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ABSTRACT

Introduction: Women with previous gesta-
tional diabetes (pGD) are at higher risk of pre-
diabetes (PD) after delivery. The aim of this
study was to determine the prevalence of and
predictors for PD among women with pGD.
Methods: The study included 186 women with
pGD treated by lifestyle modification. After
delivery, the women were divided into group A
(n = 80) with PD and group B (n = 106) with
normal glucose tolerance (NGT), defined by the

results of the 2-h oral glucose tolerance test at
4–12 weeks after delivery. We recorded age,
body mass index (BMI) at conception and after
delivery, fasting glucose (FG), glycated hemo-
globin (HbA1c), total cholesterol (TC), triglyc-
erides (Tg), low density lipoprotein cholesterol
(LDL-c), high-density lipoprotein cholesterol
(HDL-c) and the Tg/HDL-c ratio measured in the
third trimester of pregnancy.
Results: Of the 186 women with pGD enrolled
in the study, 43% showed prediabetes at 4–-
12 weeks after delivery, with 13.9% of these
women showing impaired FG (IFG), 12.9%
showing impaired glucose tolerance (IGT) and
16.2% with IFG/IGT. The groups differed in
terms of age and BMI at conception and after
delivery. In the third trimester of pregnancy,
HbA1c was higher in women in group A than in
those in group B (mean ± standard deviation:
5.6 ± 0.4 vs. 5.2 ± 0.3%; p\0.001), while FG
was comparable. Compared to women in group
B, women in group A had higher TC (7.1 ± 0.8
vs. 6.6 ± 1.0 mmol/L), Tg (2.7 ± 0.9 vs.
2.1 ± 0.6 mmol/L) and LDL-c (4.7 ± 0.8 vs.
4.3 ± 1.0 mmol/L) (all p\0.001), lower HDL-c
(1.0 ± 0.2 vs. 1.4 ± 1.0; p\0.001) and higher
median Tg/HDL-c (5.4 [range 4.6–14.3] vs. 4.9
[range 1.1–11.5]; p\0.001). Univariate analysis
found an association between prediabetes and
age, BMI at conception and after delivery,
HbA1c, TC, LDL-c, HDL-c, Tg and Tg/HDL-c
ratio. Of these variables, the multivariate anal-
ysis showed age (odds ratio [OR] 1.19;
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p\0.001), HbA1c (OR 31.06; p\ 0.001), Tg
(OR 4.09; p\0.001) and LDL-c (OR 2.00;
p = 0.005) as predictors for prediabetes.
Conclusion: High prevalence of early diag-
nosed PD in women with pGD was accompa-
nied by advanced age and higher BMI at
conception and after delivery. Moreover, age,
HbA1c, Tg and LDL-c were predictors for PD.

Keywords: Previous gestational diabetes;
Prevalence and metabolic predictors for
prediabetes

Key Summary Points

Why carry out this study?

Women with previous gestational diabetes
(pGD) are at higher risk of prediabetes
(PD) after delivery. Despite being the
subject of numerous studies, predictors for
PD are not clearly defined.

This study was conducted to determine
the prevalence of and predictors for PD
among women diagnosed with pGD
shortly (4–12 weeks) after delivery.

What was learned from the study?

Our results indicated a high prevalence of
PD in women with pGD tested 4–12 weeks
after delivery accompanied by advanced
maternal age and higher body mass index
at conception and after delivery.
Advanced age, glycated hemoglobin
(HbA1c), triglycerides and low-density
lipoprotein cholesterol measured in third
trimester were predictors for PD, with
HbA1c as the most prominent predictor.

Predictive accuracy of cutoff value of 5.3%
for HbA1c for detecting PD shortly after
delivery among women with pGD showed
a rather high sensitivity and specificity.

INTRODUCTION

Women with previous gestational diabetes
(pGD) have a several times higher risk of
developing prediabetes and type 2 diabetes
(T2D) in future life [1–4]. However, women with
pGD seem to be underestimated regarding their
future risk of developing prediabetes and T2D.
Lifestyle intervention has been shown to have a
beneficial effect on the 10-year risk of diabetes
in women with a history of pGD and predia-
betes [5], which emphasizes the necessity for
early screening after delivery.

