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abstractOBJECTIVES: To determine: (1) if childhood cognitive and academic abilities mediate the 

association between being born at extremely low birth weight (ELBW) and socioeconomic 

attainment at age 29 to 36 years; (2) which cognitive abilities (IQ, verbal abilities, fluid 

intelligence, mathematical abilities, or academic achievement) most strongly mediate this 

association; and (3) if the mediating role of cognition is different in ELBW survivors with 

significant neurosensory impairment (NSI).

METHODS: A prospective, longitudinal cohort of 100 Canadian ELBW survivors born between 

1977 and 1982 and 89 normal birth weight comparison participants were used to examine 

the mediating role of childhood cognition by using 5 cognitive mediators assessed at 

age 8 years (overall IQ, verbal IQ, performance IQ, quantitative ability, and academic 

achievement) on socioeconomic attainment at adulthood. Socioeconomic attainment was 

defined as personal annual earnings and full-time employment assessed via self-report at 

age 29 to 36 years.

RESULTS: Mediation models revealed that childhood cognition mediated the association 

between ELBW status and income attainment, with mathematical abilities and overall 

IQ each accounting for 26% of the direct effect. Mediated effects were not statistically 

significant in full-time employment models. For both outcomes, the mediating effect of 

cognition was stronger for ELBW survivors with NSI.

CONCLUSIONS: Childhood cognitive abilities partially mediate associations between 

ELBW status and adult income attainment. Early life cognition is a critical predictor 

of socioeconomic attainment in ELBW survivors, particularly in those born with NSI. 

Interventions aimed at enhancing early cognition in ELBW survivors may help optimize 

their later socioeconomic attainment.
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WHAT’S KNOWN ON THIS SUBJECT: Little is known about 

the socioeconomic attainment of extremely low birth 

weight (ELBW) survivors or its determinants. Research 

suggests that enhanced childhood cognitive function is 

associated with greater adult socioeconomic attainment; 

however, this has never been examined in ELBW survivors.

WHAT THIS STUDY ADDS: Childhood intelligence 

accounted for 26% of the association between ELBW 

status and personal earnings at age 30. Mathematical 

abilities, academic achievement, and verbal abilities 

also mediated this association. Mediation by childhood 

cognition was particularly strong among survivors with 

neurosensory impairment.
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More extremely low birth weight 

(ELBW; <1000 g) survivors are 

living into adulthood than ever 

before. 1 However, very little is 

known about their socioeconomic 

attainment in adulthood, a 

critical marker of success and an 

important determinant of health. 2 

This information is crucial at an 

individual level and at a population 

level to model human capital, a 

function of the current health and its 

depreciation rate of the labor force 

in developed countries. 3 As roughly 

9% of all infants are born preterm,  4 

a significant proportion of the labor 

force will face perinatal adversities.

Studies utilizing European registry 

data suggest that very low birth 

weight (<1500 g) 5 and preterm 

individuals are at greater risk of 

lower earnings and unfavorable 

employment outcomes in 

adulthood 6,  7; however, the 

mechanisms linking perinatal 

adversity to lower socioeconomic 

attainment remain unclear. Research 

in general population samples 

suggests that enhanced early 

cognitive functioning is positively 

associated with educational 

attainment, income attainment, 

and labor stability in adulthood. 8– 10 

Cognitive dysfunction is among 

the most common disabilities 

experienced by ELBW survivors,  11 

with up to 50% of extremely 

premature survivors suffering from 

some form of neurodevelopmental 

disability (ie, cerebral palsy or 

intellectual disability). 12

Only 1 study to date has examined 

the mediating role of cognitive 

abilities on socioeconomic outcomes 

in high-risk pediatric survivors. 

Basten et al 13 reported that early 

cognitive abilities partially mediated 

the association between preterm 

birth (28 to 38 weeks’ gestation) 

and wealth at age 40. However, it is 

unclear how many ELBW survivors 

(generally born before 28 weeks’ 

gestation with greater perinatal 

risk) were included in their study. 

Secondly, their aggregated wealth 

estimate (consisting of family 

income, social class, housing tenure, 

employment status, and self-

perceived financial situation) may 

be dependent on multiple contextual 

factors such as sex, marital status, 

or if the individual has children. 

Additionally, this may inadvertently 

obscure the intricacies of how 

different cognitive abilities influence 

individual socioeconomic outcomes.

