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Aim. To com pare sonographic mea sure ments of fe tal fat tis sue in preg nan cies com pli cated by ges ta tional di a be -
tes (GD), un der go ing ei ther a diet only or a com bined diet and in su lin treat ment, to those ob tained in preg nan -
cies with a nor mal glu cose chal lenge test.
Methods. Forty-five sin gle ton preg nan cies com pli cated by GD but free of any other ma ter nal dis ease known to
af fect fe tal growth were re cruited. GD was di ag nosed by a 3-hour OGTT, and treat ment was dif fer en ti ated ac -
cord ing to the glycemic pro file. GD moth ers were strat i fied into two treat ment groups: glycemic pro file nor mal -
ized by diet only treat ment (n=16), or by com bined diet and in su lin treat ment (n=29). Fe tal biometry and sub -
cu ta ne ous fat tis sue thick ness of the an te rior ab dom i nal wall were sonographically eval u ated at the time of
di ag no sis and ev ery 4 weeks af ter wards in both GD and nor mal glu cose chal lenge test group (n=25).
Re sults. No dif fer ences were found in neo na tal out comes be tween com bined diet and in su lin treat ment group
and nor mal cases, whereas neo na tal weight showed a sta tis ti cally sig nif i cant dif fer ence be tween diet only treat -
ment group and nor mal pop u la tion. Ab dom i nal cir cum fer ence was sim i lar in fe tuses from GD moth ers and
nor mal fe tuses, but there was a dif fer ence in the fe tal fat tis sue thick ness at the time of di ag no sis.
Con clu sion. In creased fe tal fat tis sue thick ness in GD at re cruit ment and its growth rate re duc tion dur ing an ad -
e quate treat ment may be a new cri te rion for di rect es ti ma tion of fe tal met a bolic sta tus in stead of the tra di tional
in di rect eval u a tion based on ma ter nal glu cose con cen tra tions.
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Ges ta tional di a be tes rep re sents an im por tant
preg nancy dis ease, be cause of both its high prev a -
lence and the pos si ble fe tal and ma ter nal com pli -
ca tions. The most rel e vant fe tal con se quence of
ma ter nal ges ta tional di a be tes is ex ces sive or ac cel -
er ated growth of the fe tus, which re sults in macro -
somia, de fined as ei ther a fe tal ab dom i nal cir cum -
fer ence above the 90th per cen tile or a birth weight
above 4,000 grams (1). The in ci dence of fe tal and
neo na tal macrosomia is 8% and 26% among
non-diabetic and di a betic preg nan cies, re spec -
tively (2). De spite the re cent clin i cal prog ress in
the man age ment of ges ta tional di a be tes, the like li -
hood of fe tal macrosomia re mains sig nif i cantly
higher in di a betic than in nor mal preg nan cies (2).

Dur ing the first tri mes ter of ges ta tion, em bry o -
nal growth ve loc ity is very high, but 95% of fe tal
weight at term has to be ac cu mu lated dur ing the

sec ond half of preg nancy (3). More over, early in
ges ta tion fe tal growth is mainly un der ge netic con -
trol, whereas in the sec ond and third tri mes ters
dif fer ent fac tors play a role in de ter min ing the fea -
tures of fe tal auxology. All these fac tors may af fect
fe tal growth by in flu enc ing the trans port of nu tri -
ents and ox y gen from ma ter nal blood through the
pla centa into the fe tal cir cu la tion. In di a betic
moth ers, an in crease in the plasma lev els of glu -
cose, free fatty ac ids, tri glyc er ides, and sev eral
amino ac ids has been ob served (4). There is a large
body of lit er a ture pub lished on the power of ul tra -
sound mea sure ments to pre dict macrosomia.
These stud ies have dem on strated that the in crease 
in fe tal in su lin-dependent tis sue growth rate is
better es ti mated by the sonographic mea sure ment
of fe tal ab dom i nal cir cum fer ence than of bipar -
ietal di am e ter, which is a non in su lin-dependent
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tis sue (5-11). Ad i pose tis sue thick ness and skin -
fold thick ness are greater in new borns of moth ers
with ges ta tional di a be tes than of moth ers with
nor mal ma ter nal glu cose me tab o lism. The ex ces -
sive fe tal growth is due to the fe tal hyper insu -
linism de ter mined by the as so ci a tion of ma ter nal
and fe tal hyperglycemia. De spite the fact that a di -
rect cor re la tion be tween glu cose blood val ues and
fe tal macrosomia has been dem on strated, the real
cut-off lev els of ma ter nal glu cose con cen tra tions
which would pre vent ex ces sive fe tal growth are
not known. More over, sig nif i cantly higher C-peptide
cord blood con cen tra tions have been found (12) in
non-diabetic preg nan cies with fe tal macrosomia.
These find ings could sug gest that ma ter nal eugly -
cemia is not suf fi cient to pre vent fe tal macro somia.

