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Objective: To identify predictors for adverse pregnancy outcomes among women with pre-gestational diabetes.
Methods: We retrospectively reviewed medical records of women with pre-gestational diabetes who attended the 
Tuen Mun Hospital between 1 January 2012 and 30 December 2022 for antenatal care and delivery. Composite 
adverse early perinatal outcomes included spontaneous fetal loss before 24 weeks and congenital malformations. 
Composite adverse maternal outcomes included pre-eclampsia and Caesarean section. Composite adverse 
neonatal outcomes included preterm delivery <37 weeks, small and large for gestational age, shoulder dystocia, 
hypoglycaemia, Apgar score <7 at 5 minutes, arterial cord blood pH <7.0, admission to a neonatal intensive care 
unit, stillbirth, and death within 28 days of life. Factors associated with adverse pregnancy outcomes were identified.
Results: Among 245 women included in analysis, there were 10 spontaneous pregnancy losses before 24 weeks, 
four stillbirths, and 41 congenital malformations, which resulted in four terminations of pregnancy. The glycated 
haemoglobin (HbA1c) level at the first antenatal visit was a predictor for composite adverse early perinatal outcomes 
(adjusted odds ratio [aOR]=1.27, p=0.013). The rate of congenital anomaly increased threefold from 10% when the 
HbA1c level was <5.6% to 37.1% when the HbA1c level was >9.1% (p=0.003). Predictors for composite adverse 
maternal outcomes were a pre-pregnancy body mass index ≥25 kg/m2 (aOR=2.04, p=0.033) and chronic hypertension 
(aOR=3.59, p=0.009), whereas the predictor for composite adverse neonatal outcomes were the HbA1c level before 
delivery (aOR=1.57, p=0.025). Pre-pregnancy medical care was associated with a lower maternal HbA1c level at 
the first antenatal visit (6.8% vs 8.2%, p=0.002) and earlier gestational age at the first antenatal visit (8 vs 12 weeks, 
p<0.001), compared with no pre-pregnancy medical care.
Conclusion: Maternal glycaemic control and body mass index are the major modifiable risk factors for adverse 
pregnancy outcomes in women with pre-gestational diabetes. Pre-pregnancy medical care should emphasise 
lowering the HbA1c level and bodyweight at early pregnancy to avoid adverse pregnancy outcomes.
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Introduction
 The worldwide prevalence of pre-gestational 
diabetes has increased from 0.5% to 1% during the period 
1990 to 2020 and ranges from 0.5% to 2.4% among 
different populations1. Factors associated with pre-
gestational diabetes include obesity, type 2 diabetes, and 
advanced maternal age1. Pregnancies with pre-gestational 
diabetes are associated with an increased risk of adverse 
pregnancy outcomes including spontaneous abortion, 
congenital anomalies (cardiac malformations, neural tube 
defect, sacral agenesis, and caudal regression syndrome2,3), 
pre-eclampsia, Caesarean section, preterm delivery, 
macrosomia, low Apgar score at 5 minutes, neonatal 
hypoglycaemia, hyperbilirubinaemia, neonatal respiratory 
distress syndrome, stillbirth, neonatal death, and admission 
to a neonatal intensive care unit4-8. Pregnancy care for 

women with pre-gestational diabetes improves the maternal 
and perinatal outcomes9,10.

 Risk factors for adverse pregnancy outcomes in 
women with pre-gestational diabetes include a high glycated 
haemoglobin (HbA1c) level at the periconceptional period 
and in late pregnancy, a high pre-pregnancy body mass 
index (BMI), excessive gestational weight gain, lack of 
preconception care, nulliparity, low socioeconomic status, 
smoking, and the presence of microvascular disease 
(including diabetic nephropathy and retinopathy)10-14. 
We aimed to identify predictors associated with adverse 
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pregnancy outcomes among women with pre-gestational 
diabetes in Hong Kong.

Materials and methods
 We retrospectively reviewed medical records of 
women with pre-gestational type 1 or type 2 diabetes who 
attended the Tuen Mun Hospital between 1 January 2012 
and 30 December 2022 for antenatal care and delivery. 
Women with more than one pregnancy during the study 
period were analysed independently. Women were 
excluded if they had incomplete clinical data, diabetes 
first recognised during pregnancy, multiple pregnancies, or 
delivery in other hospitals. 

