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Abstract Aims/hypothesis: Non-esterified fatty acids are
implicated in the pathogenesis of gestational (GDM) and
type 2 diabetes. We examined the relationship between
NEFA dynamics, insulin resistance and beta cell dysfunc-
tion in women with GDM in late pregnancy and postpar-
tum. Methods: A total of 19 Caucasian women with GDM
and 19 healthy pregnant women matched for BMI and age
underwent an IVGTT in the third trimester and 4 months
postpartum, deriving values for insulin sensitivity (SI),
insulin secretion (AIRg) and disposition index (DI). NEFA
levels were measured serially. Results: In pregnancy, the
GDM women had similar SI but reduced AIRg and DI
compared with control subjects. The GDM group demon-
strated significantly slower NEFA suppression, which was
attributable to the GDM women who required insulin
during pregnancy (n=7) and who had markedly reduced
AlIRg and Kngera (NEFA disappearance constant) compared
with their matched controls. In contrast, GDM subjects not
requiring insulin (z=12) had similar NEFA suppression
curves and AIRg to control subjects. Postpartum, GDM
subjects demonstrated reduced SI and DI. The impaired
suppression of NEFA persisted postpartum, but again only
in the subgroup of GDM subjects who had required insulin
during pregnancy. Furthermore, Kygpa correlated with
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AIRg and DI in both states, but not with SI. Conclusions/
interpretation: Impaired NEFA suppression occurs in GDM
subjects both in late pregnancy and postpartum in response
to IVGTT-induced endogenous insulin secretion. The im-
paired NEFA suppression is present in GDM women with
the most severe beta cell dysfunction (who had required
insulin during pregnancy) and is related to their insulin
secretory dysfunction rather than their reduced SI.

Keywords Beta cell dysfunction - Gestational diabetes -
Insulin resistance - Non-esterified fatty acids - Pregnancy

Abbreviations AIRg: acute insulin response - DI:
disposition index - GDM: gestational diabetes - Kg: glucose
disappearance constant - Knygra: NEFA disappearance
constant - Kngra/vs: NEFA disappearance constant/insulin
release 0 to 40 min - SI: insulin sensitivity

Introduction

Gestational diabetes (GDM) is associated with adverse
maternal and perinatal outcomes, and carries an increased
risk for the mother of subsequently developing type 2
diabetes [1]. The pathophysiology of GDM is thought to
involve a combination of increased insulin resistance and
beta cell dysfunction. Insulin secretion is low for the level
of insulin resistance, i.e. reduced disposition index (a
measure of insulin secretion corrected for the prevailing
insulin resistance) [2]. These defects persist postpartum
[3, 4].

Fasting NEFA levels during pregnancy are known to
correlate with insulin resistance as measured by a hy-
perinsulinaemic clamp [5]. This has led to the suggestion
that, chronically, they may have an impact on insulin
resistance in pregnancy [6]. GDM women have demon-
strated abnormalities in lipid metabolism in addition to
their glucose intolerance, e.g. elevated fasting NEFA levels
compared with normoglycaemic controls [7] and impaired
suppression of NEFA during an acute exogenous insulin
infusion [5]. Elevated NEFA levels are also implicated in
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the pathogenesis of type 2 diabetes and are an independent
predictor of the development of type 2 diabetes in at-risk
populations [8]. Acute and chronic NEFA infusion reduces
insulin-stimulated glucose uptake [9]. The effect of NEFA
on insulin secretion is less clear, with both enhancement
[10, 11] and inhibition [12, 13] reported. A recent study
highlighted the susceptibility of the beta cell to NEFA in
subjects genetically predisposed to diabetes, adding further
weight to the role of NEFA in the development of type 2
diabetes [10]. As former GDM subjects are at high risk of
diabetes, they represent an ideal population to study the
relationship between NEFA abnormalities and early defects
in insulin secretion and action.

We sought, therefore, to test the following: (1) whether
NEFA dynamics were different in GDM compared with in
control subjects, in and out of pregnancy, and (2) whether
these differences could be related to the known defects in
insulin secretion and action in GDM subjects. To this end
we employed the frequently sampled IVGTT in the third
trimester and 4 months postpartum in GDM women and in
healthy pregnant women matched for BMI and age to
assess NEFA dynamics after the glucose load.

