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Abstract
Objective  We aimed to evaluate the heterogeneity of gestational diabetes mellitus (GDM) patients diagnosed with 
various screening criteria.

Methods  We stratified pregnant women using consecutive fasting plasma glucose (FPG) and 2-hour postprandial 
plasma glucose (2hPPG) intervals of 0.2 mmol/L. The incidence of abnormal neonatal birthweight and birth-related 
adverse outcomes was compared with that of pregnant women without GDM.

Results  The study included 39,988 pregnant women (18–45 years, mean [SD], 31.5 [4.7] years) in Ningbo, China. The 
means (SDs) of FPG and 2hPPG within 24–28 weeks of gestation were 4.5 (0.5) and 6.8 (1.3) mmol/L, respectively. A 
total of 3025 (7.6%) women had 5.1–6.9 mmol/L FPG and 4560 (11.4%) had 8.5–11.0 mmol/L 2hPPG. The incidence 
of GDM according to the two combination criteria was 17.3% (6908 cases). The relative risk (RR) for < 10th percentile 
birthweight (< 10th WT) was 0.82 (95% CI, 0.74–0.91, p < 0.001) by 5.1 mmol/L FPG criterion and 1.14 (95% CI, 1.06–
1.23, p < 0.001) by 8.5 mmol/L 2hPPG criterion, while the RRs for > 90th percentile birthweight (> 90th WT) were 1.48 
(95% CI, 1.35–1.63, p < 0.001) and 0.95 (95% CI, 0.86–1.04, p = 0.29) according to the corresponding criteria. The FPG 
criterion was more strongly associated with maternal hypertension than the 2hPPG criterion. Both criteria did not 
show a distinct association with other composite adverse outcomes.

Conclusion  High FPG is significantly associated with high birth weight, whereas high 2hPPG is slightly associated 
with low birth weight. Our findings highlight the heterogeneity of patients with GDM diagnosed by different criteria.

Keywords  Gestational diabetes mellitus (GDM), Birth weight percentile, Fasting plasma glucose (FPG), 2-hour 
postprandial plasma glucose (2hPPG), Oral glucose tolerance test (OGTT)
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Introduction
Gestational diabetes mellitus (GDM) refers to glucose 
intolerance with onset or first recognition during preg-
nancy [1]. GDM is considered a risk factor for multiple 
short- and long-term adverse outcomes that affect both 
mothers and newborns, including increased birthweight, 
gestational hypertension, stillbirth and neonatal death, 
and future cardiometabolic disease in mothers and off-
spring [2, 3]. GDM is typically diagnosed at 24–28 weeks 
of gestation and affects 6–25% of pregnant women 
according to differential diagnostic criteria [4]. How-
ever, there is no scientific consensus for the preferred 
screening strategy or diagnostic glycemic thresholds for 
early GDM, as illustrated by several versions of diagnos-
tic criteria that depend on fasting glucose (FPG), 1-hour, 
2-hour, and 3-hour glucose levels from the oral glucose 
tolerance test (OGTT). [5] The decision to adopt the 
lower or higher glycemic criterion is also controversial 
[6]. The lower criterion adopts FPG of ≥ 5.1 mmol/L or 
2-hour glucose of ≥ 8.5 mmol/L, [7, 8] whereas the higher 
criterion adopts an FPG of ≥ 5.8 mmol/L or 2-hour glu-
cose of ≥ 9.2 mmol/L [9]. Consequently, inconsistent 
diagnostic criteria for GDM lead to a varied incidence of 
GDM as reported and make international comparisons 
difficult [10].

Given that various incidences of women with GDM 
were found using different GDM criteria, we hypoth-
esized that the inconsistent incidence implied hetero-
geneity in GDM. Our study aimed to investigate the 
incremental impact of increasingly abnormal glucose lev-
els on maternal and neonatal adverse outcomes via FPG 
and 2-hour postprandial plasma glucose (2hPPG) crite-
ria, which would address the changing impact of various 
glucose levels on adverse gestational outcomes, as well as 
the most clinically relevant cut-off points for plasma glu-
cose levels for the screening of GDM.

