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ABSTRACT

Pregnancy is a period marked by profound changes in
a woman’s hormonal status and metabolism, including the
development of a carbohydrate-intolerant state. Gestational
diabetes mellitus (GDM) is defined as any degree of glucose
intolerance with onset or first recognition during pregnancy.

The aim of this study was to estimate and analyse the pa-
rameters of glycaemic control during pregnancy. We strati-
fied patients into the following three groups according to
OGTT results: normal glucose tolerance (NTG), gestational
impaired glucose tolerance (GIGT) and GDM.

We investigated 92 pregnant women, diagnosed with vi-
tal and desired pregnancy up to 12 weeks of gestation, who
had signed informed consent forms. Among them, 7 pregnant
women had a spontaneous abortion, while 8 pregnant women
dropped out, so a total of 77 pregnant women completed the
trial. Most of the women examined had no risk factors (48%),
while 35% of the women had one risk factor. The current study
demonstrates that normal glucose tolerance was shown in 59
(76.6%) participants, while some form of glucose intolerance
(GIGT or GDM) was shown in 18 (23.4%) patients. Our find-
ings revealed an increase in glucose intolerance with advancing
pregnancy (in the second and third trimester). In conclusion,
we demonstrate that the difference in the quality of glycaemic
control during pregnancy is manifested in the second and third
trimester, until it manifests in the first trimester. These findings
underpin the clinical significance of discovering GDM.
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SAZETAK

Trudnola je period koji karakterisu znatne promene u
hormonskom statusu i metabolizmu Zene, ali i stanje into-
lerancije ugljenih hidrata. Gestacijski dijabetes (GDM) se
definise kao bilo stepen netolerancije glukoze sa pocetkom ili
prvim pojavljivanjem tokom trudnoce.

Cilj ovog istrazivanja je bio da se procene i analiziraju
parametri metabolicke kontrole tokom trudnoce. Prema re-
zultatima OGTT-a, podelili smo pacijente u tri grupe: nor-
malna tolerancija glukoze (NTG), smanjena tolerancija na
glukozu (GIGT) i GDM. Ispitivali smo 92 trudnice kod ko-
jih je postavljena dijagnoza vitalne i Zeljene trudnoce do 12
nedelje, koje su potpisale informisani pristanak. Medu nji-
ma, 7 trudnica je imalo spontani pobalaj, dok je 8 trudnica
odustalo, tako da je 77 trudnica zavrsilo ispitivanje. Vecéina
ispitanih Zena nije imalo faktore rizika (48%), dok je 35%
imalo jedan faktor rizika.

Ova studija pokazuje da je NTG zastupljena kod 59
(76,6%) ispitanica, dok neki oblik intolerancije glukoze
(GIGT ili GDM) ima 18 (23,4%) ispitanica. Nasi rezultati
pokazuju porast intolerancije glukoze sa napredovanjem
trudnoce (u drugom i trecem trimestru). Pokazano je i da
se razlika u kvalitetu glikoregulacije tokom trudnoce mani-
festuje u drugom i trecem trimestru, dok se ne manifestuje
u prvom trimestru. Ovi nalazi podupiru klinic¢ki znacaj ot-
krivanja GDM.
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INTRODUCTION

Pregnancy is a period marked by profound changes in
a woman’s hormonal status and metabolism (1). During
pregnancy, [ cells normally increase their insulin secre-
tion to compensate for a decrease in insulin sensitivity (2).
Pregnancy is a carbohydrate-intolerant state, but only a
small proportion of pregnant women will develop diabetes
(1). In all pregnancies, insulin resistance increases as the
pregnancy develops due to rising circulating concentra-
tions of insulin antagonists such as cortisol, prolactin, hu-
man placental lactogen, and leptin. This resistance results
in increasing need for insulin, especially in the second half
of pregnancy. If insulin secretion is impaired, the enhanced
insulin resistance will give rise to hyperglycaemia (3).

During the first two-thirds of gestation, the mother is in
an anabolic condition, increasing her fat depots (4). During
the last third of gestation, the mother switches to a cata-
bolic condition (5). Insulin resistance tends to increase in
physiological pregnancy, following gradually rising levels
of foeto-placental hormones (1). In response to this imbal-
ance, the pancreas normally compensates with a higher in-
sulin secretion (4). When this compensatory mechanism
fails, glucose intolerance develops (6).

