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Yanyan Mao,? Qing Chen,** Jing Du,? Weijin Zhou

ABSTRACT

Objective To investigate the association between
maternal pregestational blood glucose level and adverse
pregnancy outcomes.

Design Retrospective cohort study.

Setting This study was conducted in the Chongging
Municipality of China between April 2010 and December
2016.

Participants A total of 60222 women (60 360
pregnancies) from all 39 counties of Chongging who
participated in the National Free Preconception Health
Examination Project and had pregnancy outcomes were
included.

Primary outcome measures Adverse pregnancy
outcomes included spontaneous abortion, induced abortion
or labour due to medical reasons, stillbirth, preterm birth
(PTB), macrosomia, large for gestational age, low birth
weight (LBW) and small for gestational age.

Results Of the 60360 pregnancies, rates of
hypoglycaemic, normoglycaemia, impaired fasting
glycaemia (IFG) and diabetic hyperglycaemic before
conception were 5.06%, 89.30%, 4.59% and 1.05%,
respectively. Compared with women with normoglycaemia,
women with pregestational glucose at the diabetic level
(>7.0mmol/L) might have a higher rate of macrosomia
(6.18% vs 4.16%), whereas pregestational IFG seemed

to be associated with reduced risks of many adverse
outcomes, including spontaneous abortion, induced
abortion due to medical reasons, PTB and LBW. After
adjusting for potential confounders, pregestational
diabetic hyperglycaemic was remained to be significantly
associated with an increased risk of macrosomia (adjusted
risk ratio 1.49, 95% Cl 1.07 to 2.09). Abnormal maternal
glucose levels before pregnancy (either hypoglycaemic or
hyperglycaemic) seemed to have no significant negative
effect on spontaneous abortion or induced abortion due to
medical reasons.

Conclusion Although without overt diabetes mellitus,
women with once diabetic fasting glucose level during
their preconception examinations could be associated
with an increased risk for macrosomia. Uniform guidelines
are needed for maternal blood glucose management
during pre-pregnancy care to improve pregnancy
outcomes.

,"? Yang He,® Min Li,? Liu Yang,® Qianxi Zhu,? Jun Liu,?

2

Strengths and limitations of this study

» This is one of the few studies with large sample size
addressing the impact of glucose level before preg-
nancy on adverse birth outcomes among the general
women at childbearing age.

» Compared with the previous similar studies, we an-
alysed the association of maternal pregestational
glucose level with spontaneous abortion, induced
abortion due to medical reasons, and stillbirth for
the first time.

» Neonatal gender was considered when we investi-
gated the impact of maternal pregestational glucose
level on birth outcomes.

» Since this is a retrospective cohort study design, our
database lacks some important information during
the pregnancy period which cannot be collected
again, so the findings of our study should be inter-
preted with caution.

BACKGROUND

Pregestational diabetes mellitus (PGDM)
and gestational diabetes mellitus (GDM)
have been proven to be positively associ-
ated with adverse pregnancy outcomes for
mothers and their fetuses, including preg-
nancy complications, preterm birth (PTB)
and congenital anomalies.'™ In addition,
a series of large cohort studies, such as
Hyperglycemia and Adverse Pregnancy
Outcome (HAPO) studies, have shown that
increasing maternal glucose levels during
pregnancy, regardless of GDM status, are
also associated with increased risks of
adverse perinatal outcomes such as large
for gestational age (LGA) and macro-
somia.”® Although there is some evidence
showing that mild maternal hypergly-
caemic before pregnancy might also be
associated with increased risks for GDM
and LGA in some specific groups such as
women with polycystic ovary syndrome or
those who received assisted reproductive
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technology,”® few studies have focused on the precon-
ception maternal glucose level, and whether abnormal
maternal glucose level before pregnancy is associated
with any adverse pregnancy outcomes in the general
population remains unclear.