There is a need for more studies aimed at
identifying women with pGD at high risk of
prediabetes shortly after delivery who would
benefit the most. Earlier studies revealed
advanced maternal age, gestational weight gain,
fasting plasma glucose (FPG) and glycated
hemoglobin (HbA1c) during pregnancy, as well
as HbA1c after delivery in being in the short-
term time frame for screening as significant
predictors for PB [1–4, 6, 7]. The numerous
studies considering HbA1c and FPG as a pre-
dictors of prediabetes after delivery in women
with pGD have shown conflicting results
[1, 2, 6–8].

Previous studies indicated a specific lipid
pattern among women with gestational dia-
betes (GD) that implies increased levels of
triglycerides (Tg), low-density lipoprotein
cholesterol (LDL-c) and total cholesterol (TC)
and lower levels of high-density lipoprotein
cholesterol (HDL-c) most often in late preg-
nancy [9, 10]. In contrast, a limited number of
investigations hae shown that lipid parameters
in early pregnancy might predict GD [11].

In this context, the aim of our study was to
evaluate the prevalence of and to identify
metabolic predictors for prediabetes within a
short time (4–12 weeks) after delivery in women
with pGD.

METHODS

Research Design

This study included 186 women who were
diagnosed as having GD treated only by lifestyle
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modification in pregnancy from 01 January
2017 until 31 December 2019 and followed in
the Department for Metabolic Disorders,
Intensified Treatment and Cell Therapy in Dia-
betes, Clinic for Endocrinology, Diabetes and
Metabolic Diseases, University Clinical Center
of Serbia, Belgrade. All women were followed for
glycemic and lipid parameters in pregnancy as
well as glucose tolerance 4–12 weeks after
delivery. A 2-h oral glucose tolerance test
(OGTT) was conducted 4–12 weeks after deliv-
ery, and based on the results the women were
placed in one of two groups: group A, com-
prising those with prediabetes, and group B,
comprising those with normal glucose tolerance
(NGT), defined according to American Diabetes
Association criteria [12]. Prediabetes was
defined as impaired fasting glucose (IFG; FPG
5.6–6.9 mmol/L) and/or impaired glucose tol-
erance (IGT; 7.8–11.0 mmol/L) based on the
results of a 2-h OGTT after delivery [12]. In all
women, we recorded age and body mass index
(BMI) before conception (obtained by an inter-
view) and at 4–12 weeks after delivery. We also
performed a 2-h, 75-g loaded OGTT at two time-
points: between 24–28 gestational weeks (glu-
cose measured at 0, 60 and 120 min) and 4–-
12 weeks after delivery (glucose measured at 0
and 120 min). Data on HbA1c and lipid
parameters (TC, LDL-c, HDL-c and Tg) were
collected in the third trimester of pregnancy in
the fasting state.

Inclusion Criteria

Inclusion criteria were GD according to
IADPSG/WHO criteria, where at least one of the
glucose values from a 75-g OGTT is equal to or
exceeds the following thresholds when treated
only by lifestyle modification and singleton
pregnancy: FPG, 5.1 mmol/L; 1-h plasma glu-
cose (PG), 10.0 mmol/L; 2-h PG, 8.5 mmol/L
[13].

Exclusion Criteria

Exclusion criteria were: need for insulin treat-
ment for GD, previous use of metformin, pre-
existing type 1 diabetes, pre-existing T2D or

T2D diagnosed during 2-h OGTT 4–12 weeks
after delivery, pregnancy obtained from assisted
reproductive technologies, familial hyper-
lipoproteinemias (familial hypercholes-
terolemia and hypertrigliceridemia), overt
hyperthyroidism or hypothyroidism, corticos-
teroid treatment during pregnancy and hepatic
disorders.

