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Abstract

Background Recent evidence suggests increased glucose variability (GV) causes endothelial dysfunction, a central
pathology of hypertensive disorders of pregnancy (HDP). We aimed to investigate the association between GV in early
pregnancy and subsequent HDP development among non-diabetes mellitus (DM) pregnancies.

Methods This multicenter retrospective study used data from singleton pregnancies between 2009 and 2019.
Among individuals who had 75 g-OGTT before 20 weeks of gestation, we evaluated GV by 75 g-OGTT parameters and
examined its relationship with HDP development, defining an initial-increase from fasting-plasma glucose (PG) to 1-h-
PG and subsequent-decrease from 1-h-PG to 2-h-PG.

Results Approximately 3.0% pregnancies (802/26,995) had 75 g-OGTT before 20 weeks of gestation, and they had a
higher prevalence of HDP (14.3% vs. 7.5%). The initial-increase was significantly associated with overall HDP (aOR 1.20,
95% Cl 1.02-1.42), and the subsequent-decrease was associated with decreased and increased development of early-
onset (EoHDP: aOR 0.56, 95% Cl 0.38-0.82) and late-onset HDP (LoHDP: aOR 1.38, 95% Cl 1.11-1.73), respectively.

Conclusions A pattern of marked initial-increase and minor subsequent-decrease (i.e, sustained hyperglycemia) was
associated with EoHDP. Contrarily, the pattern of marked initial-increase and subsequent-decrease (i.e., increased GV)
was associated with LoHDP. This provides a new perspective for future study strategies.
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Background

Hypertensive disorders of pregnancy (HDP) are preg-
nancy-specific disorders with an incidence of 8-10%,
a major cause of maternal mortality [1]. The “two-stage
model” has been proposed as a representative hypothesis
of pathophysiology [2]. Briefly, at stage 1, immunological
or other factors cause an insufficient remodeling of spi-
ral arteries, leading to poor placentation occurring until
20 weeks of gestation (weeks of gestation; wks). At stage
2, endothelial dysfunction is caused by imbalances of fac-
tors related to stage 1 or maternal predispositions, e.g.,
obesity, genetics, and nutrition [3, 4]. HDP has two sub-
types: early-onset HDP (EoHDP, developedat <34 wks)
and late-onset HDP (LoHDP, developedat >34 wks)
[5, 6]. The pathophysiological difference between the
two subtypes remains unclear. However, accumulating
evidence has suggested that endothelial dysfunction in
EoHDP is often associated with poor placentation, while
that in most LoHDP is affected by maternal predisposi-
tions [2, 5, 7].

There is increasing evidence of the clinical value of
glucose variability (GV) [8-13]. Oxidative stress, a key
player in endothelial dysfunction [9, 14], is induced by
increased GV more effectively than sustained hypergly-
cemia [15]. Increased GV also reduces endothelial pro-
genitor cells [16], and is more deleterious than sustained
hyperglycemia with molecular and cytological changes
[12, 17]. Clinical studies have also revealed that increased
GV is associated with endothelial dysfunction and cardi-
ovascular disease in diabetes mellitus (DM) patients and
healthy individuals [10, 11, 13, 18, 19].

The gold standard for GV assessment is continuous
glucose monitoring (CGM) [20]. Accordingly, the asso-
ciation between GV and perinatal prognosis in pregnan-
cies with type 1 DM (T1DM) has been accumulating
recently [21, 22]. However, it is challenging to use CGM
in pregnant women universally. To our best knowledge,
there are no studies about the association between GV
and perinatal outcomes in non-DM pregnant women.
Recently, it has been reported that oral glucose toler-
ance tests (OGTT) are adopted for GV assessment when
CGM is unavailable [23, 24], allowing GV assessment in
non-DM pregnant women.

Since HDP is reported to exacerbate maternal insulin
resistance [25], it is necessary to determine the associa-
tion between GV in early pregnancy before the onset of
HDP and subsequent HDP development. The OGTT in
early pregnancy is controversial because of the lack of
evidence on the evaluation and treatment of gestational
diabetes mellitus (GDM) detected in early pregnancy
[26-28]. However, GDM diagnosed in early pregnancy
has comparable risks to pre-existing DM [29]. This incon-
sistency was identified as a research gap [30], and there is
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an urgent need to accumulate evidence. Hence, we inves-
tigated the association between GV and the subsequent
development of HDP (EoHDP and LoHDP) using OGTT
parameters in early pregnancy.

