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Abstract
Background: Women with diabetes or hyperglycemia during the pregnancy have been proved to be at increased risk
for adverse outcomes such as primary cesarean section rate and macrosomia. However, a lack of studies have
focused on the maternal glucose level prior to the pregnancy and the effect of maternal pregestational hyperglycemia
or hypoglycemia on pregnancy outcomes is unclear. Hence, we conducted this study to investigate the association
between maternal pregestational fasting blood glucose level and adverse neonatal outcomes.

Methods: A retrospective cohort study was conducted in the Chongqing Municipality of China between April 2010 and
December 2016. A total of 54365 women with their live birth singletons from all 39 counties of Chongqing who
participated in the National Free Preconception Health Examination Project were included. They all took a once fasting
glucose testing within one year prior to pregnancy and without a de�nite diagnosis of diabetes at that point. Our
primary outcomes were preterm birth, very preterm birth, macrosomia, large for gestational age (LGA), low birth weight
(LBW) and small for gestational age (SGA).

Results: Of the 54365 women, 2813 (5.17%) were hypoglycemia, 48400 (89.03%) were normoglycemia, 2582 (4.75%)
had impaired fasting glucose (IFG) and 570 (1.05%) were diabetic hyperglycemia. Compared to the normoglycemia
group, women with pregestational glucose at the diabetic level had a higher rate of macrosomia (4.16% vs. 6.18%),
while impaired fasting glucose group seemed to be associated with decreased risks for preterm birth (7.38% vs.
5.78%), very preterm birth (1.25% vs. 0.74%), LBW (1.18% vs. 0.59%) and SGA (5.92% vs. 4.29%), p<.05 for all. No
signi�cant difference was found between hypoglycemia and normoglycemia in the neonatal outcomes. After
adjusting for potential confounders, pregestational diabetic hyperglycemia was remained signi�cantly associated
with an increased risk for macrosomia (aRR, 1.49; 95%CI, 1.07-2.09).

Conclusion: Though without an overt diabetes mellitus, women with once diabetic fasting glucose level during their
preconception examinations were still associated with an increased risk for macrosomia. Once fasting glucose within
one year before pregnancy might also be considered as an early sign to help the obstetricians to prejudge and control
the risk of macrosomia in advance. 

Introduction
Pregestational diabetes mellitus (PGDM), which referred to women with de�nite diabetes mellitus before pregnancy,
has been proved to be positively associated with adverse pregnancy outcomes for both mothers and their fetuses,
including pregnancy complications, macrosomia and congenital anomalies [1-3]. For women with PGDM, speci�c
intervention on dietary and physical exercise before or during their pregnancies have shown to be effective in reducing
some diabetes-related adverse outcomes [4, 5].

Although a series of large cohort studies, the Hyperglycemia and Adverse Pregnancy outcome (HAPO) studies have
shown that increasing maternal glucose levels during pregnancy regardless of gestational diabetes mellitus (GDM)
status are associated with increased risks for adverse perinatal outcomes such as LGA and macrosomia [6-8], and
there is some evidence showing that a mild maternal hyperglycemia prior to pregnancy might also be associated with
increased risks for GDM and LGA in some speci�c group such as women with polycystic ovary syndrome or received
assisted reproductive technology [9, 10], lack of studies focus on the preconception maternal glucose level in general
population and it remains uncertain whether maternal abnormal glucose level in the absence of overt diabetes before
pregnancy are related to any adverse pregnancy outcomes.
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Given this uncertainty, whether and how to provide health care before the pregnancy to these women who had
abnormal glucose levels but without overt diabetes mellitus is unclear. According to the current non-o�cial guideline
of diabetes screening and management for pregnant women in China (Supplemental Figure S1), women will be tested
for diabetes at their preconception care visit or the �rst prenatal visit by using standard diagnostic criteria, and receive
a testing for GDM at 24-28 weeks of gestation if not previously known to have diabetes by 75 g oral glucose tolerance
test (OGTT) [11, 12]. Since the diagnostic criteria for diabetes are a little “restrictive” for asymptomatic people, which
need to repeat the testing for abnormal results on another day, a signi�cant percentage of people with abnormal
glycose levels are undiagnosed diabetics [13, 14]. It was also reported that there were many PGDM women missed
diagnosis before pregnancy in China, with a great proportion (67.8%, 506/746) in one study conducted in Beijing [15].
Hence, the impact of the abnormal maternal glucose before pregnancy on perinatal outcome regardless of GDM
status is needed to be evaluated for a better risk assessment and consultation during the preconception period.  