Gestational diabetes mellitus (GDM) is defined as any
degree of glucose intolerance with onset or first recogni-
tion during pregnancy (4,7). It does not exclude the pos-
sibility that unidentified glucose intolerance may have
preceded the pregnant state (8,9). The prevalence varies
for different populations, and ranges from 7 to 18% (7).
Screening for this disease is recommended for the high-
risk and intermediate groups any time during pregnancy;,
or between 24 and 28 weeks in the latter group (4). The
diagnosis of GDM is based on an oral glucose tolerance
test, OGTT (9). GDM usually appears in the third trimes-
ter as the placenta matures and placental hormones con-
tribute to insulin resistance, which usually recedes after
the placenta is delivered (10). Glucose crosses the placen-
ta and stimulates foetal insulin production, while mater-
nal or exogenous insulin does not (4). Since many patients
with GDM develop type 2 diabetes, and both diseases are
characterized by insulin resistance, some authors postu-
late that they represent points on a continuum of glucose
intolerance (11).

The traditional risk factors for GDM are high mater-
nal age, weight and parity, previous delivery of a macro-
somic infant and family history of diabetes (3). Although
controversy exists regarding the specific protocols to apply,
screening for GDM by OGTT in pregnancy has become a
standard element of obstetrical care (12). With this testing,
GDM is diagnosed based on blood glucose levels that ex-
ceed specific glycaemic thresholds (2). These criteria were
chosen to identify women at high risk for developing dia-
betes after pregnancy, or were derived from criteria used
for nonpregnant individuals and not necessarily to identify
pregnancies with increased risk for adverse perinatal out-
come (8). Clinical detection of GDM is carried out to iden-
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tify pregnancies at increased risk for perinatal morbidity
and mortality (10,13). Most women with GDM appear to
have B-cell dysfunction that occurs against a background
of chronic insulin resistance (14).

GDM is associated with increased foetal and maternal
complications, including congenital malformation, macro-
somia, birth injuries, hypoglycaemia and pre-eclampsia,
increased incidence of caesarean section and postpartum
diabetes in mother (9). Clinical evidence has confirmed
that the main goal of glycaemic management in GDM is to
keep the mother’s blood glucose levels within the normal
range (6).

Women with GDM are at high risk for having or devel-
oping diabetes after pregnancy (7,13). After pregnancy, the
main focus of clinical care should be on reducing the risk
of diabetes and detecting and treating diabetes that does
develop. Measurement of fasting glucose in the postpar-
tum period will identify women with increased fasting gly-
caemia who should have an OGTT sometime during the
first 2-6 months postpartum and, if not diabetic, annual
testing for diabetes (14).

The aim of this study was to estimate and analyse the
parameters of glycaemic control during pregnancy.

MATERIALS AND METHODS

Subjects.

This study included 92 women with a diagnosis of vi-
tal and desired pregnancy in the first trimester, and 77 of
them finished the study. Exclusion criteria for all subjects
included age <18 years, diabetes, diseases of the pancreas,
liver diseases, kidney diseases, hypertension, corticoste-
roid treatment, cancer, physical disabilities or psychiatric
disorders. The study was performed according to the prin-
ciples of good clinical practice and was approved by the
Ethical Committee of Clinical Center of Kragujevac. Writ-
ten informed consent was obtained from all participants.

The study protocol included the following four visits
for each pregnant woman: in the first (10-14 weeks of ges-
tation), second (20-24), and third trimesters (30-34) and 8
weeks after delivery.

Pregnant women underwent a diagnostic 3 h, 100-g
oral glucose tolerance test (OGTT) after a 12 h overnight
fast. Venous blood samples for measurement of plasma
glucose levels and insulin concentrations were drawn in
the fasting state and at 0 min, 1 h, 2 h and 3 h after inges-
tion of the 100-g glucose drink. None of the respondents
had disturbance of glycaemic control at baseline.

HbAIc was determined with immunoinhibition com-
mercial reagents and latex agglutination inhibition process
(measured absorbance caused agglutination at 700 nm),
expressed as a percentage (%) (reference value 4-7).