Methods

Subjects Subjects were recruited from the obstetric clinics
of the Mercy Hospital for Women and the Box Hill and
Werribee Mercy Hospitals in Melbourne, Victoria, Aus-
tralia. Nineteen women with GDM as diagnosed by the
Australasian Diabetes in Pregnancy Society criteria [14] at
their 28-week OGTT (75-g OGTT: fasting glucose >5.5
mmol/l; 2-h glucose >8.0 mmol/l) were recruited. All were
negative for glutamic acid decarboxylase antibodies, ex-
cept one subject who had a normal OGTT postpartum.
Nineteen control women, pair matched for BMI (+4 kg/
m?) in the third trimester and age (£4 years), and with no
first-degree relative with diabetes and no history of poly-
cystic ovarian syndrome or GDM, were also recruited.
Subjects were studied in the third trimester of pregnancy
(mean of 34 weeks gestation) and 4 months postpartum.
An additional GDM subject and a matched control subject
were studied postpartum, as this GDM subject refused
testing during pregnancy (therefore n=20 for the postpar-
tum studies). Of the 40 subjects, 37 were Caucasian and
three had Mediterranean background. Eighteen of the 20
control subjects breastfed postpartum, compared with 14
of the 20 GDM subjects. Six control women were taking
the progesterone-only pill, and one was taking the com-
bined contraceptive pill; of the GDM women, four were
on progesterone-only preparations and one was on the
combined pill. These differences were not statistically
significant. The studies were approved by the Research
and Ethics Committees of the hospitals involved, and all
subjects gave informed written consent.

Experimental design At 28 weeks of gestation, and 6-9
weeks postpartum, the women underwent a fasting stan-
dard 75-g OGTT. For the IVGTT the women fasted from

22.00 hours, having consumed three meals of more than
40 g carbohydrate the day previously. The subjects on an
evening dose of intermediate-acting insulin during preg-
nancy (n=6; Protaphane, Novo Nordisk, Denmark) were
instructed to take two-thirds of their normal evening dose,
as, for ethical reasons, we did not feel justified in omitting
their evening insulin dose. A residual of that evening dose
may have still been present the next morning, but should
not have affected the calculation of insulin sensitivity or
secretion by Minmod [15]. On arrival, the subjects were
weighed and rested in a bed or chair, and a vein in the
antecubital fossa was cannulated (Insyte 18 gauge; Becton
Dickinson, Sydney, Australia). In the postpartum studies,
WHR and percentage fat by bioimpedance were also
measured. After resting, fasting blood was taken, and then
0.3 g/kg of 50% dextrose was diluted by adding half saline
and administered intravenously over 1 min [16]. A max-
imum dose of 20 g was used during pregnancy (in order to
avoid overestimation of the glucose dose based on a late
pregnancy weight), and 25 g was the maximum dose
postpartum, which achieves maximal beta cell stimulation
[17]. Samples were drawn from the same cannula at 2, 3,
4,6, 8, 10, 15, 20, 30, 40, 60, 75, 90 and 120 min, with
flushing of the cannula with 3 ml of normal saline between
each draw [16]. Samples were placed into pre-chilled
tubes containing 4% sodium fluoride, 50 pl/ml blood (for
glucose and insulin) or EGTA and reduced glutathione (for
NEFA). They were then centrifuged within 40 min and
stored at —20°C until time of assay.

Methods Plasma glucose was analysed by a glucose
oxidase method employing a YSI 1500 Sidekick analyser
(Yellow Springs Instrument Company, Yellow Springs,
OH, USA), CV 2.4%. Insulin was measured with a ra-
dioimmunoassay [18], with less than 1% cross reactivity to
proinsulin. Insulin antibodies were not present in any
sample. The interassay CVs are 8.7% at insulin level 6
mU/1, 4.3% at 20 mU/I and 3.5% at 30 mU/l. NEFA were
measured using a Wako colorimetric kit (Wako Pure
Chemicals, Osaka, Japan), with interassay CVs of §, 11
and 13% for NEFA levels 1.2, 0.7 and 0.1 mmol/l re-
spectively. Acute insulin response (AIRg) and insulin
sensitivity (SI) were calculated using Minmod [15]. Dis-
position index (DI) is the product of SI and AIRg and
represents an assessment of insulin secretion corrected for
the prevailing insulin sensitivity [2]. Kg (glucose dis-
appearance constant) is the absolute value of the slope of
the regression line relating the natural log of glucose lev-
els to time 10—40 min, multiplied by 100. The AUC for
insulin 40—-120 min and for NEFA 60-120 min was cal-
culated using the trapezoid method. Our frequently sam-
pled IVGTTs only continued for 120 min for the comfort
and social needs of the women, so the basal values for
glucose and insulin were used to create a 180-min time
point. This methodology has been shown to be valid in
insulin-sensitive individuals [19]. To confirm its validity
in insulin-resistant subjects, ten subjects were tested be-
fore and after induction of severe insulin resistance by ad-
ministration of dexamethasone [20]. Comparable SI values



were estimated with the extrapolated or actual 180-min
data points, both in the pre- (»=0.96, p<0.001) and post-
(+=0.98, p<0.001) dexamethasone studies (mean differ-
ences: —0.1440.17 [mU/I] 'x107*, and —0.10+0.14 [mU/I] 'x
10~%) and there was no error bias.

