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Small size at birth is linked with lifelong adverse health implications. However, small size is only a proxy for the
pathological process of interest, intrauterine growth restriction. We examined the extent to which information on in-
trauterine growth patterns improved prediction of childhood anthropometry, above and beyond birth weight alone.
We obtained fetal weights estimated via serial ultrasound for 478 children in the Scandinavian Successive Small-
for-Gestational-Age Births Study (1986—1988). Size at birth was classified using birth weight-for-gestational-age z
scores and conditional fetal growth zscores (reflecting growth between 25 weeks’ gestation and birth) using internal
references. Conditional z scores were also expressed as residuals of birth weight z scores. Growth measures were
linked with age-5-years anthropometric characteristics using linear regression. In univariable analyses, conditional
fetal growth z scores were positively associated with z scores for child height, body mass index, total skinfold thick-
ness, and head circumference (B =0.24 (95% confidence interval (Cl): 0.18, 0.31), $=0.16 (95% CI: 0.09, 0.23),
B=0.08 (95% CI: 0.01, 0.16), and p = 0.37 (95% CI: 0.22, 0.52), respectively). However, conditional z scores were
highly correlated with birth weight z scores (r=0.9), and residuals explained minimal additional variation in anthro-
pometric factors (null coefficients; adjusted R? increases < 0.01). Information on the intrauterine trajectory through
which birth weight was attained provided little additional insight into child growth beyond that obtained from absolute

size at birth.

birth weight; child growth; estimated fetal weight; growth assessment; intrauterine growth

Abbreviations: BMI, body mass index; Cl, confidence interval; EFW, estimated fetal weight; SD, standard deviation; SGA, small for

gestational age.

Intrauterine growth restriction has conventionally been de-
fined as a birth weight below the 10th percentile for sex and
gestational age, or small-for-gestational-age (SGA) birth (1).
It is well established that being born SGA has adverse impli-
cations for lifelong health, such as increased risk of metabolic
syndrome in comparison with appropriately grown peers (2,
3). Although mechanisms for the increased risks are unclear,
itis hypothesized that fetal undernutrition may lead to perma-
nent changes in pancreatic islet 3-cell development and/or
activation of the hypothalamic-pituitary-adrenal axis (2).

However, not all infants with birth weights below the
10th population percentile are small because of intrauterine
growth restriction. Infants can also be small at birth because

they are constitutionally small (“small but healthy”) or be-
cause of a congenital anomaly. It has been estimated that
up to 70% of SGA infants are constitutionally small, making
SGA birth a poor surrogate for intrauterine growth restriction
(4). As a result, many investigators have suggested that intra-
uterine growth restriction should be identified on the basis
of measurements of fetal growth patterns, rather than birth
weight (5-7).

We hypothesized that the intrauterine growth pattern through
which an infant attained its weight at birth would be a better
measure of child growth and adiposity than birth weight
alone. In this study, we examined the incremental value of
conditional fetal growth percentiles (which classify infants
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according to their intrauterine growth trajectories) in explain-
ing child anthropometric characteristics at age 5 years, above
and beyond absolute size at birth.

METHODS
Study population

The study population was drawn from women who partic-
ipated in the Scandinavian Successive Small-for-Gestational-
Age Births Study (1986—1988), which recruited women with
singleton pregnancies of parity 1 or 2 prior to the 20th week
of gestation in the counties of Trondheim and Bergen, Nor-
way, and Uppsala, Sweden (8). The study investigators recruited
a 10% random sample of eligible women in the participating re-
gions (n=561) and oversampled 1,384 women with 1 or more
risk factors for having an SGA infant (a 50% sample of smokers
(n=598) and 100% of mothers with an increased risk due to
obstetrical history (n =786)).

All infants in the 10% random sample and infants born
SGA in the high-risk group were eligible for follow-up at
age 5 years. In the overall study, follow-up differed by
study site (83% and 84% at the Norwegian sites, 52% in Upp-
sala), and losses to follow-up were primarily due to social
inconvenience/lack of interest. The delivery and newborn
characteristics of children lost to follow-up were not mean-
ingfully different from those of children included in the
final cohort (data available upon request). Signed informed
consent was obtained from the women, and the protocol
was approved by the respective local ethics committees.