Methods

Study design and participants

This multicenter retrospective study used electronic data
obtained from 2 tertiary centers (Nagoya University Hos-
pital and TOYOTA Memorial Hospital, Aichi, Japan) and
12 private maternity facilities (Kishokai Medical Cor-
poration, Aichi, Japan). Data were collected for women
aged >15 years who gave birth in 2009-2019 and whose
data before 20 wks were available. Women with multiple
pregnancies, stillbirth before 20 wks, chronic hyperten-
sion, pre-existing DM, overt-DM, and data missing for
blood pressure and pre-pregnant body mass index (BMI)
were excluded (Fig. 1). Although chronic hypertension
is one of the subtypes of HDP, this group was excluded
to evaluate the association between GV and HDP
development.

Study outcomes

The primary outcome is developing HDP (EoHDP or
LoHDP) in non-DM pregnancies. In this study, we ana-
lyzed the association between the parameters of the
75 g-OGTT performed before 20 wks and the subse-
quent HDP development.

Diagnosis of overt-DM/GDM

Pregnant women were screened for random blood glu-
cose (RBG) around 12-14 wks, according to the guide-
line with setting cut-off value at RBG of >100 mg/dL
(5.6 mmol/L) [31, 32]. For screening-positive patients,
fasting plasma glucose level (FPG) was measured,
and patients with FPG of >126 mg/dL (7.0 mmol/L)
were diagnosed as overt-DM. For non-overt-DM indi-
viduals, 75 g-OGTT was conducted with cutoff val-
ues of >92 mg/dL (5.1 mmol/L) for FPG, >180 mg/dL
(10 mmol/L) for 1 h plasma glucose level after loading
(1-h-PG), and > 153 mg/dL (8.5 mmol/L) for 2 h plasma
glucose level after loading (2-h-PG). GDM was diagnosed
if at least one of the three aforementioned glycemic lev-
els was above the threshold. After the 1st screening of
negative individuals, the 2nd screening was conducted
at around 24-28 wks using RBG with the same cut-
off value or a 50 g-glucose challenge test with a cutoff
value>140 mg/dL (7.8 mmol/L) for 1-h-PG was per-
formed, followed by 75 g-OGTT with the same cutoff
value. In Japan, oral diabetes medications are contraindi-
cated for pregnant women, so treatment was by diet and
insulin injections.
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(tertiary centers, n = 6,846; primary maternity care units, n = 23,547)
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Excluded (n = 3,382)
Multiple pregnancies (n = 703)
«  Stillbirths < 20 weeks of gestation(n = 228)
Pre-existing diabetes mellitus (n = 74)
Chronic-hypertension (n = 340)
* Missing data for maternal blood pressure (n = 1,945)
Missing data for pre-pregnancy BMI (n = 92)

Universal screening < 20 wks
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primary maternity care units, n = 22,108)
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(tertiary centers, n = 302;
primary maternity care units, n = 500)

Fig. 1 Flow chart of the study participants. Among 30,393 individuals, 26,995 were eligible after excluding 3,398 individuals. BMI body mass index,
RBG random blood glucose levels, wks weeks of gestation, DM diabetes mellitus, FPG fasting plasma glucose level

Definitions

HDP was defined as the development of new hyperten-
sion (systolic blood pressure of >140 mmHg or dias-
tolic blood pressure of >90 mmHg) after 20 wks [33].
Self-reported maternal height and body weight were
used to calculate pre-pregnant BMI (kg/m?). The par-
ticipants were categorized as underweight (< 18.5 kg/m?),
normal-weight (>18.5 to <25.0 kg/m?), and overweight
(>25.0 kg/m?) [4]. Assisted reproductive technology
(ART) was defined as in vitro fertilization or intracyto-
plasmic sperm injection. Large-for-gestational age (LGA)
and small-for-gestational age (SGA) infants were diag-
nosed using the Japanese standards [34].