 According to our protocol, combined antenatal 
and diabetic care was provided weekly to fortnightly 
throughout the pregnancy by a multidisciplinary team 
that comprises obstetricians, endocrinologists, diabetes 
midwife specialists, and dietitians. Women were educated 
on the importance of good glycaemic control, proper 
techniques of capillary blood glucose monitoring (and 
insulin injection if required), and dietary advice. Diabetic 
control was assessed by daily self-monitoring of capillary 
blood glucose and the 3-monthly HbA1c level. Fetal 
outcomes were assessed using morphology scans, serial 
growth scans, and cardiotocography. Women were offered 
delivery from 38 weeks onward.

 Pregnancy outcomes included spontaneous 
pregnancy loss before 24 weeks, termination of pregnancy, 
congenital malformations, and stillbirth. Maternal outcomes 
included polyhydramnios, pre-eclampsia, gestation, 
mode of delivery, primary postpartum haemorrhage, and 
admission to an intensive care unit. Neonatal outcomes 
included sex, birthweight, large and small for gestational 
age15,16, Apgar scores, umbilical cord arterial blood pH, 
admission to a neonatal intensive care unit, shoulder 
dystocia, birth trauma (including brachial plexus injury 
and bone fracture), neonatal hypoglycaemia, neonatal 
hyperbilirubinaemia requiring phototherapy, transient 
tachypnoea, respiratory distress syndrome, cerebral palsy, 
and death within 28 days of life.

 Composite adverse early perinatal outcomes 
included spontaneous fetal loss before 24 weeks and 
congenital malformations. Composite adverse maternal 
outcomes included pre-eclampsia and Caesarean section. 
Composite adverse neonatal outcomes included preterm 
delivery <37 weeks, small and large for gestational age, 
shoulder dystocia, hypoglycaemia, Apgar score <7 at 
5 minutes, arterial cord blood pH <7.0, admission to a 

neonatal intensive care unit, stillbirth, and death within 28 
days of life.

 Women with or without composite adverse 
pregnancy outcomes were compared using the Student’s t 
test or Mann-Whitney U test for continuous variables and 
the Chi-squared test or Fisher’s exact test for categorical 
variables. Univariate and multivariate logistic regression 
analyses were performed to determine predictors for 
adverse pregnancy outcomes. Data analysis was performed 
using SPSS (Windows version 26.0; IBM Corp, Armonk 
[NY], United States). A p value of <0.05 was considered 
statistically significant.

Results
 Over the 11 years, the number of pre-gestational 
diabetes cases has increased from 4.05 to 5.83 per 1000 
deliveries per year (Table 1). Of 389 women with pre-
gestational diabetes managed in our unit, 144 were 
excluded because of diabetes first recognised during 
pregnancy (n=111), incomplete clinical data (n=11), 
unknown pregnancy outcomes (n=3), delivery in other 
hospitals (n=13), and multiple pregnancies (n=6). The 
remaining 245 women were included in the analysis.

 Most (92.2%) of the women were Chinese. The 
median maternal age at delivery was 34 (interquartile range 
[IQR]=30-37) years (Table 2). Most (96.3%) pregnancies 
were conceived naturally; 45.3% were nulliparous. The 
median interval from diagnosis of diabetes to pregnancy 
was 4 (IQR=2-7) years; 91.0% had type 2 diabetes and 

Table 1. Numbers of pregnant women with pre-
gestational diabetes per 1000 deliveries from 2012 
to 2022

