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Summary

Introduction

Metabolic disorders such as obesity, insulin resistance and other
components of metabolic syndrome (MetS) are connected with
birth weight. Low and high birth weight is associated with
a higher risk of developing type 2 diabetes mellitus, the
mechanism is not clear. In this study, we evaluated the
association between birth weight and anthropometric as well as
biochemical components of MetS in women with a history of
gestational diabetes mellitus (GDM) in comparison with control
women. In part of the GDM group, we re-evaluated metabolic
changes over 5-8 years. Anthropometry, blood pressure, glucose
metabolism during the 3-h oGTT, lipid profile, uric acid, thyroid
hormones, and liver enzymes were assessed. From the analyzed
components of MetS in adult women we proved the association
of low birth weight (birth weight <25th percentile) with glucose
processing, in particular among women with a history of GDM.
Low birth weight GDM women revealed significantly higher
postchallenge insulin secretion and lower peripheral insulin
sensitivity. Re-examinations indicate this association persists long
after delivery.
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Some aspects of our lives are outlined even at the
moment of birth. It is well documented that birth weight is
associated with metabolic disorders such as insulin
resistance, type 2 diabetes mellitus (T2DM), dyslipidemia,
and other health problems established as metabolic
syndrome (MetS) (Barker et al. 1993, Harder et al. 2007,
Whincup et al. 2008). In this respect, unfavorable effect
brings both low and high birth weight.
Low birth weight, as a potential reflection of
prenatal nutritional restriction, is associated with insulin
resistance, T2DM, atherosclerosis, and other MetS
symptoms (Hales et al. 1991, Frayling and Hattersley 2001,
Harder et al. 2007, Whincup et al. 2008). The mechanism
standing behind is not yet fully understood, the most
discussed theories are hypothesis of fetal programming
(Godfrey and Barker 2000, Meas et al. 2010) and fetal
insulin hypothesis (Hattersley et al. 1998, Hattersley and
Tooke 1999, Frayling and Hattersley 2001). These theories
are not incompatible with each other, conversely, there is
a mutual synergy between them. The fetal programming
hypothesis suggests that intrauterine lack of nutrients leads
to permanent metabolic shift towards insulin resistance.
Main purpose of this glucose conserving adaptation is
reduction of glucose consumption by periphery in favor of
the brain. After postnatal optimization of nutrient intake,
rapid weight gain (catch-up-growth) occures, which may
predispose these children to central obesity (Ong and
Dunger 2000, Ong et al. 2000, Yajnik 2000, Stettler et al.
2002a,b), hypertension (Tzoulaki et al. 2010), and further
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development of insulin resistance (Ibáñez et al. 2003,
Durmuş et al. 2010). Fetal insulin hypothesis is based on the
assumption that common genetic variants, which lead to
moderate decrease in insulin secretion or in insulin function,
may predispose to T2DM and, at the same time, they may
cause low birth weight, as insulin represents an essential
fetal growth factor (Fowden and Forhead 2013). Some
studies dealing with monogenic forms of diabetes support
this theory. In children, mutations in genes like GCK, INS,
INSR, IPF1, ABCC8, HNF1B, or KCNJ11 lead to impaired
glucose metabolism and, concurrently, they cause low birth
weight (Hattersley et al. 1998, Babenko et al. 2006, Edghill
et al. 2006, Slingerland and Hattersley 2006, Støy et al.
2007). However, single gene mutations are too rare to
explain the association of T2DM with low birth weight
described in population studies.
High birth weight also represents higher risk for
T2DM and higher BMI later in life with all related adverse
health consequences (Eriksson et al. 2003, Pulizzi et al.
2009). Many studies have demonstrated that higher BMI in
childhood often tracks into adolescence and adulthood
(Harder et al. 2007, Kitsantas and Gaffney 2010, Oldroyd
et al. 2010) and is linked to increased diabetes and MetS
risk (Velasquez-Mieyer et al. 2005, Weedon et al. 2006,
Freathy et al. 2007, Mohan et al. 2007, Pulizzi et al. 2009,
Kalra and Unnikrishnan 2012). Besides, it is assumed that
higher T2DM risk in heavy children may reflect
diabetogenic potential of the mother in two ways (Dabelea
et al. 2000): 1. Maternal fasting glucose concentration is an
important determinant of offspring birth weight. Higher
maternal glycemia during pregnancy stimulates higher
insulin secretion by fetus to maintain normal range of
blood glucose. The reason is that maternal insulin, unlike
maternal glucose, does not pass the placenta into the fetal
circulation because of the molecular size. Considering
insulin is in cooperation with IGF I and II a potent fetal
growth factor (Fowden and Forhead 2013), higher birth
weight is an obvious consequence. 2. Fasting glucose
levels and insulin resistance are strongly heritable (Snieder
et al. 1999, Freeman et al. 2002, Mills et al. 2004). Thus,
half of the genes of predisposed mother passes to the child.
We desided to test association between birth
weight and special diabetic condition representing an
increased health risk in late adulthood (Mitanchez et al.
2015) – gestational diabetes mellitus (GDM). The aim of
our study was to analyze birth weight not only in relation
to GDM status, but also with respect to metabolic risk
markers of T2DM, insulin resistance, and other
components of MetS in adulthood. These markers are