Using data from the oldest, 

longitudinal cohort of ELBW 

survivors, the current study 

explored 3 objectives to determine: 

(1) if childhood cognitive and 

academic abilities at age 8 mediated 

associations between being born at 

ELBW and socioeconomic outcomes 

(personal income attainment and 

full-time employment) at age 29 to 

36; (2) which cognitive or academic 

ability (IQ, verbal abilities, fluid 

intelligence, mathematical abilities, 

or overall academic achievement) 

most strongly mediated this 

association; and (3) if the mediation 

pathway for ELBW survivors differed 

for those born with or without 

serious neurosensory impairment 

(NSI).

METHODS

Participants

The study cohort consisted of 100 

ELBW survivors and 89 normal birth 

weight (NBW; ≥2500 g) comparison 

individuals born in central west 

Ontario, Canada. Between 1977 and 

1982, 397 ELBW survivors were 

recruited at birth; 179 survived 

to hospital discharge ( Fig 1). 14 

At 8 years, 143 ELBW survivors 

participated in cognitive assessments. 

At age 22 to 26 years, 142 survivors 

participated in sociodemographic 

and health assessments 15; of these, 

100 (70%) participated and provided 

socioeconomic information at age 29 

to 36 years. 1

At age 8, 145 NBW individuals group-

matched for age, sex, and parental 

socioeconomic status (SES) were 

recruited from the Hamilton Public 

School System. At age 22 to 26, 133 

NBW individuals participated in 

data collection and were eligible 

to participate in the latest data 

assessment. Of these 133 NBW 

individuals, 89 (67%) provided data 

on socioeconomic outcomes at ages 

29 to 36. Written informed consent 

was received from all participants 

in adulthood and from their parents 

during childhood. This study received 

ethics approval from the McMaster 

University Health Sciences Research 

Ethics Board.

Mediator: Childhood Cognitive 
Abilities

Childhood cognitive and academic 

abilities were assessed at age 8 

years; assessment procedures have 

been previously described. 16 We 

examined overall intelligence (IQ), 

verbal abilities, fluid intelligence, 

mathematical abilities, and academic 

achievement as mediators, as they 

have been previously studied as 

mediators of adult wealth in preterm 

and general population samples. 8,  13 

All cognitive tests have adequate 

psychometric properties. 17   – 22

IQ, verbal abilities, and fluid 

intelligence were assessed by using 

the Wechsler Intelligence Scale for 
Children-Revised (WISC-R). The 

WISC-R consists of 10 subtests, 

each with a mean of 10 and SD of 3. 

Combining these subtests creates 

a performance IQ, an assessment 

of fluid intelligence evaluating 

visuospatial abilities, alertness to 

detail, and processing speed; and a 

verbal IQ, an assessment of reading, 

verbal, and language abilities. 23 

These 2 IQ scores are then combined 

to calculate an overall IQ (mean = 

100, SD = 15), estimating overall 

intelligence. 23

Mathematical abilities were assessed 

by using the Wide Range Achievement 
Test-Revised (WRAT-R) arithmetic 
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subscale. The subscale comprises 

questions pertaining to counting, 

reading numerical symbols, and 

solving mathematical problems 

through numerical computation; it 

has a mean of 100 and SD of 15. 21,  24

The Woodcock–Johnson 
Psychoeducational Battery was used 

to assess academic achievement. 

Three subscales of reading (letter–

word identification, work attack, 

and passage comprehension) were 

administered. The subscales are 

combined into a single score (mean = 

100, SD = 15). 25

Outcomes: Personal Income 
Attainment and Full-Time 
Employment

We examined annual personal 

income and full-time employment as 

socioeconomic attainment outcomes. 

These 2 variables were assessed 

by using standardized questions 

from the Ontario Child Health Study 

questionnaires. 26 Personal annual 

income was assessed by summing 

the amount of Canadian income 

earned over the past 12 months from 

the following: wages and salaries 

before deductions, self-employment, 

employment-insurance benefits, 

child benefits at provincial and 

federal levels, social assistance, 

child/spousal support, and any other 

income sources such as dividends, 

interests, capital gains, and gratuities. 

The median total income in Canada in 

2013 was approximately $32 020. 27 

Full-time employment was assessed 

by asking participants if they had 

been employed 30 hours or more per 

week for the past 12 months.