Materials and methods
Study design and participants
This was a population-based retrospective study involv-
ing pregnant women aged 18–45 years with at least one 
hospital birth in Ningbo, China, from 1 January 2016 to 
31 December 2022. This study included patients from 
Level 2 and Level 3 hospitals that participated in the 
inter-laboratory quality parity to ensure the accuracy 
and consistency of blood glucose measurements. The 
study used 100% of pregnant women who underwent 
GDM screening using 75-g OGTT or FPG measurements 
within 24–28-week gestation in general hospitals, wom-
en’s hospitals, and community health service centers. 
The exclusion criteria were a history of T1DM or T2DM, 
an FPG of > 6.9, and a 2hPPG of > 11 mmol/L. The data 
sets of mothers and their newborns were linked through 
unique identifiers that were deidentified to protect 

privacy. The data included OGTT or FPG measurements 
and clinical features. All the data were archived at the 
Ningbo Municipal Health Information Centre, Zhejiang 
Province, China. The statistician had access to anony-
mized data, whereas the coauthors had access to sum-
marized data. The study complied with the Declaration 
of Helsinki.

Handling of plasma glucose levels
All measurements of glucose were obtained from venous 
plasma samples. We used FPG and 2hPPG from the 
OGTT as GDM screening criteria. The FPG screening 
criterion of 5.1–6.9 mmol/L was divided into 11 inter-
vals of < 5.1, 5.1–5.29, and up to ≥ 6.9 mmol/L with an 
interval of 0.2 mmol/L. The 2hPPG screening criterion of 
8.5–10.9 mmol/L was divided into 14 intervals of < 8.5, 
8.5–8.69, and up to ≥ 10.9 mmol/L at an interval of 0.2 
mmol/L. Consecutive intervals of two criteria were 
applied to stratify pregnant women. One measurement at 
the middle of the study period was chosen if there was 
more than one measurement of FPG and 2hPPG for each 
delivery of pregnant women. If the number of events in a 
subgroup was under three, we combined the two neigh-
boring subgroups to ensure reliable statistical results.

GDM diagnosis, adverse outcomes, and insulin treatment
We diagnosed GDM according to the International Asso-
ciation of the Diabetes and Pregnancy Study Groups 
(IADPSG) diagnostic criteria in 2013 on the basis of an 
FPG of 5.1–6.9 mmol/L and 2hPPG of 8.5–11.0 mmol/L 
[11]. We used the following adverse outcomes to evalu-
ate the impact of different glucose levels: overweight sta-
tus of newborns defined as > 90th percentile birthweight 
(> 90th WT); underweight status of newborns defined as 
< 10th percentile birthweight (< 10th WT); gestational 
preeclampsia and hypertension diagnosed during preg-
nancy; and a composite of multiple adverse outcomes of 
1-min and 5-min Apgar scores below 8, neonatal death, 
intrauterine distress, labor dystocia, and birth trauma. 
The percentage of insulin treatment and the mean age of 
pregnant women were computed for each subgroup.

Statistical analysis
Categorical variables including the incidence of adverse 
outcomes and insulin use were expressed as percentages 
and 95% confidence interval (95% CI). Continuous vari-
ables including glucose level and age were expressed as 
mean and standard deviation (SD). We first examined 
the outliers for continuous variables by graphing and 
sorting the data. The erroneous and illogical values were 
removed. As a selection bias might exist among pregnant 
women who underwent OGTT, we created a reference 
population from the whole population without GDM 
according to both the FPG and 2hPPG criteria during 
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24–28 weeks of gestation. This reference population 
was used for all subgroups that were classified by both 
the FPG and 2hPPG criteria. The incidence of adverse 
outcomes among subgroups classified by consecutive 
glucose levels was compared with that of the reference 
population to obtain the relative risk (RR). Since older age 
was an important confounding factor in the incidence of 
GDM, we performed multiple logistical regression using 
binary abnormal neonatal weights as outcomes, glucose 
levels as factors, and age as a covariate to assess the con-
founding effect of age. Statistical analysis was performed 
using R (version 4.3) with a two-tailed type 1 error rate of 
p < 0.05 indicating statistical significance.

