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Physiologic interindividual differences in neonatal size are
traditionally thought of as determined by differences in fetal
growth occurring only in the second half of pregnancy. Whether
possible differences in early intrauterine growth velocity are the
effect of random growth fluctuations or may affect size at birth is
still debated. This article aims at evaluating to what extent
differences in neonatal size are accounted for by differences in
fetal growth velocity. We analyzed the fetal growth of 130
healthy singletons for whom head (HC) and abdomen (AC)
circumferences and femur diaphysis length (FDL) longitudinal
profiles were available, together with the measures of weight
(BW), length (BL), and head circumference (BHC) at birth.
Individual profiles were fitted with ad-hoc models. Neonatal
traits were transformed into standard deviation scores (SDS).
Neonates in the upper third of BW-SDS distribution (3618 �
43 g, mean � SEM) had, at 22 wk of gestational age, AC growth
velocity higher by 0.55 � 0.10 mm/wk than those in the lower
third (2902 � 36 g). Neonates in the upper third of BL-SDS
distribution (51.7 � 0.21 cm) had, at 20 wk, FDL growth
velocity higher by 0.11 � 0.05 mm/wk than those in the lower
third (48.2 � 0.18 cm). Neonates in the upper third of BHC-SDS

distribution (35.7 � 0.13 cm) had, at 18 wk, HC growth velocity
higher by 0.57 � 0.20 mm/wk than those in the lower third (33.3
� 0.11 cm). The differences in growth velocity remain constant
throughout the second and third trimester for AC, and tend to
vanish in the third trimester for HC and FDL. The differences in
fetal growth velocity, which in our study were observed as early
as mo 4, suggest that the genetic component plays an important
role in fetal growth and is precociously expressed. (Pediatr Res
57: 205–210, 2005)

Abbreviations
AC, abdomen circumference
BHC, head circumference at birth
BL, birth length
BPD, biparietal diameter
BW, birth weight
CRL, crown–rump length
FDL, femur diaphysis length
GA, gestational age
HC, head circumference
SDS, standard deviation score

Physiologic interindividual differences in neonatal size are
traditionally thought of as determined by differences in fetal
growth occurring only in the second half of pregnancy (1,2).
Actually, the assessment of GA derived from the measurement
of CRL during the late first trimester (3), as well as of BPD,
HC, and FDL during the second trimester (4), rests on the
assumption that in this period fetuses of the same size have
nearly the same GA. Empirical evidence against the above
assumption is unlikely to be provided, inasmuch as differences

in size in the first half of pregnancy are expected to be small,
growth being a cumulative process, and measurement error
being relatively large with respect to size. On the other hand,
negligible interindividual differences in size at a given gesta-
tional age do not necessarily imply negligible differences in
growth velocity, which may be estimated only by means of
longitudinal studies.
Longitudinal studies presently available, although based on

few subjects and limited to the first trimester (5,6), suggest that
fetuses may differ in growth velocity of CRL, BPD, and
average abdomen diameter already from the late first trimester.
By contrast, Guihard-Costa et al. (7), on the basis of 24
pregnancies followed from the wk 7 up to delivery, asserts that
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differences in growth velocity emerge only during the third tri-
mester. Whether possible differences in early intrauterine growth
velocity are simply the effect of random growth fluctuations or, on
the contrary, affect the size at birth is still a debated issue.
The aim of this study is to evaluate, on the basis of a large

series of longitudinal observations taken from wk 12 to the end
of gestation, how and to what extent physiologic interindi-
vidual differences in weight, length, and head circumference at
birth are accounted for by differences in growth velocity of
fetal AC, FDL, and HC.

SUBJECTS AND METHODS

Data here analyzed were collected during a prospective longitudinal survey,
the Intrauterine and Infant Growth Longitudinal Study (IIGLS) (4,8). The
survey was carried out on pregnant women selected in Turin and Genoa,
between 1987 and 1990, in accordance with the restrictive criteria recom-
mended by the International Federation of Gynecology and Obstetrics (FIGO)
(9), so as to include only normal singleton pregnancies. Informed consent was
obtained from each mother participating in the survey.

The study was approved by the ethical committees of both the clinical
institutions where data were collected. The series so obtained was made up of
238 neonates (123 females, 115 males) born at term after low-risk, uncompli-
cated pregnancy. Gestational age was estimated from the last menstrual period
and was confirmed by an early ultrasound examination carried out within wk
12, on the basis of the CRL (10). When the difference between the two
estimates exceeded 7 d, the pregnancy was excluded from the series.