Covariates

We included variables associated 

with poor cognitive function, 

low birth weight, socioeconomic 

outcomes, and attrition as covariates 

within mediation models. These 

variables included childhood SES, 

sex, number of years of education 

completed, age, marital status, and 

dependent status. 7,  28 Childhood 

SES was assessed via reports by 

participants’ parents at age 8 by 

using the Hollingshead 2-factor index 

of social position. 29 This index has 5 

levels, where 1 indicates the highest 

SES level and 5 indicates the lowest 

SES level. Educational attainment 

was self-reported and calculated 

by summing the years of education 

each cohort member had successfully 

completed at the time of testing. 

Marital status was self-reported 

and defined as those who were 

married or living common-law with 

a partner versus those who were not. 

Dependent status was self-reported 

and defined as having at least 1 child 

versus no children.

Statistical Analysis

Statistical analyses were performed 

by using SAS version 9.3 (SAS 

Institute, Cary, NC). Descriptive 

statistics were examined by using 

independent sample t tests for 

continuous variables and χ2 tests for 

categorical variables. To determine 

the influence of attrition in our 

cohort, we compared participants 

and nonparticipants on variables 

used to match ELBW and NBW 

participants at age 8, and childhood 

cognitive abilities.

To explore the mediating role of 

childhood cognitive and academic 

abilities on socioeconomic 

outcomes (objectives 1 and 2), 

we performed the product of 

coefficient mediation method. 30 We 

performed single mediator bias-

corrected bootstrap models (n = 

10 000) to examine the mediating 

influence of each childhood 

cognitive factor (overall IQ, verbal 

3

 FIGURE 1
Participant fl owchart. This fi gure briefl y highlights participation of ELBW survivors and NBW 
comparisons.
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IQ, performance IQ, mathematical 

abilities, and academic 

achievement) separately ( Fig 2). 30,  31 

In each model, the independent 

variable was birth weight status, 

and the dependent variable was 

either annual personal income or 

full-time employment status.

To address our first objective, the 

mediated effect was calculated by 

multiplying the a and b coefficients 

(indirect effect, ab) and computing 

its 95% confidence interval (CI) to 

determine statistical significance. 

To address our second objective, 

we qualitatively compared the 

magnitude of each mediated effect 

for significant models by calculating 

the proportion mediated for each 

model. 30

To attempt to address the influence 

of missing data in our models, we 

performed a multiple imputation 

analysis creating 10 imputed 

data sets. The average value for 

each continuous predictor from 

these 10 data sets was used to 

replace missing data in subsequent 

analyses. As the results from 

these mediation analyses did not 

statistically differ, we report results 

only for participants with complete 

data.

When exploring associations 

between cognitive abilities and 

socioeconomic attainment in ELBW 

survivors, it is critical to account for 

this population’s high rate of NSI. 

Therefore, for our third objective we 

performed mediation analyses by 

using a multicategorical independent 

variable ( Fig 3) and compared the 

magnitude of mediated effects in 

ELBW survivors with and without 

NSI. 32 NSI were diagnosed at age 3 

by developmental pediatricians and 

were defined as follows: cerebral 

palsy, mental retardation, blindness, 

deafness, or microcephaly.

RESULTS

Sample Characteristics

 Table 1 contains the characteristics 

of the study participants. No 

differences were seen in current age, 

sex, childhood SES, or total years 

of education between ELBW and 

NBW participants. At age 8, ELBW 

survivors scored significantly lower 

in all cognitive domains compared 

with NBW participants (P < .001). 

ELBW participants reported annual 

personal incomes approximately 

$20 000 lower than NBW participants 

(P < .001). Nearly 77% of NBW 

participants and 62% of ELBW 

participants reported having full-

time employment over the past 

year (P = .042). Twenty-six ELBW 

participants and 1 NBW participant 

had an NSI.

When comparing the demographic 

characteristics of participants and 

nonparticipants ( Table 2), male 

sex was a predictor of attrition in 

both ELBW and NBW groups. In 

ELBW survivors, lower childhood 

SES was a predictor of attrition. 

Nonparticipants generally had 

lower scores on childhood 

cognitive assessments compared 

with participants. It was found 

that cognitive scores in both 

participants and nonparticipants 

followed the same trend in that 

higher socioeconomic participants 

generally had higher cognition 

scores compared with those in lower 

socioeconomic strata, suggesting 

that nonparticipants were missing at 

random.