Our study was to examine the association between maternal pregestational glucose and adverse neonatal outcomes
related to the gestational age and birth weight, which might provide a new sign or better criteria to manage the
potential high-risk women in advance and improve their pregnancy outcomes.  

Research Design And Methods
Study design and Participants

We conducted this population-based, retrospective cohort study in Chongqing Municipality of China. The participants
were women recruited from the National Free Preconception Health Examination Project (NFPHEP), which was a
national project launched to provide free pregestational health examinations, consultations and risk assessments
during their early pregnancy and postpartum follow-ups for couples who were willing to pregnant recently, aiming to
improve the maternal and infant health in China. The detailed information about the procedures and implementation
of this project have been well described previously [16-18]. We extracted Chongqing data from the national NFPHEP
database regarding the preconception care and pregnancy outcomes of 68266 women from April 2010 to December
2016. The eligibility criteria for inclusion were the women aged 20-49 years, accepted the preconception health
examination and without a de�nite diagnosis of diabetes. Women who failed to take pregestational blood glucose
testing or did not have singleton livebirth were excluded. It should be noted that since we found there were inaccurate
blood glucose measurements in one of the Chongqing counties from 2012 to 2013 under our quality control, we
decided to delete these 609 subjects of the county in our study. The �owchart of the study population was shown in
Figure 1. Our �nal analyses included 54365 women with their singleton babies who had complete information of
basic characteristics we were interested in, including age, BMI, ethnicity, education level, occupation, place of
residence, living habits, history of childbearing and blood pressure.

The study had been approved by the Institutional Review Board of the Chinese Association of Maternal and Child
Health Studies. Written informed consent was provided from all participants.

Exposure Assessment

When the participants enrolled in the project prior to the pregnancy, their baseline characteristics, including
demographic data, living habits, history of chronic diseases and history of pregnancy were collected by the local
trained health workers with a standardized questionnaire. Blood glucose concentrations of the participants were
measured in the clinic lab by their overnight fasting blood samples collected during the preconception health
examination. Fasting blood glucose (FBG) concentrations were analyzed by using the automatic analyzers chosen by
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the local laboratories, all of which were approved by the China Food and Drug Administration. Pregnancy outcomes of
participants were recorded at the postpartum follow-up within 42 days after delivery.

We divided the participants into four subgroups by their venous blood glucose levels: hypoglycemia, normoglycemia,
impaired fasting glucose (IFG) and diabetic hyperglycemia. According to the latest guidelines of American Diabetes
Association, hypoglycemia was de�ned as having FBG <3.9 mmol/L and hyperglycemia was de�ned as having FBG
≥6.1 mmol/L [19]. In hyperglycemia, IFG was de�ned as FBG levels between 6.1 and 6.9 mmol/L, while the criteria for
diabetes was a person with FBG equal or more than 7.0 mmol/L [20, 21]. It should be noted that although we used
“diabetes” here, it was not a de�nite diagnosis because of no other information on clinical features, results of OGTT or
multiple fasting glucose tests recorded in our data. Hypertension was de�ned as a systolic blood pressure ≥140
mmHg, and/or diastolic blood pressure ≥90 mmHg.[22] Maternal Body Mass Index (BMI) was categorized into four
groups according to the Working Group of China (WGOC) de�nition (<18.5, 18.5–23.9, 24.0–27.9, or ≥28.0 kg/m2)
[23, 24]. Time to conception there was de�ned as the period between the date of glucose testing and the date of last
menstrual period of pregnant women.