In China, although national guidelines for the
treatment and management of patients diagnosed
with diabetes or GDM are available,” ' there are
no standard guidelines for women with abnormal
glucose levels when they prepare to conceive or
during the early pregnancy. According to the current
guidelines for diabetes screening and the manage-
ment of pregnant women, for most women with no
known diagnosis of diabetes, they receive their first
blood glucose testing for GDM screening at 24-28
weeks of gestation. Since the diagnostic criteria for
diabetes are slightly ‘restrictive’ for asymptomatic
people, who need to repeat the testing for abnormal
results on another day, a significant percentage of
people with abnormal glucose levels are undiagnosed
diabetics.'" '* Therefore, whether and how to provide
healthcare to these women with abnormal glucose
levels but without overt diabetes mellitus before the
pregnancy is unclear.

Our study aimed to examine the association
between maternal pregestational glucose level and
adverse pregnancy outcomes, which might provide
a new insight or better criteria to manage potential
high-risk women in advance and improve their preg-
nancy outcomes.

68266 pregnancies (68096 women) had
pregnancy outcomes in the NFPHEP from
Chongging Municipality of China between

2010 and 2016

| 1) Norecords of pregestational examinations (n=1751)

METHODS

Study design and participants

We conducted this population-based, retrospective
cohort study in Chongqing Municipality, Western
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, consul-
tations and risk assessments for couples who prepared to
conceive, aiming to improve maternal and infant health
in China. More detailed information about the design
and implementation of this project has been described
previously.lg_15 We extracted Chongqing data from the
national NFPHEP database regarding the preconception
care and following pregnancy outcomes of 68 096 women
(68266 pregnancies) from April 2010 to December
2016. The eligibility criteria for inclusion were as follows:
women aged 20-49 years, who accepted the preconcep-
tion health examination, and without a definite diagnosis
of diabetes at enrolment. Women who failed to undergo
pregestational blood glucose testing were excluded.
Notably, through our quality control process, we found
that blood glucose levels for a portion of the pregnan-
cies were measured inaccurately using non-fasting blood
samples from Dianjiang County in Chongqing from 2012
to 2013, leading to an abnormally higher rate of hypergly-
caemic compared with other counties (18.42% vs 1.36%
averaged in others). Therefore, we decided to exclude
the 609 pregnancies from this county in our study. A
flowchart of the study population is shown in figure 1.

2160 pregnancies (2152 women) were excluded:

Y

66106 pregnancies (65944 women)
were eligible

»| 2) Age<20 or Age>49 (n=394)

3) With definite diagnosis of Diabetes (n=15)

1885 pregnancies (1880 women) without accurate
pregestational blood glucose testing:

\J

64221 pregnancies (64064 women)

with pregestational blood glucose
level had pregnancy outcomes

»1 1) Without blood glucose testing before pregnancy

(n=1276)
2) Inaccurate glucose testing (n=609)

3861 pregnancies (3842 women) had incomplete
information:

1) Data missing in BMI and blood pressure (n=181)
2) Data missing in ethnicity (n=1261)

Y

60360 pregnancies (60222 women) that

had complete information were included
in the final analysis

3) Data missing in place of residence, education or
occupation (n=1981)

4) Data missing in living habits (smoke/alcohol) (n=404)
5) Data missing in history of childbearing (n=34)

v

!

54365 pregnancies (54287 women)
were singleton livebirths

5995 pregnancies (5935 women)
were abortion (spontaneous or
induced), stillbirth or multiple births

Figure 1
Examination Project.

Flowchart for the study population. BMI, body mass index; NFPHEP, National Free Preconception Health

Zeng M, et al. BMJ Open 2021;11:6048530. doi:10.1136/bmjopen-2020-048530



Our final analyses included 60222women (60360 preg-
nancies) who had complete information on the basic
characteristics that we were interested in, including age,
body mass index (BMI), ethnicity, educational level,
occupation, place of residence, lifestyle habits, history of
childbearing and blood pressure. Of the included preg-
nancies, 54 365 had singleton live births.

Procedures

When the participants enrolled in the NFPHEP, their
baseline characteristics, including demographic informa-
tion (age, educational level, ethnicity, place of residence
and occupation), lifestyle habits (smoking and alcohol
consumption) and childbearing history information
(gravidity, parity, history of preterm, history of sponta-
neous abortion and history of induced abortion), were
collected by the locally trained health workers using a
standardised questionnaire. Blood glucose concentra-
tions of the participants were measured in the clinic labo-
ratory based on their overnight fasting blood samples
collected during the preconception health examination.
Fasting blood glucose (FBG) concentrations were anal-
ysed using automatic analysers selected by the local labo-
ratories, all of which were approved by the China Food
and Drug Administration. After enrolment, the partici-
pants were followed up by telephone calls every 3 months
for a year to check for the status of their conception. If
pregnant, their pregnancy outcomes, including gesta-
tional days, birth weight and neonate sex, were collected
from the medical records or interviews at the postpartum
follow-up after delivery.