Objective 1 and 2: Personal Income 
Mediation Models

Of the 189 participants, 157 

(83%) had complete data on all 

variables and were included in 

mediation models. In each mediation 

model, ELBW participants scored 

significantly lower on all cognitive 

assessments at age 8 compared with 

NBW participants (a pathway, P < 

4

 FIGURE 2
Single mediator model. This fi gure highlights the mediation models used for objectives 1 and 2.

 FIGURE 3
Multicategorical independent variable mediator model. This fi gure highlights the mediation models 
used for objective 3.
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.01). Higher scores on all early life 

cognitive measures were associated 

with higher reported personal 

income at age 30 (b pathway, P < .01), 

except for the WISC-R Performance 

IQ (P = .10).

Significant indirect effects (ab) 

were seen in all models except for 

the WISC-R Performance IQ ( Table 

3), supporting the presence of 

mediation. Our results indicate that 

ELBW children with lower scores 

on these cognitive and academic 

measures in childhood reported 

lower annual incomes in adulthood. 

However, because ELBW status was 

still a significant predictor of income 

attainment in our models, cognitive 

abilities only partially mediated the 

association between ELBW status 

and income attainment.

In addressing our second objective 

( Table 3), the largest mediated 

effects were seen by overall IQ, 

accounting for 26% (ab = –$4516, 

95% CI: –$9810 to –$730) of the 

total effect (c = –$17 210) in ELBW 

survivors, and mathematical abilities, 

also accounting for 26% (ab = 

$–4424, 95% CI: –$9012 to –$1403) 

of the total effect in ELBW survivors. 

The smallest significant mediated 

effect was seen with the Woodcock–

Johnson academic achievement score, 

accounting for 16% of the total effect 

between ELBW status and adult 

earnings.

Full-Time Employment Mediation 
Models

Of the 189 participants, 151 (80%) 

had complete data and were used 

in models. Our models suggest that 

childhood cognitive and academic 

abilities may not mediate the 

association between ELBW status 

and full-time employment ( Table 

3), because the indirect effect (ab) 

was not statistically significant 

in any model. When performing 

logistic regressions of full time on 

employment ELBW status, cognitive 

mediators, and covariates, the most 

significant predictor of full-time 

employment was sex. Compared 

with men, the odds of full-time 

employment were 3 times lower for 

women.

Objective 3

To address our third objective, we 

performed mediation models by 

using a multicategorical independent 

variable separating ELBW survivors 

with and without NSI ( Table 4). Our 

results suggest that the mediating 

role of cognitive abilities on 

annual income attainment may be 

stronger in ELBW survivors with 

NSI because this group had larger 

indirect effects in every model. For 

example, overall IQ accounted for 

24% (ab = –$4023) of the total effect 

(c = –$16 871) in ELBW survivors 

without NSI, but accounted for 37% 

5

TABLE 1  Participant Characteristics

ELBW, n = 100 NBW, n = 89

n Mean SD n Mean SD P

Cohort demographics

 Birth weight, g 100 834.90 132.74 89 3388.12 465.63 <.001

 Average for gestational age

  n (%) 71 (71.00) — —

 Small for gestational age

  n (%) 29 (29.00) — —

 Age, y 100 32.08 1.69 89 32.47 1.37 .084

 Sex male, % 100 39 39 89 33 37.00 .074

 Childhood (parental) SES, n (%) 95 89 .620

  I 5 (5.26) 7 (7.87)

  II 16 (16.84) 20 (22.47)

  III 44 (46.32) 32 (35.96)

  IV 27 (28.42) 26 (29.21)

  V 3 (3.16) 4 (4.49)

 NSI, n (%) 100 26 (13.76) 89 1 (1.12) <.001

 Married, n (%) 100 45 (45.00) 89 53 (59.55) .046

 Have children, n (%) 100 20 (20.00) 89 29 (32.58) .049

Adult SES variables, age 29–36

 Total years of education 97 16.00 2.75 88 16.67 3.12 .126

 Personal annual income, $ 88 26 484.65 23 721.36 81 46 551.62 31 263.84 <.001

 Total household annual income, $ 91 54 450.55 41 004.41 81 78 148.15 41 985.45 <.001

 Full-time employment this year, n (%) 78 48 (61.54) 77 59 (76.62) .042

Cognitive variables, age 8

 WISC-R full scale IQ 89 93.40 15.77 89 106.20 11.73 <.001

 WISC-R verbal IQ 89 93.47 15.00 89 103.60 12.35 <.001

 WISC-R performance IQ 89 94.87 16.94 89 108.10 12.45 <.001

 Woodcock–Johnson standard score 89 91.60 15.98 89 99.78 13.86 <.001

 WRAT-R arithmetic standard score 89 83.36 16.16 89 95.28 13.64 <.001

—, gestational age information pertains only to ELBW participants.
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(ab = –$6828) of the total effect 

(c = –$18 664) in ELBW survivors 

with NSI. This trend was seen 

with every cognitive mediator. 

