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Increased plasma leptin in gestational diabetes
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Abstract

Aims/hypothesis. Insulin resistance as well as marked
changes in body weight and energy metabolism are
associated with pregnancy. Its impact on plasma lep-
tin is not known and was determined in this longitudi-
nal study in both diabetic and normal pregnancy.
Methods. At 28 gestational weeks plasma concentra-
tions of leptin and B-cell hormones were measured
at fasting and after an oral glucose load (OGTT:75
g) in women with gestational diabetes and pregnant
women with normal glucose tolerance and compared
with women who were not pregnant (C).

Results. Plasma leptin (ng/ml) was higher (p < 0.001)
in women with gestational diabetes (24.9 + 1.6) than
in women with normal glucose tolerance (18.2 + 1.5)
and increased in both groups when compared with
the non-pregnant women (8.2 = 1.3; p < 0.0005). No
change in plasma leptin concentrations was induced
by OGTT in any group. Basal insulin release was
higher (p < 0.05) in women with gestational diabetes
compared with the pregnant women with normal glu-
cose tolerance. Marked insulin resistance was con-
firmed by a 20% lower (p < 0.05) insulin sensitivity
in subgroup analysis and a decrease of almost 40 %
in fasting glucose/insulin ratio (p < 0.005) in women

with gestational diabetes. Leptin correlated in wom-
en with gestational diabetes with basal plasma con-
centrations of glucose (p < 0.02), insulin (p < 0.004)
and proinsulin (p <0.01) as well as with BMI
(p <0.001) and overall pregnancy induced maternal
weight gain (p < 0.009). With normalisation of blood
glucose 8 weeks after delivery in women with gesta-
tional diabetes their plasma leptin decreased
(p <0.0005) to 17.3 + 1.9 ng/ml but did not complete-
ly normalize (p < 0.05 vs non-pregnant women).
Conclusion/interpretation. Our data show that wom-
en with gestational diabetes without any change in
plasma leptin upon oral glucose loading have in-
creased plasma leptin concentrations during and after
pregnancy, a clear association of plasma leptin with
the respective concentration of glucose and insulin
resistance as well as with changes in body weight,
and a failure to normalize spontaneously BMI to the
same extent as pregnant women with normal glucose
tolerance when compared with matched control sub-
jects. [Diabetologia (2001) 44: 164-172]
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Leptin, a polypeptide hormone originating from adi-
pocytes, contributes to body weight control and pro-
vides negative feedback between adipose tissue and
the hypothalamic satiety centre. In animal models,
leptin decreases food intake but increases energy ex-
penditure and body temperature [1-3]. Furthermore,
it is found to be higher in women than in men [4]
and to influence the reproductive function [5]. In hu-
mans plasma leptin is highly correlated with body fat
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mass potentially reflecting leptin resistance in obesity
[6].
Insulin and glucocorticoids are regarded as impor-
tant determinants for leptin synthesis and secretion.
Both hormones increase with plasma leptin [7-10]
during pregnancy, which is associated with increased
maternal lean and fat mass as well as with consider-
able changes in glucose metabolism. Leptin peaks at
around 28 gestational weeks, plateaus thereafter, de-
clines slightly before delivery and falls promptly
post-partum. The impact of pregnancy and glucose
homeostasis on plasma leptin and its physiological
role during gestation is nevertheless not completely
clear in humans, in particular the differences in plas-
ma leptin concentrations between pregnant women
with diabetes and pregnant women who are without
diabetes. Since gestational diabetes, a common meta-
bolic complication during pregnancy, is closely relat-
ed to Type II (non insulin dependent) diabetes melli-
tus and obesity in later life, an analysis of plasma lep-
tin concentrations during pregnancy is of consider-
able interest. The prediabetic state of gestational dia-
betes is characterized by a combination of marked in-
sulin resistance and insulin secretory impairment
[11-13]. These defects normalize in part after deliv-
ery even though women with gestational diabetes fre-
quently regain normal glucose tolerance post-partum
[13-15].