Exposure assessment

The exposure in this study was pregestational blood
glucose in women who planned to conceive. We divided
the participants into four subgroups by their venous
blood glucose levels: hypoglycaemic (FBG <3.9mmol/L),
normoglycaemia (FBG 3.9-6.0mmol/L), impaired
fasting glucose (IFG, FBG 6.1-6.9mmol/L) and diabetic
hyperglycaemic (FBG 27.0mmol/L), according to
the latest guidelines of the American Diabetes Asso-
ciation.'® 7 It should be noted that although we used
‘diabetes’ here, it was not a definite diagnosis because
of the absence of other information on clinical features,
results of oral glucose tolerance test or multiple fasting
glucose tests recorded in our data. Hypertension was
defined as a systolic blood pressure 2140 mm Hg and/or
diastolic blood pressure >90 mm Hg.'® Maternal BMI was
categorised into four groups according to the Working
Group of China definition (<18.5, 18.5-23.9, 24.0-27.9
or >28.0kg/m?*).""*

Outcome definition

Regarding the outcomes in this study, spontaneous
abortion was defined as the loss of pregnancy before
28 complete gestational weeks.”! Induced abortion (or
induced labour) due to medical reasons was defined as
pregnancies that were terminated due to maternal serious

diseases or abnormal conditions following the physi-
cians’ advice. Abortions on self-request were excluded in
induced abortion. Stillbirth was defined as the death of
a fetus at any time after the 28th week of pregnancy.”
PTB was defined as delivery at <37 completed gestational
weeks. Very PTB (VPTB) was defined as delivery earlier
than 32 completed gestational weeks. Low birth weight
(LBW) was defined as birth weight <2500 g, whereas
macrosomia was characterised by neonates with birth
weight 24000 g. Small for gestational age (SGA) or LGA
was defined as birth weight <10th or >90th percentile,
respectively, based on the Chinese neonatal birth weight
curve for each gestational age by newborn sex established
in 2015.% The rates or risks of PTB, VPTB, macrosomia,
LBW, LGA and SGA were measured only in women with
singleton live births.

Statistical analyses

The proportions of maternal baseline characteristics
according to the four pregestational glucose levels were
grouped and computed. Pearson %* tests were used to
examine the univariate associations of these categor-
ical characteristics with glucose level. Since all of our
outcomes followed the Poisson distribution, which were
checked using the Kolmogorov-Smirnov test, Poisson
regression models were used to estimate the effect of
pregestational glucose level on the risk of adverse preg-
nancy outcomes. Each result was presented as a risk ratio
with a 95% CI of hypoglycaemic, IFG and diabetic hyper-
glycaemic compared with the normoglycaemia group.
Adjusted risk ratio (aRR) with its 95% CI was also calcu-
lated by adjusting for potential confounders including
maternal age, BMI, ethnicity, educational level, place of
residence, occupation, smoking and passive smoking,
alcohol, parity, gravidity and history of PTB and abor-
tion (both spontaneous and induced). For outcomes of
women with singleton live births (PTB, VPTB, macro-
somia, LGA, LBW and SGA), aRR was additionally
adjusted for neonate sex. Subgroup analysis was used to
examine the aRRs and their 95% CIs of macrosomia in
women with the pregestational diabetic hyperglycaemic
among different subgroups on the baseline character-
istics. Sensitivity analyses were conducted to assess the
potential bias from missing data: we set the missing data
as a single group in each of the covariables in multivar-
iate analysis. Statistical analyses were performed using
the Statistical Analysis System statistical software (V.9.4).
A two-tailed level of p<0.05 was considered statistically
significant.

Patient and public involvement

Neither patients nor the public were involved in the
design or implementation of our study. Additionally,
there are also no specific plans to disseminate the results
of the study to the study participants.