Five one-dimensional traits were considered: BPD, occipitofrontal diameter
(OFD), HC, AC, and FDL. Individual growth profiles consist of five to nine
measures (totalling from 1539 scans for BPD to 1237 scans for AC), taken
between gestational wk 12 and 40. Four trained echographers performed all
measurements, by means of real-time scanners (Ansaldo AU920, ATL Ultra-
mark IV, Toshiba SAL 30A) equipped with 3.5-MHz transducers. Further
details on measurement techniques have been given previously (4). A short
test-retest experiment was performed to estimate the comparability of mea-
surements: 20 pregnant women with GA ranging from 13 to 36 wk (the same
number of pregnancies was in the second and third trimester), were indepen-
dently examined by two echographers. The mean measuring errors, expressed
as Smeas (i.e. SE of measurements) and concerning the second and the third

trimester, respectively, were as follows: 2.43 and 3.49 (HC), 4.02 and 6.44
(AC), 0.74 and 0.88 (FDL).

Out of the IIGLS series, 130 subjects (68 females and 62 males) were
selected according to the following criteria of inclusion: availability of HC,
AC, and FDL growth profiles; availability of the measures of BW, BL, and
BHC.

The individual HC and FDL profiles were fitted with the log-count model
(4), whereas AC profiles were fitted with the model of Todros et al. (11).
Individual raw velocities were derived from each pair of measures taken 5–10
wk apart, and velocity residuals were computed as the difference between raw
velocities and velocities predicted by individual curves. Neonatal traits were
transformed into SDS on the basis of neonatal norms for northwest Italy (12). The
tertiles of BW-SDS distribution, as well as those of HC-SDS and BL-SDS, were
used as cut points to classify babies into three groups: low, mid, and high BW-SDS
(or HC-SDS or BL-SDS). For each group, mean constant growth curves were
computed, i.e. growth curves the constants of which are the averages of individual
constants.

RESULTS

BW and fetal growth of AC. Table 1 gives maternal and
neonatal anthropometric characteristics, as well as fetal AC
and AC velocity values at selected weeks of gestation, for the
130 babies classified by tertiles of the BW-SDS distribution:
the lower third (43 subjects), the mid third (44 subjects), and
the upper third (43 subjects). For these three groups, Figure 1
shows fetal AC and AC growth velocity from wk 13 to the end
of gestation. The difference in BW between the upper and
lower BW-SDS groups is 716 � 56 g (1.73 � 0.09 BW-SDS).
Wide differences also exist in BL-SDS (0.92 � 0.18) and
BHC-SDS (0.69 � 0.21). Compared with the babies in the
lower BW-SDS group, those in the upper BW-SDS group had
higher placental weight (by 140 � 21 g) and mothers with
slightly heavier body weight before pregnancy (by 3.9 � 1.9
kg). No significant difference appears in maternal height and
weight gain during pregnancy. The gap in AC between the
upper and lower BW-SDS groups largely increases with in-

Table 1. Maternal and neonatal anthropometric characteristics, and fetal abdomen circumference of babies classified by tertiles of the
distribution of birthweight-SDS

Birthweight-SDS

pe

Lower third (n � 43) Mid third (n � 44) Upper third (n � 43)

Mean � SEM Mean � SEM Mean � SEM

Mother’s height (cm) 161.0 � 1.3 161.8 � 1.5 161.6 � 1.4 ns
Mother’s weight (kg)a 55.8 � 1.3 57.2 � 1.3 59.7 � 1.4 *
Weight gain (kg)b 12.9 � 0.6 12.2 � 0.7 13.2 � 0.5 ns

GA (days) 280 � 1.1 279 � 1.1 278 � 1.4 ns
Birthweight (g) 2902 � 36 3211 � 29 3618 � 43 –
Placental weight (g) 543 � 15 606 � 15 683 � 14 **

BW-SDS �0.90 � 0.07 �0.14 � 0.03 �0.83 � 0.06 –
BL-SDS �0.42 � 0.16 �0.14 � 0.09 �0.50 � 0.09 **
BHC-SDS �0.14 � 0.15 �0.11 � 0.09 �0.55 � 0.15 **

AC (mm) at 16 wkc 101 � 1.1 103 � 1.0 105 � 1.2 *
AC (mm) at 39 wk 322 � 2.2 329 � 2.6 339 � 2.2 **

