covariates at their means; ELBW male marginal effects were calculated at male = 1, ELBW female = 0,
and other covariates at their means. Robust SEs are presented for least-squares regressions.

@ Logistic regression.

b | east-squares regression.
¢ Significant at 5%.
dSignificant at 1%.

of using the imputed values, we consid-
ered those who attended only special
schools as having 6 years of schooling,
the ELBW effect for male subjects was
a 1.36-year reduction, whereas the es-
timate for female subjects remained
insignificantly different from 0.

Labor Market Variables

In contrast to the results for educa-
tional attainment, the ELBW female ef-
fect on the outcome of employed or in
school was stronger than the ELBW
male effect. The ELBW female effect
was a ~15-percentage point reduction
in the baseline model (P = .02).
(Among female subjects who were nei-
ther employed norin school, 2 ofthe 12
NBW subjects and 1 of the 25 ELBW sub-
jects were married, and 5 in each
group were parents.) In the other
specifications, the estimated effect re-
mained negative but was somewhat
smaller and statistically insignificant.
Estimates of the effect for male sub-
jects also were negative, although not
statistically significant. Log(weekly
earnings) among the employed (all
who were currently working for pay,
including part-time work) (n = 186)
also were analyzed. The results
showed a large, negative, statistically
significant effect for ELBW male sub-
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jects, which translated to a ~27% re-
duction in the baseline specification.!®
Inclusion of NSI or 1Q reduced the size
of this effect. With the ELBW male and
female effects constrained to be the
same, the coefficient estimate was
—0.22 (P = .05), an estimated 20% re-
duction in earnings. Interestingly, the
estimate was —0.17 even when NSI, 10,
and years of schooling were all in-
cluded, although Pincreased to .17.

We performed some additional robust-
ness checks of the results for earn-
ings, as presented in Table 3. The first
used total earnings (including busi-
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ness income) that the subjects re-
ported for the previous year as the de-
pendent variable. The second used
current weekly earnings but restricted
the sample to subjects who consid-
ered themselves permanently em-
ployed, with employment their primary
activity. The third variation used hourly
wages (computed from information on
earnings and hours when wages were
not reported on a per-hour basis). In
all of these analyses, the dependent
variable was in logarithmic form. Fi-
nally, we reanalyzed usual weekly
earnings by entering the dependent
variable in dollar rather than log(dol-
lar) form.

Table 3 shows results for these depen-
dent variables by using the same spec-
ifications as in Table 2. Results showed
consistently large negative effects for
ELBW male subjects, which were some-
times but not always statistically sig-
nificant. Controlling for NSI reduced
the magnitude of the male ELBW ef-
fects only modestly. Estimated effects
for ELBW female subjects were smaller
and never significant. Exclusion from
the earnings analysis of 4 ELBW sub-
jects who received disability pensions
but also had earnings reduced the es-
timated ELBW effects but did not

TABLE 3 ELBW Effects on Other Earnings Variables

Effect, Mean = SE

Log (Earnings Log (Weekly Earnings for  Log (Hourly Wage) Weekly
in Previous Permanently Employed) (N=184)2 Earnings
Year) (N =211) (N =143) (N=186)
Baseline
ELBW female 0.051 = 0.180 —0.106 = 0.179 —0.065 = 0.091 —324+528
ELBW male —0229 = 0.193 —0.220 = 0.120 —0.253 = 0.093° —119.2 £ 52.2¢
Baseline plus NSI
ELBW female 0.065 = 0.181 —0.092 + 0.183 —0.043 = 0.092 —26.9 *+53.2
ELBW male —0.135 = 0.202 —0.263 = 0.119¢ —0.194 = 0.096¢ —104.6 = 53.7
Baseline plus 1Q
ELBW female 0.077 £ 0177 —0.014 = 0.176 —0.032 = 0.097 —43.5 527
ELBW male —0.161 = 0.210 —0.071 = 0.139 —0.186 = 0.103 —98.7 =557

Least-squares regression results are presented. Baseline covariates were male, mother married, mother’s education less
than high school, mother’s education more than high school, and age. SEs are robust.
aData for 2 NBW subjects who reported hourly wages of more than $100 per hour for =10 hours per week were omitted.

b Significant at 1%.
¢ Significant at 5%.
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change conclusions substantially (re-
sults not shown).