Based on the criteria using the OGTT proposed by
the American Diabetes Association (ADA), GDM was di-
agnosed if two or more values reached or exceeded the
following thresholds: fasting glucose >5.3 mmol/L, 1 h
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Table 1. Anthropometric values, personal history and risk factorsrisk factors

Maternal age (min-max) 30,8+4,7 (19-41)

<25 4/77 (5,2%)
25-34 56/77 (72,7%)
=35 17/77 (22,1%)

Body weight in first trimester (kg) (min-max) 63+8,49 (48-90)

Body height (m) (min-max) 169+5,7 (155-186)

Body mass index (BMI-kg/m2) 22+2,6 (17-30,88)

BMI 18,5-24,8 kg/m2 70/77 (90,9%)

BMI 25-31,0 kg/m2 9/77 (9,1%)

Weight gain until delivery (kg) (min-max) 12,7+1,49 (9-16)

Obesity (%) 3/77 (3,9%)
Hypertension (%) 4/77 (5,2%)
Previously treated sterility (%) 7177 (9,1%)

Previous use of metformin (%) 3/77 (3,9%)

Previous gestational diabetes mellitus (%) 8/77 (23,5%)
Smoking  Yes 18/77 (23,4%)
No 47/77 (61%)
Previous (until pregnancy) 12/77 (15,6%)
Concomitant disease
Autoimmune thyroid disease 20/77 (25,9%)
Hypertension 6/77 (7,8%)

glucose >10.0 mmol/L, 2 h glucose >8.6 mmol/L, and 3 h
glucose >7.8 mmol/L (15,16).

The OGTT result was considered normal (normal glu-
cose tolerance, NGT) if plasma glucose levels in the fasting
state and at 1 h, 2 h and 3 h during the OGTT were less
than the thresholds of the ADA criteria. Based on the four
blood glucose values obtained during the three-hour 100 g
OGTT, participants were classified as having either GDM
(defined by two or more values above criterion thresholds),
gestational impaired glucose tolerance (GIGT) (defined by
only one value above criterion thresholds) or normal glu-
cose tolerance (NGT) (no elevated values).

Statistical analysis

The median value, standard deviation (SD), minimum
and maximum value, as well as the normality of distribu-
tion of all continuous variables were examined. Continu-
ous variables with normal distribution were presented as
the mean + SD in the text and tables, and those with a dis-
tribution that was not normal as the median and range of
the minimum-maximum value. Continuous variables were
tested for normality of distribution and were compared
among four subgroups using the one-way analysis of vari-
ance or the Kruskal-Wallis test. Categorical variables are
presented as proportions and were assessed with the x2
test or Fisher’s exact test. A p-value less than 0.05 was con-
sidered statistically significant. All statistical calculations
were carried out using commercial, standard software
package SPSS, version 20.0.

RESULTS

We investigated 92 pregnant women with a diagnosis
of vital and desired pregnancy up to 12 weeks of gestation
who had signed informed consent forms. Among them,
7 pregnant women had a spontaneous abortion, while 8
pregnant women dropped out, so a total of 77 pregnant
women completed the trial.

Demographic characteristics of the subjects are sum-
marized in Table 1.

The largest number of the study population was aged
25-34 years (72.7%), with an average age of 30.8 + 4.7 (19-
41) years, usually with medium (51.9%) and high (40.3%)
education levels. Body mass index in the first trimester
was most often within the reference range for the general
population, while 9% of the women were overweight.

Of the study population, 23.4% of the pregnant women
smoked during pregnancy. The most commonly associat-
ed disease during pregnancy was an autoimmune thyroid
disease (25.9%), followed by antiphospholipid syndrome
(9%) and hypertension (7.8%). Of the 34 respondents who
were multipara, 23.5% of pregnant women had had previ-
ous GDM, as shown in Table 1.

The following risk factors for abnormal glucose regu-
lation (GDM or GIGT) were taken into consideration:
obesity, age over 35 years, previous GDM, birth weight
in previous pregnancies > 4 kg, family history of diabetes,
previous use of metformin, previously treated polycystic
ovary syndrome, parity >3. Most examined women had no
risk factors (48%), while 35% had one risk factor (Table 2).

The examination of the existence of abnormal glucose
regulation (GDM or GIGT) during pregnancy by trimester
demonstrated an increase in disorders of glucose tolerance
with advancing pregnancy (in the second and third trimes-
ter). After childbirth, all subjects showed normal glucose
tolerance (Table 3).