Outcome De�nition

As for the outcomes in this study, preterm birth (PTB) was de�ned as delivery at less than 37 completed gestational
weeks. Very preterm birth (VPTB) was the delivery earlier than 32 completed gestational weeks. Low birth weight
(LBW) was de�ned as birth weight less than 2,500 grams, while macrosomia was neonates with birth weight equal or
above 4,000 grams. Small for gestational age (SGA) or LGA was de�ned as birth weight <10th or >90th percentile,
respectively, based on the Chinese neonatal birth weight curve for each gestational age established in 2015 [25].

Statistical analysis

The proportions of maternal baseline characteristics according to the four pregestational glucose levels were grouped
and computed. Pearson Chi-square tests were used to examine the univariate associations of these categorical
characteristics with glucose level. Mean (SD) for neonatal continuous characteristics among the four glucose groups
were calculated and tested by one-way ANOVA analysis. Poisson regression models were used to estimate the effect
of pregestational glucose on the risk of adverse birth outcomes. Each result was presented as a risk ratio (RR) with its
95% con�dence interval (CI) of hypoglycemia, IFG and diabetic hyperglycemia compared to the normoglycemia group.
RR with its 95%CI were also calculated by adjusting for potential confounders including maternal age, BMI, ethnicity,
education level, place of residence, occupation, smoking and passive smoking, alcohol, gravidity and history of PTB
and abortion (both spontaneous and induced). Subgroup analysis was used to examine the aRRs and 95% CIs of
macrosomia for women with the pregestational diabetic hyperglycemia among different subgroups on the baseline
characteristics. Statistical analyses were conducted using SAS statistical software (9.4 version). A 2-tailed level of .05
was considered the statistical signi�cance.

Results
Of the 54365 mother-neonate pairs, 2813 (5.17%) were hypoglycemia, 48400 (89.03%) were normoglycemia, 2582
(4.75%) were IFG, and 570 (1.05%) women were diabetic hyperglycemia. No signi�cant difference in maternal
smoking (p=0.808) or history of preterm birth (p=0.916) was found among the four groups (Table 1). Other
characteristics including maternal age, maternal BMI, ethnicity, education level, occupation, place of residence,
passive smoking, alcohol consumption, gravidity, parity, hypertension, history of spontaneous abortion and history of
induced abortion were all statistically signi�cantly differed from the four groups of the glucose levels. We found that
hyperglycemia (IFG and diabetic) women had a higher proportion of advanced maternal age (age 35 or more) than the
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women in hypoglycemia and normal group (5.77% and 8.07% vs. 2.49% and 3.37%, respectively), had a higher
percentage of overweight and obesity (12.90% and 16.67% vs. 9.32% and 11.36%, respectively), and with a relatively
lower education level as well as a higher proportion of agricultural residence registration. Women in the hypoglycemia
group had the highest percentage of passive smoking and alcohol consumption in this study. Women with IFG and
diabetic hyperglycemia were more likely to have hypertension than in hypoglycemia and normal groups (2.90% and
2.28% vs. 1.24% and 1.41%, respectively). Women with pregestational diabetic hyperglycemia also had the highest
proportion of multigravida (53.16%) and multipara (32.81%). As for the birth outcomes, hyperglycemia women (IFG
and diabetic) seemed to have a newborn with higher birthweight than the other groups though the difference was not
signi�cant (p=0.151). No clear difference was found among the four groups in neonate gender (p=0.858) and
gestational age in days (p=0.103).