Offspring of women with gestational diabetes are
at an increased risk of obesity, glucose intolerance
and diabetes in late adolescence and young adult-
hood [16, 17]. The greatest source of perinatal mor-
bidity in gestational diabetes remains diabetic foeto-
pathy and the development of macrosomic infants, al-
though there is evidence that intensive treatment of
hyperglycaemia in gestational diabetics can markedly
reduce the risk of excessive fetal growth. Conversely,
overzealous glycaemic control during pregnancy is
associated with fetal growth restriction and can even
increase the risk of developing diabetes, hypertension
and cardiovascular disease in later life, as suggested
by epidemiological studies in subjects with low birth
weight [18, 19]. In this context it has been postulated
that fetal insulin-related growth reflects not only ma-
ternal glycaemia but also fetal genetic factors that
regulate fetal insulin secretion and sensitivity. Thus,
the association of low birth weight and later adult in-
sulin resistance could in part be a phenotype of genet-
ically determined fetal insulin resistance [20].

The aims of this longitudinal study were therefore
to measure plasma leptin concentrations in women
with gestational diabetes before and after delivery
and compare these concentrations with those in preg-
nant women with normal glucose tolerance and heal-
thy non-pregnant women as well as to relate plasma
leptin to plasma glucose, insulin and body weight
changes and to the birth weight of newborn children.
Furthermore, women with pregestational Type I (in-
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sulin-dependent) diabetes mellitus were included in
the study to outline specific features of gestational di-
abetes when compared with the effects of chronic hy-
perglycaemia in Type I diabetes. We hypothesized
that we would find higher plasma leptin concentra-
tions in women with gestational diabetes as part of
the insulin-resistance syndrome than in pregnant
women with autoimmune diabetes (Type I diabetes)
despite similar pregestational body weight and meta-
bolic control during pregnancy. In addition, we tested
the hypothesis that maternal plasma leptin concen-
trations might relate to the placental and birth weight
of the newborn babies.

Subjects and Methods

Pregnant women were referred from the Obstetrics depart-
ment to the outpatient clinic of the Endocrinology and Metab-
olism division for screening for gestational diabetes at the 28th
gestational week and were tested for impaired oral glucose tol-
erance (OGTT, 75 g) following the World Health Organisation
criteria. Gestational diabetes was diagnosed when the 2 h plas-
ma glucose exceeded 7.8 mmol/l (140 mg/dl). These patients
(n=55) received individual nutritional counselling with in-
structions on the appropriate restriction of energy intake
(25-30 kcal/kg) and daily self-monitoring of blood glucose. If
medical nutrition therapy failed to consistently maintain fast-
ing plasma glucose at less than 5.6 mmol/l (100 mg/dl) and the
1h post-prandial plasma glucose at less than 7.8 mmol/l
(140 mg/dl) conventional intensified insulin therapy was initi-
ated (n = 26).

In addition, 25 healthy pregnant women with normal glu-
cose tolerance without any risk factors and normal glucose tol-
erance (75 g OGTT: 2 h glucose < 7.8 mmol/l (140 mg/dl)) and
10 pregnant women with Type I diabetes matched for precon-
ceptual BMI and age to gestational diabetes, were included in
the study (Table 1). All pregnant women with gestational dia-
betes were negative for islet cell antibodies (GAD, ICA,
IA2). The data were obtained at gestational week 28 and
8 weeks after delivery (OGTT) as well as at term (BMI, weight
gain, HbA, , birth weight). In addition metabolic variables
were determined for comparison in 10 healthy normal-weight
non-pregnant control women (C) of similar age (Table 1). In a
subgroup of pregnant women (women with gestational diabe-
tes, GDM: n = 25; women with normal glucose tolerance, NT:
n=15) and in all control women (C, n=10) OGTT were
done with additional samples taken for estimation of basal
and total insulin secretion as well as of insulin sensitivity.

Methods. Plasma concentrations of leptin, glucose, insulin, C
peptide and islet amyloid polypeptide were measured in the
fasting state and 30 min after OGTT in all subjects. For the
OGTTs, carried out to obtain additional information on stimu-
lated pancreatic secretory capacity by using mathematical
model analysis, venous blood samples were drawn in the fast-
ing state and at 10, 20, 30, 60, 120, 150 and180 min after oral
75 g glucose loading in the morning following an overnight
fast.