AC velocity (mm/wk) at 22 wkd 10.36 � 0.07 10.59 � 0.08 10.91 � 0.07 **
AC velocity (mm/wk) at 36 wk 8.48 � 0.18 8.74 � 0.20 9.13 � 0.22 *

a Before pregnancy.
b At the end of pregnancy.
c Age at which the differences in fetal abdomen circumference become detectable.
d Age at peak velocity of fetal abdomen circumference.
e Difference between upper and lower tertile: ns, not significant; * p � 0.05, ** p � 0.01.
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creasing GA: from 4.0 � 1.6 mm at 16 wk to 12 � 3.1 at 32
wk, and to 17 � 3.1 at 39 wk. This is the effect of a nearly
constant difference in AC velocity: 0.55 � 0.10 mm/wk at the
moment of peak velocity (about 22 wk for all the three groups),
and 0.65 � 0.28 mm/wk at 36 wk.
BL and fetal growth of FDL. Table 2 gives maternal and

neonatal characteristics, as well as fetal FDL and FDL velocity
values, for the babies classified by tertiles of the BL-SDS
distribution. For these three groups, Figure 2 shows fetal FDL
and FDL growth velocity.
The difference in BL between the upper and lower BL-SDS

groups is 3.5 � 0.28 cm (1.76 � 0.11 BL-SDS). Wide differ-
ences also exist in BW-SDS (1.08 � 0.16) and BHC-SDS

(0.56 � 0.19). Compared with the babies in the lower BL-SDS
group, those in the upper BL-SDS group had higher placental
weight (by 94 � 25 g) and mothers with slightly heavier body
weight before pregnancy (by 3.9 � 1.8 kg). No significant
difference emerges in mother’s height and weight gain during
pregnancy. The gap in FDL between the upper and lower
BL-SDS groups increases mainly during late second and early
third trimesters: from 1.1 � 0.47 mm at 22 wk to 2.1 � 0.41
at 32 wk and 2.4 � 0.63 at 39 wk. This is the effect of the
difference in FDL velocity, which reaches its maximum (0.11
� 0.05 mm/wk) at the moment of peak velocity (about 20 wk),
and then declines slowly, becoming only 0.05 � 0.28 mm/wk
at 36 wk.

Figure 1. Fetal size (left) and growth velocity (right) of AC from wk 13 to the end of gestation in a set of 130 babies classified by tertiles of the BW-SDS distribution:
lower third (red, 43 babies), mid-third (yellow, 44), upper third (green, 43). Circles represent the average of velocity residuals at each week of gestation.

Table 2. Maternal and neonatal anthropometric characteristics, and fetal femur diaphysis length of babies classified by tertiles of the
distribution of birthlength-SDS

Birthlength-SDS

pe

Lower third (n � 43) Mid third (n � 44) Upper third (n � 43)

Mean � SEM Mean � SEM Mean � SEM

Mother’s height (cm) 161.1 � 1.6 162.1 � 1.3 161.5 � 1.3 ns
Mother’s weight (kg)a 56.3 � 1.1 56.3 � 1.4 60.2 � 1.4 *
Weight gain (kg)b 13.3 � 0.7 12.5 � 0.6 12.3 � 0.5 ns

GA (days) 278 � 1.2 281 � 1.0 279 � 1.4 ns
Birthlength (cm) 48.2 � 0.18 50.2 � 0.11 51.7 � 0.21 –
Placental weight (g) 569 � 18 605 � 17 663 � 17 **

BW-SDS �0.55 � 0.10 �0.17 � 0.08 �0.53 � 0.12 **
BL-SDS �0.93 � 0.07 �0.03 � 0.03 �0.83 � 0.08 –
BHC-SDS �0.12 � 0.13 �0.24 � 0.13 �0.44 � 0.14 **

FDL (mm) at 22 wkc 37.8 � 0.31 38.2 � 0.30 38.9 � 0.35 *
FDL (mm) at 39 wk 69.9 � 0.46 70.9 � 0.56 72.3 � 0.43 **

FDL velocity (mm/wk) at 20 wkd 2.86 � 0.04 2.94 � 0.04 2.97 � 0.03 *
FDL velocity (mm/wk) at 36 wk 1.14 � 0.18 1.14 � 0.20 1.19 � 0.22 ns

a Before pregnancy.
b At the end of pregnancy.
c Age at which the differences in fetal femur diaphysis length become detectable.
d Age at peak velocity of fetal femur diaphysis length.
e Difference between upper and lower tertile: ns, not significant; * p � 0.05, ** p � 0.01.
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BHC and fetal growth of HC. Table 3 gives maternal and
neonatal characteristics, as well as fetal HC and HC velocity
values, for the babies classified by tertiles of the distribution
of BHC-SDS. For these three groups, Figure 3 shows fetal
HC and HC growth velocity. The difference in BHC be-
tween the upper and lower BHC-SDS groups is 2.4 � 0.17
cm (1.91 � 0.11 BHC-SDS). Differences also exist in
BW-SDS (0.68 � 0.16) and BL-SDS (0.54 � 0.18).
Compared with the babies in the lower BHC-SDS group,
those in the upper BL-SDS group had higher placental weight (by