ANOVA-repeated measurements are compared fast-
ing glucose (FBG) at 4 times: OGTT1, OGTT2, OGTT3
and OGTT4. A significant effect of time, Vilks lambda
= 0.527, F = 22.175, p < 0.001, multivariate partial eta
squared=0.473.

There are intergroup differences in the values of FBG
(during the test period), namely: FBG1 compared to FBG2
(p = 0.001), FBG1 compared to FBG3 (p < 0.001), FBG2
compared to FBG 4 (p < 0.001), FBG3 in relation to FBG4
(p < 0.001), but there is no significancet when comparing

Table 2. Frequency of risk factors for pathological glucose tolerance

No. of risk factors 0 1 2 >3 total
Normal glucose o
tolerance, NGT 31/59 | 19/59 | 6/59 3/59 59 (100%)
Gestational
impaired glucose 2/9 6/9 1/9 0 9 (100%)
tolerance, GIGT
Gestational diabetes

0
mellitus, GDM 4/9 2/9 2/9 1/9 9 (100%)
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Table 3. Frequency of abnormal glucose regulation (subject-stratified ac-
cording to glucose tolerance status) during examined period

Table 4. Average values of glycaemia and insulinaemia during OGTT (n=77)

Glycaemia
1st 2nd 3rd Aft
OGTT 1 2. 3. After (mmot/r) | S 0 T o
A i . . . trimester | trimester | trimester delivery
trimester | trimester | trimester | delivery X;+8D
Normal 0 min 4.42+048 | 4.13+0.49 | 4.04+0.51 4.55+0.39
f(l)lll::as:ce 71 (92,2%) | 67 (87%) 69 (89,6%) | 77 (100%) 60 min 6.34+1.37 | 6.97+1.83 | 7.44+1.45
NGT 120 min 547+1.37 | 597147 | 671+145 | 52+1.09
Gestational 180 min 428+1.32 | 4.5:147 | 5.18%16
impaired
glucose 5 (6:5%) 6 (7,8%) 4(5,2%) 0 Table 5. Average values of glicemiaglycaemia and HbAlc during OGTT.
té);ér;nce, Normal glucose tolerance, NTG (n=59)
Gestational ((j:IZZZ;E;a Ist 2nd 3rd After deliver
diabetes 1(1,3%) 4.(5,2%) 4.(5,2%) 0 Xo+SD trimester | trimester | trimester b
mellitus, GDM ¥
0 min 4.38+0.38 | 4.07+0.48 | 3.92+0.43 4.51+0.39
60 min 5.99+1.45 6.42+1.4 6.96+1.24
FBG1 in relation to FBG4 (p =0.209) and FBG2 compared 120 min 524+1.08 | 547+0.98 | 6.34+0.99 5.16+0.97
to FBG 3 (p = 0.504) (Table 4). 180 min 421£1.29 | 4.3+1.28 | 4.85+1.37
One-way analysis of variance indicated that there was | HbA1c (%) | 5.04+03 | 4.99+0.33 | 5.06+0.29 5.18+0.41

no statistically significant difference in mean HbAlc dur-
ing the test period (p> 0.05), as shown in Figure 1.

According to OGTT results, we stratified patients into
three groups as follows: normal glucose tolerance (NTG),
gestational impaired glucose tolerance (GIGT) and gesta-
tional diabetes mellitus (GDM).

It has been shown that the average HbAlc in the first
trimester is highest in the GDM group, compared to in
the second and third trimester; after birth, it is highest
in GIGT group. Combined analysis of variance estimat-
ed the impact of time and degree of glucose tolerance on
HbAlc. There was a statistically significant effect of time
on HbAlc (Vilks lambda=0.849, multivariate partial eta
square=0.151, p=0.008). There is no interaction between
the factors of time and the factor of glucose tolerance (Vilks
lambda=0.879, multivariate partial eta squared=0.062,
p=0.152). Separate influence on glucose tolerance was sig-
nificant (F=4.134, multivariate partial eta squared=0.059,
p=0.046). The intergroup differences compared HbAlc
between NTG and GIGT (Vilks lambda=0.842, multivari-
ate partial eta squared=0.158, p=0.011), between NTG
and GDM (Vilksov lambda= 0.856, multivariate par-