Measurements

The relevant parameters were measured as
follows:

BMI was calculated according to equation
BMI = weight (kg)/height (m2). BMI after
delivery was measured before the 2-h OGTT
in the fasting state.
HbA1c was measured using a commercial test
reagent (SEBIA, Lisses, France).
FPG and PG values during the 2-h OGTT were
obtained by the glucose oxidase method
using a Beckman Glucose Analyzer (Beckman
Instruments Inc., Fullerton, CA, USA).
Serum lipid levels (total and HDL-c and
triglycerides) were analyzed enzymatically
using a commercial kit (Boehringer Man-
nheim GmbH Roche Diagnostics, Mannheim,
Germany), while LDL-c was calculated by the
standard Friedewald formula.
Lipid index (Tg/HDL) was calculated dividing
the serum concentration of TG by HDL-c after
conversion to mg/dL [14].

Ethical Compliance

This investigation was performed in agreement
with both the Declaration of Helsinki of 1964,
as revised in 2013, and national guidelines. All
participants were informed of the details of the
study prior to giving informed consent for par-
ticipation. All procedures were conducted in
accordance with standard clinical settings. The
investigation was approved by the Ethics Com-
mittee of the Faculty of Medicine, University of
Belgrade (1322/VII-19).
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Statistical Analysis

The descriptive statistics used to characterize
the study sample included means, medians and
standard deviations (SD) for numerical variables
and numbers and percentages for categorical
variables. The Kolmogorov–Smirnov and Sha-
piro–Wilk tests were used to test normal distri-
bution. Associations between categorical data
were determined using Pearson’s chi-square
test. Student’s t test or the Mann–Whitney
U test were used for numerical data to evaluate
the differences between the investigated groups.
Univariate and multivariate logistic regression
analyses were used to determine factors related
to prediabetes. Significant variables from uni-
variate analysis were included in multivariate
regressions, with prediabetes as outcome. The
results were expressed as relative risk and cor-
responding 95% confidence intervals (CI). In all
analyses, the level of statistical significance was
set at p B 0.05. The statistical analysis was per-
formed using the SPSS version 21 (2012) soft-
ware package (SPSS IBM Corp., Armonk, NY,
USA).

RESULTS

The baseline characteristics of the 186 women
with pGD are given in Table 1. Based on the
results of the 2-h OGTT performed 4–12 weeks
after delivery, 43% showed prediabetes (group
A) and 57% of women had NGT (group B).
Analysis of all women with pGD in the short
period after delivery revealed that 13.9%
showed IFG, 12.9% showed IGT and 16.9 % had
IFG/IGT.

There was a significant difference in age
(mean ± SD) at conception between groups A
and B (36 ± 5.6 vs. 34.1 ± 5.8 years, respec-
tively; p = 0.023) (Table 1). At the same time,
compared with women with NGT (group B),
those with prediabetes shortly after delivery
(group A) had higher BMI before conception
(29.2 ± 6.0 vs. 27.0 ± 4.2 kg/m2; p = 0.004) and
after delivery (31.9 ± 5.0 vs. 30.1 ± 3.8 kg/m2;
p = 0.009) (Table 1).

Analysis of the results on glycemic parame-
ters showed that there was no difference in FPG
during the third trimester of pregnancy among
women with prediabetes (5.0 ± 0.5 mmol/L)
and those with NGT (5.0 ± 0.6 mmol/L;
p = 0.825) shortly after delivery (Table 1). On
the other hand, women with pGD and

Table 1 Baseline characteristics of all women with previous gestational diabetes included in study and according to group
based on results of 2-h oral glucose tolerance test performed at 4–12 weeks after delivery

Baseline characteristics Total study population (n = 186) Group A (n = 80) Group B (n = 106) p value