Knera (NEFA disappearance constant) was calculated
as the slope of the regression line relating the log, of
NEFA levels to time 1540 min, multiplied by 100. NEFA
levels do not begin to decrease until at least 10 min, and
they reach a nadir between 40 and 90 min. The period 15—
40 min was therefore selected as being the most rep-
resentative of the decay of NEFAs; log NEFA 15-40 min
is linear.

The NEFA suppression per unit of insulin secreted was
also calculated as an insulin-corrected parameter, Kngra/ins,
based on observations that insulin suppression of lipolysis
is linear over the insulin dose range of 0—40 mU/I [21, 22],
and that interstitial concentration of insulin is within this
range in the first 40 min of a 0.3-g/kg glucose IVGTT (the
concentration of insulin in the interstitial fluid being the
actual signal for a cellular insulin-dependent event) [23].

KNEFA/INS =
KNEFA / the incremental AUC for insulin 0 to 40 min

X (min*l -mU™" . 1).

Statistical analysis During pregnancy and postpartum,
parameters of the GDM and control groups were compared
using paired #-tests with normalisation of data by transfor-
mation where appropriate. NEFA suppression was analysed
by comparison of the linearised log NEFA levels from 15 to
40 min, using regression to test for differences in the slopes
of GDM and control subjects. The linearised log glucose
levels (i.e. Kg) were tested in a similar way. To identify
metabolic parameters associated with Kygpa, Spearman
correlations were used. Then, to address the question of
whether these associations were different in GDM and
control subjects, regression was performed on the trans-
formed normalised data to look for a difference in the slopes
of the relationships between these groups. In addition,
multiple regression, with transformation and normalisa-
tion of the data where appropriate, was used to determine
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the independent predictors of Kygra. In order to identify
differences between the insulin- and diet-treated GDM
subjects and their matched control subjects, and between
the two, Wilcoxon signed rank tests were used (because
of the smaller numbers involved) with the Bonferroni
correction applied due to the dual analysis of data (there-
fore p<0.025 for these analyses). The statistical software
used was Minitab (Release 13; Minitab, State College,
PA, USA) and Stata (version 8.02; StataCorp, College
Station, TX, USA). Data are expressed as means (SD),
or medians (interquartile range) for non-parametric data.
A p value of less than 0.05 was considered significant.

Results
Studies in late pregnancy

Baseline characteristics The two groups were well
matched for BMI and age (Table 1).

Insulin sensitivity and secretion Results are shown in
Table 2. The GDM subjects had similar SI to the control
group. Their AIRg was significantly reduced, indicating a
reduction in beta cell function of almost 45%. SI was not
significantly associated with fasting NEFA (r=—0.29, p=
0.08) but was inversely associated with the minimum sup-
pressed NEFA level (=—0.34, p=0.03).

NEFA suppression Results are shown in Fig. 1a. Regression
analysis of the multiple-sampled NEFA curves demon-
strated a significant difference between GDM and control
subjects over time (p<0.01), with GDM subjects having
slower suppression of NEFA. The Kngra/mns Was similar in
the two groups, indicating equivalent NEFA disappearance
per unit rise of insulin released (Table 2).

In order to address our second aim, of identifying the
metabolic factors associated with Kygra, we performed
univariate correlations in all subjects. Knygpa Was corre-
lated with measures of insulin secretion (AIRg: »=0.45, p=
0.004, DI: r=0.60, p<0.001), adiposity (BMI: r=—0.38,
p=0.01) and glucose tolerance (Kg: r=0.46, p=0.003,
fasting glucose in OGTT: =—0.56, p=0.01). In contrast,
KNepa Was not significantly associated with SI (7=0.29,
p=0.09). With linear regression, with Kygga as the de-

Table 1 Baseline characteris-

tics of the control and GDM Pregnancy Postpartum

subjects including glucose lev- Control n=19 GDM n=19 Control n=20 GDM n=20
els during OGTT (at 28 weeks

gestation and 6 weeks Age (years) 33+4 33+5 33+4 33+5

postpartum) No. of nulliparous women 6

BMI (kg/m?)