anthropometric and physical parameters such as central
obesity or hypertension, and biochemical data describing
glucose metabolism, lipid profile, and also uric acid
(DeBoer et al. 2012). Design of our study allowed us to
monitor parameters of glucose metabolism 7 times during
the 3-h oGTT and, in part of the GDM group, evaluation of
metabolic changes over the years.

Methods
Study subjects
Data on birth weight provided 456 adult women.
376 of them were diagnosed with gestational diabetes
mellitus (GDM) by the criteria based on the Czech
Diabetes Society and the Czech Gynecological and
Obstetrical Society (Andělová 2009). All underwent full
clinical examination including the 3-h oGTT. On the day
of examination, these women met the 0.5-2 year interval
after the delivery. From this cohort of GDM women,
107 underwent complete re-examination after 5-8 years
(mean 6.2±0.47 years), using the same protocol and
methods. The control group was composed of 80 fully
clinically characterized women who had given birth at
least once and had no history of GDM. All participants
were without serious pathologies like hormonal
disturbances, infections, organ disorders, mental illness
etc. Details regarding anthropometric and biochemical
data of the repeatedly examined GDM subjects and
controls are listed in Table 1. The study protocol was in
accordance with institutional ethic guidelines and the
national laws and all subjects gave their written informed
consent to participate in the study.
Clinical and biochemical characterization
Body weight, height, and waist, abdominal, as
well as hip circumferences were measured in order to
calculate body mass index (BMI) and to evaluate body fat
distribution by means of waist circumference and waist to
hip ratio (WHR).
Venous blood samples were obtained after an
overnight fast. Glucose metabolism was characterized by
blood glucose (enzymatic reference method with
hexokinase; Cobas 6000, Roche Diagnostics, Mannheim,
Germany), insulin (ECLIA; Cobas 6000, Roche
Diagnostics, Mannheim, Germany), C-peptide (ECLIA;
Cobas 6000, Roche Diagnostics, Mannheim, Germany),
proinsulin (ELISA, DRG Instruments GmbH, Germany),
and glucagon (EURIA-Glucagon Radioimmunoassay,
Euro Diagnostica AB, Sweden).
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Table 1. Clinical characteristics of the repeatedly examined GDM subjects and controls.

n
Age (years)
Anthropometry
Systolic blood pressure
Diastolic blood pressure
BMI (kg/m2)
Waist circumference (cm)
WHR
Abdominal circumference (cm)
Gluteal circumference (cm)
Biochemistry
Basal glycemia (mmol/l)
AUCGlc7 (mmol*min/l)
Basal insulinemia (mIU/l)
AUCIns7 (mIU*min/l)
Basal C-peptide (nmol/l)
AUCC-pep7 (nmol*min/l)
HOMAF
HOMAR
IS-Matsuda
IS-Cederholm
Cholesterol (mmol/l)
HDL (mmol/l)
LDL (mmol/l)
TAG (mmol/l)
Uric acid (umol/l)
ALT (ukat/l)
AST (ukat/l)
GGT (ukat/l)
TSH (mIU/l)
fT3 (pmol/l)
fT4 (pmol/l)