Fifty-five percent of the ELBW subjects
with NSIs and 5.5% of the subjects with-
out NSIs reported receiving a disability
pension (only 1 NBW subject, without a
NSI, reported such a pension). Those not
employed or in school were more likely
to receive a disability pension. Control-
ling for NSIs, ELBW and NBW results for
activity limits were similar. Forty-four
percent of the ELBW subjects with NSIs
(and 1 of the 3 among the NBW subjects)
reported health-related activity limita-
tions; the proportions were 12.8% for
ELBW subjects and 10.8% for NBW sub-
jects among subjects without NSIs.

DISCUSSION

Rates of survival of ELBW infants have
improved markedly over time. In the
United States, infant mortality rates
for infants born at 500 to 999 g de-
creased from 58% in 1983 to 31% in
2005.2 Adult outcomes of our cohort
remain relevant, however, because
similar data are not yet available for
cohorts born in more-recent years and
because, on the basis of evidence in
childhood, the distribution of out-
comes for ELBW survivors seems not to
have changed substantially.?22

An emerging body of evidence sug-
gests that survivors born ELBW, or at
least several weeks preterm, achieve
lower educational attainment and
poorer labor market outcomes than
dothose born at term, but also that the
deficits are not extremely large for
most survivors. Several European
studies used data from national regis-
ters, grouped individuals according to
gestational age, and compared out-
comes for various groups of preterm
infants with those for infants born at
term (>36 weeks of gestation), with
adjustment for potentially confound-
ing family background variables.

A Swedish study considered infants
born in 19731979, with outcomes

e1106 GODDEERIS et al

tracked in 2002.2 Disabled subjects
(6.4% of subjects born at gestational
ages of <33 weeks and 1.5% of sub-
jects born at term) were excluded
from analyses of educational out-
comes or earnings. The authors
found a relative risk of 0.92 of having
some postsecondary education for
the <33-week group. The estimated
deficit in earnings for the <33-week
group was ~2% of median earnings
(model 2 or 3).

A Norwegian study considered infants
born in 1967-1983 and monitored
through 2003.2* The authors excluded
subjects with disabilities that affected
working capacity severely (5.2% of
subjects born at <34 weeks of gesta-
tion and 1.7% of subjects born at
term). Educational attainment in-
creased with gestational age in multi-
variate models when gestational age
was included as a continuous variable,
but relative risks for higher attain-
ment levels were not statistically dif-
ferent according to gestational age
groupings. Similar results were found
for earnings. For subjects born at <31
weeks of gestation, the unadjusted rel-
ative risk of being in the bottom quin-
tile of earnings was 1.15 and that of
being in the top quintile was 0.87. The
results of a Danish study? were simi-
lar to those of the other 2 studies.

All of the infants in our ELBW group
were born several weeks preterm;
therefore, it seems reasonable to com-
pare our results with those of the na-
tional studies. Unlike those studies, we
reported separate effects for male and
female subjects and found indications
of some differences according to gen-
der. We found an ELBW effect for male
subjects but not for female subjects
with respect to educational attain-
ment. There also was stronger evi-
dence of negative earnings effects for
ELBW male subjects than for ELBW fe-
male subjects. Taken as a whole, the
results on employed or in-school sta-

tus and earnings suggest that less-
productive female ELBW subjects were
more likely to be out of the labor force,
whereas their male counterparts ex-
perienced a greater reduction in earn-
ings, compared with their NBW peers.