Age (years) 34.9 ± 5.8 36.0 ± 5.6 34.1 ± 5.8 0.023

BMI 1 (kg/m2) 27.9 ± 5.1 29.2 ± 6.0 27.0 ± 4.2 0.004

BMI 2 (kg/m2) 30.9 ± 4.4 31.9 ± 5.0 30.1 ± 3.8 0.009

HbA1c (%) 5.4 ± 0.4 5.6 ± 0.4 5.2 ± 0.3 \ 0.001

FPG (mmol/L) 5.0 ± 0.6 5.0 ± 0.5 5.0 ± 0.6 0.825

TC (mmol/L) 6.8 ± 0.9 7.1 ± 0.8 6.6 ± 1.0 \ 0.001

LDL-c (mmol/L) 4.5 ± 0.9 4.7 ± 0.8 4.3 ± 1.0 \ 0.001

HDL-c (mmol/L 1.2 ± 0.8 1.0 ± 0.2 1.4 ± 1.0 \ 0.001

Tg (mmol/L) 2.4 ± 0.8 2.7 ± 0.9 2.1 ± 0.6 \ 0.001

Tg/HDL-c 5.1 (1.1–14.3) 5.4 (4.6–14.3) 4.9 (1.1–11.5) \ 0.001

Values in table are presented as the mean ± standard deviation or as the median with the range in parentheses
BMI 1 Body mass index at conception, BMI 2 body mass index 4–12 weeks after delivery
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prediabetes had higher HbA1c in third trimester
of pregnancy (5.6 ± 0.4%) compared to women
with pGD and NGT shortly after delivery
(5.2 ± 0.3%; p\0.001) (Table 1).

Evaluation of lipid parameters in the third
trimester of pregnancy showed that women
placed in group A (pGD and prediabetes based
on testing shortly after delivery) had higher TC,
Tg and LDL-c than those in group B (NGT
shortly after delivery): TC, 7.1 ± 0.8 vs.
6.6 ± 1.0 mmol/L; Tg, 2.7 ± 0.9 vs. 2.1 ± 0.6
mmol/L; and LDL-c, 4.7 ± 0.8 vs.
4.3 ± 1.0 mmol/L (all p\0.001) (Table 1).
However, HDL-c was lower among women with
prediabetes and pGD (group A) than among
those with NGT (group B): 1.0 ± 0.2 vs.
4 ± 1.0 mmol/L (p\0.001) (Table 1). A
between-group difference was also observed for
the Tg to HDL-c (Tg/HDL-c) ratio in the third
trimester of pregnancy, with higher values
observed in group A than in group B (median
[range]: 5.4 [4.6–14.3] vs. 4.9 [range 1.1–11.5];
p\0.001) (Table 1).

Using univariate regression analysis, age and
BMI at conception, BMI after delivery, HbA1c,
lipid parameters (TC, LDL-c, HDL-c, Tg) and Tg/
HDL-c ratio were found to be significantly
associated with prediabetes (Table 2). In the
final multivariate regression analysis, four

predictors for developing prediabetes shortly
(4–12 weeks) after delivery, namely age (odds
ratio [OR] 1.19, 95% confidence interval [CI]
1.08–1.32; p\0.001), HbA1c (OR 31.06, 95% CI
7.55–127.8; p\0.001), Tg (OR 4.09, 95% CI
2.01–8.29; p\ 0.001) and LDL-c (OR 2.00, 95%
CI 1.23–3.25; p = 0.005), remained significant
(Table 2).

The predictive accuracy of HbA1c for
detecting prediabetes shortly (4–12 weeks) after
delivery among women with pGD showed a
sensitivity of 77.5% (95% CI 66.8–86.1) and
specificity of 57.5% (95% CI 47.6–67.1) for a
cut-off of 5.3% (Area under the curve 0.764,
95% CI 0.693–0.835; Fig. 1). According to our
results, 77.5% of women with pGD and predi-
abetes shortly after delivery had HbA1c C 5.3%.

DISCUSSION

In our observational cohort study, almost half
of women with pGD had prediabetes within a
short time (4–12 weeks) after delivery. Those
identified with prediabetes were older and had
higher BMI at conception and after delivery
compared to those who were not. Also, we reg-
istered higher values of HbA1c and lipid
parameters in the third trimester of pregnancy

Table 2 Logistic regression model with the risk of prediabetes shortly after delivery (4–12 weeks) as dependent variable