GDM
1st examination

GDM
re-examination

p
1 exam vs.
re-exam
GDM

107
33.1±4.23

107
40.7±5.38

-

80
42.2±9.29

0.57

112.2±14.25
71.3±10.52
23.7±4.06
76.6±8.73
0.77±0.053
84.6±9.10
98.7±7.95

113.4±15.6
71.6±11.25
24.8±4.60
79.9±10.66
0.78±0.067
90.0±10.88
101.9±9.50

0.51
0.89
0.08
0.03
0.47
<0.001
0.016

117.8±14.81
75.2±10.03
24.7±4.74
77.8±10.46
0.76±0.055
86.3±11.63
102.2±9.71

0.06
0.03
0.75
0.15
0.008
0.008
0.87

4.71±0.441
1011±147.4
7.33±9.312
5773±2658.4
0.64±0.254
371.5±102.28
125.2±125.51
1.57±2.093
8.7±4.12
71.1±15.02
4.6±0.79
1.6±0.39
2.5±0.62
0.80±0.446
243.9±52.80
0.32±0.170
0.39±0.330
0.23±0.133
2.5±1.94
5.0±0.76
15.5±2.88

5.03±0.507
1120±199.6
7.68±6.367
6543±2771.9
0.64±0.222
355.2±86.00
107.6±97.12
1.78±1.722
7.3±4.64
62.5±15.52
4.8±0.77
1.6±0.34
2.7±0.72
0.95±0.489
246.3±48.54
0.31±0.153
0.32± 0.065
0.25±0.136
2.6±1.24
4.6±0.66
15.1±2.25

<0.001
<0.001
0.021
0.024
0.64
0.45
0.26
0.005
0.003
<0.001
0.006
0.21
0.035
0.003
0.89
0.88
0.29
0.12
0.07
<0.001
0.11

4.85±0.64
1050±263.2
7.37±5.369
6237±4755.9
0.61±0.264
381.8±132.29
120.2±89.35
1.66±1.449
8.7±4.33
72.2±22.26
4.8±0.77
1.5±0.33
2.8±0.74
1.05±0.51
238.6±59.02
0.36±0.23
0.39±0.160
0.31±0.286
2.5±1.56
5.0±1.48
15.6±3.30

<0.001
<0.001
0.21
0.008
0.09
0.47
0.29
0.09
0.005
0.003
0.54
0.44
0.42
0.12
0.32
0.05
0.017
0.10
0.12
0.04
0.38

st

Controls

p
re-exam
GDM vs.
controls

Values are given as mean ± SD, p-level according to Mann-Whitney test.

A 3-h oral glucose tolerance test (oGTT) with
75 g of glucose load was performed with sampling
7 times in 0, 30, 60, 90, 120, 150, and 180 min. Areas
under the 7-point oGTT glycemic (AUCGlc7), C-peptide
(AUCC-pep7) and insulin curves (AUCI7) were calculated.
Lipid profile was assessed by total cholesterol (enzymatic
colorimetric test; Cobas 6000, Roche Diagnostics,
Mannheim, Germany), high density lipoprotein (HDL)