Results
The present study included 67,369 pregnant women (aged 
18–45 years; mean [SD], 31.6 [4.7] years) who had at least 
one measurement of FPG or 2hPPG during 24–28 weeks 
of gestation through a search of the local medical elec-
tronic record data. The mean (SD) birth weight was 3322 

(447) g. The cut-off values for the < 10th WT and > 90th 
WT were 2800 g and 3885 g, respectively. We used these 
cut-off values as the threshold values to identify abnor-
mal birth weights. Among the 67,369 women, 45,909 
had < 5.1 mmol/L FPG and/or < 8.5 mmol/L 2hPPG and 
were designated the reference population without GDM 
(Fig. 1).

Moreover, 39,988 (age: mean [SD], 31.5 [4.7] years) 
women had both FPG (mean (SD), 4.5 [0.5] mmol/L) and 
2hPPG (mean (SD), 6.8 [1.3] mmol/L) measurements, 
which were designated the study population and classi-
fied by two glucose levels to investigate the incidence 
of adverse gestational outcomes. Among these 39,988 
women, 3025 (7.6%) had 5.1–6.9 mmol/L FPG (Fig. 1A) 
and 4560 (11.4%) had 8.5–11.0 mmol/L 2hPPG (Fig. 1B). 
The incidence of GDM according to the two combination 
criteria was 17.3% (6908 cases).

The notable finding was the distinct effects on < 10th 
WT and > 90th WT between higher FPG and higher 
2hPPG identified by two GDM criteria. Overall, women 

Fig. 1  Associations of consecutive intervals of FPG (A) and 2hPPG (B) with < 10th WT and > 90th WT. Note: *, p < 0.05; **, p < 0.01; ***, p < 0.001. 5.1~: 
indicates FPG from 5.1 mmol/L to the beginning level (not included) of the next subgroup
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with 5.1–6.9 mmol/L FPG were associated with a lower 
risk of < 10th WT (RR, 0.82; 95% CI, 0.74–0.91; p < 0.001) 
and with an increased risk of > 90th WT (RR, 1.48; 95% 
CI, 1.35–1.63; p < 0.001) (Fig.  1A). In contrast, women 
with 8.5–11.0 mmol/L 2hPPG were associated with an 
increased risk of < 10th WT (RR, 1.14; 95% CI, 1.06–1.23; 
p < 0.001) and with no increased risk of > 90th WT (RR, 
0.95; 95% CI, 0.86–1.04; p = 0.29) (Fig. 1B). On the basis 
of the RRs obtained by the consecutive intervals of glu-
cose measurements, we found several remarkable find-
ings. There was a rapid increase in the RRs (from 1.29 
to 2.17) of the > 90th WT from 5.1 to 5.9 mmol/L FPG 
intervals, and the RRs remained high (Fig.  1A). Our 
study clearly revealed an increasing trend in insulin use 
by the categorization of FPG levels, increasing from the 
lowest 0.4% below 5.1 mmol/L FPG to the highest 22.2% 
at 6.3 ~ mmol/L FPG (Fig. 1A). In contrast, the trend in 
insulin use among subgroups by 2hPPG was not as sig-
nificant (Fig. 1B).

Figures  2 and 3 show the differential associations of 
the two GDM criteria with maternal hypertension and 

several other adverse outcomes. Among the study pop-
ulation of 39,988 women, 906 (2.3%) cases had hyper-
tension and 1356 (3.4%) cases of composite adverse 
outcomes (Fig. 2A). Compared with the non-GDM refer-
ence population, 5.1–6.9 mmol/L FPG was much more 
strongly associated with an increased risk of hyperten-
sion (RR, 1.51; 95% CI, 1.24–1.83; p < 0.001) (Fig.  2A) 
than was 8.5–11.0 mmol/L 2hPPG (RR, 1.04; 95% CI, 
0.85–1.26; p = 0.72) (Fig.  2B). Further analysis revealed 
that most FPG levels (6 levels > 5.2 mmol/L) were strongly 
associated with hypertension (RR, 1.7 to 3.94) (Fig. 2A), 
whereas only two levels of 2hPPG (> 10.5 mmol/L) had 
an evident association (RR, 1.56 and 1.68) with hyperten-
sion (Fig. 2B). With respect to the composite adverse out-
comes, 5.1–6.9 mmol/L FPG slightly increased this risk 
(RR, 1.16; 95% CI, 0.97–1.39; p = 0.11) (Fig. 2A), and the 
same was true for the 8.5–11.0 mmol/L 2hPPG (RR, 1.04; 
95% CI, 0.89–1.22; p = 0.61) (Fig. 2B).