Ultrasound measurements

Ultrasonographic fetal biometric measurements were ob-
tained at the 17-, 25-, 33-, and 37-week study visits. Measure-
ments were taken in triplicate by specially trained midwives,
and the average of the 3 values was used (9). Fetal weight was
estimated using the formula of Hadlock et al. (10). We as-
sessed the accuracy of estimated fetal weight (EFW) mea-
surements in the cohort by calculating the percentage of
error between EFW and birth weight (% error = (EFW — birth
weight)/birth weight x 100) in women who had an ultrasound
scan within 3 days of delivery (n =36). Gestational age was
calculated using the date of the last menstrual period, unless
the discrepancy between gestational age estimated from early
ultrasound and that estimated from the last menstrual period
was greater than 14 days, in which case the former was used.
Because the 17-week ultrasonogram was used to establish
gestational age, we did not also use it to assess growth. Using
the same size measurements to establish both gestational age
and growth would have introduced circular logic.

Birth weight z scores and fetal growth

We used the serial fetal weight measurements of liveborn,
term (3741 weeks, inclusive) deliveries in the 10% random
sample subcohort with at least 1 ultrasound estimate of fetal
weight to create reference values for fetal size (estimated
weight-for-gestational-age z scores) and fetal growth (condi-
tional fetal growth z scores). The references were created by

expressing fetal weight as a function of gestational age using
a multilevel model (11). This provided estimates of the pop-
ulation average pattern of growth throughout gestation, as
well as the variability in growth within and between fetuses.
Fetal weight was log-transformed to ensure that the variance
in the model’s residuals remained stable across gestation.
Gestational age was expressed as a restricted cubic spline
with 5 knots, which allowed us to model fetal growth in a
smooth, nonlinear manner (12). Fetal sex was included as a
covariate. We specified an unstructured covariance matrix (so
that correlations between individual time periods were not
constrained).

We calculated birth weight-for-gestational-age z scores for
children in the age-5-years (age 5) cohort by comparing each
child’s birth weight with the mean value and standard devia-
tion for sex and gestational age predicted by the multilevel
model (i.e., expressing the child’s birth weight in relation
to the birth weights of others in the population of similar
gestational age). SGA was defined as a birth weight z score
below —1.28 for sex and gestational age based on the 10%
random sample subcohort internal reference (corresponding
to the 10th percentile).

Conditional fetal growth z scores were calculated using the
methods of Royston (11). In this approach, an infant’s ex-
pected weight at time ¢ is predicted based on 1) its EFW at
a previous point in the pregnancy (# — 1) in relation to the
population average weight at # — 1; 2) the population average
weight at time #; 3) the time interval between measurements;
and 4) the extent to which fetal weight tends to “track” along
the same percentile or z score throughout gestation, measured
by the correlation between different time points. The infant’s
actual weight at time 7 is then expressed as a z score in relation
to its predicted weight. Thus, an infant whose actual weight at
time ¢ was identical to its predicted weight would have a con-
ditional z score of 0 (50th percentile), while an infant whose
weight was 2 standard deviations below its predicted weight
would have a conditional z score of —2 (2.5th percentile). De-
tails on the calculation of conditional z scores are provided in
Web Appendix 1 (available at http:/aje.oxfordjournals.org/).
Although alternative methods have been proposed for quan-
tifying fetal growth, instead of fetal size (13, 14), conditional
z scores are one of the more methodologically sound ap-
proaches, because they correctly account for the different
sources of variability in fetal growth (which arise both be-
tween fetuses (because different fetuses grow at different
rates) and within fetuses (due to measurement error in the
assessment of fetal weight, as well as deviations from smooth
growth trajectories over time)) and for regression to the
mean (15).