(homogeneous enzymatic colorimetric test; Cobas 6000,
Roche Diagnostics, Mannheim, Germany), low density
lipoprotein (LDL) (homogeneous enzymatic colorimetric
test; Cobas 6000, Roche Diagnostics, Mannheim,
Germany), and triacylglycerol (TAG) concentrations
(enzymatic colorimetric test; Cobas 6000, Roche
Diagnostics, Mannheim, Germany). To assess insulin
sensitivity, the following three indices were calculated:
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homeostasis model HOMAR = insulin0min [mIU/l] x
glucose0min [mmol/l] / 22.5, Matsuda index = 104/√(mean
insulin0to120min [mIU/l] x mean glucose0to120min [mmol/l] x
glucose0min [mmol/l] x insulin0min [mIU/l]), and
Cederholm index = [75000 + (glucose0min [mmol/l] –
glucose120min [mmol/l] x 1.15 x 180 x 0.19 x body weight
[kg]] / [120 x mean glucose0to120min [mmol/l] x log
(mean insulin0to120min)]. Beta-cell function was evaluated
by HOMAF = 20 x insulin0min [mIU/l] / (glucose0min
[mmol/l] – 3.5).
Systolic and diastolic blood pressure [mm Hg]
was determined in a rest state. Furthermore, serum uric
acid was assessed photometrically (enzymatic
colorimetric test; Cobas 6000, Roche Diagnostics,
Mannheim, Germany).
In addition, thyroid hormones TSH, fT3, fT4
(ECLIA; Cobas 6000, Roche Diagnostics, Mannheim,
Germany) and liver enzymes ALT (IFCC method with
alanine and pyridoxalphosphate; Cobas 6000, Roche
Diagnostics, Mannheim, Germany), AST (method with
aspartate and pyridoxalphosphate; Cobas 6000, Roche
Diagnostics, Mannheim, Germany), and GGT (enzymatic
colorimetric test; Cobas 6000, Roche Diagnostics,
Mannheim, Germany) were evaluated.
Complete records of questionnaires monitoring
anamnestic data regarding birth weight and prematurity
information were collected from all our participants.
Individuals from multiple pregnancies were excluded
from the analysis. Participants born prematurely
(GDM: n=23, controls: n=2) were included, however, the
presented data directly linked to birth weight were
verified also without pre-term born participants, their
exclusion had no significant effect on the results. In our
study, low birth weight subjects were those below
25th percentile determined from the whole cohort
(i.e. GDM merged together with controls), which was
equivalent to 2900 g. High birth weight women were
those above 75th percentile, equivalent to 3500 g.
Statistical analysis
Differences in biochemical and anthropometric
data between the compared groups were tested by nonparametric Mann-Whitney test owing to the non-normal
data distribution (NCSS 2004). Chi-squared test was used
to compare quartile distribution of birth weight between
GDM and controls. Non-parametric Spearman correlation
matrix was applied to assess relations between continuous
variables. For comparison of metabolic changes over the
years, parametric repeated measures ANOVA (NCSS

2004 and Statgraphics Centurion XVI 16.0.07 software)
was applied after power transformation of data. The
p-values <0.05 (two tailed) were considered to be
significant.

Results
Comparison of GDM and control group
Anthropometry: Mean birth weight did not differ
significantly between the GDM and control group
(GDM 3245.5±478.47 vs. C 3264.3±530.14 g, p=0.93).
The frequency of subjects with low (<2900 g) and high
(>3500 g) birth weight was not significantly different
between GDM and control group (Chi2=0.11, p=0.95).
Anthropometric differences were compared between
repeatedly examined GDM subjects and control group.
These two cohorts did not differ in age and women in
both cohorts were not shortly after delivery, so that
anthropometric data are not affected by pregnancy.
Results are listed in Table 1. In spite of comparable BMI,
GDM women had significantly higher WHR and
abdominal circumference, which suggests inclination
towards more central fat distribution. This observation is
in accordance with higher T2DM risk in women with
positive history of GDM.
Biochemistry: Higher basal glycemia as well as
higher postchallenge glucose levels expressed as AUCGlc7
were observed in GDM group, see all details of the
compared parameters in Table 1. Also postchallenge
insulin levels expressed as AUCI7 were higher in women
with positive GDM history. According to Matsuda and
Cederholm indices, peripheral insulin sensitivity was
lower. Statistical differences between the two groups
were observed also in hepatic enzyme AST, thyroid
hormone fT3, and diastolic blood pressure, however,
these differences were not of clinical relevance.
Comparison of 1st examination and re-examination of
GDM subjects
Clinical characteristics of re-examined GDM
subjects are shown in Table 1. If we focus on the
symptoms of MetS, in addition to significant increase in
all measured body circumferences, quite complex
deterioration was observed in glucose metabolism,
especially with respect to basal and stimulated glucose
concentrations and indices of insulin sensitivity.
Unfavorable changes were detected also in lipid profile,
but not in blood pressure or in uric acid concentrations.
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Table 2. Differences between birth weight categories in GDM subjects.

n (Ʃ=376)
Age (years)
Anthropometry
Systolic blood pressure
Diastolic blood pressure
BMI (kg/m2)
Waist circumference (cm)
WHR
Abdominal circumference (cm)
Gluteal circumference (cm)
Biochemistry
Basal glycemia (mmol/l)
AUCGlc7 (mmol*min/l)
Basal insulinemia (mIU/l)
AUCIns7 (mIU*min/l)
Basal C-peptide (nmol/l)
AUCC-pep7 (nmol*min/l)
HOMAF
HOMAR
IS-Matsuda
IS-Cederholm
Cholesterol (mmol/l)
HDL (mmol/l)
LDL (mmol/l)
TAG (mmol/l)
Uric acid (umol/l)
ALT (ukat/l)
AST (ukat/l)
GGT (ukat/l)
TSH (mIU/l)
fT3 (pmol/l)
fT4 (pmol/l)

