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Context: Angiopoietin-like protein 4 (ANGPTL4) is an extracellular inhibitor of lipoprotein lipase

(LPL) activity. No studies have been done in pregnancy in which hypertriglyceridemia and tissue-

specific changes in LPL activity are present.

Objective: The objective of the study was to determine the relationship between neonatal fat mass

(FM) and concentrations of ANGPTL4 and triacylglycerols (TAG) in maternal and cord serum of

pregnant women with gestational diabetes mellitus (GDM) compared with controls.

Design: Maternal blood samples (control, n 5 90, and GDM, n5 80) and umbilical cord blood were

drawn before and after vaginal delivery, respectively. Control and GDM subjects were grouped

separately into 3 subgroups, according to neonatal FM: 0–25th percentiles, 25th-75th percentiles,

and 75th-100th percentiles.

Outcome Measures: Glucose, insulin, TAG, nonesterified fatty acids (NEFAs), and ANGPTL4 were

determined in maternal and neonatal serum.

Results: Age and pregestational body mass index did not differ between GDM and control women

in any subgroups. Maternal serum of GDM pregnant women who delivered the newborn with the

highest FM showed the highest concentrations of TAG and NEFAs and lowest concentration of

ANGPTL4, despite glucose and insulin concentrations being independent of changes in neonatal

FM. However, cord serum of neonates of GDM patients with the highest FM showed higher con-

centrations of insulin and lower concentrations of TAG than those with lower neonatal FM but no

significant differences in NEFAs or ANGPTL4 concentrations.

Conclusions: In well-controlled GDM pregnancies, decreased maternal ANGPTL4 concentrations

and a gradient of TAG toward the fetus are related with higher neonatal FM. However, in GDM

fetuses with the highest FM, the potential effect of ANGPTL4 inhibiting adipose tissue LPL activity

could be overcome by their hyperinsulinemia.

Placental transfer of lipids is increased during the sec-

ond half of pregnancy as the fetus deposits fat rapidly

(1, 2). Essential fatty acids for the fetus (ie, polyunsatu-

rated fatty acids) circulate in maternal plasma mainly in

their esterified formassociatedwithdifferent lipoproteins,

with aminor proportion being in the formof nonesterified
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fatty acids (NEFAs) (3). The fatty acids of these maternal

lipoproteins are released by extracellular endothelial tri-

acylglycerol (TAG) hydrolases located in the placenta be-

fore uptake by the tissue. Lipoprotein lipase (LPL) is one

of the TAG hydrolases responsible for transplacental

transfer of TAG-derived fatty acids from maternal lipo-

proteins (4, 5). In addition, LPL is expressed in vessels of

adipose tissue, in which it hydrolyzes very low-density

lipoprotein (VLDL)-TAG to supply NEFAs and glycerol

for resynthesis of TAG in adipocytes (6, 7); thus, adipose

tissue is considered a major site for clearance of TAG-rich

lipoproteins from blood.

Some studies support the hypothesis that alterations in

placental LPL activity contributes to changes in the trans-

port of the fatty acids to the fetus and consequently may

affect its growth. For example, an increased placental LPL

activity in placentas of women with type 1 diabetes mel-

litus has been described (8). The same has been observed

in type 1 diabetic pregnancies that resulted in large-for-

gestational-age neonates (9); conversely, there was a re-

duction of LPL activity in pregnancies complicated by in-

trauterine growth restriction (8), which is normally

characterized by reduced fetal fat depots (10). However,

there was no effect of maternal diabetes on the placental

expression of mRNA encoding LPL and no correlation

between LPL gene expression and infant birth weight or

gestational age (8, 11), indicating that altered activity of

LPL in type 1 diabetes is due to modulation of its activity

at the posttranscriptional level. Recently it has been re-

ported that the activity of some lipases is regulated by

members of the angiopoietin-like (ANGPTL) protein fam-

ily (12–14). These proteins irreversibly inhibit LPL activ-

ity, which is at least partially accounted for by promoting

the irreversible conversion of active LPL dimers into in-

active monomers (15, 16). This is the case with ANG-

PTL4, which is secreted into serum from adipose tissue,

liver, and placenta (17). Overexpression in mice or treat-

ment with ANGPTL4 led to an increase in TAG, whereas

in the ANGPTL4 knockout mice or those treated with

anti-ANGPTL4 antibody (18, 19), the concentration of

plasma TAG was low.