While assessing GV using OGTT, 1-h-PG and incre-
mental glucose peak (IGP), defined as the increment from
FPG to peak value, are equivalent to the GV in CGM [23].
We also analyzed other parameters such as the increase
from FPG to 1-h-PG as initial-increase, and the decrease
from 1-h-PG to 2-h-PG as subsequent-decrease to evalu-
ate GV from multiple perspectives (Fig. 2A).

Statistical analysis

Clinical characteristics are presented as mean+stand-
ard deviation for continuous variables and number (%)
for categorical variables. Baseline characteristics were

evaluated by applying standardized mean difference to
avoid identifying spurious statistical associations in the
large data-set. Standardized mean differences of >0.1
were considered indicative of imbalance. We also applied
a propensity score (PS) matched analysis. We calculated
the PS for screening-positive using a logistic regression
model that included the following variables collected
before the universal screening: maternal age, pre-preg-
nant BMI, primiparity, and ART pregnancy. One-to-one
nearest-neighbor matching without a replacement was
performed for the estimated propensity scores of the
patients using a caliper width set at 20% of the stand-
ard deviation for the PS. Crude odds ratios (cORs) and
adjusted ORs (aORs) of HDP for 75 g-OGTT parameters
were calculated by univariable and multivariable logis-
tic regression analyses using known HDP risk factors:
maternal age, pre-pregnant BMI, current smoker status,
primiparity, and ART as covariables [4, 33]. Correlation
coefficients (r) of 75 g-OGTT parameters were calcu-
lated based on Pearson’s test. The non-linear association
between each 75 g-OGTT parameter and HDP was eval-
uated using generalized additive models, adjusting for
known HDP risk factors [4, 33]. Statistical analyses were
conducted using SPSS, version 28.0 (IBM Corp.) and R,
version 4.1.3 (https://cran.r-project.org/).
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Fig. 2 Association between 75 g-OGTT parameters and HDP (n=802). A Initial-increase was defined as an increase in FPG to 1 h plasma glucose
level after loading (1-h-PG). Subsequent-decrease was defined as a decrease in 1-h-PG to 2 h plasma glucose level after loading (2-h-PG). B The
scale on the right side and values inside the columns of the correlogram indicate the Pearson correlation value. C The X-axis of the density plot
represents the value of 75 g-OGTT parameters. Blue and red parts represent the non-HDP and HDP group, respectively. D The fitted value (solid-line)
and 95% Cl (shaded-area) of HDP for each 75 g-OGTT parameter were calculated by a generalized additive model using maternal age, pre-pregnant
BMI, and primiparity as covariables. HDP hypertensive disorders of pregnancy, 95% CI 95% confidence interval, BM/ pre-pregnant body mass inde,

FPG fasting plasma glucose level

Results

Participants

Among 30,393 pregnant women (tertiary centers,
n=6,846; primary maternity care units, n=23,547,
Fig. 1), 3,398 women were excluded because of mul-
tiple pregnancies (n="703), stillbirth before 20 weeks
(n=228), pre-existing DM (n="74), chronic hyperten-
sion (n=340), missing data for maternal blood pressure
(n=1,945) and pre-pregnant BMI (n=92), and overt
DM (n=16). Finally, 26,995 women were included.