RESULTS
Of the 60360 pregnancies that had pregnancy outcomes,
rates of hypoglycaemic, normoglycaemia, IFG and
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diabetic hyperglycaemic before conception were 3053
(5.06%), 53904 (89.30%), 2772 (4.59%) and 631
(1.05%), respectively (table 1). Compared with the hypo-
glycaemic and normoglycaemic groups, women with
hyperglycaemic (both IFG and diabetic) had a higher
proportion of advanced maternal age (age 35 years or
more) (6.85% and 9.67% vs 3.01% and 4.06%, respec-
tively), overweight and obesity (13.63% and 18.70% vs
9.69% and 11.88%, respectively), and agricultural resi-
dence registration (78.46% and 80.82% vs 76.61% and
73.11%, respectively), and a relatively lower educational
level. In addition, women with hyperglycaemic were more
likely to have hypertension compared with women in
the hypoglycaemic or normal group (3.07% and 2.69%
vs 1.21% and 1.44%, respectively). Moreover, the hypo-
glycaemic group had the highest percentage of passive
smoking and alcohol consumption.

After adjusting for potential confounders, we found that
pregestational IFG might be associated with decreased
risks of spontaneous abortion (aRR 0.68, 95% CI 0.57 to
0.82) and induced abortion for medical reasons (aRR
0.62, 95% CI 0.47 to 0.81) (table 2). There was a higher
risk of stillbirth in women with diabetic hyperglycaemic
compared with women with normoglycaemia (0.48 vs
0.21%), although the wide 95% CI (aRR 2.08, 95% CI
0.66 to 6.60) showed that the difference between the
two groups was not statistically significant. Of the 54 365
pregnancies with singleton live births, the IFG group also
seemed to have a lower risk of PTB (aRR 0.78, 95% CI
0.67 to 0.92), VPTB (aRR 0.59, 95%CI 0.37 to 0.93),
LBW (aRR 0.52, 95% CI 0.31 to 0.86) and SGA (aRR 0.72,
95% CI 0.60 to 0.88) compared with the normoglycaemia
group, whereas no significant effect was observed in the
diabetic hyperglycaemic group on these outcomes. It is
worth noting that the diabetic hyperglycaemic group had
a higher rate of macrosomia than the normoglycaemia
group (6.18% vs 4.16%). Compared with the normogly-
caemia group, the diabetic hyperglycaemic group had a
statistically significant higher risk for macrosomia (aRR
1.49, 95%CI 1.07 to 2.09) after adjusting for potential
confounders. There was no difference in most of the
pregnancy outcomes between pregnancies with hypogly-
caemic and normoglycaemia, with the exception of spon-
taneous abortion (aRR 0.79, 95% CI 0.66 to 0.93).

The cumulative occurrence of macrosomia by glucose
level is presented in figure 2, which reveals that women
with diabetic glucose levels before pregnancy could be
associated with an increased risk of macrosomia. From
39 to 42 gestational weeks, the cumulative proportion of
macrosomia in the diabetic hyperglycaemic group was
approximately 1.5 times higher than those in the other
three groups.

In the subgroup analysis of macrosomia in the preges-
tational diabetic hyperglycaemic group compared with
the normoglycaemia group stratified by maternal charac-
teristics. There was an overall higher risk of macrosomia
in women with diabetic hyperglycaemic, although some
subgroups no longer presented a statistically significant

risk (figure 3). In addition, we found that compared
with the normoglycaemia group, pregestational diabetic
hyperglycaemic was associated with a significantly higher
risk of macrosomia in women bearing a male fetus (aRR
1.85, 95% CI 1.26 to 2.71), but there was no difference
in the risk of macrosomia between different glucose
groups among women bearing a female fetus (aRR 0.94,
95% CI 0.47 to 1.89). In addition, after stratifying by
the period between glucose testing and pregnancy, the
data suggested that among the women who underwent
the pregestational health examinations within 3 months
before their pregnancies, diabetic hyperglycaemic was a
better predictor sign of a higher risk of macrosomia (aRR
1.64, 95% CI 1.13 to 2.39).