The results concerning ANGPTL4 quoted above were

obtained in animal models and tests in vitro; no studies

have been carried out in any species during pregnancy,

when hypertriacylglycerolemia and tissue-specific

changes in LPL activity are routinely found (20). To un-

derstand the potential relationship of maternal and fetal

plasmaANGPTL4concentrations tonewborn growth, fat

mass, and serum TAG in humans, the present study was

designed to determine these variables inmothers with ges-

tational diabetes mellitus (GDM) and their offspring and

to compare them with nondiabetic mothers and their off-

spring. Because neonatal fat mass may be increased in

GDM, despite the absence significant differences in birth

weights (21, 22), we decided to stratify the subjects ac-

cording to their fat mass to establish whether the differ-

ences in theANGPTL4 concentrations could be a factor in

the effect.

Research Design and Methods

Study subjects
The study included 170 women and their neonates that were

born at the Department of Obstetrics of the Vivantes Medical

Center in Berlin. This is the same cohort used in our previous

studies designed to evaluate metabolic variables in pregnancies

complicated with GDM and their implications in intrauterine

development (22–24). Diagnosis of GDM was established by a

75-g oral glucose tolerance test at 26 weeks of gestation inter-

preted according to the criteria of Carpenter and Coustan (95/

180/155 mg/dL) (25). The accurate gestational age was con-

firmed by ultrasound examination before 20 weeks. Exclusion

criteriawere delivery before 34weeks of gestation, preeclampsia

identified fetal anomalies, nonsingleton pregnancies, and deliv-

ery by cesarean section. Thus, only term offspring born by vag-

inal delivery and their mothers were included in the study. In

term offspring, birth weight and height were obtained shortly

after vaginal delivery, and neonatal skin-fold thickness at the

flank was measured within 48 hours to calculate fat mass by a

formuladerived fromCatalano et al (26).All participatingmoth-

ers gave informed written consent after having received verbal

and written information on the study. The study protocol was

approved by the Vivantes Medical Center of Berlin Ethics

Committee.

Control (n 5 90) andGDM (n 5 80) subjects were separately

allocated to subgroups according to neonatal fat mass. The neo-

natal fat mass showed a normal distribution without significant

differences in the fat mass between the infants of diabetic moth-

ers and those of control mothers (Table 1). The 25th percentile

was at 327 g of fat and the 75th percentile was at 541 g, these

being the cutoff points used here to establish the 3 subgroups of

the study. Thus, subgroup 1 included pregnant women and their

infants with neonatal fatmass below 327 g, subgroup 2 included

those with neonatal fat mass between 327 and 541 g, and sub-

group 3 included thosewith neonatal fatmass higher than 541 g.

Blood samples
Fastingmaternal blood sampleswere drawn at the last visit to

the obstetric clinic, no longer than 1 week before delivery. The

umbilical cord blood was doubly clamped immediately after de-

livery and blood samples taken fromone of the umbilical arteries

from a segment of the cord. Maternal and cord blood samples

were centrifuged (1500 3 g at 4°C for 25 min) and aliquots of

serumwere immediately stored at 280°Cuntil analysis.None of

the samples used in the study showed hemolysis.

Analytical determinations
Serum glucose (Abbott Diagnostics, Lake Forest, Illinois),

TAG (Menarini Diagnostics, Florence, Italy), and NEFA (Wako
Chemicals GmbH, Neuss, Germany) were determined enzymat-
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ically using commercial kits. Serum insulin (Mercodia AB, Upp-
sala, Sweden) and ANGPTL4 (USCN Life Science, Wuhan,
China) were determined using sandwich ELISA kits.

