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ABSTRACT: We compared sex-specific growth attainment of a
population-based cohort of 147/166 (89%) extremely low birth-
weight (ELBW � 1000 g) and 131/145 (90%) sociodemographically
comparable normal birthweight (NBW) cohort at young adulthood,
and examined the pattern of growth trajectories and correlates of
growth at ages 1, 2, 3, and 8 y, and teen and young adulthood (mean
age, 23.3 versus 23.6 y). The proportion considered small for gesta-
tional age was ELBW 25% versus NBW 3%; and 26% versus 2% had
neurosensory impairments. Weight for age z-scores for ELBW
showed substantial decline to age 3 y, with subsequent significant
catch-up to adolescence and smaller gains to adulthood. Height for
age z-scores showed both sexes of ELBW were disadvantaged at
every age compared with NBW and their expected mid-parental
height. The BMI z-scores for ELBW showed a sustained incline from
age 3 to adulthood, where both sexes normalized to above zero, and
were comparable to their peers. ELBW children showed growth
failure during infancy, followed by accelerated weight gain and
crossing of BMI percentiles at adolescence, a pattern that may
increase the risk of insulin resistance and coronary heart disease.
However, normalization of BMI for both sexes at adulthood suggests
that final growth was proportionate. (Pediatr Res 60: 751–758,
2006)

Several studies have shown that infants born with VLBW
(�1500 g) have significantly lower growth attainment in

early and mid-childhood than their normal birth weight peers
(1–3). Further follow-up to adolescence has shown that, al-
though there was some catch-up, these children continued to
be of smaller size (4–6). Growth data beyond adolescence are
sparse (7–9). Recently, Hack et al. (8) published a longitudinal
study on the growth of VLBW and term controls to age 20 y.
To date, there is only one report on the growth of ELBW
(�1000 g) infants at YA (10).
In this report, we present growth outcomes of a population-

based cohort of ELBW survivors followed longitudinally to
YA. We will illustrate their sex-specific growth trajectories

from birth to adulthood in comparison to a reference group of
term-born, NBW peers, and examine predetermined correlates
of final growth attainment. We hypothesized that growth
attainment of ELBW young adults would be lower than their
NBW counterparts, and the pattern of growth trajectories
would be different, with more rapid acceleration in growth by
the ELBW cohort.

METHODS

Participants. Between 1977 and 1982, 179 of 397 (45%) ELBW livebirths,
501–1000 g birth weight, born to residents of a geographically defined region
in central-west Ontario, survived to hospital discharge and were followed
longitudinally from birth (11).

At age 8 y, 145 term-born NBW children, comparable in sex, age, and
social class (12) to the ELBW group (13), were recruited from a random list
provided by local school boards and followed longitudinally.

Assessment protocol. Parents completed a questionnaire regarding their
current sociodemographics. The young adults were interviewed by masked
interviewers regarding their demographics (14) and health status using the
SF-36 (15), a well-validated questionnaire that measures eight multi-
dimensions of health experienced by the respondent in the last month, and
provides norm-based summary scores for physical and mental health. Anthro-
pometric measurements were recorded by trained research staff who were not
blind to the group status. The assessments were conducted at McMaster
Children’s Hospital between January 1, 2002, and April 30, 2004.

Standing height, weight, and head circumference were obtained using
standardized techniques. Height was measured without shoes using a balance
beam scale with height rod while maintaining correct posture. Weight was
obtained on a calibrated scale without shoes but wearing light clothing.
Occipitofrontal head circumference was measured using a paper tape. Mea-
surements were taken twice and a mean reading was recorded.

Longitudinal growth data were collected prospectively for ELBW subjects
at birth, 1, 2, and 3 y corrected age, and at 8 y (13), teen (11–16 y) (6), and
YA (21.5–26.5 y) unadjusted age. Kramer et al. (16) weight for gestational
age data were used as they allow calculation of sex-specific z-scores at birth;
SGA was defined as �10th percentile. Comparable data for NBW cohort were
obtained only at age 8 y, teen, and YA. Data on height and weight measures
were converted to z-scores [(observed height or weight – mean height or
weight)/SD], using EPI–Info software from the Revised Center for Disease
Control (CDC) web site 2000 standards (17). The upper limit of CDC
reference norms up to 20 y of age were considered to be representative of
adult growth attainment. Occipitofrontal head circumference was plotted on
the sex-specific Nelhaus head circumference growth chart using age 18 as the
reference point (18). Body mass index (BMI) was calculated by the relation
of body weight to height squared (weight kg/ height m2), using EPI–Info
software. Data at all ages are also reported as proportion �2 SD below the
mean for all measurements.
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Correlates examined for their relationship with growth were selected from
the literature (4,8), and included the following individual factors: birth weight
group, SGA, gender, NSI, chronic health conditions at adolescence, and age
at menarche among females. Total days in hospital, days to regain birth
weight, and prenatal steroids were considered for the ELBW cohort only.
Family factors were mid-parental height and parental social class (at age
8 y).