Among the 1356 patient with composite adverse out-
comes, 605 (1.5%) had 1-min and 5-min Apgar below 8 
scores, 425 (1.1%) had breech presentations, 85 (0.2%) 

Fig. 2  Associations of consecutive intervals of FPG (A) and 2hPPG (B) with maternal hypertension and composite adverse outcomes
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Fig. 3  Associations of 5.1–6.9 mmol/L FPG and 8.5–11.0 mmol/L 2hPPG with maternal hypertension and single adverse outcomes
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had neonatal deaths, and 241 (0.6%) had intrauterine dis-
tress (Fig.  3). Further investigation of associations with 
different types of adverse outcomes revealed that 5.1–6.9 
mmol/FPG increased maternal hypertension (RR, 1.51; 
95% CI, 1.24–1.83; p < 0.001) and breech presentation 
(RR, 1.47; 95% CI, 1.08–2.0; p < 0.05). Moreover, 8.5–11.0 
mmol/L 2hPPG slightly increased the risk of breech 
presentation (RR, 1.26; 95% CI, 0.96–1.66; p = 0.10) and 
death (RR, 1.23; 95% CI, 0.66–2.3; p = 0.48), which were 
not statistically significant due to low occurrence. Both 
elevated FPG and 2hPPG were associated with a reduced 
risk of intrauterine distress.

As older age was an important confounding factor for 
the incidence of GDM, Next, we compared the mean age 
between the reference population and study population. 
The mean age of the reference population was 31.3 (SD, 
4.6) years. Among the study population, the mean ages 
of the patients in the < 5.1 mmol/L and 5.1–6.9 mmol/L 
FPG subgroups were 31.4 (SD, 4.6) years and 32.5 (SD, 
4.7) years, respectively (Fig.  1A). The mean age of the 
< 8.5 mmol/L and 8.5–11.0 mmol/L 2hPPG subgroups 
was 31.4 (SD, 4.6) years and 33.3 (SD, 4.5) years, respec-
tively (Fig. 1B). These findings indicated that women with 
GDM diagnosed with 8.5–11.0 mmol/L 2hPPG were 0.8 
years older than those diagnosed with 5.1–6.9 mmol/L 
FPG (p < 0.001). We performed multiple logistic regres-
sion using binary abnormal weights as outcomes, glucose 
levels as risk factors, and age as covariate (Table 1). The 
regression analysis revealed that after adjustment for 
age, 5.1–6.9 mmol/L FPG was more likely to lower the 
incidence of < 10th WT (RR, 0.94; 95% CI, 0.89–0.99; 
p < 0.001) and to increase the incidence of > 90th WT 
(RR, 1.36; 95% CI, 1.26–1.46; p < 0.001), whereas 8.5–11.0 
mmol/L 2hPPG only increased the incidence of < 10th 
WT (RR, 1.14; 95% CI, 1.09–1.2; p < 0.001) with a note-
worthy effect size. With respect to age, all the association 
sizes with < 10th WT and > 90th WT were small, rang-
ing from 0.995 to 1.01, although the RR of 1.01 was sta-
tistically significant (p < 0.01) because of the large sample 
size. This finding implied that compared with the much 
larger effect sizes of increased FPG, the confounding 
effect of age was minor. These consistent findings after 
adjustment further supported our findings.

Discussion
Our main findings revealed that higher FPG was signifi-
cantly associated with higher birthweight, whereas higher 
2hPPG was more strongly associated with lower birth-
weight. This difference in the impact of the two GDM 
diagnosis criteria on neonatal birthweight was indepen-
dent of the age of the women. GDM patients screened by 
the FPG criterion had a more significantly increased inci-
dence of maternal hypertension than those diagnosed by 
the 2hPPG criterion.