Blood was rapidly centrifuged and plasma glucose concen-
tration immediately assessed using an automated glucose ana-
lyzer (Beckman, Fullerton, Calif., USA). Insulin (Serono Di-
agnostics, Freiburg, FRG), C peptide (CIS Bio International,
Cedex, France), leptin (Human Leptin RIA kit, Linco Re-
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Table 1. Characteristics of pregnant women with gestational
diabetes (GDM) and those with normal glucose tolerance dur-
ing pregnancy (NT) as well as of pregnant women with Type I
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Diabetes (DM I). All data for gestational weeks 28, since oth-
erwise designated

Pregnant Women

GDM DMI NT
n 55 10 25
Age (years) 30.9+09 304+1.5 29.6+1.9
Preconceptual BMI (kg/m?) 245+1.0 24112 24.0+0.8
BMI (kg/m?) 28.0+0.9 27.8+0.7 28.1+0.8
Weight gain (kg) 9.8+0.9 11.0+22 109+1.2
Waist-hip-ratio (WHR) 0.94 +0.02 0.96 + 0.02 0.92 + 0.09
Blood pressure (mmHg): systolic 114.0+1.9 116.6 +3.2 109.5 +2.9
diastolic 71.6 +1.4° 78.0+2.2 713 +21
Plasma Glucose (mmol/l): fasting 4.93 +0.10*¢ 5.62+0.27° 432 +0.11
OGTT: 30 min 9.29 +0.39° - 7.14 £ 0.57
OGTT: 60 min 10.91 + 0.34¢ - 8.90 + 0.36
OGTT: 120 min 8.58 £ 0.27¢ - 6.50 +0.29
Fasting plasma Glucose/Insulin-Ratio (mg/uU) 6.13 £ 0.50° - 9.98 + 1.03
HbA, (%) 5.6 £0.1° 6.0 £ 0.2° 49 +0.1
Plasma Cholesterol (mmol/l) 5.97 + 0.15%¢ 6.01 +0.48 6.76 + 0.23
HDL 1.68 + 0.06° 1.73 £ 0.06 1.92 +0.08
LDL 322 +0.13¢ 2.90 +0.27 3.78 £ 0.20
Plasma Triglycerides (mmol/l) 2.42 +0.13 2.64 + 0.34° 228 +0.12

2 p < 0.05 women with gestational diabetes vs DM 1
®p<0.05DMIvs NT
¢p <0.05GDM vs NT

search, Inc., St. Charles, Mo., USA) and proinsulin (Linco Re-
search, Inc., St. Charles, Mo., USA) were determined in dupli-
cate by commercially available radioimmunoassay kits with an
interassay coefficient of variation of less than 5% for insulin
and C peptide and less than 8 % for proinsulin. The intraassay
coefficient of variation for the leptin RIA was 4.1 %, and the
interassay coefficient of variation was 5.5 %. Measurement of
IAPP (Peninsula, Belmont, Calif., USA) was as described pre-
viously [21]. Glycated haemoglobin (HbA, upper limit of
normal range 5.8 %) was quantified by on-line high pressure
liquid chromatography (HPLC; C-R4A Chromatopac, Shima-
dzu, Kyoto, Japan) from capillary blood.

Body fat distribution was determined by measuring the
waist-to-hip-ratio (WHR) in all women. In a subgroup of
women with gestational diabetes (n =12), and with clinical
and metabolic characteristics similar to the whole group,
body fat mass was determined by bioelectrical impedance
analysis (BIA, Akern-RJL Systems) at post-partum re-evalu-
ation.

Data analysis. Glucose, insulin and C peptide concentration
data were analysed by a two compartment mathematical mod-
el [22] that reconstructs the patterns per unit volume of C pep-
tide secretion and posthepatic insulin appearance into periph-
eral circulation. This model [21, 22] has been implemented us-
ing PANSYM (23] and has already been used in normal and
pathological conditions [13, 21, 24, 25]. Briefly, the model esti-
mates insulin secretion and degradation in the liver after oral
glucose loading (the coefficient of variation CV of the esti-
mates ranges around 5%). Calculations of glucose clearance
were used as an index of insulin sensitivity (CV =7 %) [26].
To estimate insulin sensitivity, data were derived from the plas-
ma glucose concentrations at basal, 120 and 180 min and from
insulin concentrations at zero and 120 min during the OGTT.
Insulin sensitivity was computed by a model-derived formula

[26] which has been validated by the gold standard euglycae-
mic-hyperinsulinaemic clamp technique in healthy subjects, di-

abetic patients and obese subjects with glucose intolerance
[27].