For our primary analysis, we calculated conditional fetal
growth z scores for weight at birth given EFW at the time
of the 25-week study visit. As sensitivity analyses, we calcu-
lated conditional fetal growth z scores using 3 alternative def-
initions: 1) weight at birth given EFW at the 33-week study
visit (late-onset growth restriction); 2) EFW at 33 weeks’ gesta-
tion given weight at the 25-week visit (early growth restriction);
and 3) conditional SGA, defined as birth weight below a condi-
tional z score of —1.28 (<10th conditional percentile) given
EFW at both 33 weeks and 25 weeks. We created this latter clas-
sification to reduce the contribution of ultrasound measurement
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error by requiring that weight at birth be smaller than pre-
dicted based on 2 EFW measurements, rather than 1.

Anthropometric characteristics at age 5 years

Height (cm), weight (kg), subscapular skinfold thickness
(mm), triceps skinfold thickness (mm), and head circumfer-
ence (cm) were measured in triplicate at the age 5 study
visit. Weight was recorded to the nearest 100 g using a stan-
dardized scale. Height was measured to the nearest 0.1 cm
with the child standing with his/her back to the wall, with
the head positioned such that the orbits were on the same hor-
izontal level as the external acoustic meatus. Skinfold thick-
ness was measured to the nearest 0.1 mm after 60 seconds
using a Harpenden caliper. Total skinfold thickness was cal-
culated as the sum of subscapular and triceps skinfold thick-
nesses. Body mass index (BMI) was calculated as weight in
kilograms divided by squared height in meters. Height and
BMI were converted to age- and sex-specific z scores using
World Health Organization growth charts (16). Total skinfold
thickness and head circumference were standardized into age-
and sex-specific z scores using internal references created
from the 10% random sample subcohort.

Statistical analyses

We calculated the correlation between birth weight z score
and conditional fetal growth z score using Pearson’s r. Linear

Table 1.

regression models were used to estimate the univariable asso-
ciation between fetal growth measurements (birth weight
z scores or conditional fetal growth z scores) and each age
5 child anthropometric characteristic.

Multivariable linear regression was used to determine the
incremental value of conditional fetal growth z scores, above
and beyond birth weight z scores. To account for potential
collinearity between these 2 types of z scores, we expressed
conditional fetal growth z scores as residuals of a model re-
gressing the conditional z scores on birth weight z scores (17).
The residuals from this model represent the difference be-
tween each infant’s actual conditional growth z score and
that expected based on its birth weight z score. The residuals
are, by definition, uncorrelated with birth weight z score and
allow the variation due to conditional fetal growth patterns to
be isolated. We assessed the incremental value of conditional
fetal growth z scores by adding the residuals as an indepen-
dent variable to models regressing each child anthropometric
outcome on birth weight z score. We examined the resulting
coefficient for the residuals as well as the change in the
models’ adjusted R* values before and after adding the con-
ditional fetal growth z score residuals (i.e., the amount of
additional variance in child anthropometry explained by con-
ditional growth z scores).

We explored the potential for nonlinear associations using
restricted cubic splines and by grouping fetal growth z scores
into fifths, regressing age 5 anthropometric values on the
fifths, and plotting the resulting B coefficients with 95%

Characteristics of Women and Infants in the Scandinavian Successive Small-for-Gestational-Age Births Study, 1986—1988