Although they were not estimated with
great precision, some of our point es-
timates of ELBW effects are rather
large (eg, ~15-percentage point re-
duction in the likelihood that female
subjects were employed or in school
and ~27% reduction in weekly earn-
ings among employed male subjects).
On the whole, however, our findings
seem consistent with other studies in
suggesting that the long-term eco-
nomic impact of being born ELBW is not
very large for typical survivors. The
contrast with somewhat more-
pessimistic conclusions drawn from
results at younger ages could partly
reflect a catch-up effect but also may
reflect the fact that we examined dif-
ferent outcomes.2

In our results, the family background
variables had important independent
effects on most outcomes. These asso-
ciations may reflect in part correlated
genetic traits inherited across genera-
tions or other correlated environmen-
tal factors, rather than the effects of a
2-parent family or mother’s education
per se. To test whether favorable fam-
ily background might mitigate the ef-
fects of low birth weight (as found in
other research?%%), we estimated ad-
ditional models by adding interaction
terms between ELBW status (not differ-
entiated according to gender) and
family background variables for our
Table 2 outcome variables. In each
case, we failed to reject the hypothesis
that the interaction terms were jointly
insignificant at the .1 level but, be-
cause of sample size, we had limited
statistical power.

A limitation of our study is that earn-

ings were observed at a relatively
young age. One issue is that some sub-
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jects had not yet completed their
schooling. However, approximately the
same proportions of NBW subjects
(33.8%) and ELBW subjects (31.5%)
were enrolled in school either full or
part-time at the time of interview. Al-
though young adult earnings do not
correlate closely with earnings later in
life, we have no reason to think that
differences between ELBW and NBW
earnings in young adulthood would
overstate later differences.

Other issues relate to generalizability.
We should be cautious about applying
our results, representing averages
over a particular ELBW population
born 3 decades ago, to questions
about the consequences of more- or
less-aggressive treatment for infants
truly at the margins of viability today.
Given findings from other research on
the importance of environmental fac-
tors for long-term outcomes, results
also might be dependent on the social
context in which the survivors live.26-28
The relatively favorable results sum-
marized here, from Canada and sev-

REFERENCES

1. Behrman RE, Butler AS, eds. Preterm Birth:
Causes, Consequences, and Prevention.
Washington, DC: National Academies Press;
2007

2. Saigal S, den Ouden L, Wolke D, et al. School-
age outcomes in children who were ex-
tremely low birth weight from four interna-
tional population-based cohorts. Pediatrics.
2003;112(4):943-950

3. Saigal S, Rosenbaum P, Hattersley B, Milner
R. Decreased disability rate among 3-year-
old survivors weighing 501to 1000 grams at
birth and born to residents of a geographi-
cally defined region from 1981 to 1984 com-
pared with 1977 to 1980. J Pediatr. 1989;
114(5):839—846

4. Saigal S, Szatmari P, Rosenbaum P, Camp-
bell D, King S. Intellectual and functional
status at school entry of children who
weighed 1000 grams or less at birth: a re-
gional perspective of births in the 1980s. J
Pediatr. 1990;116(3):409—416

5. Saigal S, Szatmari P, Rosenbaum P, Camp-
bell D, King S. Cognitive abilities and school
performance of extremely low birth weight
children and matched term control chil-

PEDIATRIGS Volume 126, Number 5, November 2010

eral high-income European countries,
might not be replicated in the United
States, where income inequality is
greater and social programs to sup-
port the disadvantaged are not as
strong.

CONCLUSIONS

Saving infants who are extremely
small or extremely preterm is very ex-
pensive, and some survivors experi-
ence severe NSIs, whereas a large
fraction experience more-minor be-
havioral and cognitive difficulties.
Studies of advances in neonatal care
have concluded that the added costs
per quality-adjusted life year have
been highly acceptable by the stan-
dards of high-income countries, even
when the focus is on ELBW infants 2950
Until recently, evaluations of advances
in care have been conducted without
empirical data on adult outcomes for
survivors. Our study is among the first
to examine adult outcomes, particu-
larly those related to economic pro-
ductivity, for a population-based sam-

dren at age 8 years: a regional study. J Pe-
diatr. 1991;118(5):751-760

6. Saigal S, Hoult LA, Streiner DL, Stoskopf BL,
Rosenbaum PL. School difficulties at adoles-
cence in a regional cohort of children who
were extremely low birth weight. Pediat-
rics. 2000;105(2):325—-331