1. quartile
≤2900 g

2. + 3. quartile
>2900 - ≤3500 g

4. quartile
>3500 g

p
1. vs. 2.+3.
quartile

p
1. vs. 4.
quartile

91
34.6±5.08

195
33.9±4.90

90
33.4±3.74

0.22

0.11

113.8±13.86
72.9±10.67
23.7±4.77
77.1±10.18
0.78±0.052
86.3±10.21
98.7±9.51

111.3±12.87
70.6±8.79
23.4±4.39
77.0±9.29
0.77±0.051
86.9±9.96
99.3±9.07

112.0±11.59
71.5±9.18
24.5±5.60
79.6±11.36
0.78±0.054
88.7±11.69
101.4±10.66

0.27
0.18
0.83
0.77
0.30
0.48
0.44

0.40
0.39
0.43
0.17
0.79
0.17
0.09

4.86±0.519
1138±186.3
9.06±10.341
8097±6624.5
0.68±0.313
413.9±103.91
131.9±130.53
2.04±2.421
6.8±3.26
58.1±65.02
4.6±0.87
1.5±0.39
2.6±0.77
0.97±0.785
256.2±49.74
0.34±0.178
0.39±0.321
0.28±0.152
2.6±1.55
5.2±1.34
15.1±2.64

4.86±0.477
1095±180.3
6.54±3.767
6254±3132.9
0.62±0.206
365.3±98.44
101.1±60.24
1.45±0.922
8.0±3.77
65.0±17.47
4.5±0.76
1.6±0.39
2.5±0.69
0.85±0.465
258.4±54.25
0.29±0.117
0.35±0.130
0.22±0.132
2.8±2.70
5.0±1.47
15.7±3.92

4.82±0.486
1096±197.7
7.24±5.465
6841±4120.5
0.63±0.254
362.4±103.54
113.7±71.70
1.60±1.340
7.9±4.14
63.7±17.78
4.5±0.74
1.6±0.38
2.5±0.73
0.91±0.859
253.6±50.8
0.32±0.188
0.35±0.122
0.29±0.424
3.3±5.44
4.8±0.65
14.9±2.94

0.60
0.06
0.24
0.002
0.65
<0.001
0.03
0.30
0.02
0.002
0.38
0.04
0.19
0.57
0.50
0.007
0.14
0.001
0.57
0.23
0.51

0.73
0.13
0.34
0.04
0.44
<0.001
0.43
0.33
0.09
0.03
0.82
0.21
0.43
0.57
0.81
0.19
0.11
0.02
0.55
0.02
0.84

Values are given as mean ± SD, p-level according to Mann-Whitney test.

Association of birth weight with biochemical and
anthropometric data
In this study, birth weight was systematically
associated with glucose processing.
Results in the GDM group are listed in Table 2:
All 376 women with history of gestational diabetes were
categorized according to their birth weight quartile to the
three groups referred to as low, medium, and high birth
weight category. These groups did not differ in age, so

that there was no need to adjust for age. Significantly
higher stimulated insulinemia and C-peptide levels were
observed in low birth weight category compared with
medium and high birth weight subgroups. For more
details concerning insulin and C-peptide concentrations
in the particular minutes during the oGTT see Figure 1a.
Consequently, indices of insulin sensitivity were lower
in low birth weight women compared to medium and
high birth weight subgroup, see Table 2. Repeated
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a
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0
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0
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Time (min)

1,5
1
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10
0

2
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60
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0

0
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Time (min)

Time (min)