Conditional Fetal Growth z Score

Birth Weight z Score

Maternal or Newborn Characteristic <—1.28 (SGA?) >-1.28 (Non-SGA) <—1.28 (SGA) >-—1.28 (Non-SGA)
No. % Mean (SD) No. % Mean (SD) No. % Mean (SD) No. % Mean (SD)
No. of mother-child pairs 118 360 156 322
Mothers
Maternal age, years 28.9 (4.8) 29.0 (4.1) 28.4 (4.4) 29.2 (4.1)
Maternal height, cm 164 (5) 167 (6) 164 (5) 167 (6)
Prepregnancy body mass index® 20.8 (3.1) 21.8 (2.7) 20.6 (2.9) 22.0 (2.7)
Smoking at the start of pregnancy
Light smoking (<20 cigarettes/day) 68 58 120 33 98 63 90 28
Heavy smoking (>20 cigarettes/day) 11 9 21 6 12 8 20 6
Preexisting hypertension 4 34 8 22 5 32 7 22
Infants
Transfer to pediatric department 18 15.3 16 44 20 12.8 14 44
Cesarean delivery for fetal asphyxia 8 6.8 3 038 7 45 4 12
Gestational age at birth, days 278 (18) 282 (13) 279 (18) 282
Birth weight, g 2,767 (467) 3,633 (585) 2,781 (490) 3,728 (509)
Ponderal index® 5(0.2) 8(0.2) 5(0.2) 2.8(0.2)
Abdominal circumference, cm 29.6 (2.3) 32.6 (2.7) 29.5 (2.4) 33.0 (2.4)
Head circumference, cm 33.4 (1.8) 35.2(1.7) 33.4 (2.0) 35.4 (1.4)

Abbreviations: SD, standard deviation; SGA, small for gestational age.
& Small size for gestational age was defined as z score <—1.28 (10th percentile).

® Weight (kg)/height (m)2.
© Weight (g)/length (m)3.
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Conditional Fetal Growth z Score

Birth Weight z Score

Figure 1. Correlation between conditional fetal growth zscores (weight
at birth given estimated fetal weight at the time of a 25-week ultrasono-
gram) and birth weight-for-gestational-age z scores, Scandinavian Suc-
cessive Small-for-Gestational-Age Births Study, 1986—-1988. Dashed
lines indicate a z score of —1.28, corresponding to the 10th percentile.

confidence intervals. We added terms for interaction between
birth weight and conditional fetal growth z score residuals to
determine whether the association between fetal growth and
child size differed according to absolute birth weight. Anal-
yses were conducted using Stata, version 13 (StataCorp LP,
College Station, Texas).

RESULTS

The 10% random sample subcohort of the Scandinavian
Successive Small-for-Gestational-Age Births Study cohort
included 434 term liveborn infants for creation of the internal
reference charts. The mean number of weights per fetus (in-
cluding birth weight) was 4.8 (range, 2-5). Validation of the
ultrasound EFW among the 36 infants whose mothers un-
derwent ultrasonography less than 3 days prior to delivery
showed a median percent error of 1.6% (interquartile range,
—3.6 to 4.2), with 92% (33/36) of measurements having less
than 10% error. Estimates of the parameters of the multilevel
model used to create the fetal growth and fetal weight refer-
ence values are provided in Web Appendix 2 (Web Tables 1
and 2).

A total of 478 children at the age 5 follow-up had ultrasound
estimates of fetal weight (see Web Figure 1 for flow of partic-
ipants). Of these children, 86% had 4 ultrasounds, 12% had 3
ultrasounds, and 2% had 1 or 2 ultrasounds. Their birth charac-
teristics are shown in Table 1 according to birth weight and con-
ditional fetal growth z scores. Thirty-three percent (156/478) of
the cohort was SGA based on birth weight z scores, reflecting
the oversampling of higher-risk pregnancies in this cohort.
Twenty-five percent (118/478) were classified as SGA based
on conditional fetal growth z scores. Women with infants clas-
sified as SGA by conditional fetal growth z scores were, on av-
erage, shorter in stature, leaner, and more likely to smoke than
women whose infants were not conditional SGA. Conditional
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Figure 2. Birth weight z scores of infants born small for gestational
age (SGA) (zscore <—1.28, 10th percentile) as defined by birth weight
and conditional fetal growth z scores, Scandinavian Successive
Small-for-Gestational-Age Births Study, 1986—-1988. The vertical line
indicates a zscore of —1.28, corresponding to the 10th percentile. The
solid gray line indicates a designation of SGA birth according to both z
scores; the dashed gray line indicates a designation of non-SGA birth
according to both z scores; the solid black line indicates a designation
of SGA birth according to conditional z scores only; and the dashed
black line indicates a designation of SGA birth according to birth
weight z score only.