Year No. of pregnant women with pre-gestational 
diabetes per 1000 deliveries

Type 1 diabetes Type 2 diabetes Total
2012 0.35 3.69 4.05

2013 0.59 3.74 4.34
2014 0.37 3.67 4.03
2015 0.18 3.87 4.05
2016 0.35 2.46 2.81
2017 0.38 3.23 3.61
2018 0.19 4.28 4.48
2019 0.41 4.31 4.72
2020 0.99 5.43 6.42
2021 0 5.66 5.66
2022 1.03 4.8 5.83
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9.0% had type 1 diabetes. In addition, 65.3% had a BMI 
≥25 kg/m2 (33.9% overweight, 31.4% obese); 84.5% 
received pre-conception diabetic care; 11% had diabetic 
retinopathy; 13.5% had diabetic nephropathy; 0.4% had 
diabetic neuropathy; and 22.9% had chronic hypertension. 
Only 4.5% of the women were taking pre-conception folic 
acid. The median gestational age at booking visit was 
8 (IQR=7-12) weeks. Dietary control was practised by 
10.2% and 12.2% of women before and during pregnancy, 
respectively. Insulin use increased from 14.3% before 
pregnancy to 86.9% during pregnancy. At the first antenatal 
visit, the median HbA1c level was 7.0% (IQR=6.1-8.4%); 
80 (32.7%) women had a HbA1c level <6.5%. At delivery, 
the median HbA1c level was 6.3% (IQR=5.9%-7.0%); 60 
(26.0%) women had a HbA1c level <6.0%.

 Among the 245 women, there were 10 (4.1%) 
spontaneous pregnancy losses before 24 weeks, four (1.6%) 
stillbirths, and 41 (16.7%) congenital malformations, which 
resulted in four (1.6%) terminations of pregnancy (Table 
3). Details of the four stillbirths and one death within 28 
days of life are shown in Table 4, whereas details of the 
41 cases of congenital malformations are shown in Table 
5. In women with pregnancy beyond 24 weeks (n=231), 
the median gestational age at delivery was 37 (IQR=36-
38) weeks; 59 (25.5%) women had preterm delivery; 
44 (19.0%) had pre-eclampsia; and 145 (62.8%) had a 
Caesarean section. With regard to neonates, the median 
birthweight was 3180 (IQR=2750-3620) g; 93 (40.3%) 
were large for gestational age; 19 (8.2%) were macrosomic 
(birthweight ≥4000 g); one (0.4%) had an Apgar score 
<7 at 5 minutes; one (0.4%) had umbilical cord arterial 
pH <7.0; one (0.4%) had shoulder dystocia; 61 (26.9%) 
had hypoglycaemia; 31 (13.7%) required admission to a 
neonatal intensive care unit; and one (0.4%) died within 28 
days of life. 

 The HbA1c level at the first antenatal visit was a 
predictor for composite adverse early perinatal outcomes 
(adjusted odds ratio [aOR]=1.27, p=0.013, Table 6). The 
rate of congenital anomaly increased threefold from 10% 
when the HbA1c level was <5.6% to 37.1% when the 
HbA1c level was >9.1% (p=0.003, Table 7). Predictors 
for composite adverse maternal outcomes were a pre-
pregnancy BMI ≥25 kg/m2 (aOR=2.04, p=0.033) and 
chronic hypertension (aOR=3.59, p=0.009), whereas the 
predictor for composite adverse neonatal outcomes were 
the HbA1c level before delivery (aOR=1.57, p=0.025) 
[Table 6].

 Pre-pregnancy medical care was associated with 

a lower maternal HbA1c level at the first antenatal visit 
(6.8% vs 8.2%, p=0.002) and earlier gestational age at the 
first antenatal visit (8 vs 12 weeks, p<0.001), compared 
with no pre-pregnancy medical care.

Discussion
 In the present study, predictors for adverse pregnancy 
outcomes were the HbA1c level at the first antenatal visit, 
pre-pregnancy BMI, chronic hypertension, and the HbA1c 
level before delivery. The rate of congenital anomaly was 
associated with the HbA1c level at the first antenatal visit, 
whereas pre-pregnancy medical care was associated with a 
lower HbA1c level and an earlier gestational age at the first 
antenatal visit.

 The rate of congenital anomalies in our cohort was 
16.7%, which is similar to the 14.4% reported in a study in 
Canada in 2021, which includes major and minor anomalies 
identified according to the International Classification of 
Diseases, 10th revision. In our cohort, 32.7% of women 
had a HbA1c level <6.5% during the periconceptional 
period; periconceptional HbA1c level was associated with 
congenital anomalies.