Background of the screening-positive group

Approximately 3.0% (802/26,995) of individuals was
screening-positive. As shown in Table 1, before match-
ing, maternal age (32.9+5.1 vs. 31.5+4.9 years), pre-
pregnant BMI (22.5+4.3 vs. 20.9+3.1 kg/m?), and the
incidence of GDM (54.0% vs. 2.8%) were significantly
higher in the screening-positive group than in the
screening-negative group. HDP was also significantly
more frequent in the screening-positive group than in
the screening-negative group (14.3% vs. 7.5%). Regarding
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Table 1 Baseline characteristics and perinatal outcomes
Overall cohort Standardized PS matched cohort Standardized
mean mean
screening positive  Screening negative  (ifference’ Screening positive Screening negative difference’
n=2802 n=26,193 n=798 n=798
Maternal age, years 329+5.1 31.5+49 0.27 329+5.1 33.0+4.9 0.02
Pre-pregnant BMI, kg/m? 225+43 209+3.1 0.37 225+43 223+38 0.05
Overweight 163 (20.3) 2,207 (8.4) 0.40 159 (19.9) 151(18.9) 0.03
Underweight 90(11.2) 4,615 (17.6) 0.17 90 (11.3) 78(9.8) 0.05
Primiparity 355 (44.3) 11,707 (44.7) 0.01 355 (45.5) 340 (42.6) 0.06
ART 108 (13.5) 1,584 (6.0) 0.30 107 (13.4) 107 (13.4) 0.00
Current smoker 10(2.1) 322(1.2) 0.07 10(2.1) 9(1.4) 0.05
GDM 433 (54.0) 730(2.8) 2.34 430 (53.9) 23(33) 1.10
GA atthe 75 g-OGTT, weeks 13.5+1.7 135+1.7
FPG, mg/dL 89.2+100 89.2+10.0
1-h-PG, mg/dL 1486+319 1485+31.9
2-h-PG, mg/dL 13134272 13114272
Initial-increase, mg/dL 593+313 593+313
Subsequent-decrease, mg/  17.3+26.6 1734266
dL
HDP 115(14.3) 1,968 (7.5) 0.25 114 (14.3) 74(9.3) 0.16
EoHDP 25(3.1) 700 (2.7) 0.02 24 (3.0) 313.9) 0.05
LoHDP 90(11.2) 1,267 (4.8) 0.28 90 (11.3) 42(5.3) 0.22
Stillbirth > 20 weeks 4(0.5) 146 (0.6) 0.01 4(0.5) 5(0.6) 0.01
GA at delivery, weeks 393+1.7 393+19 0.00 393+1.7 39.2+2.1 0.06
00
Neonatal sex, male 409 (51.0) 12,118 (46.3) 0.09 405 (51.3) 402 (52.3) 0.02
Birthweight, g 3,084 £459 3,028 +£453 0.12 3,084 £459 3,032+£490 0.11
Large for gestational age 126 (15.7) 2,722 (104) 0.17 125(15.7) 117 (14.8) 0.03
Small for gestational age 50(6.2) 1,795 (6.9) 0.03 50(6.3) 48 (6.1) 0.01
Placental weight, g 592541143 5842+1147 0.07 5922+ 1144 5924+1135 0.00

Bold values represent statistically significant

Continuous variables were represented as mean + standard division. Categorical variables were represented as n (%)

9 Differences of > 0.1 represent meaningful differences in covariates between groups (Bold)

PS propensity score, RBG random blood glucose levels, BMI body mass index, ART assisted reproductive technology, GDM gestational diabetes mellitus, GA gestational
age, wks weeks of gestation, OGTT oral glucose challenge test, HDP hypertensive disorders of pregnancy, EoHDP early-onset HDP, LoHDP late-onset HDP

the HDP subtypes, the incidence of LoHDP was sig-
nificantly higher in the screening-positive group than in
the screening-negative group (11.2% vs. 4.8%), but the
difference in the prevalence of EOHDP was not signifi-
cant (3.1% vs. 2.7%). There were 798 (=299.5%) patients
in the screening-positive group matched to those in the
screening-negative group, and the covariates of mater-
nal age, pre-pregnant BMI, primiparity, and ART preg-
nancy, were balanced between groups after matching
(standardized mean difference<0.1). The incidences of
GDM (53.9% vs. 3.3%) and HDP (14.3% vs. 9.3%) were
significantly higher in the matched screening-positive
group (standardized mean difference > 0.1).

75 g-OGTT parameters evaluation
We analyzed 75 g-OGTT parameters among individu-
als with screening-positive (n=802). Mean FPG, 1-h-
PG, and 2-h-PG were 89.2+10.0, 148.6+31.9, and
131.3+27.2 mg/dL, respectively (Table 1). Figure 2B
demonstrates a very strong correlation between ini-
tial-increase and 1-h-PG (r=0.95), but the correlation
between initial-increase and subsequent-decrease was
moderate (r=0.57). The correlation between subsequent-
decrease and 1-h-PG was also moderate (r=0.58). In
contrast, the correlations between FPG and other param-
eters were very weak (—0.1 <r<0.22).

The distributions of 75 g-OGTT parameters were com-
pared between non-HDP (blue) and HDP (red) groups
using the density plot (Fig. 2C). Although FPG and
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2-h-PG showed almost similar distribution patterns in
the two groups, initial-increase changed dramatically and
showed two peaks in the HDP group: one located near
the peak in the non-HDP group and another located at
a higher value. The 1-h-PG and subsequent-decrease
distribution showed a right shift of the peak in the HDP
group. The 1-h-PG, initial-increase, and subsequent-
decrease were linearly positively associated with HDP
development (Fig. 2D).