Statistical analysis. Results are expressed as means and stan-
dard error of the means (SEM) unless otherwise designated.
Calculations were performed by the trapezoidal rule for AUC
and by ANOVA with post-hoc tests by Tukey’s adjustment for
group differences. The paired Student’s z-test was used for
comparison within groups before and after delivery. Correla-
tion coefficients were obtained by linear regression analysis.
Furthermore, a stepwise multiple regression analysis was per-
formed with leptin as the depending variable and with insulin,
glucose, C peptide, proinsulin and BMI as the independent
variables. A p-value of less than 0.05 was considered statisti-
cally significant.

Results

Plasma leptin was higher (p < 0.008) in women with
gestational diabetes than in women with normal glu-
cose tolerance and Type I diabetes and increased in
all women when compared with women who were
not pregnant (8.2 + 1.3; p < 0.0005; Table 2). Leptin
concentrations were similar in pregnant women with
normal glucose tolerance and in those with Type I di-
abetes matched for weight. No differences were seen
between fasting and postprandial (OGTT) leptin
concentrations in any group either during gestation
(Table 2) or after delivery (Table 3).
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Table 2. Fasting (basal) and glucose-stimulated (30 minutes
following ingestion of 75 g glucose loading) plasma hormone
concentrations in pregnant women with gestational diabetes
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(GDM), with normal glucose tolerance (NT) and with Type I
Diabetes (DM I) at 28 weeks of gestation

Pregnant Women

GDM DMI NT
Plasma concentrations of
Leptin (ng/ml) basal 24.9 + 1.6>2 19.0+2.1 182 +1.5
30 min 254 +2.0° - 173+22
Insulin (pmol/l) basal 1272 +13.2° 134.4 £ 16.3¢ 72.0 +12.3
30 min 396.0 + 38.4 - 5312 +63.1
C peptide (nmol/l) basal 1.21 +0.12>2 0.10 = 0.05¢ 0.71 £ 0.08
30 min 2.44 £0.17 - 2.31+0.33
Proinsulin (pmol/l) basal 21.7 £2.8>2 1.4+0.2° 11.7 +2.0
30 min 36.1+3.0 - 29.8+3.5
IAPP (pmol/l) basal 9.4+0.7 - 71+15
30 min 13.9£0.7 - 143+13
TSH (< 4.0 mU/l) basal 1.6+0.1 1.6+04 1.5+02
Somatomedin (ng/ml) basal 289.1 +20.9 - 271.8 £28.3
(IGF-1)

2p<0.05GDMvs. DM 1
®p <0.05 GDM vs NT
¢p<0.05DMIvs NT

Table 3. Fasting (basal) and glucose-stimulated (30 min fol-
lowing 75 g oral glucose loading) plasma hormone concentra-
tions 8 weeks after delivery in women with former gestational

diabetes (GDM), with normal glucose tolerance (NT) during
pregnancy and with Type I Diabetes (DM I) compared to heal-
thy control women (C) who were not pregnant

Post-partum

GDM DMI NT C
Plasma concentrations of
Leptin (ng/ml) basal 17.3 + 1.7 124+32 111+ 1.6 82+13
30 min 16.8 +2.1° - 114+33 8.0+1.1
Insulin (pmol/l) basal 73.8 +13.280 82.5 +20.3 37.8+3.0 54.6 +13.8
30 min 282.0 + 34.2° - 320.4 +67.3 349.1 +58.3
C peptide (nmol/l) basal 0.83 £ 0.09° 0.09 + 0.002¢ 0.46 + 0.02 0.66 = 0.06
30 min 1.64 = 0.09° - 1.95+0.24 219+0.38
Proinsulin (pmol/l) basal 14.0 + 2.3 1.2 +0.1° 7.6+1.0 83+1.2
30 min 241+25 - 232 +3.7 250+24
IAPP (pmol/l) basal 7.6 £0.7° - 6.9+ 0.6 41+04
30 min 10.9 £ 0.8 - 11.1+£0.7 6.4+3.0

2p <0.05 GDM vs NT
®p<0.05GDMvs C
¢p <0.05 GDM vs DM I

In the women with gestational diabetes, fasting
glucose (p <0.005), insulin (p <0.05), proinsulin
(p <0.01) and C peptide (p <0.01) concentrations
were higher than in the women with normal glucose
tolerance as was HbA,, (p < 0.002) (Table 1). As ex-
pected, women with gestational diabetes had higher
absolute  plasma concentrations of insulin
(p <0.001), proinsulin (p <0.0001) and C peptide
(p <0.0001) than women with Type I diabetes, who
featured hyperglycaemia and almost complete insulin
deficiency.