 Women with pre-gestational diabetes are at 
four- to five-fold increased risk of stillbirth17. Maternal 
hyperglycaemia causes fetal hyperinsulinaemia, acidosis, 
and hyperlacticaemia leading to fetal distress18. Maternal 
and fetal hyperglycaemia may cause angiopathy that 
affects the uteroplacental blood vessels and leads to fetal 
hypoxia19. The rate of stillbirth in our cohort was 1.6%, 
which is similar to the rate reported in other studies20,21. 
Maternal blood glucose control is an important modifiable 
risk factors for stillbirth in mothers with diabetes. In 
our three cases of stillbirth (presumably related to poor 
glycaemic control), the HbA1c level at the first antenatal 
visit ranged from 7.1% to 8.8%, and the HbA1c level at 
delivery ranged from 6.2% to 8.1%. This highlights the 
importance of glycaemic control.

 In our study, the HbA1c level at the first antenatal 
visit was associated with early pregnancy loss and 
congenital anomalies; the findings are consistent with those 
reported in studies in 1980s22 and in Japan23 and the United 
States24. High maternal HbA1c level is a major teratogenic 
agent, which affects the signalling pathways involved 
in organogenesis and fetal development. These results 
highlight the importance of periconceptional glycaemic 
control and pre-pregnancy medical care in reducing adverse 
pregnancy outcomes, as recommended by the American 
Diabetes Association8.
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Table 2. Characteristics of women with pre-
gestational diabetes (n=245)

Table 3. Pregnancy, maternal, and neonatal 
outcomes of women with pre-gestational diabetes 

Characteristic Value*

Maternal age at delivery, y 34 (30-37)
Ethnicity

Chinese 226 (92.2)
Southeast Asian 17 (6.9)
African 2 (0.8)

Education level
Primary 10 (4.1)
Secondary 176 (71.8)
Tertiary 59 (24.1)

Nulliparity 111 (45.3)
Previous Caesarean section 71 (29.0)
Type 1 diabetes 22 (9.0)
Type 2 diabetes 223 (91.0)
Smoking 18 (7.3)
Drinking 2 (0.8)
Natural conception 236 (96.3)
Planned pregnancy 125 (51.0)
Duration of diabetes, y 4 (2-7)
Pre-pregnancy body mass index, kg/m2 26.9 (23.6-31.3)

25-29.9 (overweight) 83 (33.9)
≥30 (obese) 77 (31.4)

Pre-conception medical care 207 (84.5)
Pre-pregnancy diabetic treatment

Dietary control alone 25 (10.2)
Oral medication 122 (49.8)
Insulin 35 (14.3)
Oral medication and insulin 27 (11.0)

Pre-conception folic acid 11 (4.5)
Diabetic retinopathy 27 (11.0)
Diabetic nephropathy 33 (13.5)
Diabetic neuropathy 1 (0.4)
Chronic hypertension 56 (22.9)
Gestational age at first antenatal visit, wk 8 (7-12)
Glycated haemoglobin at first antenatal 
visit, %

7.0 (6.1-8.4)

<6.5 80 (32.7)
≥6.5 165 (67.3)

Glycated haemoglobin at delivery, % 
(excluding cases of miscarriage and 
pregnancy termination)

6.3 (5.9-7.0)

<6.0 60 (26.0)
≥6.0 171 (74.0)

Diabetic treatment during pregnancy
Dietary control only 30 (12.2)
Oral medication 1 (0.4)
Insulin 213 (86.9)
Oral medication and insulin 1 (0.4)
Increment in insulin during pregnancy, 
units/day

22 (7-42)

Outcome Value*

Pregnancy outcome n=245
Spontaneous pregnancy loss before 24 
weeks

10 (4.1)

Termination of pregnancy 4 (1.6)
Stillbirth 4 (1.6)
Livebirth 227 (92.7)
Pregnancy with congenital malformation 41 (16.7)
Maternal outcome n=231
Polyhydramnios 14 (6.1)
Pre-eclampsia 44 (19.0)
Gestational age at delivery, wk 37 (36-38)
Preterm delivery <37 weeks 59 (25.5)
Preterm delivery <34 weeks 21 (9.1)
Mode of delivery

Normal vaginal delivery 73 (31.6)
Instrumental delivery 13 (5.6)
Caesarean section 145 (62.8)
Primary Caesarean section 84 (36.4)

Primary postpartum haemorrhage (≥500 
ml)

64 (27.7)

Intensive care unit admission 4 (1.7)
Neonatal outcome n=231
Male sex 139 (60.2)
Birthweight, g 3180 (2750-3620)
Macrosomia (≥4000 g) 19 (8.2)
Birthweight percentiles