Among the study population of our study, 7.6% of 
women were diagnosed with GDM according to the 5.1–
6.9 mmol/L FPG criterion and 11.4% according to the 
8.5–11.0 mmol/L 2hPPG via the OGTT during 24–28 
weeks of gestation. The incidence of GDM according 
to the two combination criteria was 17.3% (6908 cases), 
which was close to that reported in a previous meta-anal-
ysis in which the incidence of GDM was 14.8% among 
79,064 Chinese participants [12]. As different popula-
tions may have inconsistent plasma glucose levels, pre-
vious studies used 1 SD of glucose measurements to 
evaluate the impact size of elevated glucose. The semi-
nal Hyperglycemia and Adverse Pregnancy Outcomes 
(HAPO) study included 25,505 women who underwent 
a 75 g OGTT at 24–32 weeks of gestation, and reported 
that 1 SD of elevated FPG (0.4 mmol/L) and 2hPPG (1.3 
mmol/L) had a similar RR of 1.38 for birthweight > 90th 
WT. However, this strategy failed to detect an accu-
rate trend in the impact of different glucose levels on 
gestation.

Our strategy was the application of finer consecutive 
0.2 mmol/L intervals of FPG and 2hPPG to investigate 
the incremental impact of elevated glucose, which pro-
vided information about both the overall impact and its 
trend on adverse outcomes during gestation from ele-
vated glucose. Our important finding was that 5.1–6.9 
mmol/L FPG had a significantly positive association 
with > 90th WT (RR, 1.48; 95% CI, 1.35–1.63; p < 0.001) 
and with a lower risk of < 10th WT (RR, 0.82; 95% CI, 
0.74–0.91; p < 0.001) (Fig. 1A), whereas 8.5–11.0 mmol/L 
2hPPG had the opposite effect, i.e., it was associated 
with an increased risk of < 10th WT (RR, 1.14; 95% CI, 
1.06–1.23; p < 0.001) and with no increased risk of > 90th 
WT (RR, 0.95; 95% CI, 0.86–1.04; p = 0.29) (Fig. 1B). This 

Table 1  Multiple logistic regression for associations of outcomes of birth weights with FPG, 2hPPG, and age
Multiple independent factors Outcome: <10th WT Outcome: >90th WT

Level RR (95%CI) p-value RR (95%CI) p-value
FPG + Age 5.1–6.9 mmol/L FPG 0.94 (0.89–0.99) < 0.001 1.36 (1.26–1.46) < 0.001

Age (/year) 0.995 (0.99–1) 0.03 1.01 (1.01–1.02) < 0.001
2hPPG + Age 8.5–11 mmol/L 2hPPG 1.14 (1.09–1.2) < 0.001 0.94 (0.89–0.99) < 0.001

Age (/year) 0.99 (0.99–1.0) 0.06 1.01 (1.01–1.02) < 0.001
Note: The whole population with FPG < 5.1 mmol/L and 2hPPG < 8.5 mmol/L is used as the reference population. Compared with the reference population, the 
association sizes (RR, 95% confidence interval [95% CI]) for FPG and 2hPPG represent the incidence change with their corresponding GDM diagnosis. The RR values 
for age represent the incidence change in a one-year increase
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discrepancy was independent of age since the RR values 
adjusted for age led to identical conclusions (Table 1). We 
further investigated these characteristic associations by 
stratifying the population using a series of consecutive 
glucose levels of FPG and 2hPPG. The results revealed 
that the associations with > 90th WT according to the 
FPG criterion sharply increased from 5.1 to 5.9 with 
the strongest association (RR, 2.17) occurring at 5.7–5.9 
mmol/L (Fig. 1A).

To our knowledge, no previous studies have reported 
an association between 2hPPG and low birthweight. In 
our study, the opposite action on < 10th WT between 
higher FPG and higher 2hPPG might have important 
clinical implications for the intervention of GDM regard-
ing abnormally high and low birthweight. Currently, low 
birth weight has been increasingly found to be associated 
with elevated maternal glucose levels and is a risk factor 
for childhood and adult metabolic syndrome [13]. Pre-
vious research revealed that high birthweight predicted 
metabolic health in obese subjects with a higher whole-
body insulin sensitivity index and lower trunk fat per-
centage than did low birthweight (P < 0.05) [14], whereas 
the recent study by Colaus reported that middle-aged 
adults born with low birthweight presented a greater 
incidence of diabetes and obesity than did those with a 
normal weight [15]. 