In the subgroup of patients where mathematical
model analysis has been used, basal insulin secretion

rate (BSR) and total insulin secretion (TIS) increased
(p <0.05) in the women with gestational diabetes
(BSR: 48.5 + 6.3, TIS: 36.7 + 3.5) compared with the
women with normal glucose tolerance (BSR:
31.3 £2.8, TIS: 26.4 + 2.6). Accordingly, the OGTT-
derived insulin sensitivity was lower by 20%
(p<0.05) in women with gestational diabetes
(3224 +26.1 ml - min! - m?) than in women with
normal glucose tolerance (401.3 + 15.2) and lower by
40% (p <0.002) than in women who were not preg-
nant (515.3 + 30.0).

Pronounced insulin resistance was also reflected in
a 40% lower mean basal glucose/insulin ratio in all
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Fig.1. Correlations between fasting plasma leptin concentra-
tion and (A) body mass index (BMI; H p < 0.0002, r = 0.51)
as well as fasting plasma glucose concentration (O p < 0.01,
r =0.35) at gestational weeks 28 in patients with gestational di-
abetes, and (B) birth weight of their newborns ([J p <0.01,
r=-0.37)

women with gestational diabetes compared with
women with normal glucose tolerance (Table 1). De-
spite greatly increased plasma glucose concentrations
30 min after 75 g glucose ingestion (Table 1) the in-
crement (6 %) in beta-cell hormones’ concentra-
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tions was even lower (p < 0.01) in women with gesta-
tional diabetes (6 °°: 268.8 + 30.3 pmol/l for insulin
and 1.24 + 0.10 nmol/l for C peptide) than in women
with normal glucose tolerance (0 “3%: 459.2 + 56.5
pmol/l and 1.75 £ 0.24 nmol/l, respectively) showing
a gestational diabetes specific defect in stimulated in-
sulin secretion.

The pregnancy-induced increase at term in mean
body weight (kg) was about 15 % and the mean birth
weight (gms) of their newborn babies was 4 % lower
in women with gestational diabetes than in women
with normal glucose tolerance (Table 4). Placental
weight, the ponderal index and IGF-1 (somatomedin)
were not different between women with gestational
diabetes and women with normal glucose tolerance.
Birth weight was similar between women with gesta-
tional diabetes on medical nutrition therapy only
and those requiring insulin therapy. In Type I diabe-
tes, however, the newborn children were about 15 %
heavier despite earlier delivery (Table 4).

Correlations. Correlations were seen between fasting
plasma leptin and fasting plasma glucose (p < 0.01,
r=0.35; Fig.1A), fasting plasma insulin (p < 0.004,
r =0.38), proinsulin (p < 0.04, r = 0.31), basal insulin
secretion rate (BSR; p < 0.04, r = 0.65) and total insu-
lin secretion (TIS; p < 0.03, r = 0.56). Furthermore, a
correlation was apparent between leptin and the sys-
tolic blood pressure (p < 0.02, r = 0.35).

Fasting plasma leptin correlated in women with
gestational diabetes with BMI before pregnancy
(p <0.007, r=0.46) and at gestational week 28
(p <0.0002, r=>51; Fig.1A), at term (p < 0.0005,
r=0.55) and at 8 weeks after delivery (p < 0.0001,
r=0.67) as well as with overall pregnancy induced
maternal weight gain (p <0.009, r=0.37). Inverse
correlations were observed between fasting plasma
leptin and fasting glucose/insulin ratio (p < 0.002,
r =-0.45), placental weight (p < 0.03, r =-0.63) and
the birth weight of the newborn babies (p < 0.01,
r=-0.37; Fig.1B). Noteworthy is that birth weight

Table 4. Obstetric data of the pregnant women with gestational diabetes (GDM), with normal glucose tolerance (NT) and with

Type I Diabetes (DM I)

Pregnant Women

GDM DMI NT
Parity 09+04 1.4+05 05+03
HbA, at term (%) 5.6+ 0.1%8 6.1+02" 51+0.1
BMI at term (kg/m?) 30.1+0.9 29.8+09 30.2+£0.8
Total maternal weight gain (kg) 12.7+ 0.6 163 +2.1 148 +1.1
Gestational weeks at delivery 39.7 £ 0.1% 38.5 +0.4* 40.0 +0.2
Birth weight of the newborns (g) 3553.9 + 78.3* 4118.0 + 208.2* 3670.6 + 98.2
Length of the newborns (cm) 51.1 £ 0.3* 524+1.0 51.6 £ 0.4
Ponderal Index (g/m?) 26.6 + 0.44 28.9 +1.05 26.9 + 0.61
PlacentalWeight (g) 649.5 £22.3 745.0 £38.5 656.7 +33.1
*p <0.05 GDM vs DM 1
*p<0.05DMIvs NT