SGA infants were more likely to be delivered by cesarean sec-
tion for fetal asphyxia and be followed by the pediatrics depart-
ment, confirming the increased risks associated with poor
intrauterine growth. They also had lower ponderal indices
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Figure 3. Fetal growth trajectories of 10 randomly selected infants
born conditionally small for gestational age (SGA), defined as condi-
tional fetal growth z score <—1.28, based on the change between es-
timated fetal weight at 25 weeks’ gestation and weight at birth (black
dashed lines), and conditionally non-SGA, defined as conditional fetal
growth z score >1.28 (solid gray lines), Scandinavian Successive
Small-for-Gestational-Age Births Study, 1986-1988.
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Figure 4. Univariable regression coefficients for the association be-
tween fetal growth measurements (birth weight z score (white circles)
or birth weight conditional on 25-week estimated fetal weight z score
(black circles)) and age-5-years anthropometric characteristics, Scan-
dinavian Successive Small-for-Gestational-Age Births Study, 1986—
1988. BMI, body mass index. Vertical bars, 95% confidence intervals.

(weight (g)/length (m)?), abdominal circumferences, and head
circumferences at birth.

When infants were classified using birth weight z scores,
the differences in characteristics between SGA and non-SGA
births were similar to those observed using the conditional
fetal growth z scores. Mothers of birth weight SGA infants
were also shorter, leaner, and more likely to have smoked
during pregnancy; their pregnancies had higher risks of com-
plications, and they gave birth to smaller and leaner infants.

Conditional fetal growth and birth weight z scores were
highly correlated (r=0.90, P <0.001). As shown in Figure 1,
only 16 infants were classified as SGA by the conditional
z scores alone, and 54 were classified as SGA by the pop-
ulation birth weight z scores alone; most infants who were
conditionally SGA were also classified as SGA by the birth
weight z scores (86%; 102/118). The 54 infants who were
small in birth weight but not conditionally small tended to
have birth weight z scores that were only slightly below the
—1.28 (10th percentile) threshold compared with infants

classified as SGA by both types of z scores (i.e., they were
milder cases of SGA birth) (Figure 2). In other words, infants
whose growth trajectory had dropped off sufficiently to be
classified as conditional SGA ended up also being small in
size. This is illustrated in Figure 3, which compares the
growth of 10 randomly selected conditional SGA and 10 con-
ditional non-SGA infants. The conditional SGA births, indi-
cated in black, have birth weights that are systematically
lower than the conditional non-SGA births.

Average values for height, BMI, total skinfold thickness, and
head circumference were 111 cm (standard deviation (SD), 5);
15.6 (SD, 1.5); 15.6 mm (SD, 3.4); and 51.9 cm (SD, 1.3), re-
spectively (corresponding to z scores of 0.13 (SD, 1.0); 0.15
(SD, 1.0); —0.08 (SD, 1.0); and —0.26 (SD, 1.1), respectively).
We found no evidence of nonlinear relationships between con-
ditional fetal growth/birth weight z scores and age 5 anthropo-
metric characteristics; as a result, z scores were included as
linear terms. Figure 4 summarizes the crude relationships be-
tween conditional fetal growth z scores, birth weight z scores,
and child anthropometric characteristics at age 5 years. Con-
ditional fetal growth z score was positively associated with all
4 early childhood anthropometric outcomes; the strongest as-
sociation was for head circumference and the weakest for total
skinfold thickness (f=0.24 (95% confidence interval (CI):
0.18, 0.31), =0.16 (95% CI: 0.09, 0.23), B=0.08 (95%
CI: 0.01, 0.16), and B=0.37 (95% CI: 0.22, 0.52) for height,
BMI, total skinfold thickness, and head circumference, re-
spectively). However, these associations were very similar
to those obtained after replacing conditional fetal growth
z score with population birth weight z score (Figure 4, white
circles), which was not unexpected given the high correlation
between the two measures. Similar results were obtained
using alternative conditional fetal growth z score definitions
(Web Figure 2).