GDM is essentially characterized by a glucose toler-
ance disorder that may first appear during pregnancy 
or preexist before conception as a form of prediabetes. 
Research has shown that women with prior GDM have a 
13.0-fold multivariable-adjusted risk (95% CI: 5.54–30.6) 
for diabetes and a 2.15-fold risk (95% CI: 1.76–2.62) for 
prediabetes compared with women without GDM [16]. 
According to statements by the American Diabetes Asso-
ciation (ADA), prediabetes includes impaired fasting 
tolerance (IFT) and impaired glucose tolerance (IGT) 
[17]. IFT is determined by elevated FPG and responds 
to hepatic glycogen metabolism. The IGT is determined 
by 2hPPG and responds to pancreatic problems [18]. 
Despite these disparate mechanisms for the two types 
of prediabetes, GDM is clinically diagnosed on the basis 
of a combination of FPG and 2hPPG criteria. Compari-
sons between cases that are diagnosed separately by two 
different criteria are rarely reported. This clinical con-
text may partly explain our findings that GDM cases 
diagnosed by FPG and the 2hPPG criteria had distinct 
impacts on neonatal birth weight.

In addition to the different impacts on neonatal weight 
among women with GDM diagnosed by FPG and 2hPPG 
criteria, our study also revealed that women with GDM 
diagnosed by FPG were more likely to use insulin. There 
was an increasing trend in insulin use according to the 
categorization of FPG levels, increasing from the low-
est 0.4% below 5.1 mmol/L FPG to the highest 22.2% 

at 6.3 ~ mmol/L FPG (Fig.  1A). In contrast, the trend 
in insulin use among subgroups by 2hPPG was not sig-
nificant (Fig. 1B). The clinical meaning of these findings 
remains to be further clarified.

Another remarkable finding concerning the differences 
between the FPG and 2hPPG diagnostic criteria was the 
great disparity in the associations with maternal hyper-
tension (Fig. 2). The findings indicated that elevated FPG 
was strongly associated with maternal hypertension (RR, 
1.51; 95% CI, 1.24–1.83; p < 0.001) compared with ele-
vated 2hPPG (RR, 1.04; 95% CI, 0.85–1.26; p = 0.72), only 
two levels (> 10.5 mmol/L) had an evident association 
(RR, 1.56 and 1.68) with hypertension (Fig. 2B). Concern-
ing other adverse outcomes, only the incidence of breech 
presentation was increased among patients diagnosed by 
FPG and 2hPPG.

Finally, since high and low birth weights have differen-
tial clinical meanings, the distinctive associations of FPG 
and 2hPPG with birth weight deserve attention in future 
studies. Metabolically, an increase in 2hPPG is an indica-
tor of abnormal insulin secretion in which the pancreas 
becomes insensitive to an increase in blood glucose and 
does not adequately secrete insulin, predicting declining 
beta cell function and worsening glucose tolerance over 
time [19]. Declining beta cell function also affects protein 
synthesis and leads to low birthweight, which explains 
our findings about the association between increased 
2hPPG and low birth weight. This cause supports the evi-
dence that low birth weight is a risk factor for future met-
abolic syndrome [20]. Therefore, based on our findings, 
future studies should include data on beta cell function 
to clarify the distinct associations with adverse outcomes 
among patients with GDM diagnosed by FPG or 2hPPG 
criteria.

The strengths of our study were the large sample size 
and the entire population of pregnant women. The appli-
cation of consecutive intervals ensured a reliable descrip-
tion of the changing impacts of different maternal glucose 
levels on birth weight and adverse outcomes within each 
subgroup, which provided insight into the turning point 
and the trend of the effects. The limitation was that selec-
tion bias was likely among women who underwent or did 
not undergo the OGTT test, which was addressed using 
a common reference population and adjustment for age.

Conclusions
We obtained an incremental effect of increased FPG 
and 2hPPG from the OGTT on abnormal newborn 
birth weight, maternal hypertension, and a composite of 
adverse outcomes by stratifying large population-based 
pregnant women with consecutive intervals of glucose 
levels. Our study revealed that the FPG criterion was 
significantly associated with high birth weight, whereas 
2hPPG was significantly associated with low birth weight. 
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Our findings highlight the heterogeneity of patients with 
GDM diagnosed by different criteria.
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