The ultrasonographic de ter mi na tion of ab dom -
i nal cir cum fer ence is able to pre dict 78% of
macrosomic fe tuses (13). This mea sure ment has
been used to iden tify cases at risk for fe tal macro -
somia among ges ta tional di a betic moth ers (14). In
the re cent years, lean and fat fe tal body com po si tion 
has been eval u ated by ul tra sound (15,16). The ra tio
be tween these two com po nents can sug gest fe tal
hyperinsulinism even if the mother is euglycemic.
These stud ies have dem on strated that growth of
lean body mass reaches steady state near term,
whereas the fe tal fat body mass in creases ex po nen -
tially dur ing the third tri mes ter, if cor re lated with
neo na tal weight vari a tions.

Our spe cific aim was to com pare sonographic
mea sure ments of fe tal fat tis sue in preg nan cies
com pli cated by ges ta tional di a be tes and un der go -
ing ei ther a diet only or a com bined diet and in su -
lin treat ment, to those ob tained in preg nan cies
with a nor mal glu cose chal lenge test.

Subjects and Methods

This study was per formed at the De part ment of Ob stet -
rics and Gy ne col ogy of the San Paolo Hos pi tal, Mi lan, It aly.
Forty-five sin gle ton preg nan cies with a di ag no sis of ges ta -
tional di a be tes but free of any other ma ter nal dis ease known
to af fect fe tal growth, such as au to im mune dis eases, chronic
hy per ten sion or preg nancy-induced hy per ten sion, and en do -
crine dis eases, were in cluded in the study. The di ag no sis of
ges ta tional di a be tes was made ac cord ing to the fol low ing di -
ag nos tic pro to col ap proved by the Eth i cal Uni ver sity Com -
mit tee. A 1-hour oral glu cose-screening test (140 mg/dL) was
usu ally per formed at 24-28 weeks of ges ta tion in all preg nant
women with out ei ther anamnestic or pres ent risk fac tors for
ges ta tional di a be tes. Pa tients with a pre vi ous ab nor mal
1-hour oral glu cose chal lenge test (140 mg/dL) un der went a
3-hour oral glu cose tol er ance test (OGTT) af ter 3 days of free
diet con tain ing at least 150 g of car bo hy drates per day. The
OGTT was per formed in quiet ma ter nal con di tions, with out
the use of nic o tine or caf feine. Di a be tes was di ag nosed in the
pres ence of at least two ab nor mal glycemic de ter mi na tions
dur ing the OGTT (17). Af ter di ag no sis, all pa tients un der went 
7- to 10-day diet to nor mal ize ca lo ric and nu tri tive ma ter nal
in take. The daily ca lo ric in take was cal cu lated ac cord ing to
the ideal ma ter nal weight and ges ta tional age. Self-moni -
toring of blood glu cose started im me di ately and each pa tient
un der went se rial pre- and post-prandial glycemia de ter mi na -
tions, with a glycemic tar get <90 mg/dL dur ing fast ing and
<120 mg/dL two hours post pran di ally. Pa tients with nor mal
glu cose con cen tra tions un der went a diet only treat ment,
whereas in the ab nor mal daily glycemia de tec tion group, a
com bined diet and in su lin treat ment was re quired.