60 min: p●vs▲=0.04

60 min: p●vs▲=0.02

60 min: p●vs▲=0.77

60 min: p●vs▲=0.19

90 min: p●vs▲=0.0002

90 min: p●vs▲ =0.002

90 min: p●vs▲ =0.17

90 min: p●vs▲ =0.18

120 min: p●vs▲ =0.00005

120 min: p●vs▲ =0.00003

120 min: p●vs▲ =0.02

120 min: p●vs▲ =0.04

150 min: p●vs▲ =0.006

150 min: p●vs▲ =0.0004

150 min: p●vs▲ =0.11

150 min: p●vs▲ =0.12

p●vs■=0.12

p●vs■=0.0006
p●vs■=0.02

p●vs■=0.007

p●vs■=0.009

p●vs■=0.0002
p●vs■=0.001
p●vs■=0.001

p●vs■=0.16

p●vs■=0.02

p●vs■=0.07
p●vs■=0.09

150

180

p●vs■=0.07

p●vs■=0.04

p●vs■=0.03
p●vs■=0.06

Fig. 1. a) Response to glucose in GDM group (n=376) (p-level according to Mann-Whitney test), b) Response to glucose in
re-examined GDM group after 5-8 years (n=107) (p-level according to Mann-Whitney test).

Fig. 2. Re-examined GDM group (n=107) – birth weight factor in glucose metabolism (Repeated Measures ANOVA).

examinations in the GDM group after 5-8 years indicate
that association of low birth weight with insulin secretion
persists, for details see Figure 1b. Repeated measures

ANOVA analysis, evaluating metabolic changes of each
individual over time separately, confirmed birth weight as
a significant factor for glucose metabolism in gestational

2015

Gestational Diabetes With Respect to Birth Weight

S141

Table 3. Differences between birth weight categories in control subjects.

n (Ʃ=80)
Age (years)
Anthropometry
Systolic blood pressure
Diastolic blood pressure
BMI (kg/m2)
Waist circumference (cm)
WHR
Abdominal circumference (cm)
Gluteal circumference (cm)
Biochemistry
Basal glycemia (mmol/l)
AUCGlc7 (mmol*min/l)
Basal insulinemia (mIU/l)
AUCIns7 (mIU*min/l)
Basal C-peptide (nmol/l)
AUCC-pep7 (nmol*min/l)
HOMAF
HOMAR
IS-Matsuda
IS-Cederholm
Cholesterol (mmol/l)
HDL (mmol/l)
LDL (mmol/l)
TAG (mmol/l)
Uric acid (umol/l)
ALT (ukat/l)
AST (ukat/l)
GGT (ukat/l)
TSH (mIU/l)
fT3 (pmol/l)
fT4 (pmol/l)

1. quartile
≤2900 g

2. + 3. quartile
>2900 - ≤3500 g

4. quartile
>3500 g

p
1. vs 2.+3.
quartile

p
1. vs 4.
quartile

19
44.3±9.53

43
42.2±9.36

18
40.4±8.97

0.47

0.13

120.6±12.85
76.7±10.77
24.4±4.44
77.7±11.74
0.77±0.077
84.0±10.99
100.0±7.15

116.8±13.50
73.9±9.26
24.6±5.09
77.9±10.08
0.76±0.044
86.7±11.61
102.1±9.68

116.9±19.42
76.4±11.08
25.2±4.40
77.8±10.54
0.74±0.049
87.7±12.64
104.7±11.84

0.20
0.33
0.93
0.74
1.00
0.38
0.44

0.46
0.93
0.51
0.81
0.37
0.34
0.24

4.72±0.530
1089±222.1
7.12±5.097
6725±4919.4
0.62±0.318
405.2±145.19
110.4±60.77
1.57±1.334
8.9±5.23
66.7±21.61
4.8±0.92
1.6±0.31
2.7±0.87
1.20±0.584
242.8±49.85
0.39±0.194
0.47±0.217
0.39±0.404
2.5±1.83
4.9±0.80
15.2±2.20

4.97±0.759
1075±310.5
7.59±5.721
6327±5095.9
0.63±0.251
395.5±134.55
108.9±60.28
1.76±1.600
8.4±4.33
71.2±23.45
4.8±0.77
1.5±0.30
2.8±0.69
1.04±0.492
232.7±66.48
0.38±0.279
0.38±0.142
0.31±0.277
2.4±1.50
4.8±0.99
15.5±2.46

4.69±0.371
946±129.0
7.11±5.174
5572±3896.7
0.56±0.240
325.1±99.23
125.1±72.79
1.51±1.227
9.0±3.53
79.7±19.08
4.8±0.65
1.6±0.42
2.8±0.73
0.95±0.442
248.1±49.35
0.30±0.109
0.36±0.117
0.22±0.115
2.5±1.44
5.5±2.58
16.3±5.41