$p <0.05 GDM vs NT
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Table 5. Characteristics 8 weeks after delivery of women with former gestational diabetes (GDM), with normal glucose tolerance
during pregnancy (NT) and with Type I Diabetes (DM I) as well as healthy control women who were not pregnant (C)

Post-partum

GDM DMI NT C
Age (years) 31.1+09 30.4+1.3 29.8+2.0 30612
BMI (kg/m?) 26.6 + 0.9%c4 245+1.0 23.8+0.7 24.0+3.1
WHR 0.89 + 0.03%5d 0.85 +0.03 0.81 +0.02 0.82 +0.03
Blood pressure (mmHg): systolic 116.7 = 4.1 1252+ 4.0 110.0 = 11.5 119.4 + 6.1
diastolic 78.4+2.1 80.0 £3.2 80.1 £6.0 772 +2.5
HbA, (%) 56+0.1 6.4 +2.3%° 5002 50x02
Plasma glucose (mmol/l): fasting 4.59 +0.24 5.60 + 0.37 4.02 +0.23 4.65 = 0.05
OGTT: 30 min 8.23 +0.39%4 - 6.85 + 0.41 6.77 £ 0.38
OGTT: 60 min 8.48 + 0.36%¢ - 6.12 + 0.54 6.21 +0.49
OGTT: 120 min 6.30 + 0.52%¢ - 498 +0.32 4.61 +0.35
Fasting plasma Glucose/Insulin-Ratio (mg/uU) 9.98 + 1.40¢ - 13.04 + 1.85 12.03 + 0.82
Plasma Cholesterol (mmol/l) 5.96 +0.16 45+0.42 5.49 + 0.46 5.30+0.32
HDL 1.27 £ 0.09%¢ 1.71 £ 0.08 1.86 = 0.07 1.54 £ 0.06
LDL 332+0.14 230 +0.21 324 +£0.18 3.46 £0.12
Plasma Triglycerides (mmol/l) 1.38 + 0.15%¢ 0.95 £ 0.08 0.88 +0.08 1.68 £0.19
2p <0.05GDM vs DM I ¢p <0.05 GDM vs NT
®p <0.05DMIvs NT 4GDM vs C

was not correlated with pregestational weight, mater-
nal weight gain or HbA, . in women with gestational
diabetes, while birth weight only correlated with ma-
ternal weight gain in women with normal glucose tol-
erance (p < 0.03, r = 0.40). In the total group of preg-
nant women with and without diabetes (n = 90) ma-
ternal leptin, however, also correlated inversely with
birth weight (p < 0.0003, r = -0.39).

In subgroup analysis in women with gestational di-
abetes an inverse correlation was also apparent be-
tween plasma leptin and the insulin sensitivity index
(p <0.006, r =-0.61), which itself was related to the
birth weight of the newborn babies (p <0.05,
r = 0.45) and placental weight (p < 0.05, r = 0.76).

Stepwise multiple regression analysis revealed that
only glucose, HbA,_  and BMI had an independent in-
fluence on plasma leptin when all variables were tak-
en into account.

After Delivery. Eight weeks after delivery glucose tol-
erance was normalized in women with gestational di-
abetes. Insulin sensitivity improved in women with
gestational diabetes by 40% (452.1 + 25.3 ml - min™
-m2, p < 0.005), but remained different from women
who were not pregnant and women with normal glu-
cose tolerance by about 12% (5144 +31.2)
(p <0.05). Plasma leptin decreased (p < 0.0005) in
women with gestational diabetes by 32%, but did
not completely normalize (p < 0.05 vs C; Table 3). In
women with normal glucose tolerance and Type I dia-
betes, however, plasma leptin did not differ from
women who were not pregnant anymore.

After delivery the BMI rose (p < 0.03) in women
with gestational diabetes compared to women with

normal glucose tolerance and Type I diabetes. Wom-
en with gestational diabetes also featured a signifi-
cantly increased WHR compared with all other
groups, as well as the lowest plasma concentrations
of HDL-cholesterol and higher plasma triglycerides
than women with normal glucose tolerance and
Type I diabetes (Table 5).