32.3 (26.5-34.8) 30.7 (26.5-37.1)

11

26.8 (22.6-33.0) 27.2 (22.8-32.9)

% fat 38.0 (29.4-42.4) 36.2 (29.5-42.7)
WHR - - 0.79 (0.76-0.81) 0.80% (0.77-0.85)
Data are presented as means+SD ~ Breastfeeding (number) - - 18 14
or medians (interquartile range) ~ Smokers (number) 1 4 1 4
as appropriate Fasting glucose (mmol/l) 4.5 (4.2-4.8)  5.6° (4.5-6.7) 45 (4.2-47)  5.1° (4.5-5.5)
p=0.03, GDM vs controls 2-h glucose (mmol/l) 57(52-63)  88°(82-9.9) 53 (4357 62 (5.8-8.1)

p<0.01, GDM vs controls
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Table 2 Fasting plasma levels and dynamic IVGTT parameters in the control and GDM women

Pregnancy Postpartum

Control n=19 GDM rn=19 Control n=20 GDM n=20
Fasting plasma glucose (mmol/l) 4.5 (4.14.8) 4.5 (4.14.7) 4.8 (4.6-5.1) 4.7 (4.6-54)
Fasting plasma insulin (mU/1) 12.8 (6.4-14.7) 11.5 (9.2-15.4) 6.6 (5.6-10.1) 7.3 (5.5-11.0)

Kg (min 'x107%)

AIRg (mU- "'min ")

SI (min 'mU™"1)

DI (AIRgxSI)

AUC insulin 40-120 min (mU-I""'min ")
Fasting NEFA (mmol/l)

KNEra (minil)

Minimum suppressed NEFA (mmol/l)
Kneramns (min”mU ™ 1'min~'x10%)
AUC NEFA 60-120 min (mmol-l "'min "'

1.59 (1.47-2.04)
3.75 (2.09-5.35)

1,024 (735-1,698)
0.518 (0.389-0.627)
2.58 (1.71-3.07)
0.215 (0.117-0.288)
0.99 (0.64-2.02)
18.8 (13.4-22.5)

1.28% (1.01-1.47)
717.0 (537.0-1,007) 412.7* (249.1-551.6)
424 (2.17-5.81)
2,846 (2,089-4,197) 1,725 (671-2,980)
1,446 (1,050-1,810)
0.561 (0.445-0.638)
1.66* (1.03-2.31)
0.228 (0.176-0.351)
1.34 (0.92-2.02)
19.3 (13.2-27.2)

2.63 (1.87-3.00)
358.0 (241.3-645.0)
13.00 (7.41-19.45)
5,125 (3,280-6,307)

623 (433-815)
0.525 (0.394-0.665)

3.75 (3.46-4.97)

0.1195 (0.071-0.171)

5.48 (0.32-0.71)

19.8 (13.4-24.1)

1.55% (1.28-2.13)
274.0 (119.5-429.2)
9.55% (3.64-14.15)
1,995% (1,360-3,320)
845 (523-1,407)
0.445 (0.401-0.562)
3.04% (2.03-4.40)
0.104 (0.078-0.163)
4.84 (2.40-7.15)
11.9 (8.2-17.1%

Data are shown as medians (interquartile range)

2p<0.025 for GDM vs control subjects in either the pregnancy or postpartum tests

pendent variable, there were no significant differences be-
tween these associations in GDM and control subjects.
Multiple regression of the above factors (insulin secretion,
adiposity and glucose tolerance) and Kygra in all subjects
revealed that in the best model, DI (p=0.03) was the only
independent predictor (R*=41.0%, p<0.001).

Insulin- and diet-treated GDM subjects vs control subjects
Results are shown in Table 3 and Fig. 1b, c. To further ex-
plore the relationship between insulin secretion and NEFA
suppression, we divided the GDM women into two groups:
those who required insulin treatment for their diabetes (n=7;
as decided by their treating clinicians, based on 2-h post-
prandial capillary glucose levels of above 6.5 mmol/l) and