The independent value of conditional fetal growth z scores
in explaining variation in child anthropometry is shown in
Table 2. Coefficients for the conditional fetal growth z score
residuals were all close to zero, with 95% confidence intervals
that included the null. Adjusted R* values were virtually un-
changed after addition of conditional fetal growth z score re-
siduals to the univariable birth weight z score models (all
increases in adjusted R*< 0.01; values available on request),

Table 2. Variation in Children’s Anthropometric Characteristics at Age 5 Years Explained by Conditional Fetal Growth z Score Residuals (Above
and Beyond Birth Weight z Scores) in the Scandinavian Successive Small-for-Gestational-Age Births Study, 1986—-1988

Age-5-Years Anthropometric Characteristic (z Score)

Conditional Fetal Growth Residual Height Body Mass Index?® Total Skinfold Thickness Head Circumference

B 95% ClI B 95% CI B 95% ClI B 95% ClI
Birth weight conditional on 25-week EFW -0.05 -0.21,0.10 -0.04 -0.20,0.12 -0.07 —-0.25, 0.11 0.24 -0.06, 0.54
Birth weight conditional on 33-week EFW -0.05 -0.17,0.06 -0.001 -0.12,0.11 —-0.01 -0.14,0.12 -0.05 -0.31,0.22
33-week EFW conditional on 25-week EFW 0.02 -0.10,0.13 -0.07 -0.20,0.05 -0.08 -0.21, 0.06 0.37 0.10, 0.64
SGAP at birth conditional on both 25- and 0.04 -0.22,0.30 -0.03 -0.30, 0.25 0.15 -0.15,045 -0.07 -0.62,0.49

33-week EFWs

Abbreviations: Cl, confidence interval; EFW, estimated fetal weight; SGA, small for gestational age.
@ Weight (kg)/height (m)?.
b Small size for gestational age was defined as z score <—1.28 (10th percentile).
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suggesting that they provided little incremental value. Find-
ings were similar in our sensitivity analyses calculating con-
ditional fetal growth z scores using alternative definitions
(Table 2). A single exception was the coefficient for the con-
ditional fetal growth z score residual for EFW at 33 weeks
given EFW at 25 weeks in the model predicting age 5 head
circumference z score, where a positive association was ob-
served (B=0.37, 95% CI: 0.10, 0.64). However, the increase
in adjusted R? in this model remained small (from 0.21 to
0.22). Terms for interaction between conditional fetal growth
z score residuals and birth weight z scores were not statistically
significant. A post hoc sensitivity analysis restricting the co-
hort to Norwegian study sites (because of their higher rates of
follow-up) did not meaningfully change our findings (results
available on request).

DISCUSSION

In this study, we found that fetal growth pattern (change in
EFW) had very little incremental value in explaining child
anthropometric characteristics at age 5 years above and be-
yond information on birth weight for gestational age. This
finding appeared to be driven by the strong correlation be-
tween conditional fetal growth z scores and birth weight z
scores. The result of a decreasing growth trajectory is that
the infant is also smaller in size, so conditional fetal growth
z scores provided similar information as birth weight z scores.
Our findings suggest that information on birth weight alone
may be sufficient to examine long-term anthropometric con-
sequences of abnormal fetal growth.

Alternative explanations for our unanticipated results
should be considered. First, EFW is known to have measure-
ment error, which may have prevented accurate assessment of
fetal growth patterns. However, the accuracy of EFW in our
cohort compares favorably to that reported in a systematic re-
view of EFW validation studies (18), so our findings reflect
the performance of conditional percentiles in real-world clin-
ical settings. Second, it is possible that the pathological pro-
cess of growth restriction begins prior to 25 weeks’ gestation
and that conditional percentiles should have been calculated
conditioning on a first- or early second-trimester weight. De-
spite evidence of growth restriction in the first trimester (19),
it seems unlikely that no further growth restriction occurs
from 25 weeks onward (when the majority of fetal fat depo-
sition occurs (14) and when monitoring for fetal growth re-
striction occurs in clinical practice).