Statistics
Results are expressed as means 6 SEM. The statistical dif-

ference between groups was determined by ANOVA after ad-
justment for possible confounding factors [ie, maternal prepreg-
nancy body mass index (BMI), gestational age, and gender of
neonate];whendifferenceswere statistically significant,multiple
comparisons were performed using the Tukey post hoc test.
Given their skewed distributions, concentrations of TAG,
NEFA, insulin, and ANGPTL4were log transformed before sta-
tistical comparison. Correlations were tested with Pearson’s
method using the log-transformed data as indicated. All statis-
tical analyses were performed using a computer software pack-
age (Statgraphics Centurion XV, version 15.2.06; Statistical
Graphics Corp, Princeton, New Jersey).

Results

GDM and control subjects were separated into 3 sub-

groups on the basis of the fat mass of their neonates. Age

and pregestational BMI did not differ between women

withGDMand the controls in anyof the subgroups (Table

1). Neonates of control and GDM women were born at

similar gestational age, but values in those that had the

lowest fat mass (ie, , 25th percentile) were born consis-

tently earlier than in the other subgroups. Although there

were no differences in the body weight of neonates be-

tween control and GDM in the total studied population

(3.49 6 0.05 and 3.80 6 0.04 kg, respectively, P . .05),

the body weight of the neonates increased in both control

and GDM subjects in parallel to their fat mass, although

in those from subgroups 2 and 3 (ie, having fat masses

above the 25th percentile), bodyweightswere lower in the

GDM group than in controls. Therefore, although neo-

natal fat mass did not differ between the controls and

GDM groups, its value as a proportion of body weight

progressively increasedas the fatmasspercentile increased

and was significantly higher in GDM than in controls in

the subgroups 2 and 3. Placental weight progressively in-

creased in parallel to the neonatal body weight and was

Table 1. Characteristics of Mothers and Their Offspring.

(n 5 CTR/GDM)

Subgroup 1, Mean 6

SEM
(n 5 23/20)

Subgroup 2, Mean 6

SEM
(n 5 45/40)

Subgroup 3, Mean 6

SEM
(n 5 22/20)

Maternal characteristics
Age, y CTR 29.7 6 1.1 28.9 6 0.8 28.4 6 1.3

GDM 29.1 6 1.1 30.6 6 0.7 31.4 6 0.9
Prepregnancy
BMI, kg/m2

CTR 24.5 6 1.1 25.8 6 0.8 26.6 6 1.3

GDM 26.0 6 1.1 27.5 6 0.8 28.4 6 1.0
Gestational age,
wks

CTR 38.8 6 0.2a 39.7 6 0.2b 40.2 6 0.3b

GDM 38.8 6 0.2A 39.5 6 0.1B 40.0 6 0.2B

Neonatal characteristics
Birth weight, kg CTR 2.91 6 0.06a 3.67 6 0.04b 4.17 6 0.07c

GDM 2.82 6 0.05A 3.41 6 0.04B,d 3.91 6 0.05C,e

Fat mass, g CTR 235 6 15a 428 6 11b 631 6 17c

GDM 228 6 13A 436 6 9B 625 6 12C

Fat mass to birth
weight ratio, g
per 100 g

CTR 7.94 6 0.32a 11.6 6 0.2b 15.1 6 0.4c

GDM 8.00 6 0.31A 12.8 6 0.2B,d 16.0 6 0.1C,f

Placental weight,
g

CTR 574 6 23a 663 6 18b 729 6 27c

GDM 492 6 24A,e 548 6 16B,d 677 6 21C

Females sex, %
(n)

CTR 48% (11) 42% (19) 73% (16)

GDM 50% (10) 50% (20) 45% (9)

Abbreviation: CTR, control pregnancies. Subgroup 1 includes pregnant women and their infants, the neonatal fat mass of whom was below

327 g, corresponding to the 25th percentile; subgroup 2 includes pregnant women and their infants, the neonatal fat mass of whom was

between 327 and 541 g, the 25th and 75th percentiles; and subgroup 3 includes pregnant women and their infants, the neonatal fat mass of

whom was higher than 541 g, the 75th percentile.