For ELBW survivors without NSI, 

indirect effects for overall IQ, verbal 

IQ, and mathematical abilities 

were statistically significant. For 

ELBW survivors with NSI, indirect 

effects for overall IQ, mathematical 

abilities, and academic abilities 

were statistically significant. When 

exploring the mediating role of 

childhood cognition on full-time 

employment, the indirect effect 

estimates were not statistically 

significant.

DISCUSSION

Our study suggests that childhood 

cognition partially mediated the 

association between being born at 

ELBW and socioeconomic attainment 

in the fourth decade of life. Single 

mediator models suggest that 

mathematical abilities and overall 

IQ had the strongest influence on 

this link, each accounting for 26% 

of the association between being 

born at ELBW and personal income 

attainment. However, given the large 

yet nonsignificant mediated effects, 

our results are inconclusive as to 

whether cognitive abilities mediate 

the association between ELBW status 

and employment status. In posthoc 

power analyses, it was observed 

that personal income models were 

sufficiently powered (β = .80), 

but full-time employment models 

were not (β = .52), limiting the 

ability to identify significant effects. 

Additionally, perhaps the ELBW 

survivors and NBW participants who 

reported having children were not 

working full time to support their 

family in the home. Therefore, this 

association warrants further study in 

larger samples.

The direction and magnitude of our 

results align with those previously 

reported by Basten et al. 13 In their 

study, they report a medium-sized 

effect estimate for mathematical 

abilities (accounting for ∼35% to 

36% of the total effect) and a small 

effect for general IQ (accounting for 

∼4% to 19% of the total effect). 13 

Our study extends the results of 

their important work by suggesting 

that this association is upheld in the 

most vulnerable infants surviving 

preterm birth, and that their other 

comorbidities (ie, NSI) strongly 

influence this link.

In addressing our third objective, we 

found that the cognitive mediation 

pathway for personal income 

attainment was stronger in ELBW 

survivors with NSI. Many individuals 

with NSI report it is difficult to 

gain and maintain employment. 33 

According to the 2010 Survey of 
Americans With Disabilities, many 

individuals with NSI cite that gaining 

employment is challenging because 

they cannot perform, receive 

accommodation, or find employment 

in their desired field; they may face 

discrimination at their job; or having 

employment would lead to a loss of 

their government benefits. 34

There are multiple reasons why 

cognitive abilities may influence 

employment and income attainment 

in ELBW survivors. Perhaps their 

poorer cognitive and academic 

6

TABLE 2  Demographic Factors of Participants and Nonparticipants at Current Sweep

Characteristics Participants Nonparticipants P

Number of participants

 Overall 189 135

 NBW 89 56

 ELBW 100 79

Male, n

 NBW 33 33 .01

 ELBW 39 45 .02

Birth weight, g (SD)

 NBW 3388.1 (465.6) 3348.5 (526.5) .64

 ELBW 834.9 (132.7) 840.5 (110.0) .76

Gestational age, mean 

(SD), wk

 NBW 40 40

 ELBW 26.8 (2.0) 27.1 (2.4) .36

NSI

 NBW 1 2 .31

 ELBW 26 25 .41

Small for gestational age

 NBW

 ELBW 29 14 .08

Childhood SES

 NBW 3 3 .42

 ELBW 3 4 <.01

WISC-R full scale IQ

 NBW 106.2 (11.7) 100.1 (12.3) <.01

 ELBW 93.4 (15.8) 87.2 (15.4) .03

WISC-R performance IQ

 NBW 108.1 (12.5) 103.0 (12.4) .02

 ELBW 94.9 (16.9) 91.1 (16.6) .21

WISC-R verbal IQ

 NBW 103.6 (12.4) 97.6 (13.1) .01

 ELBW 93.5 (15.0) 85.8 (15.0) .01

Woodcock–Johnson 

standard score

 NBW 99.8 (13.9) 95.9 (14.4) .11

 ELBW 91.6 (16.0) 85.5 (14.6) .03

WRAT-R arithmetic standard 

score

 NBW 95.3 (13.6) 92.5 (13.0) .22

 ELBW 83.4 (16.2) 80.3 (17.9) .31
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TABLE 3  Bootstrapped Direct and Indirect Effects of Childhood Cognition and ELBW on Income Attainment and Full-Time Employment