GV was associated with HDP

These values were also compared between the non-HDP
group (blue) and the two HDP subgroups, EOHDP (yel-
low) and LoHDP (red), using a density plot (Additional
file 1: Figure S1A). The parameters of 1-h-PG and ini-
tial-increase were positively associated with both sub-
types (Additional file 1: Figure S1B—C). Contrastingly,
the distribution of subsequent-decrease in the LoHDP
group was right-shifted, whereas that in the EoHDP
was a left-shifted, bimodal peak (Additional file 1: Fig-
ure S1A). Accordingly, subsequent-decrease was nega-
tively and positively associated with EoOHDP (Additional
file 1: Figure S1B) and LoHDP (Additional file 1: Figure
S1C), respectively. Similarly, the distribution of 2-h-PG
was right-shifted in the EOHDP group compared to the
other groups (Additional file 1: Figure S1A) and had a
linear positive association with EOHDP (Additional file 1:
Figure S1B). However, there was no positive association
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with LoHDP (Additional file 1: Figure S1C). For FPG, the
association was nonlinear with both EOHDP and LoHDP
(Additional file 1: Figure S1B-C).

As shown in Table 2, subsequent-decrease was nega-
tively associated with EoHDP (aOR 0.56, 95% CI 0.38—
0.82, per 20-mg/dL increment) and positively associated
with LoHDP (aOR 1.38, 95% CI 1.11-1.73, per 20-mg/dL
increment). The aOR of LoHDP for subsequent-decrease
was reproduced in the sensitivity analyses (Additional
file 2: Table S1): 1.45 (95% CI 1.21-1.74, Model 1) and
146 (95% CI 1.21-1.75, Model 2), respectively. The
aOR of EoHDP for subsequent-decrease showed a simi-
lar trend in the sensitivity analyses (Additional file 2:
Table S1), but these values were not significant (aOR
0.78, 95% CI 0.57-1.07, Model 1; aOR 0.77, 95% CI
0.56—-1.05, Model 2). For initial-increase (Table 2), it was
significantly associated with overall HDP and EoHDP
with aORs of 1.20 (95%CI 1.02-1.42) and 1.57 (95% CI
1.15-2.15) per 20-mg/dL increment, respectively, but
the association with LoHDP was not significant: aOR of
1.08 (95% CI 0.90-1.30). However, the aOR of LoHDP for
initial-increase was significant in the sensitivity analyses:
aOR of 1.25 (95% CI 1.08-1.46) (Models 3—4, Additional
file 2: Table S1). The 1-h-PG and IGP were significantly
associated with HDP and LoHDP: aORs of HDP for each
were 1.26 (95% CI 1.10-1.44) and 1.25 (95% CI 1.08-
1.45) per 20-mg/dL increment, respectively; and aORs of
LoHDP for each were 1.24 (95% CI 1.07-1.43) and 1.21

Table 2 75 g-OGTT parameters and HDP in individuals with RBG of > 100 mg/dL (n=802)

HDP (n=115) EoHDP (n=25) LoHDP (n=90)
cOR aOR?® cOR aOR® cOR aOR’
(95%Cl) (95%Cl) (95%Cl) (95%Cl) (95%Cl) (95%Cl)
Age, years 1.02 1.00 0.98 0.96 1.02 1.02
(0.98-1.06) (0.96-1.05) (0.90-1.05) (0.88-1.05) (0.98-1.07) (0.97-1.07)
Pre-pregnant BMI, kg/m? 1. 1 1.16* 1.15% 1.17* 1.13* 1.13*
(1.1 21) (1.11-1.21) (1.08-1.23) (1.08-1.26) (1.09-1.18) (1.08-1.19)
Primiparity 1.51* 1.58* 0.99 0.99 1.67* 1.72%
(1.02-2.24) (1.02-2.46) (044-2.21) (042-2.32) (1.07-2.59) (1.06-2.78)
ART 1.77* 1.99* 1.23 1.95 1.87* 1.88
(1.06-2.94) (1.10-3.58) (0.41-3.66) (0.57-6.72) (1.08-3.25) (1.00-3.54)
FPG 1.48% 113 2.10* 1.82 129 0.92
(1.01-2.18) (0.73-1.75) (1.00-4.40) (0.81-4.08) (0.84-1 (0.56-1.51)
Initial-increase’ 1.29% 1.20% 1.22 1.57* 1.29% 1.08
(1.14-1.47) (1.02-1.42) (1.00-1.57) (1.15-2.15) (1.12-1.48) (0.90-1.30)
Subsequent-decrease’ 1.36* 112 0.88 0.56* 1.52% 1.38*
(1.17-1.58) (0.92-1.37) (0.65-1.18) (0.38-0.82) (1.28-1.81) (1.11-1.73)