Large for gestational age 93 (40.3)
Small for gestational age 11 (4.8)

Apgar score n=227
1 minute 8 (8-8)
5 minutes 9 (9-9)

Low Apgar score <7 at 5 minutes 1 (0.4)
Umbilical cord arterial pH <7.0 1 (0.4)
Admission to neonatal intensive care unit 31 (13.7)
Shoulder dystocia 1 (0.4)
Birth trauma (brachial plexus injury, bone 
fracture)

0

Neonatal hypoglycaemia 61 (26.9)
Neonatal hyperbilirubinaemia requiring 
phototherapy

86 (37.9)

Transient tachypnoea of the newborn 7 (3.1)
Respiratory distress syndrome 18 (7.9)
Cerebral palsy 1 (0.4)
Neonatal death within 28 days 1 (0.4)

* Data are expressed as median (interquartile range) or No. 
(%) of patients

* Data are expressed as median (interquartile range) or No. 
(%) of patients
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Table 4. Details of four stillbirths and one neonatal death

Characteristic Case 1 Case 2 Case 3 Case 4 Case 5

Age at delivery, y 34 31 38 27 43

Race Chinese Chinese Chinese Southeast Asian Chinese

Education level Secondary Secondary Secondary Secondary Secondary

Smoker No No No No No

Gravidity 2 1 2 3 3

Parity 1 0 1 2 0

History of pregnancy loss No No No No Two (2nd trimester)

Consanguineous 
relationship

No No No No No

Previous Caesarean 
section

Yes No Yes No No

Type of diabetes 2 1 2 2 2

Duration of diabetes, y 3 13 3 0.5 2

Planned pregnancy No No No Yes No

Method of conception Natural Natural Natural Natural Natural

Pre-pregnancy body mass 
index, kg/m2

28.6 17.3 32.8 35.7 26.0

Pre-pregnancy medical 
care

No Yes Yes Yes Yes

Comorbidity Chronic 
hypertension, 
hyperlipidaemia, 
nephropathy, 
polycystic ovarian 
syndrome

No Chronic 
hypertension, 
hyperlipidaemia

Chronic 
hypertension

History of loop 
electrosurgical 
excision procedure for 
cervical intraepithelial 
neoplasia III, cervical 
incompetence 
(cerclage performed), 
polycystic ovarian 
syndrome

Gestational age at first 
antenatal visit, wk

17 6 10 11 9

Glycated haemoglobin, %

Pre-pregnancy - 11.1 6.2 10.1 -

First trimester - 8.8 7.1 7.9 5.8

Second trimester 7.5 7.1 6 6.9 5.7

Third trimester 6.2 8.1 5.9 8.1 -

Diabetic treatment before 
conception

No Insulin Oral hypoglycaemic 
agent

Oral hypoglycaemic 
agent

Oral hypoglycaemic 
agent

Presence of folate 
supplementation

No No No No No 

Aspirin use Yes No No No No

Diabetic treatment during 
pregnancy

At first trimester No Insulin Oral hypoglycaemic 
agent

Insulin Insulin 

At second trimester Insulin Insulin Oral hypoglycaemic 
agent

Insulin Insulin

At third trimester Insulin Insulin Oral hypoglycaemic 
agent

Insulin -

Compliance to antenatal 
follow-up/treatment

Poor, occasional 
hyperglycaemia

Poor, occasional 
hypoglycaemia

Good Poor, occasional 
hyperglycaemia

Good
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Table 4. (cont’d)
Characteristic Case 1 Case 2 Case 3 Case 4 Case 5

Antenatal ultrasound 
finding

Polyhydramnios Large for 
gestational age

Large for gestational 
age

Large for gestational 
age

Normal

Antenatal complication No Threatened preterm 
labour at 28 weeks

No No Antepartum 
haemorrhage, preterm 
premature rupture 
of the membranes, 
intrauterine infection

Mode of delivery 
(indication)

Vaginal delivery Vaginal delivery Caesarean section 
(previous Caesarean 
section)

Caesarean section 
(macrosomia)

Vaginal delivery

Gestational age at 
stillbirth/delivery, wk

30 35 34 36 25

Birthweight at delivery, g 1486 (50th-90th 
centile)

2600 (50th-90th 
centile)

2940 (>90th centile) 4220 (>90th centile) 670 (10th-50th centile)