Variable Univariate analysis Multivariate analysis

B SE OR (95% CI) p B SE OR (95% CI) p

Age 0.06 0.27 1.1 (1.01–1.12) 0.026 0.18 0.05 1.19 (1.08–1.32) \ 0.001

BMI 1 0.09 0.03 1.09 (1.03–1.16) 0.005

BMI 2 0.09 0.04 1.10 (1.02–1.18) 0.011

HbA1c 2.86 0.49 17.49 (6.66–45.92) \ 0.001 3.44 0.72 31.06 (7.55–127.8) \ 0.001

FPG 0.06 0.27 1.06 (0.63–1.79) 0.824

TC 0.61 0.19 1.84 (1.28–2.66) 0.001

LDL-c 0.49 0.18 1.63 (1.14–2.34) 0.008 0.69 0.25 2.00 (1.23–3.25) 0.005

HDL-c - 1.46 0.48 0.23 (0.09–0.59) 0.002

Tg 1.08 0.26 2.94 (1.78–4.85) \ 0.001 1.41 0.36 4.09 (2.01–8.29) \ 0.001

Tg/HDL 0.27 0.07 1.39 (1.21–1.59) \ 0.001
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among women with pGD and prediabetes in the
screening time-frame. When we evaluated the
risk for prediabetes, age at conception, HbA1c,
Tg and LDL-c were identified as significant
predictors.

In clinical settings, post-partum follow-up of
pregnant women with pGD is important, as
these women have a several-fold increased risk
of progression to prediabetes and T2D after
delivery [15, 16]. It is well known that preva-
lence of prediabetes and T2D among women
with pGD varies from 12.7 to 56% depending
on personal characteristics, diagnostic criteria
and duration of follow-up [1–4].

Among our study cohort, we found predia-
betes within a short period (4–12 weeks) after
delivery in 43% of women with pGD, which is
in line with previous results [7]. Interestingly,
the incidence rate of early diagnosed diabetes
after delivery has been reported to be much
higher than the rate of diabetes in long-term
follow-up [17]. In one study, despite pGD being
known about among some of the pregnant
women, only 25% of those with pGD under-
went glucose screening at 4–12 weeks after

delivery [18]. In that context, identifying those
women at highest risk of progression from those
who remain normoglycemic after GD is of key
importance for targeted prevention programs.

Some prior studies in this field have shown
that women with pGD who developed predia-
betes after delivery were older than those with
NGT after delivery [2], which is consistent with
our results. In our study, advanced maternal age
was associated with a 1.2-fold higher risk of
prediabetes, as has previously been found in
many different studies [2, 3]. This higher risk
may have arisen due to advanced maternal age,
suggesting that older pregnant women with
pGD should be closely monitored [19].

Previous studies have also pointed out that
obesity and gestational weight gain are predic-
tors for prediabetes after delivery among
women with pGD [2, 20]. We also registered
higher BMI after delivery, with an average value
in the range of obesity in women with pGD and
prediabetes within the short period after
delivery.

FPG during the third trimester of pregnancy
has been evaluated with the aim to diagnose

Fig. 1 Predictive accuracy of HbA1c measured in the
third trimester of pregnancy for detecting prediabetes
shortly (4–12 weeks) after delivery among women with

previous gestational diabetes. Plot shows the ROC curve as
well as the respective specificity (57.5%) and sensitivity
(77.5%) for the HbA1c cut-off level of 5.3%
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glucose intolerance in women with pGD [2];
however, there were conflicting results, with
sensitivity rates ranging from 83.0 to 90.0%
[21]. Our results did not show any difference for
FPG in the third trimester among women with
pGD with respect to glucose tolerance shortly
after delivery.

Very few studies have evaluated the clinical
usefulness of third-trimester HbA1c levels as a
predictor of the development of prediabetes
and/or T2D after delivery [2, 22, 23]. In our
study, higher HbA1c values were measured in
the third trimester in the group of women with
pGD who developed prediabetes (group A).
Furthermore, multivariate analysis of our data
revealed that HbA1c values in the third trime-
ster were the most prominent predictor for
prediabetes after delivery, with women with
pGD and higher values of HbA1c having a
31-fold increased risk of developing prediabetes
in the screening time frame after delivery. The
authors of a previous study reported that an
HbA1c level C 5.4%, obtained at close to 28
weeks of pregnancy, was associated with a [
5-fold increased risk of developing diabetes 5
years after pregnancy [8]. When evaluating our
data, we defined an optimal cut-off value for the
third trimester of pregnancy to be HbA1c \
5.3%, with higher values predicting prediabetes
among women with pGD at a sensitivity of
77.5% and specificity of 57.5% Although the
sensitivity of HbA1c as a screening test to pre-
dict prediabetes after delivery in women with
pGD appears to be low [8], it may be suitable as
a marker that defines high-risk women requir-
ing lifestyle interventions to prevent T2D,
starting already in pregnancy and continuing
during the woman’s lifespan.