The study was approved by the Research Ethics Board of Hamilton Health
Sciences. Written informed consent was obtained from all participants.

Statistical analyses. Chi-square tests of significance were used to assess
differences in categorical variables between ELBW and NBW subjects;
ANOVA was used to compare mean differences between groups, and 95%
confidence intervals were computed.

A hierarchical regression was used to test for significant correlates of the
following outcome variables at YA: height, weight, BMI z-scores, and head
circumference. A temporally ordered five-step model was used—step 1: sex,
mid-parental height, and social class (12), known to be highly correlated with
growth; step 2: birthweight group (ELBW, NBW); step 3: SGA (16); step 4:
NSI; and step 5: chronic health conditions at teen (sum of number of
problems). Age at menarche was added to the final step for females. In another
separate analysis of the ELBW group alone, three additional variables were
added to the model after step 3 (total number of days in hospital, days to
regain birthweight, and prenatal steroids).

We also used linear growth curve analysis (19) and the statistical software
MLwiN (20) to model and compare growth trajectories for standardized
height, weight, and BMI for ELBW versus NBW participants at age 8 y, teen,
and adulthood. In growth curve analysis, individual observations are re-
gressed on time to estimate two parameters for each person—an average value
at a selected point in time (intercept) and a regression coefficient estimating
the change in response per unit time. These two parameters provide the basis
for between-subject comparisons in average levels and rates of growth. In our
analysis, time was measured in yearly increments and the intercept was set at
23 y to compare the groups as young adults.

SPSS version 11.0 (SPSS Inc., Chicago, IL) was used for all statistical
analyses. Although exact p values �0.05 are provided where applicable, due
to multiple testing, Holm’s correction (21) was used for key variables of
primary hypotheses to establish statistical significance.

RESULTS

ELBW participants. Of 179 survivors, 13 children subse-
quently died; 9 were lost (2 had neurosensory impairments,
NSI), 8 declined to participate (4 NSI), and 2 YA with severe

NSI were unable to be measured. The outcome is reported on
147/166 (89%) long-term survivors.
Birth demographics. Mean birthweight and gestational age

of ELBW participants was 841 g and 27.1 wk, respectively;
22% were �26 wk GA and 25% were SGA (16) (Table 1). It
is apparent from the high proportion of ELBW who were
ventilated and the prolonged neonatal hospitalization that this
cohort experienced significant neonatal morbidity. None of the
subjects received postnatal steroids.
Early nutrition. The majority of infants received parenteral

alimentation—i.v. amino acid: 93% (mean duration: 24.8 d)
and i.v. intralipid: 76% (mean duration: 23.8 d). Expressed
breast milk was offered rarely. The practice in that era was to
feed concentrated formula (SMA24, SMA30 calories/oz) to
ensure adequate caloric intake. Nevertheless, mean days for
the infants to regain their birth weight was 24.0 (SD 10.8).
Current demographics. NSI were identified in 26% of

ELBW YA. There were no differences in parental demo-
graphic and neonatal variables between participants-
and nonparticipants. The mean age of participants was 23.3
(SD 1.2) unadjusted years.
NBW participants. At YA, 5 subjects were lost, 9 refused,

and 131/145 (90%) YA participated. Mean birth weight was
3380 (SD 475) g; 3% were SGA and 2% had NSI. There were
no differences in sociodemographic and neonatal variables
between participants and nonparticipants. Mean age at assess-
ment was of 23.6 (SD 1.1) y.
Comparison of ELBW and NBW participants. At YA,

there were significant differences in the proportion with NSI
(26% versus 2%, p � 0.001) (Table 2). Current health status
(SF36) (15) for both groups and mean age at menarche for
ELBW and NBW females were similar. The majority of
subjects were Caucasian.