Perinatal/neonatal 
outcome

Stillbirth Stillbirth Stillbirth Stillbirth Neonatal death

Likely cause of stillbirth/
neonatal death

Suboptimal 
glycaemic control 

Suboptimal 
glycaemic control

Congenital 
leukaemia

Suboptimal 
glycaemic control

Prematurity, 
respiratory distress 
syndrome, necrotising 
enterocolitis, sepsis, 
disseminated 
intravascular 
coagulation, neonatal 
death at day 14 

Postmortem examination Right microtia, 
aortopulmonary 
window, 11 pairs 
of ribs

No Placental 
histopathology: 
B-lymphoblastic 
leukaemia

No No

* Data are presented as No. (%) of pregnancies

Table 5. Details of the 41 cases of congenital malformations
Classification	by	the	International	Classification	of	Diseases,	10th	revision No. (%) of cases
Q00-07: Congenital malformations of the nervous system 1 (2.4)

Q05: Spina bifida 1 (2.4)
Q10-Q18: Congenital malformations of eye, ear, face, and neck 2 (4.9)

Q17: Other congenital malformations of ear 2 (4.9)
Q17.2: Microtia 1 (2.4)
Q17.4: Misplaced ear 1 (2.4)

Q20-Q28: Congenital malformations of the circulatory system 36 (87.8)
Q21: Congenital malformations of cardiac septa 23 (56.1)

Q21.0: Ventricular septal defect 7 (17.1)
Q21.1: Atrial septal defect 14 (34.1)
Q21.3: Tetralogy of Fallot 1 (2.4)
Q21.4: Aortopulmonary septal defect 1 (2.4)

Q25: Congenital malformations of great arteries 9 (22.0)
Q25.0: Patent ductus arteriosus 6 (14.6)
Q25.4: Other congenital malformations of aorta 1 (2.4)
Q25.5: Atresia of pulmonary artery 1 (2.4)
Q25.6: Stenosis of pulmonary artery 1 (2.4)

Q26: Congenital malformations of great veins 1 (2.4)
Q26.1: Persistent left superior vena cava 1 (2.4)

Q27: Other congenital malformations of peripheral vascular system 3 (7.3)
Q27.0: Congenital absence and hypoplasia of umbilical artery 3 (7.3)
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Table 5. (cont’d)

Classification	by	the	International	Classification	of	Diseases,	10th	revision No. (%) of cases
Q30-Q34: Congenital malformations of the respiratory system 0
Q35-37: Cleft lip and cleft palate 1 (2.4) 

Q36: Cleft lip 1 (2.4) 
Q36.9: Cleft lip, unilateral 1 (2.4) 

Q38-Q45: Other congenital malformations of the digestive system 1 (2.4)
Q42: Congenital absence, atresia, and stenosis of large intestine 1 (2.4)

Q42.2: Congenital absence, atresia, and stenosis of anus with fistula 1 (2.4)
Q50-Q56: Congenital malformations of genital organs 3 (7.3)

Q53: Undescended testicle 2 (4.9)
Q53.1: Undescended testicle, unilateral 1 (2.4)
Q53.2: Undescended testicle, bilateral 1 (2.4)

Q55: Other congenital malformations of male genital organs 1 (2.4)
Q55.4: Other congenital malformations of vas deferens, epididymis, seminal vesicles, and 
prostate

1 (2.4)

Q60-Q64: Congenital malformations of the urinary system 8 (19.5)
Q60: Renal agenesis and other reduction defects of kidney 1 (2.4)

Q60.3: Renal hypoplasia, unilateral 1 (2.4)
Q61: Cystic kidney disease 1 (2.4)

Q61.0: Congenital single renal cyst 1 (2.4)
Q62: Congenital obstructive defects of renal pelvis and congenital malformations of ureter 4 (9.8)

Q62.0: Congenital hydronephrosis 4 (9.8)
Q63: Other congenital malformations of kidney 2 (4.9)

Q63.1: Lobulated, fused, and horseshoe kidney 1 (2.4)
Q63.2: Ectopic kidney 1 (2.4)

Q65-Q79: Congenital malformations and deformations of the musculoskeletal system 15 (36.6)
Q66: Congenital deformities of feet 2 (4.9)