Overall IQ Verbal IQ Performance IQ Mathematical Abilities Academic Achievement 

Abilities

Effect 

Estimate

95% CI Effect 

Estimate

95% CI Effect 

Estimate

95% CI Effect 

Estimate

95% CI Effect 

Estimate

95% CI

Annual personal income 

attainment models

 Total effect −17 209.95* −25 853.32 to 

−8566.58

−17 209.95* −25 853.32 to 

−8566.58

−17 209.95* −25 853.32 to 

−8566.58

−17 209.95* −25 853.32 to 

−8566.58

−17 209.95* −25 853.32 

to 

−8566.58

 Direct effect of ELBW 

status on personal 

income attainment

−12 693.97* −22 066.54 to 

−3321.40

−13 632.84* −22 584.87 to 

−4680.80

−14 118.26* −23 489.43 to 

−4647.10

−12 785.86* −21 675.44 to 

−3896.28

−14 493.71* −23 079.49 

to 

−5907.93

 Indirect effect of cognitive 

mediator on personal 

income attainment

−4515.98* −9809.60 to 

−730.03

−3577.11* −8336.21 to 

−8720.95

−3091.68 −7443.28 to 

278.46

−4424.09* −9012.40 to 

−1403.12

−2716.24* −6713.30 to 

−520.61

 Proportion mediated, %a 26 21 18 26 16

Full-time employment models

 Total effect −0.91* −1.69 to 

−0.13

−0.91* −1.69 to 

−0.13

−0.91* −1.69 to 

−0.13

−0.91* −1.69 to 

−0.13

−0.91* −1.69 to 

−0.13

 Direct effect of ELBW on 

Full-time employment

−0.62 −1.46 to 0.22 −0.72 −1.54 to 

0.09

−0.67 −1.51 to 

0.18

−0.68 −1.51 to 

0.15

−0.83* −1.62, to 

−0.03

 Indirect effect of mediator 

on full-time employment

−0.32 −0.80 to 0.05 −0.23 −0.61 to 

0.02

−0.24 −0.71 to 

0.12

−0.23 −0.65 to 

0.07

−0.09 −0.36 to 

0.06

 Proportion mediated, %a 35 25 26 25 10

a % mediated = ab/c × 100.
* Signifi cant effect at the α = .05 level. 