Bold values represent statistically significant

RBG random blood glucose levels, HDP hypertensive disorders of pregnancy, EoHDP early-onset HDP, LoHDP late-onset HDP, cOR crude odds ratio, aOR adjusted odds
ratio, 95% Cl 95% confidence interval, BMI body mass index, ART assisted reproductive technology, FPG fasting plasma glucose level

5 aORs were adjusted for maternal age, pre-pregnant BMI, primiparity, ART, FPG, initial-increase, and subsequent-decrease

* per 20-mg/dL increment
* Statistically significant
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Fig. 3 Three-dimensional bar chart representing the frequency

of EoHDP and LoHDP (n=2802). The frequencies of EoOHDP
(yellow-cuboid) and LoHDP (red-cuboid) are represented on the

Z axis, with the classified initial-increase and subsequent-decrease
forming the axes of X and Y, respectively. FoHDP early-onset
hypertensive disorders of pregnancy, LoHDP late-onset hypertensive
disorders of pregnancy

(95% CI 1.03—1.41) per 20-mg/dL increment, respectively
(Models 5-6, Additional file 2: Table S1). Those param-
eters were not significantly associated with EOHDP.

The three-dimensional bar chart represents the fre-
quency of HDP on the Z-axis, and the X and Y axes are
formed with groups for trisected initial-increase and
subsequent-decrease, respectively (Fig. 3). The HDP
frequency tended to increase with increasing values of
initial-increase and subsequent-decrease, except in the
row with an initial-increase of <45 mg/dL. The group
with both the largest initial-increase (>74 mg/dL) and
subsequent-decrease (>28 mg/dL) had the highest
frequency of HDP (25.7%), the majority of which was
LoHDP (red-cuboid, 21.7%). Contrarily, the group with
the largest initial-increase (>74 mg/dL) and the small-
est subsequent-decrease (<8 mg/dL) had the highest
frequency of EoOHDP (yellow-cuboid, 8.3%).

GV was associated with HDP also in non-GDM individuals

Approximately 12.7% (47/369) developed HDP, EOHDP
(n=9) and LoHDP (n=38), among the individuals
who did not meet the GDM diagnostic criteria (non-
GDM, Additional file 3: Table S2). Initial-increase
was significantly associated with HDP: aOR of
1.52 (95% CI 1.03-2.26). Subsequent-decrease was
not significantly associated with overall HDP after
adjustment (aOR 1.20, 95% CI 0.80-1.78). However,

Page 7 of 10

subsequent-decrease was significantly associated
with EoHDP and LoHDP with aORs of 0.35 (95% CI
0.13-0.94) and 1.54 (95% CI 1.01-2.36), respectively.
After dividing participants into three groups with
subsequent-decrease (<8,>8 to<28, and>28 mg/
dL), the frequency of LoHDP was the highest in the
largest group: 5.4% (7/129), 7.2% (10/138), and 20.6%
(21/102), respectively (data not shown).

Discussion

This study is the first to demonstrate the association
between GV (assessed by 75 g-OGTT performed in early
pregnancy) and subsequent development of HDP in non-
DM individuals. Briefly, the pattern of a marked initial-
increase followed by a marked subsequent-decrease (i.e.,
increased GV) was significantly associated with subse-
quent LoHDP development. Meanwhile, the pattern of
poor or lack of subsequent-decrease after the marked
initial-increase (i.e., sustained hyperglycemia) was associ-
ated with subsequent EOHDP development. These trends
were also observed in non-GDM individuals. These find-
ings suggest that more attention is needed in this group
that has been overlooked thus far.