The ma ter nal pregestational Body Mass In dex (BMI)
was cal cu lated as fol lows: BMI=pre-gestational ma ter nal
weight (kg)/height2 (m2).

Ges ta tional age was first cal cu lated ac cord ing to the last
men strual pe riod and con firmed by ul tra sound fe tal biometry 
per formed at 20-22 weeks of ges ta tion. All preg nan cies were
sin gle ton and nei ther ul tra sound de tect able fe tal anom a lies
nor chro mo somal ab nor mal i ties were de tected.

Each pa tient un der went a 2-dimensional sonographic
eval u a tion of both lean and fat fe tal body mass at the time of
di ag no sis. Fe tal lean body mass was es ti mated by means of
the tra di tional fe tal auxologic pa ram e ters (biparietal di am e ter, 
head and ab dom i nal cir cum fer ence, fe mur length). The
thick ness of the sub cu ta ne ous fat tis sue of the an te rior ab -
dom i nal wall was used to es ti mate the fe tal fat body mass. A
transversal sec tion of fe tal trunk at the level of ab dom i nal cir -
cum fer ence was ob tained with fe tal ab do men free from con -
tact with arms or legs and with amniotic fluid be tween the fe -
tal trunk and the uter ine wall. Once this sec tion was ac -
quired, a mag ni fi ca tion of an te rior ab dom i nal wall was ob -
tained. Sub cu ta ne ous fe tal fat tis sue was rec og nized as an ex -
ter nal hyperechogenic sur face. The thick ness of this layer
was mea sured by plac ing one cal i per ex actly be tween the
amniotic fluid and fe tal skin and the other cal i per ex actly be -
tween the sub cu ta ne ous fat layer and the an te rior side of the
liver in con tact with the an te rior ab dom i nal wall. Ul tra sound
ex am i na tion was per formed ev ery 4 weeks.

Perinatal out comes, such as ges ta tional age at de liv ery
and neo na tal and pla cen tal weights were con sid ered.

All ma ter nal and fe tal find ings in the study pop u la tion
were com pared with a se ries of preg nan cies at low-risk of ges -
ta tional di a be tes. We re cruited 25 non-smoking women with
sin gle ton preg nan cies, nor mal pre-gestational BMI (rang ing
from 18 to 25), and nor mal 1-hour glu cose screen ing test per -
formed between 24th and 28th week of ges ta tion, who were
free of med i cal or ob stet ric dis or ders known to af fect fe tal
growth. They un der went sonographic eval u a tion of fe tal
biometry and sub cu ta ne ous fe tal tis sue thick ness at the re -
cruit ment time (19-25 weeks of ges ta tion) and ev ery 4 weeks
un til de liv ery.

Com par i sons be tween groups were per formed by un -
paired Stu dent’s t-test.

Results

Six teen out of the 45 preg nan cies with ges ta -
tional di a be tes were in cluded in the diet only
treat ment group, whereas 29 pa tients were in com -
bined diet and in su lin treat ment group. A sta tis ti -
cally sig nif i cant dif fer ence was ob served for ma -
ter nal age, ges ta tional age at re cruit ment, and
pre-gestational BMI be tween com bined diet and
in su lin treat ment group and group of preg nant
women with nor mal 1-hour glu cose chal lenge test. 
The com par i son be tween diet only treat ment
group and nor mal 1-hour glu cose chal lenge test
se ries showed a sig nif i cant dif fer ence only for ges -
ta tional age at re cruit ment (Ta ble 1). Perinatal out -
comes in com bined diet and in su lin treat ment
group and nor mal 1-hour glu cose chal lenge test
group did not dif fer, whereas the com par i son be -
tween neo na tal data of ges ta tional di a be tes group
on diet treat ment and nor mal 1-hour glu cose chal -
lenge test group showed a sta tis ti cally sig nif i cant
dif fer ence in terms of neo na tal weight at birth, and 
a slight but not sig nif i cant in crease in pla cen tal
weight (Ta ble 2).