Table 1. Birth demographics and neonatal morbidity of ELBW cohort by sex

Males
(n � 65)

Females
(n � 82)

Total
(n � 147)

Gestation, wk, mean (SD) 27.0 (2.4) 27.2 (2.2) 27.1 (2.3)
Birth weight, g, mean (SD) 844 (112) 838 (135) 841 (125)
Birth weight �750 g, n (%) 19 (29) 25 (30) 44 (30)
Gestation �26 wks, n (%) 15 (23) 18 (22) 33 (22)
SGA, �10th percentile (16), n (%) 13 (20) 23 (28) 36 (25)
Singleton, n (%) 64 (99) 76 (93) 140 (95)
Tertiary care center births, n (%) 50 (77) 71 (87) 121 (82)
Assisted ventilation,‡ n (%) 53 (82) 68 (83) 121 (82)
Duration in days,‡ mean (SD) 37.8 (25.5) 34.6 (27.3) 36.0 (26.5)
Chronic lung disease,§ n (%) 35 (54) 33 (40) 68 (46)
Neonatal nutrition:
i.v. amino acid, n (%) 62 (95) 75 (91) 137 (93)
Mean duration, d (SD) 24.2 (18.7) 25.4 (23.0) 24.8 (21.1)
i.v. intralipid, n (%) 52 (80) 59 (72) 111 (76)
Mean duration, d (SD) 21.7 (16.6) 25.7 (23.0) 23.8 (20.2)

Days to regain birth weight,¶ mean (SD) 23.2 (10.8) 24.7 (10.9) 24.0 (10.8)
Median (range) 21.5 (4–59) 24.5 (6–58) 24.0 (4–59)

Days hospitalized, mean (SD) 100.3 (28.0) 101.6 (34.8) 101.1 (31.9)
Median (range) 95.5 (49–175) 95 (27–193) 95 (27–193)

All �2 and t tests are not significant.
‡ Includes positive pressure ventilation only; excludes continuous positive airway pressure.
§ Chronic lung disease defined as oxygen dependency �28 d of age.
¶ Data collected for 1979–1982 births only (n � 88).
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Parental demographics. At delivery, mothers of ELBW
infants were significantly younger than the NBW group (25.9
versus 28.6 y, p � 0.001) (Table 3). Other information on
maternal demographics, smoking, and hypertension was avail-
able only for the ELBW cohort. Antenatal steroids were
administered to 47% of mothers. There were no differences in
the current sociodemographics between the two groups, or in
the self-reported height and weight measurements of the bio-
logic parents (6).
Weight. At birth, z-scores for male and female ELBW

participants were significantly below zero (�0.73 and �0.70,
respectively) (Table 4 and Fig. 1). These scores decreased
precipitously between birth and age 1 y (by �1.76 in males
versus �1.26 in females), then increased substantially to age
3 y. By age 8 y, the weight z-scores of both sexes of ELBW
were similar (�1.05). Subsequent growth among ELBW
males was steady, but ELBW females exhibited a sharper
incline between ages 8 and 14 y. At every age, the weight
z-scores of both sexes of ELBW were below zero (50th
percentile), and significantly lower than NBW who were
consistently above zero. Between ages 8 and 23, the graphs
exhibit some convergence in weight z-scores between the two
groups: NBW participants reached a plateau at age 14,
whereas ELBW participants continued to make small gains in
z-scores to adulthood.
In terms of final adult weight (Table 5), ELBW males were

6.5 kg lighter [95% confidence interval (CI), �11.7, �1.2;
p � 0.01], and ELBW females were 7.1 kg lighter (95% CI,
�11.8, 2.4; p � 0.003) than their NBW counterparts. There-
were no differences in the proportion who were �–2 SD
below the mean for weight among males (ELBW 11% versus
NBW 3.4%, p � 0.20); however, there were differences
among females (ELBW 8.5% versus NBW 1.4%, p � 0.05).
Height. The mean birth length for ELBW infants was 34.2

cm for males and 34.4 cm for females (Table 4; reference
length z-scores at birth were unavailable) (16). At age 1 y,
length z-scores for ELBW were �1.59 for males and �1.04
for females (Fig. 1). Both sexes of ELBW showed a gradual
increase in mean height z-score from age 2 to adolescence
(except at age 8 y). The increment in height z-scores between
age 8 and adolescence by ELBW was not as remarkable as

their concurrent increase in weight z-scores. Both sexes of
NBW were just below zero for height z-score at age 8 and
showed significant gains by adolescence, which leveled off at
adulthood.
At adulthood (Table 5), ELBW males were 7.2 cm shorter

(95% CI, �10.3, �4.1, p � 0.001), and ELBW females were
6.2 cm shorter (95% CI, �8.3, �4.0, p � 0.001) than their
NBW peers. A higher proportion of ELBW males versus
NBW males was ��2 SD below mean for adult height
(15.0% versus 1.7%, p � 0.01); females did not differ signif-
icantly.
Head circumference. Reference standards for head circum-

ference z-scores by gestational age at birth and beyond age 3 y

Table 2. Current demographics by sex of ELBW and NBW young adults

Males Females

ELBW
(n � 65)

NBW
(n � 59)

ELBW
(n � 82)

NBW
(n �72)