The results of the majority of studies con-
ducted to date suggest that women with GD
have increased TC, Tg and LDL-c levels and
lower HDL-c level [9, 10]. Although it is difficult
to ascertain which level of lipid elevation is
pathologic, also because there are no defined
criteria during pregnancy, we also found higher
levels of TC, Tg and LDL-c and lower levels of
HDL-c in the group of women with pGD having
prediabetes shortly after delivery. From a clini-
cal point of view, hypertriglyceridemia with low
HDL-c is a rationale concern as this

combination might lead to dysregulation of
glucose tolerance [24]. Focusing on higher
levels of Tg as a significant predictor, we showed
a fourfold higher risk for prediabetes 4- to
12-weeks after delivery. This result is in line
with a prospective case–control study of women
with pGD where the presence of ‘‘high-risk’’
cluster during late pregnancy, defined as a
combination of any four cardiometabolic risk
factors, including lipids (BMI[30 kg/m2, fast-
ing glucose[5.0 mmol/L, insulin[ 7.8 mU/L,
Tg[2.4 mmol/L, HDL-c\1.6 mmol/L or sys-
tolic blood pressure[105 mmHg) was a better
predictor for future T2D development 10 years
after delivery than BMI or fasting glucose sepa-
rately [25].

Some prior studies also found that the Tg/
HDL-c ratio increased significantly throughout
the pregnancy among women with GD [10]. In
our study, we registered an increased Tg/HDL-c
ratio in the third trimester in our group of
women with pGD developing prediabetes.
However, although univariate analysis showed
that the Tg/HDL-c ratio was a significant pre-
dictor of PD, this variable was not a significant
predictor in the multivariate regression analysis.

In comparison, it is well known that LDL-c is
a marker of cardiovascular risk [26], which is
substantially higher among women with pGD
in the presence of glucose intolerance after
delivery [27]. Unexpectedly, we registered
higher LDL-c in the third trimester in women
with pGD as a significant predictor for the
future prediabetes early after delivery (twofold
higher risk). However, the results regarding the
role of high cholesterol as a risk factor for future
glucose intolerance and T2D in women with GD
are conflicting. A recent study showed that the
lowest TC quartile (\5.5 mmol/L) at the time of
GD diagnosis was associated with an increased
risk of abnormal glucose tolerance in women
with GD after delivery, compared to lowest risk
in the highest TC quartile ([7.0 mmol/L) group
[28]. In contrast, Lappas et al. found signifi-
cantly higher postnatal TC concentration in
women who develop T2D 10 years after GD
[29]. In this study, lipidomics analysis of three
lipid species, namely, the cholesteryl ester spe-
cies (ceramide), the alkenylphos-
phatidylethanolamine species (plasmalogens)
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and the phosphatidylserine species, showed
that the levels of these three lipid species were
independently and positively associated with
the development of T2D in those women with
pGD. Ceramide is recognized as a proinflam-
matory lipid, while plasmalogens are involved
in oxidative stress processes [29]. Consequently,
LDL enriched in ceramide has been shown to
promote inflammation and insulin resistance in
skeletal muscle [30] which could partially
explain our findings of high LDL-c as a good
predictor for the future glucose disturbances in
women with pGD. These results reinforce the
need for future studies to elucidate the role of
TC.

There are two major limitations to our study:
(1) its observational study design and (2) a
moderate number of included women with
pGD related to incidence of GD in our popula-
tion [31].

CONCLUSIONS

Our results imply a high prevalence of predia-
betes within the short term (4–12 weeks) after
delivery among women with pGD, particularly
in those of advanced maternal age and with
higher BMI at conception and after delivery.
Moreover, risk prediction for prediabetes
shortly after delivery identified advanced
maternal age and available metabolic parame-
ters, emphasizing HbA1c as the most prominent
predictor, followed by Tg and LDL-c, in the
third trimester. Our data should raise awareness
of the importance to identify women at the
highest risk of prediabetes, starting already in
late pregnancy, which would enable the intro-
duction of timely preventive strategies.
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