A, B, C, Significant differences between subgroups (P , .05), comparisons in the GDM group.

a, b, c, Significant differences between subgroups (P , .05), comparisons in the control group.
d

P , .001, significant difference between control and GDM groups.
e

P , .01, significant difference between control and GDM groups.
f
P , .05, significant difference between control and GDM groups.
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lower in the GDM group than in controls in the 2 sub-

groups at the lower fat mass percentiles (subgroups 1 and

2).

The concentrationof severalmetabolic parameters (ad-

justed for prepregnancy BMI and gestational weeks at

birth) inmaternal serumclose todelivery is shown inTable

2.Maternal serum glucose did not differ between controls

and GDM groups, and values were independent of neo-

natal fat mass.Maternal serum insulin showed a tendency

to be higher in the GDM subgroups than in controls, al-

though thedifferencebetween themwas significantonly in

thosewithneonates at the lowest fatmass percentiles (sub-

group 1). However, the insulin to glucose ratiowas higher

in GDM women than in controls in all 3 subgroups (P ,

.05). Serumconcentrationsof eitherTAGorNEFAdidnot

differ between control andGDMpregnancies, although in

the latter, values of the 2 variables were highest in those

having delivered the newborn with the highest fat mass

(subgroup 3 as compared with subgroups 1 and 2). Over-

all ANGPTL4 concentrations in maternal serum did not

differ betweenGDMandcontrol (39.064.1vs42.363.0

ng/mL, respectively, P . .05), and as shown in Figure 1A,

maternal serumANGPTL4concentrations showednodif-

ference between control and GDM women, but they were

significantly lower in both groupswhen newborns had the

highest fatmass (subgroup 3) than in the other subgroups.

In cord blood serum, glucose values in the total studied

population were higher from GDM than from control

pregnancies (89.062.4 vs 76.362.6mg/dL, respectively,

P , .001); however, when looking at the subgroups, that

differencewas significant only in those newbornswith the

lowest fat mass (subgroup 1; see Table 3). Serum insulin

was consistently higher in cord blood from GDM preg-

nancies than from controls, and whereas values progres-

sively increased as the fat mass of the newborn increased,

the change was statistically significant and more pro-

nounced in GDM subjects than in controls. The insulin to

glucose ratio followed a similar trend to insulin, although

values in the newborns with the lowest fat mass did not

differ between the 2 groups. Cord serum TAG remained

very similar in controls of the 3 subgroups. In GDM preg-

nancies, however, values of cord serumTAGprogressively

decreased as the fat mass of the newborn increased, the

difference from the controls becoming significant in those

with the highest fat mass. Within the groups there was no

difference in the NEFA values recorded in cord blood se-

rum from the 3 subgroups, but values in the GDM group

were significantly higher than those of the control group

from the newborns from the 2 subgroups at the lower

percentiles of the fat mass distribution (subgroups 1 and

2). Overall serum ANGPTL4 concentrations in cord se-

rum were higher in those from GDM than from control

pregnancies (41.4 6 2.8 vs 27.8 6 2.9 ng/mL, P , .001),

and as shown in Figure 1B, the ANGPTL4 concentrations

in cord blood serumwere independent of fatmass in either

control or GDM pregnancies. Nevertheless, in subgroups

1 and 2, the values of ANGPTL4 concentrations in cord

blood serum were higher in newborns of GDM mothers

than in controls (control vs GDM: 25.8 6 3.5 vs 40.5 6

7.0 ng/mL, P , .05, subgroup 1; 27.2 6 2.7 vs 37.0 6 4.9

ng/mL, P , .001, subgroup 2; 33.1 6 4.6 vs 39.4 6 5.9

ng/mL, P . .05, subgroups 3).