Years of education, total mean (SD) 13.4 (2.3) 14.4 (2.2)* 14.4 (2.2) 14.7 (2.3)
Neurosensory impairment,§ n (%) 16 (25) 0 (0)** 22 (27) 3 (4)**
SF-36(15),¶ mean score (SD)
Physical health 55.9 (6.6) 56.7 (5.2) 54.5 (7.0) 54.0 (7.9)
Mental health 49.4 (12.0) 51.2 (8.7) 47.7 (13.6) 50.7 (9.8)

Menarche, age, y, mean (SD) NA NA 12.0 (1.7) 12.5 (1.3)
Race: Caucasian, n (%) 62 (95) 57 (97) 76 (93) 70 (97)
Age at assessment, y, mean (SD) 23.5 (1.4) 23.7 (1.1) 23.2 (1.1) 23.6 (1.0)
Follow-up rate, % 87 89 90 91

§ NSI included ELBW: cerebral palsy (n � 20), hydrocephalus (n � 6), microcephaly (n � 1), mental retardation (n � 10), unilateral blindness (n � 8),
bilateral blindness (n � 11), not mutually exclusive; NBW: cerebral palsy (n � 1), mental retardation (n � 1), unilateral deafness (n � 1).
* p � 0.01; ** p � 0.001.
¶ Norm-based: mean � 50 (SD 10); all comparisons were nonsignificant.

Table 3. Parental demographics on ELBW and NBW participants

ELBW
(n � 143)

NBW
(n � 126)

Maternal demographics around delivery
Maternal age, y, mean (SD) 25.9 (5.4) 28.6 (5.0)*
Maternal smoking,‡ % 30 NA
Maternal hypertension,¶ % 15 NA
Antenatal steroids, full course, % 29 NA
Antenatal steroids, incomplete course, % 18 NA

Current demographics
Maternal education, n (%)

�High school 32 (22) 26 (21)
High school 45 (32) 27 (21)
�High school 66 (46) 73 (58)

Social class (12), n (%)
I, II 67 (47) 70 (56)
III 43 (30) 27 (21)
IV, V 33 (23) 29 (23)

Two-parent families, n (%) 117 (82) 101 (80)
Parental height and weight§
Mothers (ELBW � 119; NBW � 107)
Weight, kg, mean (SD) 66.4 (13.2) 66.9 (12.7)
Height, cm, mean (SD) 163.7 (7.1) 164.5 (7.1)
Fathers (ELBW � 126; NBW � 107)
Weight, kg, mean (SD) 83.3 (12.7) 80.2 (11.8)
Height, cm, mean (SD) 176.6 (6.8) 176.6 (7.6)

* Except for maternal age (p � 0.001), all analyses are nonsignificant.
‡ Unknown, n � 48 (33%).
¶ Includes three women with eclampsia; unknown, n � 21 (14%).
§ Self-reported parental height and weight obtained at child’s adolescence.

753GROWTH OF ELBW INFANTS AT ADULTHOOD



were unavailable. At ages 1, 2, and 3 y, head circumference
z-scores improved for both sexes (Table 4). Mean head cir-
cumference measurements for male and female ELBW were
significantly smaller than NBW group at both age 8 and teen
(p � 0.001, by Holm’s correction). At YA, the mean differ-
ence in head circumference was similar for both sexes (males,
�1.5 cm, 95% CI, �2.1, �0.90; females, �1.7 cm, 95% CI,
�2.3, �1.1, p � 0.001, by Holm’s correction) (Table 5).
Comparison of height, weight, and BMI between YA/

parent dyads. Due to missing data, there were fewer YA/
parent dyads (ELBW � 116; NBW � 103). The mean height
and weight of both parent groups were within 2 cm and 2 kg
of the 50th percentile, based on the Metropolitan Life Insur-
ance Company Height and Weight Tables. ELBW YA were
significantly shorter (p � 0.001) and lighter (p � 0.001),
relative to their mid-parental height and weight (Table 6). The
growth of NBW YA was consistent with their parental mea-
sures.
BMI. ELBW of both sexes showed a continuing catch-up in

mean z-scores with crossing of percentiles (Fig. 1). This
increase in z-scores was greater between age 8 y and adoles-
cence for ELBW females, relative to ELBW males (0.73
versus 0.42). At adulthood, unlike height and weight z-scores,
mean BMI z-scores of both sexes of ELBW normalized to
above zero (males, 0.05; females, 0.21), and were comparable
to the NBW YA. The NBW cohorts were above zero at all

ages. At adulthood, there were no differences between groups
by gender in the proportion with BMI in the normal, over-
weight, or obese range (p � 0.16 for males, 0.14 for females).
Hierarchical regression analyses. Height z-score was the