TABLE 4  Mediation Effects for NSI Subgroup Models

Mediator Total Effect Direct Effect Indirect Effect 95% CI % Mediateda

ELBW survivors without NSI impairments

 Personal income models

  Overall IQ (WISC-R full scale) −16 871 −12 848 −4023* −87 886 to −159 24

  WISC-R verbal IQ −16 871 −13 618 −3252* −6418 to −87 19

  WISC-R performance IQ −16 871 −14 206 −2665 −6281 to 951 16

  Mathematical abilities (WRAT-R M) −16 871 −13 107 −3764* −7068 to −460 22

  Academic abilities (WJ) −16 871 −14 804 −2066 −4679 to 545 12

 Full-time employment models

  Overall IQ (WISC-R full scale) −0.89 −0.64 −0.08 −0.23 to 0.07 31

  WISC-R verbal IQ −0.89 −0.75 −0.06 −0.17 to 0.06 23

  WISC-R performance IQ −0.89 −0.68 −0.06 −0.21 to 0.08 23

  Mathematical abilities (WRAT-R M) −0.89 −0.70 −0.06 −0.19 to 0.07 23

  Academic abilities (WJ) −0.89 −0.83 −0.02 −0.09 to 0.05 8

ELBW survivors with NSI impairments

 Personal income models

  Overall IQ (WISC-R full scale) −18 664 −11 836 −6828* −13 397 to −260 37

  WISC-R verbal IQ −18 664 −13 701 −4963 −10 000 to 74 27

  WISC-R performance IQ −18 664 −13 593 −5071 −11 885 to 1742 27

  Mathematical abilities (WRAT-R M) −18 664 −11 110 −7554* −13 759 to −1349 40

  Academic abilities (WJ) −18 664 −13 010 −5654* −10 964 to −363 30

 Full-time employment models

  Overall IQ (WISC-R full scale) −0.98 −0.42 −0.16 −0.46 to 0.14 54

  WISC-R verbal IQ −0.98 −0.58 −0.11 −0.34 to 0.11 39

  WISC-R performance IQ −0.98 −0.55 −0.13 −0.44 to 0.19 43

  Mathematical abilities (WRAT-R M) −0.98 −0.58 −0.11 −0.37 to 0.14 39

  Academic abilities (WJ) −0.98 −0.79 −0.09 −0.24 to 0.13 20

Total effect = the association between ELBW status and income attainment, while adjusting for covariates; direct effect = the association between ELBW status and income attainment, 

while adjusting for covariates and cognitive mediator; indirect effect = mediated effect. WJ, Woodcock–Johnson Psychoeducational Battery.
a % mediated = ab/c × 100.
* Signifi cant indirect effect at the α = .05 level.
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abilities result in ELBW survivors 

being less integrated into their 

educational and occupational 

environments, resulting in fewer 

opportunities for socioeconomic 

gains. 35 For example, educators 

of ELBW survivors with impaired 

verbal abilities (ie, reading and 

public speaking) may not encourage 

their ELBW students to partake in 

extracurricular activities such as 

athletics, arts, or student councils. 

This may result in smaller social 

networks and a lost opportunity for 

these individuals to gain networking 

skills and socializing skills in early 

life that may be beneficial in starting 

their career. 36

Secondly, due to their impairments 

in mathematical abilities, ELBW 

individuals may not be pursuing 

advanced education or quantitatively 

focused careers, such as those 

in mathematics, engineering, or 

sciences, those typically known to 

have higher entrance incomes. 37 Of 

their current educational attainment, 

only 48 ELBW individuals reported 

completing college or university 

and 8 reported having a graduate or 

professional degree. 1 Compared with 

ELBW participants (57.2%), more 

NBW participants (63.6%) reported 

completing college/university or a 

graduate degree. 1

Lastly, ELBW survivors are at 

increased risk for many other 

impairments, including difficulties 

with social skills and psychiatric 

illness. 38,  39 It may be that their 

multiple comorbidities place ELBW 

survivors at greater disadvantage in 

adulthood, which may be associated 

with reduced productivity or 

increased absenteeism,  40 resulting 

in fewer opportunities for upward 

social mobility.

Our study is not without limitations. 

Our self-reported socioeconomic 

outcomes may have been subject 

to reporting bias. We attempted to 

minimize this by asking participants 

clear questions about multiple 

sources of their annual income and 

providing explicit definitions of 

full-time employment. Secondly, 

cohort attrition has ensued 

over the past 30 years, limiting 

sample size and statistical power. 

Because nonparticipants had lower 

childhood SES and childhood 

cognition, this could potentially 

have led to an underestimate of 

our effect estimates. We attempted 

to minimize any bias caused by 

attrition by adjusting for factors 

associated with differential attrition 

over time (ie, male sex, childhood 

SES).

Thirdly, as the comparison group 

was recruited from a primary 

school setting, it is possible that 

children with severe disabilities 

may be less common in the NBW 

control group, which may have led 

our results to be overestimated. 

A fourth limitation of our study 

is that we only examined single 

mediation models and our mediated 

effect estimates could only be 

examined qualitatively, which did 

not take into account measurement 

error that may have occurred. 

Lastly, advances in neonatal care 

and differences in socioeconomic 

climates for ELBW infants born 

after our cohort may reduce the 

generalizability of our results. 

However, evidence suggests 

that later generations of ELBW 

survivors also suffer from impaired 

cognitive abilities 41,  42; therefore, 

our results may be useful for ELBW 

survivors of all ages.

CONCLUSIONS

This is the first study to provide 

evidence that early cognition can have 

a lasting impression on socioeconomic 

outcomes in ELBW survivors. Our 

findings suggest that childhood 

cognition, particularly overall 

intelligence and mathematical abilities, 

partially mediated the association 

between being born at ELBW and 

income attainment in adulthood, and 

that this association may be stronger 

in survivors born with NSI. Research 

should explore the mediating influence 

of childhood cognitive abilities in 

larger, more contemporary samples 

of preterm survivors. Clinical and 

public health interventions aimed at 

enhancing early cognitive functioning 

may be important to ensure that 

infants who face perinatal adversity 

can lead the healthiest and most 

productive lives possible.
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