Table 1 Maternal and neonatal characteristics according to pregestational glucose
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cteristics  
Hypoglycemia (<3.9
mmol/L)

 
Normoglycemia (3.9-
6.0 mmol/L)

Hyperglycemia (≥6.1 mmol/L) p-
valueIFG

 (6.1-6.9 mmol/L
Diabetic

(≥7.0 mmol/L
rticipants (%) 2813 (5.17) 48400 (89.03) 2582 (4.75) 570 (1.05)  
s      <0.001

20-24 1534 (54.53) 22735 (46.97) 1318 (51.05) 278 (48.77)  
25-29 994 (35.34) 19430 (40.14) 866 (33.54) 187 (32.81)  
30-34 215 (7.64) 4606 (9.52) 249 (9.64) 59 (10.35)  
35-49 70 (2.49) 1629 (3.37) 149 (5.77) 46 (8.07)  

m2         <0.001
<18.5 507 (18.02) 7409 (15.31) 367 (14.21) 65 (11.40)  

18.5-23.9 2044 (72.66) 35494 (73.33) 1882 (72.89) 410 (71.93)  
24-27.9 223 (7.93) 4736 (9.79) 268 (10.38) 77 (13.51)  

≥28 39 (1.39) 761 (1.57) 65 (2.52) 18 (3.16)  
        <0.001

Han 2608 (92.71) 46251 (95.56) 2517 (97.48) 557 (97.72)  
Others 205 (7.29) 2149 (4.44) 65 (2.52) 13 (2.28)  

n         <0.001
mary or below 97 (3.45) 1926 (3.98) 180 (6.97) 48 (8.42)  
Middle school 1276 (45.36) 21011 (43.41) 1252 (48.49) 288 (50.53)  

High school 784 (27.87) 12237 (25.28) 603 (23.35) 135 (23.68)  
lege or above 656 (23.32) 13226 (27.33) 547 (21.19) 99 (17.37)  
esidence       <0.001
n-agricultural 651 (23.14) 12903 (26.66) 542 (20.99) 109 (19.12)  

Agricultural 2162 (76.86) 35497 (73.34) 2040 (79.01) 461 (80.88)  
on        <0.001

Peasant 1290 (45.86) 21257 (43.92) 1340 (51.90) 318 (55.79)  
labor worker 288 (10.24) 4901 (10.13) 273 (10.57) 61 (10.70)  

Merchant 456 (16.21) 5271 (10.89) 237 (9.18) 70 (12.28)  
service staff 101 (3.59) 1745 (3.61) 93 (3.60) 15 (2.63)  

Housewife 145 (5.15) 2911 (6.01) 77 (2.98) 23 (4.04)  
Civil servant 324 (11.52) 7688 (15.88) 276 (10.69) 44 (7.72)  

Others 209 (7.43) 4627 (9.56) 286 (11.08) 39 (6.84)  
       0.808

No 2799 (99.50) 48093 (99.37) 2567 (99.42) 567 (99.47)  
Yes 14 (0.50) 307 (0.63) 15 (0.58) 3 (0.53)  

moking         <0.001
No 2229 (79.24) 40562 (83.81) 2252 (87.22) 494 (86.67)  
Yes 584 (20.76) 7838 (16.19) 330 (12.78) 76 (13.33)  

        <0.001
No 2579 (91.68) 45583 (94.18) 2486 (96.28) 544 (95.44)  
Yes 234 (8.32) 2817 (5.82) 96 (3.72) 26 (4.56)  

        <0.001
0 1620 (57.59) 23415 (48.38) 1293 (50.08) 267 (46.84)  

≥1 1193 (42.41) 24985 (51.62) 1289 (49.92) 303 (53.16)  
        0.001

0 2088 (74.23) 34767 (71.83) 1900 (73.59) 383 (67.19)  
≥1 725 (25.77) 13633 (28.17) 682 (26.41) 187 (32.81)  

f preterm         0.916

No 2807 (99.79) 48296 (99.79) 2576 (99.77) 568 (99.65)  
Yes 6 (0.21) 104 (0.21) 6 (0.23) 2 (0.35)  

f
ous abortion

        0.003

No 2714 (96.48) 46105 (95.26) 2468 (95.58) 554 (97.19)  
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Yes 99 (3.52) 2295 (4.74) 114 (4.42) 16 (2.81)  
f induced         <0.001