HbA1c during pregnancy relative to glucose
= tolerance
NTG
6
MPG
5a ——GDM
5.6
5.4
5.2 = L — E—
g T = — ;;;)& o
4.8
4.6
4.4 T T T 1
1. trimester 2. trimester 3. trimester after delivery

Figure 1. Average values of HbAlc during OGTT (n=77)
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Table 6. Average values of glicemiaglycaemia and HbAlc during OGTT.
Gestational impaired glucose tolerance, GIGT (n=9)

Glycaemia

(mmol/L) . Lst . 2nd . 3rd After delivery
trimester | trimester | trimester

Xx8D

0 min 4.7+0.47 4.41+0.59 | 4.49+0.66 4.55+0.43

60 min 7.31+2.73 | 8.06+1.81 8.91+1.62

120 min 6.23+1.83 7.01+1.75 7.14+1.4 4.88+1.61

180 min 4.73+1.13 | 4.97+1.61 5.37+1.52

HbAlc (%) 5.0£0.37 5.13+0.4 5.4+0.39 5.34+0.28

Table 7. Average values of glicemiaglycaemia and HbAlc during OGTT.
Gestational diabetes mellitus, GDM (n=9)

Glycaemia

(mmol/L) . Lst . 2nd . 3rd After delivery
trimester | trimester | trimester

X;+8D

0 min 4.35+0.32 | 4.23+0.37 | 4.39+0.46 4.47+0.25

60 min 7.63+£2.2 9.49+1.91 9.1+1.19

120 min 6.18+2.06 | 8.19+2.54 | 8.74+2.18 5.78+1.17

180 min 4.21+1.74 | 5.34+2.17 | 7.17+1.82

HbAlIc (%) | 5.19+0.36 4.87+0.3 5.1+0.27 5.14+0.37

tial eta squared=0.476, p=0.018) and compared GIGT
and GDM (Vilks lambda=0.524, multivariate partial eta
squared=0,476, p=0.025).

DISCUSSION

GDM is known to be associated with adverse out-
comes (AOs) to the mother and the foetus, and the risk
for AOs increases with the degree of hyperglycaemia in
women with GDM (17). GDM is increasingly recognized
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not only as a serious and frequent complication of preg-
nancy but also as an opportunity for early prevention of
diabetes and other diseases across the lifespan (18). It is
expected that the global prevalence of GDM, which is
currently from <1 to 28%, will continue to grow. It has
become clear that there is a large gap between the enor-
mous global number of pregnant women with GDM and
the small proportion of women who were diagnosed and
left on their own (19). Although the risk of AO associ-
ated with GDM is well known, the impact on the health
of mothers and neonates is less well known regarding
borderline GDM (GIGT), which is characterized by val-
ues between NTG and GDM. In the last ten years, the
influence of different degrees of tolerance to glucose
complications revealed significantly increased risk of pre-
eclampsia, caesarean section, hypoglycaemia and hyper-
bilirubinemia in GIGT compared to NTG (20,21). Older
age, weight gain and BMI are associated with pregnancy
outcome at the GIGT. There are data linking elevated
BMI with numerous maternal and foetal complications,
such as foetal death, preeclampsia, GDM, macrosomia
and complicated labour (22,23). A small weight gain is
associated with small size for gestational age, while in-
creased body weight is associated with an increased risk
of macrosomia, caesarean section and excessive retention
of weight after childbirth (24).

Glucose of the mother crosses the placenta, and mater-
nal hyperglycaemia leads to intrauterine hyperglycaemia,
foetal hyperinsulinaemia and possible modifications to the
growth and development of the foetus (25). Mild hypergly-
caemia in women with GDM is associated with increased
foetal growth and perinatal morbidity. Less serious forms
of glucose intolerance are also associated with increased
foeto-maternal morbidity (26).

Women with GDM have a 17-63% risk of developing
type 2 diabetes within 5-16 years. There is also some evi-
dence that further pregnancies accelerate the rate of de-
cline of B cell function in women with GDM (3). The sever-
ity of glucose intolerance has been reported to influence
the rate of preeclampsia. In some studies, less severe forms
of glucose intolerance, even in women who were not diag-
nosed with GDM, have been associated with preeclampsia.
Hyperinsulinaemia, which is often associated with glucose
intolerance, may also contribute to the pathogenesis of
essential hypertension or development of preeclampsia.
Other investigators have found that demographic variables
that include race, age, and weight also confer an increased
risk of preeclampsia (25,26).