Our findings agree with the literature in several ways. The
positive association between birth weight and attained BMI
in our cohort has consistently been reported (2), supporting
the generalizability of associations in our cohort. Our finding
that conditionally small infants tended also to be small in ab-
solute size is similar to other evaluations of fetal growth pat-
terns. Barker et al. (20) grouped a cohort of high-risk fetuses
into “pathological” and “normal” growth trajectories and found
that the average weight of the pathological group was over
1,000 g lower than that of fetuses with normal trajectories.
As with our study, Barker et al. found that the pathological
growth group had higher rates of maternal and neonatal compli-
cations, but they did not further evaluate the incremental value
of trajectory grouping information above and beyond that

provided by birth weight alone (20). Our research group has
previously shown that conditional fetal growth percentiles cal-
culated using birth weight conditional on a fetal weight esti-
mated via 32-week ultrasound were not better able to predict
neonatal mortality and serious neonatal morbidity than birth
weight percentiles (21). Other approaches to measurement of
fetal growth have likewise not been found to be markedly better
in predicting newborn outcomes than size alone (22, 23). Nev-
ertheless, our study examined the difference between fetal
growth trajectory and birth weight measurements only in the
context of child anthropometric outcomes, so it is possible
that the incremental value of fetal growth trajectory data
might differ for other health outcomes.

Few studies have examined patterns of fetal growth and an-
thropometry in early childhood (24). Among 438 children in
the Project Viva cohort, child BMI at age 3 years was examined
according to cross-tabulated categories of birth weight quartile
and second-trimester EFW quartile (with growth classified on
the basis of change in quartile between time periods) (25).
While age 3 BMI z scores were significantly higher among in-
fants who moved from the first quartile of second-trimester
EFW to the fourth quartile of birth weight, the incremental
value of growth measurements over birth weight alone was
not examined. In the Generation R Study, a study of 6,464 chil-
dren, Gishti et al. (26) found that increased weight gain in each
of the second and third trimesters (based on change in standard-
ized EFW) was positively associated with child BMI at age 6
years (but not childhood general or abdominal fat). The extent
to which information on fetal growth trajectory provided new
information above and beyond birth weight was also not exam-
ined, although the associations between fetal growth measures
and child BMI appeared to be weaker than associations be-
tween birth weight and child BMI.

Although the Scandinavian Successive Small-for-Gestational-
Age Births Study remains one of the largest serial ultrasound
studies with long-term follow-up, a larger sample size would
have enabled us to explore in more detail the characteristics
and outcomes of infants classified as “conditional SGA only”
or “birth weight SGA only,” as well as the potential interac-
tion between size and weight. However, the key finding that
most conditionally small infants are also small in absolute size
would probably not have been altered. Losses to follow-up
may have introduced selection bias, but follow-up in the Nor-
wegian counties was excellent (>80%), and losses in Uppsala
County were predominantly due to geographical distances/
inconvenience, rather than systematic differences in participant
characteristics. Nevertheless, replication of our findings in a
large, contemporary cohort (such as the Generation R Study
(19) or a future follow-up of the INTERGROWTH-21* Pro-
ject’s Fetal Growth Longitudinal Study (27)) would be valu-
able. Examining the 2 fetal growth measures in relation to
child growth trajectories and anthropometry at older ages
also is an important area for future research.

Strengths of this study included its unique sampling de-
sign, which enabled us to create population-based internal
reference values using the 10% random sample. This ensured
that our comparison of conditional fetal growth z scores with
birth weight z scores was not obscured by differences intro-
duced by the use of external reference charts from different
populations. The oversampling of higher-risk pregnancies
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helped to increase statistical precision in our SGA groups.
Rigorous data collection protocols reduced the potential for
measurement error (as evidence by the relatively low error
in EFWs (18)).

Although they are counter to our hypothesis and to current
conceptualizations of fetal growth restriction (1), our findings
suggest that detailed ultrasound trajectory data may be less use-
ful than previously believed in identifying pathologically small
infants. After using information on absolute size as a screening
tool, other approaches altogether (like placental biomarkers)
may prove better for discriminating between constitutionally
small fetuses and growth-restricted fetuses (28).
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