Q66.4: Talipes calcaneovalgus 1 (2.4)
Q66.8: Other congenital deformities of feet 1 (2.4)

Q67: Congenital musculoskeletal deformities of head, face, spine, and chest 1 (2.4)
Q67.5: Congenital deformity of spine 1 (2.4)

Q69: Polydactyly 8 (19.5)
Q69.1: Accessory thumb(s) 6 (14.6)
Q69.2: Accessory toe(s) 2 (4.9)

Q72: Reduction defects of lower limb 2 (4.9)
Q72.3: Congenital absence of foot and toe(s) 1 (2.4)
Q72.4: Longitudinal reduction defect of femur 1 (2.4)

Q76: Congenital malformations of spine and bony thorax 2 (4.9)
Q76.6: Other congenital malformations of ribs 2 (4.9)

Q80-Q89: Other congenital malformations 2 (4.9)
Q85: Phacomatoses, not elsewhere classified 1 (2.4)

Q85.0: Neurofibromatosis (non-malignant) 1 (2.4)
Q89: Other congenital malformations, not elsewhere classified 1 (2.4)

Q89.2: Congenital malformations of other endocrine glands 1 (2.4)
Q90-Q99: Chromosomal abnormalities, not elsewhere classified 0
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 In our study, maternal pre-pregnancy BMI and 
chronic hypertension were predictors for adverse maternal 
outcomes. Maternal obesity is associated with hypertensive 
disorders and Caesarean sections in mothers with 
diabetes25. Chronic hypertension is a well-established risk 
factor for pre-eclampsia. Although chronic hypertension 
is considered a non-modifiable risk factor, optimising 
pre-pregnancy BMI and strict compliance with low-dose 
aspirin for pre-eclampsia prevention are recommended for 
reduction of maternal complications.

Table 6. Predictors for adverse pregnancy outcome in women with pre-gestational diabetes

Outcome With 
adverse 

outcome*

Without 
adverse 

outcome*

Odds ratio 
(95%	confidence	

interval)

p 
Value

Adjusted odds 
ratio (95% 
confidence	
interval)

p 
Value

Composite adverse early perinatal 
outcome

n=51 n=194

Advanced maternal age 22 (43.1) 86 (44.3) 0.953 (0.51-1.78) 0.879 1.01 (0.52-1.96) 0.981

Type 1 diabetes 4 (7.8) 18 (9.3) 0.832 (0.27-2.58) >0.99 0.79 (0.23-2.80) 0.720

Pre-pregnancy overweight/obesity 34 (66.7) 126 (64.9) 1.08 (0.56-2.1) 0.819 1.15 (0.55-2.40) 0.705

Pre-conceptional folic acid 21 (41.2) 82 (42.3) 0.96 (0.51-1.79) 0.888 1.08 (0.22-5.31) 0.927

Glycated haemoglobin at first 
antenatal visit

7.3 (6.6-9.2) 6.9 (6.1-8.1) 1.25 (1.05-1.50) 0.015 1.27 (1.05-1.53) 0.013

Composite adverse maternal outcome n=153 n=78

Advanced maternal age 71 (46.4) 29 (37.2) 1.46 (0.84-2.56) 0.181 1.16 (0.62-2.18) 0.647

Type 1 diabetes 10 (6.5) 11 (14.1) 0.43 (0.17-1.05) 0.059 0.66 (0.22-1.99) 0.457

Pre-pregnancy overweight/obesity 111 (72.5) 39 (50.0) 2.64 (1.50-4.67) 0.001 2.04 (1.06-3.94) 0.033

Nulliparity 69 (45.1) 36 (46.2) 0.96 (0.55-1.66) 0.879 1.04 (0.56-1.94) 0.907

Chronic hypertension 47 (30.7) 6 (7.7) 5.32 (2.16-13.10) <0.001 3.59 (1.38-9.31) 0.009

Use of aspirin 72 (47.1) 30 (38.5) 1.42 (0.82-2.48) 0.213 1.28 (0.69-2.38) 0.439

Glycated haemoglobin at first 
antenatal visit

7.2 (6.3-8.6) 6.7 (5.9-7.7) 1.16 (0.97-1.39) 0.099 1.19 (0.96-1.49) 0.120

Glycated haemoglobin before delivery 6.3 (6.0-7.1) 6.2 (5.9-6.8) 1.14 (0.87-1.50) 0.338 1.07 (0.76-1.51) 0.684