Discussion

The metabolic impact of gestational diabetes in fetal de-

velopment, especially in women with well-controlled

Table 2. Metabolic Parameters in Maternal Serum Close to Delivery From Control and GDM Pregnant Women,
Classified by Percentile of Neonatal Fat Mass

Percentile of neonatal FM
(n 5 CTR/GDM)

Subgroup 1,
Mean 6 SEM
(n 5 23/20)

Subgroup 2,
Mean 6 SEM
(n 5 45/40)

Subgroup 3,
Mean 6 SEM
(n 5 22/20)

Glucose, mg/dL CTR 81.9 6 5.0 90.0 6 3.5 94.4 6 5.9
GDM 81.0 6 5.0 80.3 6 3.0 83.0 6 3.4

Insulin, mU/mLa CTR 15.4 6 4.3 17.5 6 2.8 14.2 6 4.8
GDM 30.1 6 5.1b 21.5 6 3.1 22.7 6 4.0

Insulin/Glucose, mU/mga CTR 16.4 6 4.3 20.0 6 2.8 16.6 6 4.9
GDM 31.6 6 6.5b 29.8 6 3.9b 28.2 6 4.5b

Triacylglycerol, mg/dLa CTR 239 6 18 256 6 12 266 6 20
GDM 235 6 19A 248 6 12A 295 6 16B

NEFA, mg/dLa CTR 11.6 6 1.7 8.54 6 1.18 10.4 6 2.0
GDM 6.19 6 0.69A 6.93 6 0.43A 8.75 6 0.56B

Abbreviation: CTR, control pregnancies. CTR, GDM, and subgroups 1, 2, and 3 are described in the legend to Table 1. Data were adjusted by

prepregnancy BMI and gestational age.
a Log transformed skewed data were used for statistical comparisons.
b

P , .05, significant difference between control and GDM groups.

A, B Significant differences between subgroups, P , .05.

tapraid4/zeg-jcem/zeg-jcem/zeg99913/zeg0037-13z xppws S55 6/6/13 16:42 Art: 13-1614 Input-ss

4 Ortega-Senovilla et al ANGPTL4 in Maternal and Cord Serum J Clin Endocrinol Metab

AQ: 6

F1

OK

Please, remove plural of 
subgroups 3



GDM, can bemasked by a normal birthweight. This is the

case with the population in this study, in which there were

no overall differences in birth weight or in neonatal fat

mass between the infants of pregnant women with GDM

and those of the control women (24), probably due to

apparently good glucose control in mothers who had de-

veloped gestational diabetes. However, a more detailed

analysis reveals that in a population of newborns of nor-

mal orhigher fatmass (ie, above the25thpercentile), those

of GDM mothers with normal serum glucose values, had

a higher fat mass as a proportion of body weight than did

controls. This observation is important because, nor-

mally, women with well-controlled GDM have been

found to have newborns with normal body weight, and

little attention has been paid to their body composition.

The higher fat mass to birth weight ratio found here in

neonates of GDM mothers suggests that the metabolic

disturbances resulting from the development of GDM in

pregnant women primarily affects the growth of fetal ad-

ipose tissue.

In our study the differences between the accretions of

neonatal fat mass were not explained by differences in the
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Figure 1. Maternal (A) and cord serum (B) concentrations of ANGPTL4 in control and GDM pregnant women and their neonates classified by

percentile of neonatal fat mass. Maternal parameters were adjusted by prepregnancy BMI and gestational age; cord serum parameters were

adjusted by prepregnancy BMI, gestational age, and sex of the neonate. Asterisks indicate significant differences between control and GDM

groups (*, P , .05; **, P , .01; ***, P , .001). Different superscripted upper-case letters indicate significant differences between cord and

maternal serum in the control group (P , .001); different superscripted lower-case letters indicate significant differences between the cord and

maternal serum in the GDM group (P , .001). Open bars, Data from control subjects; filled bars, data from GDM subjects. All values are mean 6

SEM. (1), log transformed for statistical comparisons.

Table 3. Metabolic Parameters in Cord Serum From Control and GDM Pregnant Women, Classified by Percentile
of Neonatal Fat Mass

Percentile of Neonatal FM
(n 5 CTR/GDM)

Subgroup 1,
Mean 6 SEM
(n 5 23/20)

Subgroup 2,
Mean 6 SEM
(n 5 45/40)

Subgroup 3,
Mean 6 SEM
(n 5 22/20)

Glucose, mg/dL CTR 69.5 6 5.8 79.2 6 4.2 79.4 6 7.1
GDM 92.9 6 4.6a 87.8 6 3.2 87.2 6 4.0