outcome with the most variance explained by the five-step
model. In the final model, 40.1% of the variance in height
z-score was explained; step 1 (SES, mid-parental height, gen-
der) accounted for 21.3% of the total variance. Step 2 (BW
group) added 16.4% of the explained variance, and there
was very little subsequent improvement in variance ex-
plained by the additional steps (Table 7). In the final model,
mid-parental height (p � 0.001), birth weight group (p �
0.001), and NSI (p � 0.02) were significant; birth weight and
NSI had a negative relationship with YA height. The addition
of age at menarche (added at the final step) for females only,
increased the variance explained from 34.6% to 36.6%. The
five-step model explained 38.7% of the variance for head
circumference, 9.4% for weight z-score, and 1.4% for BMI
z-score. For each of these outcomes, Step 2 (BW group)
accounted for almost all of the variance. Sex was a significant
variable in the final model for head circumference only.
In another separate analysis of the ELBW cohort only (not

shown), with height as the final outcome, the addition of days to
regain birthweight, total days in hospital and prenatal steroids
(after step 3) did not result in significantly more variance ex-

Table 4. Longitudinal sex-specific anthropometric measurements and z-scores§ of ELBW and NBW¶ participants, from birth to adolescence‡

Weight (kg) Height (cm) Head circumference (cm)

No. Mean (SD) Z-score (SD) No. Mean (SD) Z-score (SD) No. Mean (SD) Z-score (SD)

Males
ELBW
Birth (g) 84 840 (112) �0.73 (.97) 60 34.2 (2.2) N/A 65 24.0 (1.4) N/A
1 y 74 7.7 (1.3) �2.49 (1.5) 73 70.2 (4.3) �1.59 (1.5) 74 45.3 (1.8) �0.54 (1.3)
2 y 66 10.4 (1.6) �1.90 (1.4) 64 82.9 (4.2) �0.92 (1.2) 64 47.8 (1.9) �0.51 (1.3)
3 y 59 12.2 (1.7) �1.44 (1.3) 59 91.1 (5.0) �0.72 (1.2) 56 49.3 (1.8) �0.21 (1.2)
8 y
ELBW 67 22.5 (4.7) �1.05 (1.4) 67 121.7 (7.8) �0.84 (1.3) 67 51.5 (1.5) N/A
NBW 66 27.3 (5.0) 0.12 (.90) ]* 66 128.2 (5.7) �0.06 (.87) ]* 66 53.3 (1.4) ]* N/A

Teen
ELBW 65 48.7 (14.3) �0.53 (1.5) 65 158.3 (14.4) �0.46 (1.5) 63 54.3 (2.1) N/A
NBW 53 59.6 (14.7) 0.47 (.89) ]* 53 167.4 (10.9) 0.32 (.97) ]* 52 56.6 (1.6) ]* N/A

Females
ELBW
Birth (g) 95 835 (133) �0.70 (.95) 77 34.4 (2.0) N/A 79 24.1 (1.7) N/A
1 y 83 7.6 (1.2) �1.96 (1.4) 81 69.6 (4.4) �1.04 (1.3) 80 44.2 (1.7) �0.40 (1.2)
2 y 71 10.2 (1.5) �1.68 (1.5) 70 81.8 (3.9) �0.77 (1.0) 70 46.9 (1.4) �0.31 (.98)
3 y 64 12.2 (1.7) �1.16 (1.4) 62 90.4 (4.6) �0.58 (1.1) 56 47.9 (1.5) �0.30 (.95)
8 y
ELBW 80 21.9 (3.4) �1.05 (1.2) 80 120.9 (6.1) �0.94 (1.1) 80 50.6 (1.4) N/A
NBW 79 27.8 (5.2) 0.21 (.96) ]* 79 128.1 (5.7) �0.01 (.87) ]* 79 52.7 (1.5) ]* N/A

Teen
ELBW 79 48.1 (11.7) �0.24 (1.0) 79 154.2 (7.5) �0.59 (.92) 78 53.6 (1.8) N/A
NBW 68 56.2 (10.5) 0.43 (.84) ]* 68 161.9 (6.8) 0.25 (.95) ]* 68 55.6 (2.0) ]* N/A