Composite adverse neonatal outcome n=155 n=76

Advanced maternal age 62 (40.0) 38 (50.0) 0.67 (0.38-1.16) 0.150 0.65 (0.36-1.20) 0.166

Type 1 diabetes 14 (9.0) 7 (9.2) 0.98 (0.38-2.54) 0.965 0.85 (0.28-2.58) 0.772

Pre-pregnancy overweight/obesity 105 (67.7) 45 (59.2) 1.45 (0.82-2.55) 0.202 1.66 (0.85-3.25) 0.137

Chronic hypertension 40 (25.8) 13 (17.1) 1.69 (0.84-3.39) 0.139 1.47 (0.69-3.12) 0.324

Glycated haemoglobin at first 
antenatal visit

7.2 (6.2-8.8) 6.8 (6.0-7.6) 1.32 (1.09-1.60) 0.005 1.15 (0.91-1.43) 0.238

Glycated haemoglobin before delivery 6.4 (6.0-7.3) 6.1 (5.8-6.5) 1.75 (1.25-2.46) 0.001 1.57 (1.06-2.33) 0.025
* Data are presented as No. (%) of participants or median (interquartile range)

Table 7. Association of congenital anomaly with 
maternal glycated haemoglobin at first antenatal 
visit in women with pre-gestational diabetes

Glycated	haemoglobin	at	first	
antenatal visit, %

% of congenital 
anomaly

<5.6 10
5.7-6.5 10.1
6.6-7.8 16.7
7.9-9.1 14
>9.1 37.1
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 The HbA1c level at delivery was a predictor of 
adverse neonatal outcomes. Hyperinsulinaemia causes 
excessive fetal growth and macrosomia and is associated 
with shoulder dystocia, birth trauma, respiratory distress 
syndrome, neonatal hypoglycaemia, hyperbilirubinaemia, 
and polycythaemia26. In our study, the median HbA1c level 
at delivery was 6.3%. In our cohort, 40.3% of neonates 
had excessive growth; 8.2% had macrosomia; 26.9% 
had neonatal hypoglycaemia; and 37.9% had jaundice 
requiring phototherapy. There was room for improvement 
in glycaemic control because only 26.0% of women could 
reduce their HbA1c level to <6.0% at delivery, which was 
the optimal level recommended by the American Diabetes 
Association8.

 We recommend that women of reproductive age 
with diabetes should be educated about the importance of 
periconceptional folate intake, optimisation of BMI, and 
glycaemic control to the HbA1c level of <6.5% before 
conception. Effective contraception should be conducted 
until the general health condition and the HbA1c level are 
optimised8. Compliance with pre-pregnancy medical care 
can reduce congenital malformations, early HbA1c level, 
and adverse maternal and fetal outcomes9,10,27,28. Pregnant 
women with pre-gestational diabetes should be managed 
by a multidisciplinary team to facilitate timely and 
personalised care in dietetic counselling, insulin injection 
technique and titration, early dating by ultrasound for 
timely start of low-dose aspirin regimen for pre-eclampsia 
prevention, and routine obstetric care. In hindsight, more 
aggressive glycaemic control should have been aimed,  
and women should have been made aware of the HbA1c 
target of <6.0%. Daily self-monitoring of blood glucose 
should be emphasised to women with pre-gestational 
diabetes29.

 To the best of our knowledge, this is the first study 
to identify predictors of adverse pregnancy outcomes 
in women with pre-gestational diabetes in Hong Kong. 
Nonetheless, there were limitations to our study. It was a 
retrospective cohort study, and some data were missing. 
The pre-pregnancy BMI was self-reported. Analyses for 
each adverse outcome were not performed because of the 
small sample sizes; this can be overcome by inclusion of 
women from multiple centres. The presence of maternal 
hypoglycaemia was not recorded, although it could lead to 

adverse outcomes.

Conclusion
 Predictors for adverse pregnancy outcomes 
were HbA1c level, pre-pregnancy BMI, and chronic 
hypertension. Women should be educated about the pre-
pregnancy medical care for diabetes and the aggressive 
glycaemic control throughout pregnancy to optimise 
maternal, fetal, and neonatal outcomes.
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