7. Saigal S, Lambert M, Russ C, Hoult L. Self-
esteem of adolescents who were born pre-
maturely. Pediatrics. 2002;109(3):429—433

8. Saigal S, Pinelli J, Hoult L, Kim MM, Boyle M.
Psychopathology and social competencies
of adolescents who were extremely low
birth weight. Pediatrics. 2003;111(5):
969-975

9. Saigal S, Stoskopf B, Streiner D, et al. Tran-
sition of extremely low-birth-weight infants
from adolescence to young adulthood: com-
parison with normal birth-weight controls.
JAMA. 2006;295(6):667—675

10. Saigal S, Stoskopf B, Pinelli J, et al. Self-
perceived health-related quality of life of
former extremely low birth weight infants
at young adulthood. Pediatrics. 2006;118(3):
11401148

ARTICLES

ple of ELBW or extremely preterm
survivors.

In conjunction with other recent stud-
ies, our results indicate that, although
ELBW status may lead to somewhat-
lower educational attainment and re-
duced earnings (not confined to those
with severe NSIs), the effects are not
large. Most survivors become produc-
tive adults. Our work reinforces the
conclusion that, on the whole, ad-
vances in neonatal care have had ben-
efits far greater than costs.

ACKNOWLEDGMENTS

This research was supported by grant
MOP42536 from the Canadian Institutes
of Health Research and grant 1 RO1
HD40219 from the National Institute of
Child Health and Human Development.

We thank the ELBW and NBW young
adults and their parents for their gen-
erosity in participating in our ongoing
studies for the past 25 years. We thank
Paula Kazi for excellent research assis-
tance and Steven Haider and Todd El-
der for helpful suggestions.

11. Saigal S, Stoskopf B, Boyle M, et al. Compar-
ison of current health, functional limita-
tions, and health care use of young adults
who were born with extremely low birth
weight and normal birth weight. Pediatrics.
2007;119(3). Available at: www.pediatrics.
org/cgi/content/full/119/3/e562

12. Card D. The causal effect of education on
earnings. Handb Labor Econ. 1999;3:
1801-1863

13. Mincer J. Schooling, Experience, and Earn-
ings. New York, NY: National Bureau of Eco-
nomic Research; 1974

14. Haider S, Solon G. Life-cycle variation in the
association between current and lifetime
earnings. Am Econ Rev. 2006;96(4):
13081320

15. Bohlmark A, Lindquist MJ. Life-cycle varia-
tions in the association between current
and lifetime income: replication and exten-
sion for Sweden. J Labor Econ. 2006;24(4):
879—-896

16. Wooldridge JM. Econometric Analysis of
Cross Section and Panel Data. Cambridge,
MA: MIT Press; 2002

el1107

Downloaded from www.pediatrics.org. Provided by Michigan State Univ on November 30, 2010


www.pediatrics.org/cgi/content/full/119/3/e562
www.pediatrics.org/cgi/content/full/119/3/e562
pediatrics.aappublications.org/
http://www.pediatrics.org

17.
18.

19.

20.
21.

22.

Little RJA, Rubin DB. Statistical Analysis
With Missing Data. New York, NY: Wiley;
1987

Ferrer AM, Riddell WC. The role of creden-
tials in the Canadian Labour Market. Can J
Econ. 2002;35(4):879-905

Kennedy PE. Estimation with correctly in-
terpreted dummy variables in semiloga-
rithmic equations. Am Econ Rev. 1981,
71(4):801

National Center for Health Statistics. Health,
United States, 2008. Hyattsville, MD: Na-
tional Center for Health Statistics; 2009
Saigal S, Doyle LW. An overview of mortality
and sequelae of preterm birth from infancy
to adulthood. Lancet. 2008;371(9608):261
Petrou S, Abangma G, Johnson S, Wolke D,
Marlow N. Costs and health utilities associ-
ated with extremely preterm birth: evidence

23.