Mean ages (SD) at assessment—1 y: ELBW � 11 (1.7) mo CA; 2 y: ELBW � 23 (1.8) mo CA; 3 y: ELBW � 34 (2.0.) mo CA; 8 y: ELBW � 94 (5) mo;
NBW � 97 (6) mo; teen: ELBW � 14.1 (1.6) y; NBW � 14.4 (1.3) y.
* p � 0.001, by Holm’s correction.
¶ data available from age 8 y only in the NBW cohort.
‡ Corrected age (CA) until 3 y, and chronologic age at 8 y and adolescence.
§ CDC web site, available at http://cdc.gov/nccdpho/dpna/growthcharts/sas.htm.
N/A, not available.
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plained (22%, R square � 0.334, adjusted R square � 0.220,
from 20.5%, R square � 0.247, adjusted R square � 0.025).
Linear growth curve analysis. At YA, standardized height

and weight were significantly lower for ELBW versus NBW
participants (�0.896 SE � 0.130; �0.543, SE � 0.138), but

not for standardized BMI (�0.124, SE � 0.132). There was
no statistically significant difference between ELBW and
NBW participants in yearly changes in height (�0.007, SE �
0.006). However, there were statistically significant differ-
ences in yearly changes for weight and BMI, with steeper
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Figure 1. Mean height, weight, and BMI z-scores and 95% CI for ELBW (�) and NBW (Œ) subjects, from birth to adulthood.

Table 5. Sex-specific anthropometric measurements, z-scores,§ and BMI of ELBW¶ and NBW cohorts at YA

Males Females

ELBW
(n � 65)

NBW
(n � 59)

Mean difference
(95% CI) p Value

ELBW
(n � 82)

NBW
(n � 72)

Mean difference
(95% CI) p Value

Weight, kg, mean (SD) 70.7 (14.9) 77.2 (14.6) �6.5 (�11.7, �1.2) 0.01 60.1 (13.6) 67.2 (16.0) �7.1 (�11.8, �2.4) 0.003
z-scores, mean (SD) �0.25 (1.4) 0.34 (1.1) �0.59 (�1.0, �0.15) 0.01* �0.13 (1.2) 0.49 (1.0) �0.62 (�0.99, �0.26) 0.001*
�2 SD below mean (%) 11.0 3.4 0.20 8.5 1.4 �0.05
Height, cm, mean (SD) 170.6 (9.5) 177.8 (7.7) �7.2 (�10.3, �4.1) �0.001 158.3 (6.8) 164.5 (6.7) �6.2 (�8.3, �4.0) �0.001
z-scores, mean (SD) �0.86 (1.3) 0.14 (1.1) �1.0 (�1.4, �0.57) �0.001* �0.77 (1.0) 0.18 (1.0) �0.95 (�1.3, �0.62) �0.001*
�2 SD below mean (%) 15.0 1.7 �0.01 11.0 4.0 0.20
Head circumference, cm,
mean (SD)

56.3 (1.8) 57.8 (1.4) �1.5 (�2.1, �0.90) �0.001* 54.1 (1.6) 55.8 (2.0) �1.7 (�2.3, �1.1) �0.001*

�2 SD below mean (%) 1.7 0 1.0 12.0 1.4 0.02
BMI, mean (SD), kg/m2 24.2 (4.6) 24.4 (4.4) �0.15 (�1.8, 1.5) 0.85 24.0 (5.6) 24.8 (5.3) �0.75 (�2.5, 0.99) 0.39
z-score (SD) 0.05 (1.3) 0.12 (1.2) �0.07 (�0.52, 0.38) 0.75 0.21 (1.1) 0.44 (0.93) �0.23 (�0.55, 0.09) 0.16
BMI, normal range

�25, %
69 61 71 58

BMI, overweight,
�25 to �30, %

17 31 0.16 18 32 0.14

BMI, obese, �30, % 14 9
]

11 10
]

When NSI excluded—males: height z-scores remained significantly different between groups, p � 0.001; females: both height and weight z-cores remained
significantly different, p � 0.001; p � 0.003, respectively.
* Significant by Holm’s correction.
¶ Information on the growth parameters of five ELBW YA with NSI was obtained from their most recent visit to their physicians.
§ CDC web site, available at http://cdc.gov/nccdpho/dpna/growthcharts/sas.htm.
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growth for ELBW versus NBW participants (0.039, SE �
0.008; 0.051, SE � 0.009).

DISCUSSION

Currently there is growing concern about disturbances in
growth in utero and during the postnatal period, and their
subsequent impact on long-term adult health. These concerns
stem from the “fetal origins” hypothesis that undernutrition
in utero at critical periods of development may “program” or
induce permanent alterations in fetal metabolism, and make
the individuals more susceptible to future derangements in
cardiovascular and metabolic function (22). Although there is
a paucity of studies designed specifically to investigate
whether this hypothesis is also applicable to the premature
infant (23–25), recent studies suggest that the association of
low birth weight and cardiovascular and metabolic derange-
ments are modified by postnatal factors, specifically, early
growth failure (26), and subsequent accelerated increase in
weight gain and BMI during adolescence and adulthood (27–
29). ELBW infants appear to be at double jeopardy: not only
are they small at birth, but by the time they reach term
equivalent age, the majority, even those who were appropriate
for gestational age become SGA (8,30). It appears that, despite
recent advances in neonatal care, early growth failure is a
continuing and worrisome problem for the current survivors
(1,3) that will likely impact on their subsequent long-term
growth.