Insulin, mU/mLb CTR 3.46 6 0.87 4.94 6 0.64 5.49 6 1.09
GDM 4.97 6 1.22c,A 8.8 6 0.84B,d 11.4 6 1.1C,d

Insulin to glucose ratio, mU/mgb CTR 6.15 6 1.33 6.76 6 0.97 7.58 6 1.67
GDM 5.55 6 1.48A 10.2 6 1.0B,d 13.3 6 1.3C,d

Triacylglycerol, mg/dLb CTR 39.1 6 2.6 37.2 6 1.9 37.5 6 3.2
GDM 51.6 6 3.9A 40.1 6 2.7B 29.6 6 3.6c,C

NEFA, mg/dLb CTR 2.62 6 0.35 3.10 6 0.26 3.03 6 0.42
GDM 3.86 6 0.51c 4.36 6 0.33a 3.72 6 0.43

Abbreviation: CTR, control pregnancies. CTR, GDM, and subgroups 1, 2, and 3 are described in the legend to Table 1. Data were adjusted by

prepregnancy BMI, gestational age, and gender of neonate.
a

P , .01, significant differences between control and GDM groups.
b Log-transformed skewed data were used for statistical comparisons.
c

P , .05, significant differences between control and GDM groups.

A, B, C Significant differences between subgroups (P , .05), comparisons in the GDM group.
d

P , .001, significant differences between control and GDM groups.
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concentration of glucose or insulin in the serum of preg-

nant women. The exception is that higher insulin concen-

trations were found in the serum of the GDM mothers of

the smallest newborn infants (subgroup 1), suggesting a

role of their poorly controlled diabetic condition in the

impairment of normal fetal growth; otherwise, there were

no differences observed in maternal glucose and insulin

concentrations between control and GDM mothers in the

population under study.

We also observed that in the serum of both control and

GDM pregnant women, close to delivery, the concentra-

tion of an extracellular inhibitor of LPL activity, ANG-

PTL4, decreased significantly in women whose neonates

hada fatmassabove the75thpercentileof the total studied

population. In the case of the GDM women but not of

controls, these variations were accompanied by a signifi-

cant increase in maternal concentrations of TAG and

NEFA. These results might seem contradictory because,

although not previously studied in humans, a decrease in

the concentration of ANGPTL4 has been associated in

mice with increased LPL activity and with consequent in-

creased VLDL catabolism, which would cause a decrease

in the concentration of serum TAG (18, 19, 27). In hu-

mans, however, during late pregnancy LPL activity in ad-

ipose tissue is already very low for several other reasons

(including insulin resistance, placental hormones, etc)

(28), resulting in the possibility that in these circumstances

such low concentrations of ANGPTL4 would have little

effect on the already low activity of adipose LPL. It is

possible that the reduction of ANGPTL4 could be a way

of increasing the transfer of lipids to the fetus. The increase

in maternal TAG takes place during the third trimester of

pregnancy (29, 30), and the concomitant increase in pla-

cental LPL (9) facilitates the use of maternal lipoprotein

TAG as a source of fatty acids for the growing fetus. This

is plausible because LPL activity is regulated throughout

pregnancy in a tissue-specific manner according to meta-

bolic demands to ensure the supply of the appropriate

amounts of fatty acids to the fetus (20).

It is possible that the enhanced activity of LPL in the

placenta at this late stage of pregnancy is facilitated by the

reduction of ANGPTL4 in maternal circulation found

here. Togetherwith the increased concentrations ofNEFA

andTAG inmaternal circulation at this stage, LPL activity

actively contributes to the enhanced availability of fatty

acids in the fetus. This view is consistent with the reported

positive correlationofplacentalLPLactivitywith fetal size

or fat depots in the fetus in pregnancies complicated with

either type 1 diabetes or intrauterine growth restriction

(9). It must be pointed out that the expression of ANG-

PTL4 is relatively ubiquitous (31), the liver having been

suggested to be themain source of plasmaANGPTL4 (31,

32). However, ANGPTL4 has also been shown to be an

endocrine factor (33), and therefore, it is proposed that the

changes in its concentrations in maternal serum described

here may result in the effects on placental LPL activity

reported here.