DISCUSSION

In our study, we aimed to evaluate the association between
pregestational maternal glucose level and adverse preg-
nancy outcomes. We found that pregestational maternal
diabetic hyperglycaemic might be associated with an
increased risk for macrosomia, whereas pregestational
IFG seemed to be associated with a reduced risk of
adverse outcomes, including spontaneous abortion,
induced abortion due to medical reasons, PTB and LBW.
Moreover, pregestational diabetic hyperglycaemic might
be associated with a higher risk of stillbirth.

To the best of our knowledge, the association between
GDM or PGDM and pregnancy outcomes has been well
studied, regardless of at a population level,** ** or at the
molecular level.”** In recent years, researchers have
begun to focus on the association between IFG during
pregnancy and adverse perinatal outcomes and later
diabetes mellitus. Although the HAPO study has estab-
lished the association between glucose levels below the
diagnosis of diabetes during the pregnancy with GDM
and increased birth weight,**** the association between
pre-pregnancy maternal glucose level among women
without overt diabetes mellitus and later pregnancy or
delivery remains unclear. In this study, we found a signif-
icant association between diabetic glucose level within
lyear before pregnancy and macrosomia, indicating that
diabetic hyperglycaemic is one fasting glucose test during
the preconception examination, especially for women
who took the pregestational health examinations within
3 months before their pregnancies, might also be an early
sign of macrosomia.

This finding is compatible with those of similar but
different studies. In previous studies as we know, women
with GDM, PGDM, first-trimester hyperglycaemic or mild
hyperglycaemic in the late trimester, were all proven to
be associated with an increased risk of macrosomia or
LGA.* #* Moreover, our findings indicated that the
existing insulin resistance before pregnancy might also
have an influence on the mothers and their fetuses during
the pregnancy or at the delivery, although its degree
was under the current diagnostic criteria for diabetes.
As a result, the current standard diagnostic criteria for
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Hyperglycaemia (>6.1 mmol/L)

Hypoglycaemia Normoglycaemia IFG Diabetic
Characteristics (<3.9mmol/L) (3.9-6.0mmol/L) (6.1-6.9 mmol/L) (>7.0mmol/L) P value

Age, years <0.001

25-29 1083 (35.47) 21686 (40.23) 937 (33.81) 209 (33.12)

35-49 92 (3.01) 2186 (4.06) 190 (6.85) 61 (9.67)

<185 544 (17.82) 8142 (15.10) 388 (14.00) 70 (11.09)

24-27.9 251 (8.22) 5502 (10.21) 300 (10.82) 92 (14.58)

Ethnicity <0.001

Others 232 (7.6) 2382 (4.42) 73 (2.63) 15 (2.38)

Primary or below 113 (3.70) 2237 (4.15) 209 (7.54) 57 (9.03)

High school 846 (27.71) 13450 (24.95) 641 (23.12) 145 (22.98)

Place of residence <0.001

Agricultural 2339 (76.61) 39409 (73.11) 2175 (78.46) 510 (80.82)

Peasant 1414 (46.32) 23590 (43.76) 1429 (51.55) 350 (55.47)

Merchant 481 (15.75) 5836 (10.83) 254 (9.16) 77 (12.20)

Housewife 155 (5.08) 3300 (6.12) 95 (3.43) 28 (4.44)

Others 227 (7.43) 5099 (9.46) 304 (10.97) 42 (6.66)

No 3038 (99.51) 53542 (99.33) 2756 (99.42) 628 (99.52)

Passive smoking <0.001

Yes 620 (20.31) 8657 (16.06) 353 (12.73) 83 (13.15)

No 2806 (91.91) 50799 (94.24) 2671 (96.36) 602 (95.40)

Gravidity <0.001

>1 1352 (44.28) 28574 (53.01) 1419 (51.19) 351 (55.63)

0 2209 (72.36) 37820 (70.16) 1998 (72.08) 409 (64.82)

Continued

(3]
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Table 1 Continued

Hyperglycaemia (>6.1 mmol/L)