No 2044 (72.66) 30991 (64.03) 1701 (65.88) 385 (67.54)  
Yes 769 (27.34) 17409 (35.97) 881 (34.12) 185 (32.46)  

sion         <0.001
No 2778 (98.76) 47716 (98.59) 2507 (97.1) 557 (97.72)  
Yes 35 (1.24) 684 (1.41) 75 (2.90) 13 (2.28)  

         
gender 1475 (52.62) 25018 (51.91) 1320 (51.56) 291 (51.32) 0.858

al age, days 275.33±14.59 275.11±14.26 276.05±13.00 275.16±12.02 0.103
birth weight, 3304.30±406.06 3298.44±393.48 3319.21±364.29 3311.19±409.30 0.151

tion: BMI, body mass index (calculated as the weight in kilograms divided by height in meters squared).
ontinues variables were presented as mean±SD with p-value from one-way ANOVA analysis.
ategorical variables were presented as N (%) with p-value from chi-square test.

The rate of PTB among hypoglycemia, normoglycemia, IFG and diabetic hyperglycemia was 7.73%, 7.38%, 5.78% and
7.72%, respectively, which seemed there was a decreased risk for PTB in women with IFG (Table 2). Similarly, the IFG
group also had lower rates of VPTB. It was worth noting that diabetic hyperglycemia group had a clear higher rate of
macrosomia the other groups (6.18% vs. 4.60% and 4.16% and 4.32%). Compared with the normoglycemia group,
diabetic hyperglycemia had statistically signi�cant higher risks for macrosomia (aRR, 1.49; 95%CI, 1.07-2.09) after
adjusting the potential confounders. No signi�cant differences were found in all birth outcomes here between
hypoglycemia and normoglycemia. As for the outcome LBW or SGA, even for the PTB and VPTB, it showed there was
a protective effect of IFG compared to the reference, although no signi�cant differences were observed in diabetic
hyperglycemia group.

Table 2 Associations between pregestational glucose and adverse birth outcomes
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Hypoglycemia (<3.9

mmol/L)

 
Normoglycemia (3.9-6.0

mmol/L)

Hyperglycemia (≥6.1 mmol/L)
IFG

 (6.1-
6.9 mmol/L

Diabetic
(≥7.0 mmol/L

Births  
%) 217 (7.73) 3565 (7.38) 149 (5.78) 44 (7.72)

djusted RR 1.05 (0.91-1.20) 1.00 0.78 (0.67-0.92) 1.05 (0.78-
1.41)

sted RR1 1.03 (0.90-1.18) 1.00 0.78 (0.67-0.92) 1.04 (0.77-
1.40)

term Births  
%) 33 (1.18) 602 (1.25) 19 (0.74) 6 (1.05)

djusted
CI)

0.94 (0.67-1.34) 1.00 0.59 (0.38-0.93) 0.84 (0.38-
1.89)

sted
%CI)

0.94 (0.67-1.34) 1.00 0.59 (0.37-0.93) 0.78 (0.35-
1.75)

mia  
%) 126 (4.60) 1992 (4.16) 110 (4.32) 35 (6.18)

djusted
CI)

1.11 (0.93-1.32) 1.00 1.04 (0.86-1.26) 1.49 (1.06-
2.08)

sted
%CI)

1.17 (0.98-1.40) 1.00 1.07 (0.88-1.29) 1.49 (1.07-
2.09)

 
%) 285 (10.25) 4692 (4.81) 237 (9.33) 61 (10.80)

djusted
CI)

1.04 (0.93-1.18) 1.00 0.95 (0.83-1.08) 1.10 (0.86-
1.42)

sted
%CI)

1.07 (0.95-1.20) 1.00 0.96 (0.85-1.10) 1.08 (0.84-
1.40)

 
%) 40 (1.44) 564 (1.18) 15 (0.59) 7 (1.24)

djusted
CI)

1.22 (0.89-1.68) 1.00 0.50 (0.30-0.84) 1.05 (0.50-
2.21)

sted
%CI)

1.21 (0.88-1.67) 1.00 0.52 (0.31-0.87) 1.10 (0.52-
2.33)