Fig ure 1 pres ents fe tal ab dom i nal cir cum fer -
ence in the two ges ta tional di a be tes groups and in
nor mal 1-hour glu cose chal lenge test preg nan cies
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plot ted on the nor mal per cen tiles de rived from the
lo cal nor mal pop u la tion (18). No sig nif i cant dif fer -
ences were found be tween the two ges ta tional di a -
be tes groups and nor mal data, al though af ter 30
weeks of ges ta tion, ab dom i nal cir cum fer ences in
the whole group on diet only treat ment and 80% in
the group on com bined diet and in su lin treat ment
were above the 50th per cen tile. A sig nif i cant dif fer -
ence in the thick ness of sub cu ta ne ous fe tal fat tis sue 
be tween ges ta tional di a be tes groups and nor mal
1-hour glu cose chal lenge test group was found at
the time of ges ta tional di a be tes moth ers re cruit ment 
(be tween 24 and 32 weeks), whereas no sig nif i cant
dif fer ences were ob served af ter an ad e quate treat -
ment (32-36 weeks and 36-40 weeks)(Fig. 2).

Discussion

We eval u ated the fea tures of intrauterine
growth by a pre na tal in di rect es ti ma tion of ul tra -
sound bio met ric pa ram e ters and by data ob tained
at birth in preg nan cies com pli cated by ges ta tional
di a be tes. Both an ex ces sive fe tal growth and a high 
fat tis sue thick ness can be pre na tally ev i denced by 
an ultrasonographic ap proach. A re cent ran dom -
ized study (14) sug gested that the mea sure ment of
ab dom i nal cir cum fer ence is more ef fec tive than
ma ter nal glu cose se rum con cen tra tions in de ter -
min ing the need of a com bined diet and in su lin
treat ment in pa tients with ges ta tional di a be tes.
The sim ple op ti mal met a bolic con trol in the
mother does not seem to be suf fi cient to avoid
macrosomia in the fe tus.

The ab dom i nal cir cum fer ence is the more
sen si tive bio met ric pa ram e ter for the pres ence of

fac tors able to en hance or com pro mise fe tal growth
pro cess. In fact, intrauterine growth re stric tion is
early char ac ter ized by a re mark ably re duced ab -
dom i nal biometry.

We also con sid ered ma ter nal fac tors able to af -
fect in utero growth pro cess, such as ma ter nal age
and pre-gestational BMI. In our study, pre-ges -
tational BMI was sig nif i cantly higher in com bined
diet and in su lin treat ment group than in nor mal
1-hour glu cose screen ing pa tients. These data sug -
gest that ma ter nal obe sity rep re sents both a risk
fac tor for ges ta tional di a be tes and a fac tor pre dict -
ing the need for in su lin to ob tain euglycemia af ter
di ag nos ing preg nancy-induced di a be tes. This is
prob a bly due to a higher pe riph eral in su lin-resi -
stance con di tion.

No preterm de liv er ies oc curred in this study;
ges ta tional age at de liv ery ranged from 36 to 41
weeks, both in the two ges ta tional di a be tes groups
and in con trol se ries with no ges ta tional di a be tes.
This re sult could prob a bly be due to the re cruit -
ment se lec tion. All the in cluded pa tients un der -
went a ges ta tional di a be tes screen ing in the sec -
ond ges ta tional tri mes ter. This clin i cal man age -
ment cer tainly ex cluded the preg nan cies in which
ges ta tional di a be tes re mained undiagnosed for
sev eral weeks, in creas ing the risk of preterm de liv -
ery and perinatal mor bid ity.