Fig. 1 NEFA suppression dur- -
ing pregnancy (a—c) and post- a - 080 «— Control d - 0.80
partum (d—f) in GDM (o) and = 060 = 0.60
control (#) subjects in the whole g ’ g :
group (a, d), in insulin-treated € 040 g 0.40
GDM vs matched control sub- - :t/ :
jects (b, e) and in diet-treated é o
GDM vs matched control sub- o 020 = 0.20
jects (c, ) Z Z
0.00 , , 0.00
-10 30 70 110
Min
b _ 080 7 e _
S 0.60 =
: g
= 040 g
<
B 020 2
Z Z
0.00 , , ‘
cC - f _. 0380
E ?é 0.60
) E 040
< <
o & 020
Z Z

0.00 -
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Table 3 IVGTT results comparing insulin- and diet-treated GDM with their matched control subjects

Insulin-treated GDM subjects

Control subjects

Diet-treated GDM subjects ~ Control subjects

n=7

35.1% (33.2-37.8)
1.18 (0.88-1.51)
256 (158-380)
4.12 (1.24-5.26)
632% (363-1,565)
1.06" (1.52-0.63)
n=8

30.1 (26.0-33.2)
1.35 (1.08-1.60)
176 (101-323)
9.64 (3.81-13.15)
1,550 (1,140-2,345)
2.01% (1.29-2.87)

In pregnancy n=7
BMI (kg/m?)

Kg (min 'x107%)
AIRg (mU- "'min ")
SI (min~'mU™"1)
DI (SIxAIRg)

Kngpa (min 'x107%)
Postpartum

BMI (kg/m?)

Kg (min 'x107%)
AIRg (mU- "'min ")
SI (min"'mU™"1)

DI (SIxAIRg)
Kngra (min”'x107%)

n=8

33.5 (32.3-34.8)
1.53 (1.39-1.89)
984° (832-1,579)
3.25 (1.80-3.78)
2,846 (2,089-3,202)
2.83% (3.22-2.27)

29.9 (23.3-33.7)
2.33° (1.82-3.02)
508° (326-842)

8.16 (6.73-14.05)
5,160° (3,110-6,080)
3.70° (3.56-4.88)

n=12

26.9 (25.5-32.0)
1.37 (1.22-1.49)
500 (395-817)

4.37 (2.39-6.12)
2,664 (1,624-3,402)
2.07 (3.17-1.50)
n=12

24.6 (22.2-32.4)
1.95 (1.45-2.63)
312 (196-609)

6.77 (3.39-16.40)
2,490 (1,840-5,490)
4.24 (3.52-5.43)

n=12

27.8 (25.7-34.6)

1.8 (1.49-2.29)

631 (487-858)

5.07 (3.15-7.74)
3,387 (2,311-4,350)
2.10 (3.02-1.48)
n=12

25.1 (22.5-33.0)
2.77 (2.10-3.00)
247 (233-361)
16.60° (11.60-20.80)
5,010 (3,670-6,330)
4.03 (3.25-4.97)

?p<0.01 for insulin-treated GDM subjects vs diet-treated GDM subjects
5p<0.025 for GDM vs control subjects in each subgroup in pregnancy or postpartum

those who did not (n=12). The insulin-treated GDM women
had markedly reduced AIRg (by ~75%) compared with
their matched control subjects. In contrast, this was not
evident in the diet-treated GDM group. The NEFA
suppression of the insulin-treated group was also markedly
reduced (Fig. 1b), whereas the NEFA suppression of the
diet-treated GDM subjects was similar to that of their
matched control subjects (Fig. 1¢). The overall difference in
NEFA kinetics observed between GDM and control groups
was therefore due solely to the GDM subjects who required
insulin in pregnancy and had the severest deficiency in
AlRg.

Studies postpartum

Baseline results In the GDM group postpartum, one sub-
ject had diabetes at the 6-week OGTT and four had IGT;
the remainder had NGT.

Insulin sensitivity and secretion Results are shown in
Table 2. Former GDM women had defects in insulin se-
cretion and action, with significantly lower SI and DI, and
higher IVGTT insulin AUC from 40 to 120 min than their
control counterparts.

NEFA suppression Results are shown in Fig. 1d. Regres-
sion analysis of the NEFA values from 15 to 40 min
demonstrated a significant difference between GDM and
control subjects over time (p<0.01), with GDM subjects
having slower suppression of NEFA.