 
%) 170 (6.12) 2832 (5.92) 109 (4.29) 28 (4.96)

djusted
CI)

1.03 (0.89-1.21) 1.00 0.72 (0.60-0.88) 0.84 (0.58-
1.21)

sted
%CI)

1.02 (0.87-1.19) 1.00 0.72 (0.60-0.88) 0.86 (0.59-
1.25)

justing maternal age, BMI, ethnicity, education level, occupation, place of residence, smoking, passive smoking,
gravidity, history of preterm birth, history of abortion (spontaneous & induced), hypertension and neonate gender.

The cumulative occurrence of macrosomia by glucose level was presented in Figure 2, which revealed that women
with diabetic glucose level before pregnancy could be associated with an increased risk of macrosomia clearly. From
39 to 42 gestational weeks, the cumulative proportion of macrosomia happened in diabetic hyperglycemia group was
about 1.5 times as it in the other three groups.

Subgroup analysis of macrosomia in diabetic hyperglycemia compared to the normoglycemia group was shown in
Figure 3. Although there was an overall higher risk of macrosomia in pregestational diabetic hyperglycemia, the
impact of high blood glucose level appeared to be somewhat “masked" by some characteristics such as higher age,
passive smoking and history of abortion. In addition, we found that compared to the normoglycemia group,
pregestational diabetic hyperglycemia was associated with signi�cantly higher rates of macrosomia if the women
bearing a male fetus (aRR, 1.85; 95%CI, 1.26-2.71), but there was no difference in risk of macrosomia between
different glucose groups among women bearing a female fetus (aRR, 0.94; 95%CI, 0.47-1.89). The analysis also
indicated that the closer the glucose test was to pregnancy, the more clinically signi�cant its result was. As it was
shown, among the women who took the pregestational health examinations within three months before their
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pregnancies, diabetic hyperglycemia was a better predictor sign of a higher risk of macrosomia (aRR, 1.64; 95%CI,
1.13-2.39).

Discussion
In our study which aimed to evaluate the association between pregestational maternal glucose level and singleton
neonatal outcome, we found that pregestational maternal diabetic hyperglycemia was associated with an increased
risk for macrosomia and pregestational IFG seemed to be associated with lower rates of LBW and SGA, and even with
PTB and VPTB.

To our knowledge, the association between GDM or PGDM and pregnancy outcomes have been well studied,
regardless of in the population [26, 27], or at the molecular level [28-30]. And in recent years, researchers began to
focus on the association of IFG during the pregnancy with adverse perinatal outcomes and later diabetes mellitus.
While the HAPO study has established the relationship of glycose levels below the diagnostic of diabetes during the
pregnancy with GDM and increased birth weight [6, 31, 32], few projects studied on the pre-pregnancy maternal
glucose among women without overt diabetes mellitus, and its association with later pregnancy or delivery was still
uncertain. In our study, we found a signi�cant association between diabetic glucose level within one year before
pregnancy and macrosomia, indicating that diabetic hyperglycemia in once fasting glucose test during the
preconception examination might also be an early sign of macrosomia.

This �nding was compatible with similar but different studies. In previous studies as we know, women with GDM,
PGDM, �rst-trimester hyperglycemia, or mild hyperglycemia at the late trimester, were all proved to be associated with
increased risk of macrosomia or LGA [6, 31, 33-35]. And then, our �nding indicated that the existing insulin resistance
prior to pregnancy might also have an in�uence on the mothers and their fetuses during the pregnancy or at the
delivery, although its degree was under the current diagnostic of diabetes. As a result, the current standard diagnostic
criteria of diabetes might be a little strict for women who prepared for pregnancy. Earlier prejudge and proper
intervention needs to be taken into consideration for hyperglycemia women in the absence of overt diabetes during
the period of preparing for pregnancy.