No sig nif i cant dif fer ence in neo na tal weights
was ob served be tween com bined ther apy group
and nor mal cases, whereas a sta tis ti cally sig nif i -
cant dif fer ence was found be tween diet only treat -
ment group and nor mal cases. These find ings are
in agree ment with a pre vi ous study by Mello et al
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Table 1. Maternal characteristic: comparison between gestational diabetes (GD) groups and normal
1-hour glucose challenge test group

Maternal characteristics
(median, range) Normal

GD treatment group
dietetic pa dietetic-insulin pa

No. 25 16 29
Age (years) 30    (24–36) 31   (29–33) ns 32 (26–41)  0.05 
Gestational age at

recruitment (weeks)
22    (19–25) 32   (26–33)  <0.001 30 (24–37) <0.001

Pre-gestational BMIb 21.3 (18–25) 23.1 (16–32) ns 25.0 (19–40)  0.01 

aSta tis ti cal sig nif i cance of dif fer ence was tested be tween each GD group and nor mal 1-hour glu cose chal lenge
test group; ns – not sig nif i cant.
bBody mass in dex.

Table 2. Neonatal outcomes: comparison between gestational diabetes (GD) groups and normal 1-hour glucose challenge
test group

Neonatal characteristics
(median, range) Normal

GD treatment group

dietetic pa dietetic-insulin pa

No.    25    16    29
Gestational age at delivery

(weeks)
   39 (36–41)    39 (36–41) ns    39 (36–41) ns

Neonatal weight (g) 3,228 (2,440–3,970) 3,858 (2,620–4,810) 0.04 3,330 (2,550–4,490) ns
Placental weight (g)   508 (420–580)   643 (500–940) ns   581 (500–800) ns
aSta tis ti cal sig nif i cance of dif fer ences was tested be tween each GD group and nor mal 1-hour glu cose chal lenge test group; ns – not
significant.



(19), sug gest ing that the treat ment with both diet
and in su lin is able to nor mal ize fe tal growth better
then diet only. More over, 3 out of 45 di a betic fe -
tuses (6.7%) de vel oped macrosomia: this in ci -
dence is higher than in nor mal preg nan cies, but
mak ing any con se quent sta tis tic con clu sions is
lim ited by the small num ber of pa tients.

The lon gi tu di nal sonographic eval u a tion of
fe tal fat ab dom i nal wall thick ness showed a re duc -
tion of sub cu ta ne ous fat growth rate along the ges -
ta tion in ges ta tional di a be tes. In fact, a sig nif i cant
dif fer ence be tween the study group and the nor -
mal cases was de tected at the time of the di ag no sis
but these dif fer ences were not ev i dent af ter the on -
set of the ad e quate treat ment. We spec u late that
ma ter nal ther apy of ges ta tional di a be tes could in -
flu ence fe tal growth pro cess, re duc ing the prev a -
lence of macrosomia at birth.

Fur ther more, the ob served in crease in fe tal fat
tis sue thick ness in ges ta tional di a be tes could be
used as a new cri te rion to di rectly es ti mate fe tal
met a bolic and en do crine sta tus be sides the tra di -
tional in di rect eval u a tion based on ma ter nal glu -
cose se rum de ter mi na tions. Fur ther clin i cal stud ies 
are needed to con firm these pre lim i nary data.
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treat ment group (p=0.044) and com bined di etetic and
in su lin treat ment group (p=0.048) ver sus nor mal 1-hour 
glu cose chal lenge test group.

Fig ure 1. Re la tion ship be tween ab dom i nal cir cum fer -
ence and ges ta tional age in fe tuses of ges ta tional di a -
betic mothers and in nor mal fetuses plot ted on nor mal
ref er ence ranges. Open cir cles – nor mal 1-hour glu cose
chal lenge test group; gray cir cles – di etetic treat ment
group; closed cir cles – com bined di etetic and in su lin
treat ment group; con tin u ous lines – nor mal ranges of fe -
tal ab dom i nal cir cum fer ence (10th, 25th, 50th, 75th,
and 90th per cen tiles).
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