In parallel, leptin correlated with insulin (p < 0.05;
r=0.32), proinsulin (p <0.05, r=0.33), C peptide
(p <0.05, r=0.33) and glucose (p <0.05, r=0.41)
and inversely with the fasting glucose/insulin ratio
(0.002, r =-0.57). Accordingly, in subgroup analysis
leptin was again closely related to the insulin sensitiv-
ity index (p < 0.03, r = -0.65).

In all women with gestational diabetes stepwise
multiple regression analysis showed that only glucose
and BMI had an independent influence on plasma
leptin. Leptin correlated markedly post-partum with
BMI (p <0.001, r=0.61), WHR (p <0.01; r=0.72)
and body fat mass (p < 0.01, r = 0.70; n = 12).

No differences were seen in plasma concentrations
of glucose, beta-cell hormones and leptin during the
OGTT at gestational week 28 and post-partum, as
well as in HbA, . and anthropometric characteristics
during pregnancy and after delivery, between the
women on medical nutrition therapy and those with
additional insulin treatment. Only insulin and C pep-
tide concentrations at 30 min. after glucose ingestion
and their increase relative to the baseline were lower
(p < 0.04) in women with gestational diabetes requir-
ing insulin therapy during pregnancy.
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Discussion

Pregnancy and gestational diabetes provide a unique
possibility to study the relation between plasma lep-
tin and changes in body weight, insulin resistance
and insulin secretion. In accordance with other stud-
ies [7-10, 28], plasma leptin increased in this study in
all women who were pregnant when compared with
healthy women of similar age and pregestational
BMI who were not pregnant. That increase in plasma
leptin in pregnancy goes hand-in-hand with increased
free plasma concentrations and alterations in leptin-
binding proteins [10, 29]. The cause and functional
role of increased leptin release during pregnancy is
not clear, although the placenta has been considered
a major source of leptin synthesis and secretion both
into the maternal and the fetal circulation [8]. Gesta-
tional hormones, most of all oestrogens and cortisol
also stimulate leptin production by adipose tissues
[28]. The increase in body weight and the accumula-
tion of body fat in the first two trimesters of pregnan-
cy could therefore be main contributors to increased
leptin release. It could, however, also be secondary
to hyperinsulinaemia [30, 31], as insulin resistance
and a compensatory increase in insulin secretion are
physiological characteristics of late pregnancy.

Gestational diabetes is frequently found in women
at high risk for obesity, diabetes and cardiovascular
disease in later life, a cluster of diseases which is
shown in this study to be aligned with increased plas-
ma leptin concentrations both during pregnancy and
post-partum. Decreased plasma leptin concentrations
have only been found once in women with very mild
abnormalities in glucose metabolism during pregnan-
cy when compared with women who have normal
pregnancy [32]. This observation conflicts with our
longitudinal study, while the observation of similar
plasma leptin concentrations in women with normal
glucose tolerance and Type I diabetes are in accor-
dance with others [9, 10].

Various cross-sectional studies have consistently
found no differences in plasma leptin concentrations
between subjects with and without diabetes with a
similar body weight [4, 33-35] with one exception
[36], where plasma leptin concentration in diabetes
patients was higher. An association between in-
creased plasma leptin concentrations and glucose in-
tolerance has been reported in normal-weight women
[37] and related to an increased risk for developing of
Type 11 diabetes [38]. Thus, the potential interaction
between insulin secretion, insulin sensitivity and lep-
tin still remains a matter for debate [31, 39-42].

Many [43-46] but not all [47] previous cross-sec-
tional studies in the general population and in sub-
jects at risk for Type II diabetes have shown an in-
verse relation between plasma leptin concentrations
and insulin sensitivity. Thus, leptin could either just
reflect an increase in body fat mass or contribute to
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the regulation of insulin resistance/insulin secretion
and thereby be involved in the pathophysiology of
Type II diabetes. This contention is strenghtened by
the direct inhibitory effect of plasma leptin on insulin
secretion [48], suggesting hyperleptinaemia to be a
missing link in the metabolic syndrome [33].