The present study findings suggest that new parameters
of 75 g-OGTT such as initial-increase and subsequent-
decrease were associated with subsequent HDP develop-
ment in non-DM individuals in the screening-positive
cohort. A new finding was that subsequent-decrease was
negatively and positively associated with EoHDP and
LoHDP development, respectively. Poor placentation, a
major etiology of EOHDP development [2, 5, 7], is associ-
ated with early exposure to sustained hyperglycemia [29,
35-40]. Endothelial dysfunction in LoHDP development
is not commonly accompanied by poor placentation
[2, 5], and it is reported to be induced by increased GV
rather than sustained hyperglycemia [8, 41]. The present
study’s results are consistent with these findings. Since
subsequent-decrease was negatively associated with
EoHDP but positively associated with LoHDDP, the asso-
ciation between subsequent-decrease and overall HDP
development was not significant. These associations were
also confirmed in non-GDM individuals, reinforcing the
involvement of GV in the pathogenesis of LoHDP. IGP
and 1-h-PG, reported indicators of GV [23], were also
shown to be associated with HDP and LoHDP develop-
ment, but not with EOHDP development. The associa-
tion between 1-h-PG at OGTT performed after 20 wks
and HDP has been reported previously [42-45], and
that between increased GV and HDP was also reported
in T1IDM patients [46]. However, this study is the first to
demonstrate the association between GV in early preg-
nancy and HDP in non-DM individuals. Although FPG
is also associated with HDP [42-44], the association was
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not detected herein. This discrepancy might be due to
the study populations involved; participants were lim-
ited to those with screening-positive. Hence, the popula-
tion with a sufficiently low level of FPG would have been
small.

The findings of this study suggest that by assessing GV
with OGTT at low cost, women at high risk of developing
HDDP, which typically occurs after 20 wks, can be identi-
fied before 20 wks. It has a significant practical value in
the clinical setting, including early intervention [47].
However, early pregnancy is also a period when morn-
ing sickness is likely to occur. Thus, performing OGTT,
which requires fasting and drinking a glucose solution,
can be stressful for women. Therefore, it is important that
selective OGTT be performed on the minimum number
of pregnant women who need it.

Strengths and limitations

The strength of this study is that the participants were
selected based on universal screening with a single cri-
teria routinely used at both tertiary care centers and
primary maternity care units. This strategy minimized
selection bias.

This study has several limitations. First, insulin resist-
ance was not examined. There was also no data on pre-
pregnancy insulin resistance. However, women who had
pre-pregnancy insulin resistance corresponding to dia-
betes were excluded from the analyses according to the
exclusion criteria. Individuals with high insulin resist-
ance have a delayed time to glucose peak [48—50]. In this
study, the group with a marked initial-increase and poor
or lack of subsequent-decrease, suggesting delayed time
to glucose peak, had the highest frequency of EoHDP.
This finding was consistent with those of previous reports
about the association between impaired insulin sensitiv-
ity and EoHDP [51]. Second, the incidence of HDP was
low, especially in non-GDM individuals. The values of
95% CI were wide in multivariable analyses; however, the
differences in trends between LoHDP and EoHDP were
shown, and the results were consistent in all subgroup
analyses. Third, it was impossible to stratify the results
with or without obesity due to the small number of over-
weight women. Instead, multivariable analyses were con-
ducted using pre-pregnant BMI as a covariant to account
for pre-pregnancy overweight. Fourth, 75 g-OGTT was
performed only in individuals with screening-positive.
Thus, this association in individuals with screening-neg-
ative remains unknown. Nevertheless, this study dem-
onstrated a lower frequency of HDP in individuals with
screening-negative. Thus, GV screening seems meaning-
less for individuals with screening-negative.
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Conclusions

This study revealed that GV in early pregnancy assessed
by 75 g-OGTT performed in non-DM individuals with
screening-positive based on RBG of >100 mg/dL was
associated with HDP. LoHDP and EoHDP were associ-
ated with increased GV and sustained hyperglycemia,
respectively. These findings provide a new perspective
on HDP risk stratification and the basis for future studies
to reduce HDP risk by optimizing GV during pregnancy,
or to better understand the differences in pathogenesis
between EoOHDP and LoHDP.
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