Hypoglycaemia Normoglycaemia IFG Diabetic
Characteristics (<3.9mmol/L) (3.9-6.0mmol/L) (6.1-6.9 mmol/L) (>7.0mmol/L) P value
History of preterm birth 0.938
No 3047 (99.80) 53777 (99.76) 2765 (99.75) 629 (99.68)
Yes 6 (0.20) 127 (0.24) 7 (0.25) 2(0.32)
History of spontaneous 0.013
abortion
No 2942 (96.36) 51339 (95.24) 2643 (95.35) 610 (96.67)
Yes 111 (3.64) 2565 (4.76) 129 (4.65) 21 (3.33)
History of induced <0.001
abortion
No 2190 (71.73) 34079 (63.22) 1808 (65.22) 421 (66.72)
Yes 863 (28.27) 19825 (36.78) 964 (34.78) 210 (33.28)
Hypertension <0.001
No 3016 (98.79) 53129 (98.56) 2687 (96.93) 614 (97.31)
Yes 37 (1.21) 775 (1.44) 85 (3.07) 17 (2.69)

Data were presented as N (%) with p value from x2 test.

BMI is calculated as the weight in kilograms divided by height in metres squared.

BMI, body mass index; IFG, impaired fasting glycaemia.

diabetes might be stricter for women who prepare for
pregnancy. Early prejudgement and proper interven-
tion need to be taken into consideration for women with
hyperglycaemic in the absence of overt diabetes during
pregnancy preparation.

Interestingly, the possible effect of maternal diabetic
hyperglycaemic before pregnancy on macrosomia was
significantly greater in male fetuses (aRR 1.85, 95% CI
1.26 to 2.71) than in female fetuses (aRR 0.94, 95% CI
0.47 to 1.89). This difference also existed in LGA, which
suggests that it cannot just be interpreted simply by sex
or gestational age. A previous study in Spain has shown
a similar result that GDM was only a predictor of macro-
somia in male fetuses.” According to their interpretation,
the difference in fetal sex might be due to the higher
frailty of male fetuses to external influences during the
pregnancy, which means male fetuses would be more
affected by maternal hyperglycaemic and then to be over-
weight than female fetuses.

Questions have been raised regarding the possible
benefits of pregestational IFG in neonatal outcomes
among pregnant women. In our study, ‘mild hypergly-
caemic’ before the pregnancy might be a harmless factor
to many adverse outcomes, including PTB, LBW and even
miscarriage due to physiological factors. Moreover, it
seemed not to increase the risks of macrosomia and LGA
as diabetic hyperglycaemic did. However, this finding was
inconsistent with the finding of a similar study in Guang-
dong Province of China, which suggested that maternal
pre-pregnancy IFG increased the risk of PTB (aRR 1.07,
95% CI 1.02 to 1.12) and LGA (aRR 1.10, 95% CI 1.06
to 1.14).” Another study focusing on the pre-pregnancy
IFG has found that there was no significant difference

in neonatal outcome in women with IFG from the
normoglycaemia group, but it might be associated with
increased risks for maternal outcomes including gesta-
tional diabetes and mild pre-eclampsia.”® Based on their
findings that pregestational maternal IFG was associated
with GDM and the guideline of diabetes management
for pregnant women in China, we hypothesised that the
protective effect of IFG in our study might be influenced
by the intervention such as healthy diet, exercise or insulin
taking during the pregnancy, considering that there was
some evidence showing that treating women with ‘mild’
GDM could improve birth outcome,” but it should be
interpreted with caution due to the insufficient data.
Furthermore, the analysis of associations between preges-
tational hyperglycaemic and maternal outcomes, such as
GDM, pregnancy hypertension and mild pre-eclampsia,
with information that was lacking in the NFPHEP data-
base, should be considered in future studies.

The potential negative effect of pregestational diabetic
hyperglycaemic on stillbirth was consistent with previous
studies, although under different situations. Existing
evidence has suggested that PGDM, GDM or hypergly-
caemic during pregnancy is associated with a higher
risk of stillbirth.”**” Our findings indicate that hypergly-
caemic before pregnancy might also be associated with
an increased risk of stillbirth, although the occurrence of
stillbirth cases was significantly small in this study.