89 � 23 g) and mothers with larger weight gain during pregnancy
(by 1.8 � 0.8 kg). No significant difference was observed in
maternal weight before pregnancy and height.
The gap in HC between the upper and lower BHC-SDS

groups increases during late second and early third trimesters:
from 4 � 1.6 mm at 21 wk to 8 � 1.5 at 32 wk and 8 � 2.5
at 39 wk. This is the effect of the difference in HC velocity,
which reaches its maximum (0.57 � 0.20 mm/wk) at the
moment of peak velocity (about 18 wk), and then declines,
becoming negligible at 36 wk.

Table 3. Maternal and neonatal anthropometric characteristics, and fetal head circumference of babies classified by tertiles of the
distribution of head circumference-SDS at birth

Head circumference-SDS at birth

pe

Lower third (n � 43) Mid third (n � 44) Upper third (n � 43)

Mean � SEM Mean � SEM Mean � SEM

Mother’s height (cm) 159.6 � 1.6 161.6 � 1.1 163.2 � 1.6 ns
Mother’s weight (kg)a 57.7 � 1.2 56.8 � 1.3 58.5 � 1.6 ns
Weight gain (kg)b 11.9 � 0.6 12.7 � 0.6 13.7 � 0.6 *

GA (days) 278 � 0.9 279 � 1.3 281 � 1.4 ns
Head circumference at birth (cm) 33.3 � 0.11 34.5 � 0.09 35.7 � 0.13 –
Placental weight (g) 561 � 17 622 � 18 650 � 15 **

BW-SDS �0.42 � 0.11 �0.04 � 0.11 �0.26 � 0.12 **
BL-SDS �0.32 � 0.13 �0.01 � 0.12 �0.22 � 0.13 **
BHC-SDS �0.77 � 0.08 �0.16 � 0.03 �1.14 � 0.08 –

HC (mm) at 21 wksc 183 � 1.1 186 � 1.3 187 � 1.2 *
HC (mm) at 39 wks 331 � 1.9 335 � 1.9 339 � 1.6 **

HC velocity (mm/wk) at 18 wksd 12.56 � 0.15 12.86 � 0.20 13.13 � 0.14 **
HC velocity (mm/wk) at 36 wks 5.13 � 0.25 5.05 � 0.31 5.08 � 0.21 ns

a Before pregnancy.
b At the end of pregnancy.
c Age at which the differences in fetal head circumference become detectable.
d Age at peak velocity of fetal head circumference.
e Difference between upper and lower tertile: ns, not significant; * p � 0.05, ** p � 0.01.

Figure 2. Fetal size (left) and growth velocity (right) of FDL from wk 13 to the end of gestation in a set of 130 babies classified by tertiles of the BL-SDS distribution:
lower third (red, 43 babies), mid-third (yellow, 44), upper third (green, 43). Circles represent the average of velocity residuals at each week of gestation.
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DISCUSSION

The evaluation of fetal growth kinetics in a set of 130
physiologic pregnancies, followed-up longitudinally from wk
12 to delivery, allows us to conclude that larger neonates have
higher growth velocity of one-dimensional traits (AC, FDL,
HC) during early prenatal life. The differences in fetal growth
velocity between larger and smaller neonates are already ap-
parent between mo 4 and 5 of pregnancy, when the interindi-
vidual differences in the size of these traits can hardly be
detected.
Subsequently, the difference in fetal growth velocity of AC

remains nearly constant so that the differences in size progres-
sively increase. By contrast, the difference in fetal growth
velocity of HC and FDL tends to vanish in the late third
trimester, so that the differences in size remain nearly constant.
The above differences are not an artifact due to the rigid

shape of the log-count model or the model of Todros et al.
Actually, there is a fair concordance between mean raw veloc-
ities and velocities predicted by models (Figs. 1–3, right), even
within wk 20 of gestation, where about 100 raw estimates of
growth velocity are available. Nonetheless, the fair internal
consistency of these results may appear to be weakened, to
some extent, by two drawbacks. The first is that the mean
difference in HC at 39 wk (0.8 � 0.25 cm) between the upper
and lower third of BHC-SDS distribution accounts only in part
for a difference of 2.4 � 0.2 cm in HC at birth. The second is
that the mean difference in FDL at 39 wk (0.24 � 0.06 cm)
between the upper and lower third of BL-SDS distribution does
not account for a difference of 3.5 � 0.3 cm in BL. As to the
first point, the weak correlation between fetal size at the end of
pregnancy and size at birth could be due to unpredictable
changes in fetal growth velocity during the final 2–4 wk of
gestation in some subjects (7), to the error of measurement of