The new proposed diagnostic criteria will result in
a prevalence of 17.8% for GDM, doubling the number of
pregnant women diagnosed with GDM. These criteria are
based on the correlation of glucose and 1.75-fold increased
risk of large size for gestational age in the HAPO study.
Supporting the Pendersen hypothesis, the results showed
a clearly increased risk of these outcomes, and the risk
gradually increases with the level of glucose (17,27). While
the concentration of FBG shows a trend towards lower as

pregnancy progresses, the rise in blood glucose after eating
is greater and longer lasting as a result of impaired, insu-
lin-mediated glucose usability, suppression of endogenous
glucose production and inadequate insulin increase in the
first phase of insulin secretion (28).

In our study, we included 92 pregnant women who
met the inclusion criteria, and none of the participants
had disturbance of glycaemic control at baseline. The
following risk factors for glucose intolerance (GIGT or
GDM) were taken into consideration: obesity, older age
(over 35 years), previous GDM, birthweight neonates in
previous pregnancies> 4 kg, positive family history of
DM, previous use of metformin (previously treated poly-
cystic ovary syndrome), and parity =3. Most respondents
had no risk factors (48%), while 35% had one risk factor.
The current study demonstrates that normal glucose tol-
erance was shown in 59 (76.6%) participants, while some
form of glucose intolerance (GIGT or GDM) was shown
in 18 (23.4%) patients. are nNumerous risk factors tha-
thave been shown to influence the degree of disorder of
glucose tolerance (r = 0.034).

There are no clear guidelines for the determination of
HbAlc during pregnancy, but it is not routinely recom-
mended for women with GDM. The lifetime of erythro-
cytes during pregnancy is shortened to 90 days, so its de-
termination is only possible within shorter intervals than
in the state outside of pregnancy. The degree of change in
HbAlc in pregnancy reflects glycaemic control for the past
few weeks. Therefore, the determination of HbAlc during
pregnancy is more likely to be used for therapeutic deci-
sions in pregnancy complicated with diabetes, including
GDM. Strict glycaemic control is essential to minimize the
morbidity and mortality of the mother and foetus (21, 25).
Women with GDM have several basic defects in glucose
metabolism that are unmasked physiologically by IR late
in pregnancy, including the production of increased basal
insulin and f cell dysfunction. In these women, FBG in-
creases, indicating increased basal and the production of
[-cell dysfunction (29).

The treatment of GDM is intended to decrease adverse
pregnancy outcomes (28). The HAPO Study (27) reported
associations of maternal ‘moderate’ hyperglycaemia with
risks of adverse pregnancy outcome in a very heteroge-
neous cohort of 25,505 pregnant women from 15 centres
in nine countries. This helped to publish the most recent
diagnostic criteria by the IADPSG (8), where the same test
is used for both screening and diagnosis.

Testing HbAlc in NTG patients has shown a mild
insignificant increase as the pregnancy progresses. The
HbAlc in patients with GDM at the beginning of preg-
nancy is elevatedis but is corrected in more heavily preg-
nant women. This is likely due to therapeutic interven-
tion for the GDM. Pregnant women with GIGT have a
good initial state, but as the pregnancy advances, HbAlc
increases significantly. There were statistically significant
differences in HbAlc between NTG and GIGT, as well as
between GIGT and GDM. Pregnant women with GIGT
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remain unrecognized but are at higher risk of adverse
outcomes than those with GDM, so it is necessary to de-
tect GIGT to establish good glycaemic control. There is
therapeutic intervention only in patients with GDM. An
increase of insulin levels during OGTT is expected as
pregnancy progresses. There is no one respondent with
adverse pregnancy outcomes who had at least one risk
factor. Pregnant women with adverse outcomes have sig-
nificantly higher frequency of glucose intolerance, with
adverse outcomes equal to that of GIGT and GDM, so
GIGT is not harmless GDM.

Our findings revealed an increase in glucose intoler-
ance with advancing pregnancy (in the second and third
trimester). After delivery, all participants exhibited nor-
mal glucose tolerance. The weakness of our study is the
small cluster/cohort of women. In conclusion, we dem-
onstrate that the difference in the quality of glycaemic
control during pregnancy is manifested in the second and
third trimester, until it manifests in the first trimester.
These findings underpin the clinical significance of dis-
covering GDM.
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