Although gestational diabetes shares many fea-
tures of the insulin resistance syndrome [49], no
change was observed in plasma leptin following oral
glucose loading despite increased insulin secretion in
this study as well as by others [50, 51]. Noteworthy is
the impaired stimulated insulin secretion for prevail-
ing insulin sensitivity despite post-prandial hypergly-
caemia compared to normal glucose tolerance. The
fact that short-term changes in glucose-insulin ho-
meostasis did not affect leptin secretion, although
leptin is clearly associated with chronic hyperinsulin-
aemia at late second trimester of pregnancy, suggests
that leptin is primarily a long-term adiposity signal
rather than a short-term feeding-related satiety sig-
nal. In addition, fasting leptin also correlated with
plasma glucose and inversely with the basal glucose/
insulin ratio, a commonly used surrogate parameter
of insulin sensitivity. The observation that only glu-
cose and BMI were independent predictors of plasma
leptin indicates that the functional relation between
leptin and insulin could just reflect a pre-existing
metabolic syndrome. Indeed model analysis of
OGTTs in subgroups confirmed pronounced insulin
resistance in gestational diabetes to be strongly relat-
ed to increased plasma leptin when compared with all
other groups.

It is noteworthy that leptin also correlated with
systolic blood pressure, triglycerides and the WHR
after delivery, other important covariants of the met-
abolic syndrome. In this context it is of interest that
leptin seems to promote fatty acid oxidation and a de-
crease in adipose mass [2, 52], which affects muscle
insulin sensitivity and thereby regulates peripheral
glucose metabolism.

The observed positive correlation between plasma
leptin concentrations and the maternal BMI during
pregnancy and gestational weight gain is in accor-
dance with many [9, 32, 53] but not all previous studies
in pregnancy [28, 54]. The BMI in pregnancy is an im-
precise measure of the amount of body fat stores and
relates to the fetal weight as well as to placenta size,
amniotic fluid and maternal fluid expansion. Fat accu-
mulation during pregnancy in women of developed
countries correlates with, and explains around 70 %
of the variation in total gestational weight gain [55] as
total body fat mass increases by 20-30% relative to
the weight of women who are not pregnant to a maxi-
mum at around 30 weeks of gestation [56].

In women who are not pregnant plasma leptin
closely relates to body fat mass and BMI. A similar
correlation is also observed during pregnancy [57],
where plasma leptin peaks in the late phase of the
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second trimester and relates to BMI post-partum. In-
terestingly, although BMI before and during preg-
nancy was similar between groups and overall mater-
nal weight gain even lower in women with gestational
diabetes, BMI post-partum remained significantly
higher in women with gestational diabetes than in
the women with normal glucose tolerance and Type
I diabetes. It thus reflects the post-partal inability of
women with gestational diabetes to normalize their
body weight to the same extent as other women.
This finding was attributed to a clear relation be-
tween plasma leptin and increased body fat content
after delivery in women with gestational diabetes. In
this context it is of note that higher plasma leptin con-
centrations at entry to prenatal care predicted weight
gain as well as post-partum weight retention [S8].
Similar findings have been observed outside pregnan-
cy in a 5-year observational study in Japanese Ameri-
cans, whose weight gain related to plasma leptin at
baseline [59]. Overall it seems that pregnancy precip-
itates gestational diabetes in those with a pre-estab-
lished latent metabolic syndrome similar to a cortisol
glucose tolerance test [60].

Maternal leptin homeostasis does not seem to di-
rectly influence fetal plasma leptin concentrations,
which in some [53, 54, 61] but not all [9, 62] studies
closely relates to birth weight and possibly also to ma-
ternal plasma leptin in the third trimester [53]. In our
study birth weight was not related to maternal preges-
tational weight, overall weight gain and HbA,, in
women with gestational diabetes, but inversely with
maternal plasma leptin and maternal insulin resis-
tance at 28 gestational weeks. Although this observa-
tion suggests leptin is involved in the regulation of fe-
tal growth in women with gestational diabetes, such a
relation could be confounded by treatment effects.

In conclusion, higher plasma leptin concentrations
are observed in noticeably insulin-resistant women
with gestational diabetes both during pregnancy and
post-partum when compared with hyperglycaemic
women who were pregnant and who had Type I dia-
betes and healthy women, despite their similar pre-
gestational weight. These findings indicate an associ-
ation of leptin with parameters of glucose metabo-
lism in gestational diabetes and make hyperleptin-
aemia a marker of a latent metabolic syndrome which
in pregnancy is transiently but reversibly transformed
in a gestational diabetes state.
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