both prenatal and neonatal traits, as well as to the fact that
prenatal and neonatal head circumference values are assessed
with very different techniques. As to the second point, FDL and
BL are not expected to be strictly correlated since, at birth,
femural length is only 1⁄7th of total length.
Generally, small fetal size in the late first trimester and small

size at birth were found to be related only in nonphysiological
conditions. Smith et al. (13), comparing a group of 1289
fetuses with a smaller than expected CRL to a group of 2108
normal or larger than expected CRL (with measures taken wk
12, on the average), noticed that the relative risk for BW below
the 5th centile is 2.8 (95% confidence limits, 1.9 – 4.3).
Abnormally low values of CRL in early pregnancy (within wk
14) are reported to be associated with small-for-gestational-age
(SGA) neonates in 35 diabetic pregnancies (14) as well as in
107 threatened abortions (15). More recently, Kalish et al. (16)
observed that BW discordance in 16 pairs of dichorionic twins
correlates with differences in CRL between 11 and 14 wk of
gestation. These results are largely in agreement with our
observation that differences in growth velocity occur even in
the first months of pregnancy. The studies here mentioned deal
only with BW: our study showed that also the physiologic
differences in HC and FDL growth velocity, which are already
apparent at the end of the first trimester, may predict differ-
ences in head circumference and body length at birth. Interin-
dividual differences in fetal size during the early second tri-
mester of physiologic pregnancies are considered negligible,
mainly as regards BPD and, to a lesser extent, FDL (3,17). On
the basis of these considerations, the ultrasound assessment of
BPD and FDL is still recommended to determine GA, even in
the second trimester (3,18). An increase in these differences
during the second and third trimesters was observed in non-
physiological pregnancies with symmetric or asymmetric SGA

Figure 3. Fetal size (left) and growth velocity (right) of HC from wk 13 to the end of gestation, in a set of 130 babies classified by tertiles of the HC-SDS
distribution at birth: lower third (red, 43 babies), mid-third (yellow, 44), upper third (green, 43). Circles represent the average of velocity residuals at each week
of gestation.
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outcome (19), as well as with adverse outcome, such as
preterm birth, perinatal death, low BW, and SGA (20).
During the early fetal period, physiologic differences in size

are expected to be small. In this regard, a recent study, carried
out by Hindmarsh et al. (21) on 1218 low-risk, uncomplicated
pregnancies with at term outcome, showed that neonatal size is
poorly correlated to BPD, FDL, and abdomen diameter, both at
20 and 30 wk of gestation. This latter study and those refer-
enced above do not answer the basic question addressed here:
whether the differences in growth velocity during the second or
third trimester in this period are also negligible.
According to Smith et al. (13) and Nakling et al. (20), the

reasons for a causal relationship between poor first trimester
growth and low BW may be either suboptimal environment or
suboptimal transfer of nutrients to the fetus. Alternatively,
some fetuses may be physiologically small throughout preg-
nancy. In our study, we included only healthy pregnancies, as
Smith et al. (13) did, but as a further criterion of inclusion we
considered only full-term, appropriate for GA neonates. Thus,
the differences here observed can be safely ascribed to early
physiologic variability.
Fetal growth depends upon a complex interaction between

stimulating or inhibiting genetic and environmental factors, but
the amount of the contribution of either factors to final fetal
size is still unclear. It is not known when and to what extent
genetic regulating factors begin to be expressed, nor when and
to what extent the environment, which is also of maternal
origin and mostly restrictive in nature, begins to modify the
effects of genetic factors. Because the size of placenta and
uterus in the first part of pregnancy is by far larger than fetal
size, its effect on fetal growth is likely to be lower than in the
second part (2).
The differences in fetal growth velocity, which in our study

were observed as early as mo 4, and the effects of which were
still apparent at the end of pregnancy, suggest that the genetic
component plays an important role in fetal growth and is
precociously expressed. Our study did not allow us to evaluate
the effects of environment on final size, inasmuch as we had no
data on uterus size nor direct indicators of the efficiency of
transfer of nutrients to the fetus. Nonetheless, lighter fetuses
had lighter placentas, as one could expect because the placenta
is an organ of embryonic origin. This might suggest that
genetic factors determine, at least in part, the environmental

condition suitable for their expression up to the end of
pregnancy.
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