The McMaster study is a prospective population-based
study of the largest cohort of ELBW survivors followed
longitudinally to young adulthood, with growth data measured
at six strategic ages after birth. Other strengths are inclusion of
a reference group of NBW children, a high follow-up rate, and
presentation of data by sex-specific z-scores that obviate any
differences related to age and sex. However, the cohort was
assembled by birth weight, and the bias of enrolling more
mature infants who were SGA should be acknowledged;
further, our NBW cohort was recruited at age 8 y, and thus we
do not have measures at early childhood for comparison.
Consistent with our hypothesis, we have shown that at YA,
both male and female ELBW participants had significantly
lower mean z-scores for weight and height, compared with
their NBW counterparts, and all z-scores remained below
zero. By this age, ELBW subjects have reached their maxi-
mum height potential, and it is unlikely that further increases
will occur. Furthermore, the final height attainment of the
ELBW cohort was significantly lower than their predicted
mid-parental height. Although these differences in mean val-
ues of approximately 6–7 kg lighter and 6–7 cm shorter than
the comparison group are substantial statistically, they should
not be of major concern, as the ELBW YA still fall within the
lower range of normal. Also, in light of recent concerns with
regard to the metabolic and cardiovascular sequelae related to
rapid weight gain and obesity (27–29), the effect of smallness,
particularly in weight, may indeed be beneficial. ELBW sub-

Table 6. Comparison of final height, weight, and BMI of ELBW and NBW young adult/parent dyads‡

ELBW (n � 116) NBW (n � 103)

YA Parents YA Parents p Value

Height, mean (SD) 164.0 (9.5) 170.3 (5.2) 170.9 (10.4) 170.6 (5.9) �0.001
Weight, mean (SD) 65.4 (17.8) 75.0 (9.9) 73.2 (20.8) 73.6 (10.0) 0.001
BMI, mean (SD) 24.3 (6.3) 25.7 (3.5) 25.0 (6.4) 25.2 (2.7) 0.16

‡ Repeated measures ANOVA.

Table 7. Hierarchical regression model for correlates of height z-scores for ELBW and NBW young adults

Variables
Step 1

Beta (SE) p
Step 2

Beta (SE) p
Step 3

Beta (SE) p
Step 4

Beta (SE) p
Step 5

Beta (SE) p

Gender �0.138 (0.145) �0.130 (0.129) �0.135 (0.129) �1.53 (0.128) �0.141 (0.127)
p � 0.34 p � 0.31 p � 0.29 p � 0.23 p � 0.26

Mid-parental height 0.102 (0.013) 0.099 (0.012) 0.099 (0.012) 0.102 (0.012) 0.104 (0.012)
p � 0.001 p � 0.001 p � 0.001 p � 0.001 p � 0.001

SES¶ (age 8 y) �0.025 (0.075) 0.022 (0.067) 0.018 (0.067) �0.0004 (0.067) 0.003 (0.066)
p � 0.73 p � 0.74 p � 0.78 p � 0.99 p � 0.96

Birth weight group �0.977 (0.129) �0.934 (0.135) �0.774 (0.146) �0.691 (0.153)
p � 0.001 p � 0.001 p � 0.001 p � 0.001

SGA (16) �0.211 (0.197) �0.332 (0.200) �0.338 (0.199)
p � 0.28 p � 0.09 p � 0.09

NSI �0.520 (0.194) �0.439 (0.199)
p � 0.008 p � 0.02

Chronic health (Teen) (6)§ �0.074 (0.004)
p � 0.09

R square (adjusted) 0.224 (0.213) 0.389 (0.377) 0.392 (0.378) 0.412 (0.395) 0.420 (0.401)

Gender: males � 1, females � 0; SGA: yes � 1, no � 0; BW group:ELBW � 1, NBW � 0; NSI: yes � 1, no � 0.
¶ Hollingshead 2-factor index at age 8 y.
§ Chronic health conditions at teen (ELBW, n �138; NBW, n � 117) include [n (%)]: asthma [ELBW, 23 (17) vs NBW, 13 (11)], allergies [36 (26) vs 38