As we know, this is one of the few studies with a large
sample size addressing the effect of glucose level before
pregnancy on adverse birth outcomes among the general
women of childbearing age. The strength of our study
is the large cohort based on an unselected population
covering almost the whole Chongqing Municipality of
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Hyperglycaemia (>6.1 mmol/L)

Hypoglycaemia Normoglycaemia IFG Diabetic
(<3.9mmol/L) (3.9-6.0mmol/L) (6.1-6.9mmol/L) (>7.0mmol/L)

Spontaneous abortion

Unadjusted RR (95% Cl) 0.73(0.62t0 0.87)  1.00 0.70 (0.58 to 0.84) 0.91 (0.65 to 1.27)

Induced abortion/labour due to medical reasons

Unadjusted RR (95% ClI) 0.85 (0.68 to 1.06) 1.00 0.62 (0.47 to 0.81) 0.90 (0.57 to 1.44)

Stillbirth

Unadjusted RR (95% CI) 0.92 (0.41102.09)  1.00 0.68 (0.25 to 1.83) 2.23 (0.71 to 7.01)

Among 54 365 pregnancies with singleton live births

No. (%) 217 (7.73) 3565 (7.38) 149 (5.78) 44(7.72)

Adjusted RRT (95% Cl) 1.03(0.90t01.18)  1.00 0.78 (0.67 to 0.92) 1.04 (0.77 to 1.40)

No. (%) 33 (1.18) 602 (1.25) 19 (0.74) 6 (1.05)

Adjusted RRT (95% Cl) 0.94 (0.66 to 1.34) 1.00 0.59 (0.37 to 0.93) 0.79 (0.35 to 1.76)

No. (%) 128 (4.60) 1992 (4.16) 110 (4.32) 35 (6.18)

Adjusted RRT (95% Cl) 1.17 (0.98t01.40)  1.00 1.07 (0.88 to 1.29) 1.49 (1.07 to 2.09)

No. (%) 285 (10.25) 4692 (9.81) 237 (9.33) 61 (10.80)

Adjusted RRt (95% CI) 1.06 (0.94t01.20)  1.00 0.97 (0.85 to 1.10) 1.09 (0.84 to 1.40)

No. (%) 40 (1.44) 564 (1.18) 15 (0.59) 7 (1.24)

Adjusted RRT (95% Cl) 1.22 (0.88 to 1.67) 1.00 0.52 (0.31 to 0.86) 1.10 (0.52 t0 2.32)

No. (%) 170 (6.12) 2832 (5.92) 109 (4.29) 28 (4.96)

Adjusted RRT (95% Cl) 1.02(0.87t01.19)  1.00 0.72 (0.60 to 0.88) 0.86 (0.59 to 1.25)

*Adjusted RR were adjusted for maternal age, maternal pregestational BMI, ethnicity, education level, occupation, place of residence, smoking, passive smoking,
alcohol, parity, gravidity, history of preterm birth, history of spontaneous abortion, history of induced abortion and hypertension.

TAdjusted RR were additionally adjusted for neonate sex.

IFG, impaired fasting glycaemia; LBW, low birth weight; LGA, large for gestational age; RR, risk ratio; SGA, small for gestational age.

China, which supports the good generalisability of our  pregnancy period, such as the information on pregnancy
findings. Compared with the similar previous studies, we  complications, including GDM and gestational hyperten-
analysed the association between maternal pregestational ~ sion. Thus, we could not adjust them in the multivariate
glucose level and fatal loss including abortion and still-  analysis, which might have influenced our final findings.
birth first. Our study also has some limitations. First, our ~ Second, whether the participants with pregestational
database lacked some important information during the  hyperglycaemic had any treatment or intervention to fight

~
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~#—Hypoglycemia
———Normoglycemia
——IFG
—a—Diabetic

macrosomia proportion (%)
Now s g o

-

[S)

28 30 32 34 36 38 40 42
Macrosomia proportion (%) Gestational age in weeks

Hypoglycemia 0 0.04 0.04 0.11 0.37 1.28 3.58 4.42
Normoglycemia 0.01 0.02 0.06 0.10 0.25 0.86 3.38 4.14
IFG 0 0 0.08 0.16 0.24 0.75 3.61 4.25
Diabetic 0 0 0 0 0.18 1.06 5.31 6.02

Figure 2 Cumulative occurrence of macrosomia according
to pregestational glucose. IFG, impaired fasting glycaemia.

insulin resistance after their preconception health exam-
inations was unclear. Although this lack of information
resulted in uncertainty and possible bias, we believe that
the significant risk of macrosomia in women with preges-
tational diabetic hyperglycaemic women might be under-
estimated due to their higher probability of developing