0.27
0.75
0.64
0.55
0.32
0.99
0.88
0.58
0.92
0.57
0.97
0.37
0.61
0.26
0.40
0.52
0.09
0.76
0.87
0.59
0.49

0.89
0.04
0.71
0.38
0.73
0.11
0.62
0.79
0.68
0.08
0.90
0.85
0.94
0.16
0.93
0.14
0.08
0.13
0.59
0.88
0.58

Values are given as mean ± SD, p-level according to Mann-Whitney test.

diabetics, see Figure 2. No significant differences
between the birth weight categories were observed in
anthropometric parameters, blood pressure, or uric acid.
Subtle differences in lipid spectra, hepatic enzymes,
thyroid hormones, and all details concerning differences
between birth weight categories in gestational diabetics
are summarized in Table 2.
Results in the control group are specified in

Table 3: Analogously to gestational diabetics, controls
were devided to the three groups according to birth
weight categories, these groups also did not differ in age.
Relationship between low birth weight and glucose
metabolism was expressed by higher postchallenge
glycemia during oGTT when compared with high birth
weight group, but not by higher insulin secretion or lower
indices of insulin sensitivity. We did not observe any
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relation of birth weight to other tested biochemical and
anthropometric components of MetS.

Discussion
Much of the currently available knowledge on
the consequences of birth weight and metabolic risks
throughout the life course has been provided by studies
based on inconsistent criteria in terms of how to define
low or high birth weight. In numerically abundant
studies, low birth weight is frequently considered to be
<2.5 kg or <10th population-based percentile (Malin et al.
2015). As numbers of our participants were limited, we
defined low birth weight subjects as stated in methods.
Our study did not proved that low birth weight is
a risk factor for GDM development, but it shows
systematic and long-term association between low birth
weight and glucose processing in the group of women
with positive history of GDM. Low birth weight GDM
women reveal significantly higher postchallenge insulin
secretion while postchallenge glycemia remains
comparable with medium and high birth weight GDM
group. This condition is reflected in lower indices of
peripheral insulin sensitivity. The adverse state persists
more than five years after delivery.
The results described are notable taking into
account fetal insulin hypothesis (Hattersley and Tooke
1999). According to this theory, lower birth weight is
a reflection of lower prenatal insulin secretion, as insulin
represents key fetal growth factor. In our study, women
born with low birth weight on the contrary demonstrate in
the adulthood higher postchallenge insulin secretion,
which is well documented also by C-peptide levels. One
possible viewpoint could be based on fetal programming
hypothesis postulating that early life events play
a powerful role in influencing health condition
throughout lifespan. Low birth weight may reflect low
intrauterine demands for fetal insulin secretion. Low
insulin demands correspond with lower glucose delivery
by mother and thereby with lower birth weight (Breschi
et al. 1993). These early transient environmental
conditions in a crucial period for establishing metabolic
pathways mediated by tiny shift of the hypothalamic-

pituitary-adrenal axis set point (Clark et al. 1998) and/or
epigenetic modifications (Heijmans et al. 2008) may
affect glucose sensing and subsequent insulin response in
late adulthood. Our observations indicate that lower
exposition to glucose in utero coupled with low fetal
insulin response resulting in low birth weight may in
adults lead to higher insulin demands when exposed to
high glucose load in order to restore and maintain normal
glycemia.
Another possible explanation for the obtained
data corresponds well with conclusive results in
gestational diabetics. We cannot be sure, that low birth
weight children are small due to low insulin secretion.
They can be small also because their response to insulin,
including insulin-mediated growth rate, is lower.
Prenatally initiated reduced sensitivity towards insulin
can persist into adulthood and, in pregnancy, it may
contribute to development of GDM.
Of course, all the mentioned relations are highly
dependent on genetic and epigenetic background, since
both birth weight and insulin sensitivity are to a great
extent modulated by genes in their functional plasticity.
In conclusion, our findings suggest that low birth
weight and positive GDM history are synergistically linked
with glucose metabolism and peripheral insulin sensitivity
in adulthood, in particular via postchallenge insulin
secretion. These observations highlight the importance of
birth weight as an integral part of medical history record,
especially in people at increased diabetes risk.
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