(32)], heart conditions [6 (4) vs 2 (2)], epilepsy [8 (6) vs 1 (1)], vision problems [79 (57) vs 23 (20)], hearing problems [8 (6) vs 6 (5)], recurrent bronchitis [7
(5) vs 3 (3)], kidney conditions [2 (1) vs 0 (0)], anemia [2 (1) vs 0 (0)].
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jects who were SGA had lower growth parameters at adult-
hood, but these did not achieve statistical significance. Exclu-
sion of YA with NSI did not alter the findings of lower growth
among ELBW participants.
In contrast, an Australian study of 42 ELBW subjects

showed that, at age 20 y, the mean weight z-score was not
significantly lower than zero (10); however, although the
height z-score was still significantly lower than zero, it was
consistent with parental height. Hack et al. (8) reported a
significant catch-up in both weight and height mean z-scores
among VLBW females at age 20 y, but not among males, who
remained significantly shorter and lighter than their NBW
peers. A significant relationship was noted between maternal
height and that of both cohorts of YA. In another Swedish
study (7), VLBW boys at age 19 y, measured at the time of
conscription to the army, were found to be shorter and lighter
than other same-age recruits born at term. Similarly, the shorter
self-reported stature of a British VLBW cohort at age 12 y (4)
persisted to adulthood, particularly among females (9).
The phenomenon of catch-up growth in premature infants is

interesting in terms of both timing and sex differences. Hack
(8) reported that the already-growth-compromised VLBW
infants at birth exhibited further decrease in weight z-scores
around term corrected age, and it was not until mid-childhood
that significant catch-up growth commenced. An even greater
catch-up in weight z-scores occurred between age 8 and 20 y
in VLBW females, such that they were now comparable to
their NBW peers; this was not matched by a similar increase
in height z-scores for either sex. We have similarly shown a
substantial fall in mean weight z-scores between birth and 1 y,
which was more marked for male ELBW infants. This was
followed by a gradual increase to age 8 y, by which time both
sexes were comparable. The largest increment in weight z-
scores occurred in ELBW females between age 8 and adoles-
cence (6); however, by adulthood the rate of growth for height
and weight had leveled off and both sexes of ELBW remained
substantially lower than the NBW group. Doyle et al. (10) also
showed a larger increase in weight z-scores for ELBW sub-
jects between age 8 and 14 y, and no further changes between
14 and 20 y of age (not analyzed by sex). These increases in
growth between age 8 and adolescence reported in every study
may be a reflection of the onset of puberty. We concur with
the findings by Doyle et al. (10) that body size at adolescence
is a good reflection of final adult attainment.
BMI, an index of proportionality, revealed continuing

catch-up in z-scores and rapid crossing of percentiles between
age 8 and adolescence, particularly for ELBW females in our
study. Although height more than weight z-scores, were sig-
nificantly lower than zero for both sexes, normalization of
BMI z-scores at adulthood indicates that they are proportion-
ate, and not overweight for their height. A similar pattern for
mean BMI z-scores that were not significantly different from
zero was reported by Doyle et al. (10) for ELBW YA. Hack
et al. (8) reported a significantly greater female than male
increase in BMI z-scores for VLBW between age 8 and 20 y
(of 0.58 versus 0.02, p � 0.001); the final mean BMI z-scores
for VLBW and NBW females were comparable, whereas
VLBW males remained significantly lower. Although

catch-up rate for BMI among the premature group was greater
among females in our study and that by Hack (8), rates of
obesity were not different from NBW females. Interestingly,
the mean BMI z-score of Swedish boys (7) was lower than
their North American counterparts—BMI 21.2 (7) versus 22.9
(8) and 24.2 in the current study. However, we recognize the
limitations of BMI as a measure of body composition and
recommend DXA studies for a more accurate account of fat
mass and lean mass index.
Unlike some investigators (2,4), we found no differences in

parental height and weight between the ELBW and NBW
participants. We found that mid-parental height, social class,
and sex of the young adult accounted for 21.3%, or almost half
of the total variance explained for height by the full model
(40.1%). Birth weight group explained a further 16.4% of the
variance; other than NSI, there was no significant improve-
ment in variance explained by the additional steps. The model
explained only a small proportion of the variance for weight
and BMI z-scores.

CONCLUSIONS

At adulthood, body size of both sexes of ELBW participants
was significantly smaller in both height and weight compared
with their peers, but normalization of BMI is indicative of
proportionate growth parameters. Growth trajectories of
ELBW infants followed a statistically significantly different
pattern than the NBW group for weight and BMI (but not for
height), and are consistent with the findings reported by others
(8,10), of relative undernutrition in infancy and rapid accel-
eration of growth during late childhood and adolescence—a
pattern that may increase the risk for insulin resistance
(23,27,29) and coronary heart disease in later life (24,25,28).
Further follow-up is warranted to determine whether the rapid
catch-up in growth at adolescence will predispose these sub-
jects to have a higher prevalence of obesity at middle-age,
which may further increase the risk for hypertension and
cardiovascular disease. Despite a greater emphasis on im-
proved nutrition in the neonatal intensive care units and
postdischarge, current extremely immature survivors continue
to be significantly smaller in their growth (1,3). Our findings
may have relevance for the future growth of these children.
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