N (Diabetic) N (Normal) aRR' (95%C1)
Age, years
20-24 291 23920 ——! 1.58 (0.95-2.64)
25-29 200 20917 +—o— 1.55 (0.90-2.68)
30-34 61 5011 e 1.45 (0.59-3.53)
35-49 46 1729 — 0.79(0.19-3.27)
BMI, kg/m*2
<18.5 69 7914 e 1.65 (0.52-5.18)
18.5-23.9 429 37774 ro— 1.39 (0.90-2.14)
24-279 81 5055 e 1.58 (0.78-3.19)
=28 19 813 e 2.11(0.63-7.05)
Education
Primary or below 48 1955 —e— 1.42 (0.44-4.56)
Middle school 290 21262 —o— 1.59 (0.99-2.54)
High school 135 12423 Te— 1.49 (0.74-3.01)
College or above 100 13588 == 1.36 (0.61-3.04)
Place of residence
Non-agricultural 120 14026 — 1.34 (0.67-2.71)
Agricultural 478 37547 o 1.54 (1.05-2.26)
Passive smoking
No 515 42883 o 1.74 (1.24-2.44)
Yes 82 8495 =it 0.26 (0.04-1.87)
Alcohol
No 567 48169 = 1.44 (1.02-2.05)
Yes 29 3143 T 2.31(0.72-7.36)
Gravidity
0 280 24781 —— 1.82(1.11-2.98)
=1 318 26750 He— 1.31(0.83-2.07)
Parity
0 401 37026 == 1.56 (1.03-2.36)
=1 197 14551 e 1.39 (0.78-2.46)
History of spontaneous abortion
No 581 49127 - 1.53 (1.09-2.14)
Yes 17 2450 .y 0.80 (0.11-5.99)
History of induced abortion
No 403 32918 = 1.72 (1.15-2.58)
Yes 195 18659 e 1.17 (0.64-2.12)
Hypertension
No 585 50704 [ 1.48 (1.05-2.08)
Yes 13 730 hd 4.07 (0.48-34.40)
Neonate sex
Male 303 26592 —— 1.85(1.26-2.71)"
Female 292 24771 e 0.94 (0.47-1.89)"
Interval
0-3 month 435 36397 —o— 1.64 (1.13-2.39)
4-6 month 108 9122 —— 1.07 (0.44-2.60)
7-12 month 54 5709 —— 1.02 (0.25-4.11)

o 1 2 3 4 s 6 7 8

Figure 3 Subgroup analysis of macrosomia in the
pregestational diabetic compared with the pregestational
normoglycaemia. Interval: the period between the date of
glucose testing and the date of the last menstrual period

of pregnant women. 'After adjusting maternal age, BMI,
ethnicity, education level, occupation, place of residence,
smoking, passive smoking, alcohol, parity, gravidity, history of
preterm birth, history of abortion (spontaneous and induced),
hypertension and neonate sex . *Additional adjustment for
the gestational age in days. aRR, adjusted risk ratio; BMI,
body mass index.

3

GDM and the possible subsequent intervention.® ** The
aRR of macrosomia might be higher if there was no inter-
vention before or during pregnancy. Third, as the number
of cases, such as stillbirth, was significantly small after
stratifying by glucose levels, the estimated RRs might not
be reliable. Therefore, the findings of our study should
be interpreted with caution since these factors might have
an effect on the final associations between pregestational
glucose level and pregnancy outcomes. Sensitivity anal-
yses showed that the potential bias from missing data had
few influences on the final findings (online supplemental
table S1).

In this retrospective cohort from preconception to
delivery, we found that once FBG testing of 7.0mmol/L or
higherwithin 1 year before the pregnancy mightbe consid-
ered as an early sign of overweight neonates. Considering
that currently there are no standard guidelines for pre-
pregnancy care on blood glucose management in China
and many other low-income and middle-income coun-
tries, such evidence could justify the need for standard
guidelines for maternal blood glucose testing and related
interventions during pre-pregnancy care to improve
pregnancy outcomes. Further high-quality prospective
studies, which include information on mothers during
the pregnancy, are needed to investigate the effect of
pregestational glucose level on maternal outcomes and
metabolic-related variables during pregnancy.
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