In addition, there was an interesting �nding that the possible effect of maternal diabetic hyperglycemia before
pregnancy on macrosomia appeared to be somewhat greater in male fetus than the female fetus. This difference also
existed in LGA, which suggested that it cannot just be interpreted by gender or gestational age. A previous study in
Spain has shown a similar result that GDM was only a predictor of macrosomia in male fetuses [36]. According to
their interpretation, the difference by fetal sex might due to the higher frailty of male fetuses to external in�uences
during the pregnancy, which means male fetuses would be more affected by maternal hyperglycemia and then to be
overweight.

Questions have been raised for the possible bene�ts of pregestational IFG in neonatal outcomes among pregnant
women. In our study, the “mild hyperglycemia” prior to the pregnancy might be a protective factor to some adverse
birth outcomes including LBW, SGA, PTB and VPTB. Moreover. it did not increase the risks of macrosomia and LGA as
diabetic hyperglycemia did. However, this �nding was inconsistent with one similar study in Guangdong province of
China, which suggested that maternal pre-pregnancy IFG increased the risk of PTB (aRR, 1.07; 95%CI, 1.02-1.12) and
LGA (aRR, 1.10; 95%CI, 1.06-1.14) [37]. Another study focusing on the pre-pregnancy IFG found that there was no
signi�cant difference in neonatal outcome in women with IFG from the normoglycemia group, but it might be
associated with increased risks for maternal outcomes including gestational diabetes and mild preeclampsia [38].
Based on their �nding that pregestational maternal IFG was associated with GDM and the guideline of diabetes
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management for pregnant women in China, we guessed that the protective effect of IFG in our study might be
in�uenced by the intervention such as healthy diet, exercise or insulin taking during the pregnancy to some certain, for
there was some evidence showing that treating women with “mild” gestational diabetes mellitus could improve birth
outcome [39], but it should be interpreted with caution due to the insu�cient data. It also inspired us that the analysis
of associations between pregestational hyperglycemia and maternal outcomes, such as GDM, pregnancy
hypertension and mild preeclampsia, which information was lacking in NFPHEP database, should be considered in
our further study. 

As we know, this is one of the few studies with large sample size addressing the impact of glucose level prior to
pregnancy on neonatal outcomes among the general women at childbearing age. The strength of our study is the
large cohort based on an unselected population covering almost the whole Chongqing Municipality of China, which
supports good generalizability of our �nding. Our study also has some limitations. Since it is a retrospective cohort
study design, our database lacks some important information during the pregnancy period which cannot be collected
again. We do not know if the diabetic hyperglycemia women also had a high glucose level during their pregnancies, or
whether they had any treatment or intervention to �ght with the insulin resistance after their preconception health
examinations. Therefore, the �ndings of our study should be interpreted with caution, since the lack of information
might have an impact on the �nal associations of pregestational glucose level with birth outcomes. Although the lack
of information brought uncertainty and possible bias, we inclined to think that the signi�cant risk of macrosomia in
pregestational diabetic hyperglycemia women might be underestimated, due to their higher probabilities of developing
GDM [10, 38], and the possible subsequent intervention. The aRR of macrosomia might be higher if there was not any
intervention before and during pregnancy.

In this retrospective cohort from preconception to delivery, we suggested that pregestational diabetic hyperglycemia is
associated with a higher risk of macrosomia. Diabetic hyperglycemia in just one fasting blood glucose testing within
one year before the pregnancy might be considered as an early sign of overweight neonates. As no uniform guidelines
for pre-pregnancy care on blood glucose management in China and many other developing countries currently, such
evidence could count towards justi�cation of o�cial guidelines for maternal blood glucose testings and related
interventions during pre-pregnancy care to improve pregnancy outcomes. Further high-quality prospective studies,
which included the information of the mothers during the pregnancy, are needed to investigate the effect of
pregestational glucose level on the maternal outcome and the metabolic-related variables during the pregnancy.
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Figure 1

Flowchart for the study population
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Figure 2

Cumulative occurrence of macrosomia according to pregestational glucose
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Figure 3

Subgroup analysis of macrosomia in the pregestational diabetic compared to the pregestational normoglycemia
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