Once again, to determine which metabolic factors were
associated with Kygpa, univariate analysis revealed that
postpartum Kygpga correlated with measures of insulin se-
cretion (AIRg: =0.48, p=0.002, DI: »=0.53, p<0.001) and
glucose tolerance (Kg: =0.45, p=0.004, fasting glucose

OGTT: r=-0.37, p=0.02), but not with SI (+=0.07,
p=0.67) or BMI (=-0.001, p=0.99). Apart from the re-
lationship between Kygra and (I,)fasting glucose OGTT
(»p=0.002), linear regression with Kygra as the dependent
variable revealed no differences in these associations
between control and GDM groups. Multiple regression of
Kngera (including measures of insulin secretion, adiposity
and glucose tolerance as dependent variables) for all sub-
jects revealed the independent predictors were (1,)AIRg
and (I,)fasting OGTT glucose (R?>=31.4% for this model,
p<0.001).

Insulin- and diet-treated GDM subjects vs control subjects
Results are shown in Table 3. The former insulin-treated
GDM subjects had significant reductions in AIRg and dis-
position index, but not in SI, compared with their matched
control subjects.

The NEFA suppression curves of the former insulin-
treated GDM subjects vs their matched control subjects are
illustrated in Fig. le. Again, the subjects requiring insulin
were responsible for the reduced NEFA suppression of
the overall GDM group. When the NEFA suppression of
the former GDM women with NGT (rn=15) was exam-
ined, the GDM women did not have significantly different
NEFA suppression (GDM: Kygpa 3.65+0.46 vs control:
3.89:+0.25 min '). Of note, all but one of the GDM sub-
jects with impaired glucose handling were insulin treated,
thus the GDM group with NGT was very similar to the
diet-treated GDM group.

Finally, we noted that, postpartum, the late rebound of
NEFA (>40 min post glucose load) was slower in the
GDM subjects (Fig. 1d-f), with a reduced AUC for NEFA
60—120 min (Table 2). In addition, NEFA AUC (60-120
min) correlated with insulin AUC (40—120 min) (»=—0.56,
»<0.001) in all subjects.
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Discussion

We have characterised the carbohydrate and lipid defects
in a group of GDM women compared with BMI-matched
healthy women, both in pregnancy and postpartum.

The novel finding of this study is that, in GDM subjects,
impaired NEFA suppression to endogenous insulin secre-
tion occurred in pregnancy and persists postpartum. This
defect of NEFA suppression was limited to the GDM
subjects with the most severe defect in endogenous insulin
secretion, which was underscored by Kygga correlating
with measures of insulin secretion rather than insulin re-
sistance. Previous studies have demonstrated impaired
NEFA suppression to exogenous insulin in a clamp sit-
uation among pregnant GDM subjects [5, 24], which
presumably represents resistance to the anti-lipolytic action
of insulin on the adipocyte. In our subjects, Kygpa nor-
malised to the amount of insulin secreted (Kngra/ns) Was
not different between GDM and control subjects in preg-
nancy or postpartum, which supports the importance of
insulin secretion in determining NEFA suppression.

Insulin treatment was used as a marker of the magnitude
of the beta cell deficiency in the pregnant women (although
we acknowledge that the decision to commence insulin
also depends upon patient dietary compliance), which was
confirmed by the postpartum OGTT results where four
of the five women with IGT had required insulin during
pregnancy. Comparison of the metabolic characteristics
of'the insulin-treated and diet-treated subgroups shows that
it is the difference in AIRg, and not in SI, that accounts for
the difference in NEFA suppression. This is highlighted in
the postpartum data, where the diet-treated GDM subjects
had similar NEFA suppression to their control counterparts,
despite having a significantly reduced SI.

Subjects were deliberately pair matched for age and BMI
in order to identify defects that were independent of total
body adiposity. Previous studies have employed statistical
adjustments of SI and AIRg to BMI [3]. Given that the
BMI is higher in GDM subjects, and adiposity is a risk
factor for GDM [25] and type 2 diabetes, matching subjects
for BMI and adiposity may remove the metabolic differ-
ences between our study populations. Nevertheless, our
data still show significant differences in SI and AIRg
between the groups, even when the data are adjusted for the
higher central adiposity (WHR) in our GDM subjects.

Finally, the GDM subjects postpartum demonstrated
lower NEFA levels after 40 min and a slower return to basal
fasting NEFA levels, with a significantly reduced AUC
from 60 to 120 min. This has been observed previously [3],
and may be due to higher insulin levels (as expressed by
insulin AUC for 40—120 min, and suggested by the positive
correlation between insulin AUC and NEFA AUC), in the
former GDM subjects in the latter part of the IVGTT.

In conclusion, we have documented abnormal NEFA
suppression to endogenously secreted insulin in GDM
subjects with significant beta cell dysfunction. The abnor-
mal NEFA suppression persisted postpartum in the most
insulin-deficient GDM subjects, which was independent
of SL.
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