24.

25.

26.

from the EPICure Study. Value Health. 2009;
12(8):1124—1134

Lindstrom K, Winbladh B, Haglund B, Hjern A.
Preterm infants as young adults: a Swedish
national cohort study. Pediatrics. 2007,
120(1):70-77

Moster D, Lie RT, Markestad T. Longterm medi-
cal and social consequences of preterm birth. N
Engl J Med. 2008;359(3):262—273

Mathiasen R, Hansen BM, Nybo Anderson A-M,
Greisen G. Socio-economic achievements of
individuals born very preterm at the age of 27
to 29 years: a nationwide cohort study. Dev
Med Child Neurol. 2009;51(11):901-908

Saigal S, Rosenbaum P. What matters in the
long term: reflections on the context of
adult outcomes versus detailed measures
in childhood. Semin Fetal Neonatal Med.
2007;12(5):415—-422

APPENDIX 1 ELBW Relative Risks and 0dds Ratios According to Gender?!

N

7

28.

30.

31.

. Kilbride HW, Thorstad K, Daily DK. Preschool
outcome of less than 801-gram preterm in-
fants compared with full-term siblings. Pe-
diatrics. 2004;113(4):742—747

Aylward GP. Neurodevelopmental outcomes
of infants born prematurely. J Dev Behav
Pediatr. 2005;26(6):427—440

. Cutler DM, Meara E. The technology of birth:
is it worth it? In: Garber AM, ed. Frontiers in
Health Policy Research. Gambridge, MA: MIT
Press; 2000;3:35—68

Doyle LW; Victorian Infant Collaborative
Study Group. Evaluation of neonatal inten-
sive care for extremely low birth weight in-
fants in Victoria over two decades, part II:
efficiency. Pediatrics. 2004;113(3):510-514
Zou G. A modified Poisson regression ap-
proach to prospective studies with binary
data. Am J Epidemiol. 2004;159(7):702—706

Completed High School

(N = 282)

Attended University
(N = 282)

Employed or in School
(N = 282)

Relative risk (95% confidence interval)

Baseline

ELBW female
ELBW male

Baseline plus NSI

ELBW female
ELBW male

Baseline plus 1Q

ELBW female
ELBW male

0dds ratio (95% confidence interval)

Baseline

ELBW female
ELBW male

Baseline plus NSI

ELBW female
ELBW male

Baseline plus 1Q

ELBW female
ELBW male

1.01(0.91-1.13)
0.84 (0.71-1.00)

1.06 (0.95-1.18)
0.89 (0.75-1.05)

1.10 (0.98-1.23)
1.00 (0.84-1.19)
1.19 (0.42-3.33)

0.34 (0.12-0.96)

1.69 (0.56-5.12)
0.50 (0.17-1.51)

2.70 (0.31-3.29)
0.87 (0.29-2.81)

0.84 (0.57-1.23)
0.47 (0.26-0.83)

0.88 (0.59-1.31)
0.50 (0.27-0.91)

1.14 (0.76-1.69)
0.89 (0.49-1.64)
0.73 (0.36—1.46)

0.31(0.14-0.74)

0.78 (0.38—1.62)
0.34 (0.14-0.84)

1.19 (0.56-2.53)
0.85 (0.33-2.18)

0.82 (0.69-0.97)
0.88 (0.75-1.04)

0.88 (0.74-1.04)
0.96 (0.82-1.13)

0.85 (0.72-1.02)
0.96 (0.80—1.15)
0.41(0.18-0.91)

0.48 (0.18-1.29)

0.55 (0.24-1.29)
0.75 (0.25-2.17)

0.50 (0.22-1.14)
0.68 (0.24-1.97)

Relative risks were estimated with a modified Poisson regression method, implemented in Stata 9 (Stata Corp, College Station, TX) by using the glm command. Baseline covariates were male,
mother married, mother’s education less than high school, mother’s education more than high school, and age.
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