When analyzing cord serum, we found that, in infants

with the most body fat, the concentration of TAG in cord

serumwas significantly lower than in those with less body

fat but onlywhen theirmothers hadGDM.These findings

would be consistent with an increase in the catabolism of

fetal VLDL by a higher LPL activity in adipose tissue in

these fetuses. However, cord serum concentrations of

ANGPTL4 were similar in the 3 subgroups of GDM ne-

onates studied, and no correlation between ANGPTL4

concentrations and circulating TAG concentrations was

found. It is therefore suggested that ANGPTL4 did not

have a major impact on the overall accumulation of TAG

in fetal adipose tissue and that fetal adipose tissue LPL

activity probably would be controlled mostly by circulat-

ing insulin, the concentration of which was especially el-

evated inGDMmotherswith infants having thehighest fat

depots (ie, subgroups 2 and 3).

This is the first time that the concentrations of ANG-

PTL4 in maternal and cord serum in control and GDM

pregnancies have been reported. In humans, ANGPTL4 is

highly expressed in liver, but detectable amounts of its

transcripts are also present in adipose tissue and in pla-

centa (13, 17). However, the contribution of the latter

tissues to the ANGPTL4 pool present in the maternal or

fetal circulation is probably not significant because the

heaviest placentas in our study were in those mothers of

newborns with the highest body weight and fat mass, in

which thematernal circulating ANGPTL4 concentrations

were the lowest and the cord blood serum values were

unchanged.Moreover, the concentration of ANGPTL4 in

cord blood serum in the 2 subgroups of neonates with the

lowest fat masses was higher in the GDM group than in

controls despite the fact that the weight of the placenta

being lower in the GDM group. The lower placental

weights in the GDM women could be the result of their

higher insulin resistance because a negative correlation

between placental weight and insulin resistance has been

reported previously in GDM pregnancies (34). Thus, ei-

ther the liver or adipose tissue seems to be responsible for

the changes found in serum ANGPTL4 concentrations in

mothers and their newborns, although the relative contri-

butions of those tissues may differ.

Paradoxically, the higher proportion of fat mass in

GDM newborns was associated with higher concentra-

tions of ANGPTL4 in cord blood, the change being sig-

nificant in subgroups 1 and 2. This finding contrasts with

the reported increases of this protein in serum associated
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with decreased LPL activity (19). However, the physio-

logical roles of angiopoietin-like proteins in humans have

been inferred largely from studies in mice, and results

found in animals may not apply directly to the human

situation. In rodents fat mass is very low at birth, and

maturation of this tissue occurs during the postnatal pe-

riod (2). In human fetuses fat deposition increases expo-

nentially over the final third of gestation, reaching the

highest rate of accretion just before term (35). Increases in

umbilical cord insulin concentrations have been found in

fetuses of obese pregnant women whose offspring had

normal birthweights but increased neonatal fatmass (21).

In our study, neonates of GDM mothers who had an aug-

mented fat mass as a proportion of birth weight were also

hyperinsulinemic; it is proposed that the anabolic effect of

insulin contributed to their increased fatmass proportions

and overrode the potential effects of their higher ANG-

PTL4 concentrations.

In summary, the present findings indicate that de-

creased concentrations of the LPL inhibitor ANGPTL4,

found at term in both nondiabetic and well-controlled

GDM women whose newborn infants had high fat mass,

couldbe related toan increasedplacental transfer of lipids.

Increases in maternal TAG concentrations in GDM

women whose newborns had the highest fat mass corre-

sponded to the lowest TAG concentrations in cord serum.

This steeper maternofetal TAG gradient could also have

been facilitating a greater fatty acid placental transfer that

would contribute to the higher fetal fat accumulation.

Newborns of GDM mothers have the lowest TAG con-

centrations, the highest fat mass to bodyweight ratio, and

the highest concentrations of insulin. Because these

changes in newborns fromGDMmothers appeared in the

absence of any differences inANGPTL4 concentrations, it

is proposed that the potential inhibitory effect of this pro-

tein on their adipose tissue LPL activity was overcome by

their hyperinsulinemia.
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