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Abstract
Objective To explore the risk factors and perinatal outcomes of re-recurrent gestational diabetes mellitus
(GDM).

Methods A retrospective cohort study of women with recurrent GDM who had two consecutive singleton
deliveries was performed in Fujian Maternity and Child Health Hospital from January 1, 2012 and
December 31, 2021. Datas on pregnancy characters and complications, neonatal and delivery outcomes
were collected and analyzed.

Results (1) In total, 712 women were included and followed up. 90 women were excluded due to lack of
oral glucose tolerance test after six weeks of postpartum and 13 women were lost in the follow up. As of
the date of data cutoff, 94 women got third pregnancy and 46 of them delivered after 24 weeks . Among
these 46 women , 32 (71.11%) complicated with GDM (case group) , 10 (21.74%) uncomplicated with
GDM ( control group) and the other 4 (8.70%) women complicated with pre-gestational diabetes mellitus
(PGDM) in the third pregnancy . (2) There was no signi�cant difference in age, lover age, quali�cations,
gravidity, parity, mode of conception, history of macrosomia , pre-pregnancy BMI and gestational weight
gain between two groups (all P 0.05). Interpregnancy interval (IPI) (months) to �rst (55.03±5.79 vs
69.10±3.14, P=0.000) and second (25.78±6.75 vs 41.30±5.95, P=0.000) pregnancy were signi�cantly
shorter in case group than control group. (3) OGTT 0 hPG and OGTT 1hPG during second pregnancy , TG
before second delivery and FPG in �rst trimester showed no signi�cant difference between two groups
(all P 0.05) . OGTT 2 hPG (8.94±1.25 vs 7.91±1.12, P=0.026 ), number of OGTT abnormal items
(1.91±0.77 vs 1.40±0.52, P=0.027) , TC before second deliveryand glycosylated (6.82±1.03 vs 6.10±0.73,
P=0.046) and hemoglobin A1c (HbA1c) in second trimester (5.62±0.39 vs 5.33±0.20, P=0.031) and before
delivery (5.72±0.38 vs 5.13±0.30, P=0.000) during second pregnancy was signi�cantly higher in case
group than control group . TG (2.29±0.54 vs 1.85±0.41, P=0.021) and TC (5.12±0.67 vs 3.92±0.30,
P=0.000) in �rst trimester and FPG before delivery (5.12±0.74 vs 4.17±0.38, P=0.000) was signi�cantly
higher in case group than control group. (4) There was no signi�cant difference in the hospitalization
days and expenses, gestational age, mode of delivery ,Apgar score at 1 min, weight of fetus and the rate
of hypertensive disorders in pregnancy (HDP) , intrahepatic cholestasis of pregnancy (ICP), premature
rupture of membranes (PROM) , precipitate labor, postpartum hemorrhage (PPH) , small for gestational
age (SGA) between two groups (all P 0.05). The rate of hypothyroidism in (34.38% vs 0%, P=0.31) case
group were signi�cantly higher than control group. The rate of large for gestational age (LGA) (28.13% vs
0%, P=0.058) and admission to NICU (34.38% vs 10.00%, P=0.14) in case group were higher than control
group, but there was no statistically difference.

Conclusions Perinatal care for women with history of GDM especially recurrent GDM must be started
before pregnancy and after delivery. It is recommended to choose the appropriate length of IPI and
control the plasm level of lipid and glucose to minimize the high risk of re-recurrent GDM . The
management of plasm lipid and glucose still need to be further strengthened and studied to improve the
prognosis of perinatal outcomes.  
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Background
Gestational diabetes mellitus (GDM) is an pathologic condition in which glucose intolerance and insulin
resistance develop to different degrees during pregnancy. The prevalence of GDM is increasing in the
worldwide including china [1–4]. Women with GDM have a higher odds of adverse maternal and fetal
outcomes, such as preeclampsia, cesarean section, macrosomia and neonatal hypoglycemia[5–7].
Although 80% of diabetes diagnosed during pregnancy can recover after postpartum, patients with a
history of GDM were at signi�cantly increased risk for long-term glucose intolerance, such as recurrence
of GDM in subsequent pregnancy[8]. According to current studies, the frequency of recurrent GDM in
subsequent pregnancies was 30.0–84% [9–11].

In our previous and some other studies found an increased incidence of adverse perinatal outcomes in
pregnants with recurrent GDM[10, 12]. So far, prior history of GDM have not be recommended to refrain
from subsequent pregnancies in light of the limited available data. What about those women with twice
of GDM? Should pregnant women with twice of GDM be recommended to refrain from the third time of
pregnancy ? Currently, reports on risk factors and perinatal outcomes of subsequent pregnancy in women
with twice of GDM are very rare.

Therefore, a population-based cohort study was performed to explore risk factors and subsequent
perinatal outcomes of pregnant with twice of GDM according to present data .

Material And Methods
Study Population

The subjects in the present study were all women with consecutive twice of GDM between January 1,
2012 to December 31, 2021 at Fujian Maternity and Child Health Hospital, China. They were must
singleton pregnancy and delivered after 24 weeks. Women with preexisting history of childbirth before
2012 were excluded from this analysis. And women who did not accept glucose tolerance test after
delivery were excluded.

Diagnostic criteria

The diagnostic criteria of GDM was based on the International Association of the Diabetes and
Pregnancy Study Group (IADPSG) speci�ed diagnostic criteria[13], which are also the diagnostic criteria of
GDM recommended by the guidelines for the management of GDM in China. In brief, pregnants were
screened by a “one-step” standardized 75 g oral glucose tolerance test (OGTT) to diagnose GDM at
24~28 weeks of gestation . Women were diagnosed as having GDM once glucose values met or
exceeded the diagnostic criteria: fasting glucose value≥5.1 mmol/L, 1-h glucose value≥10.0 mmol/L,
and 2-h glucose value≥8.5 mmol/L.

Investigation content



Page 4/12

All recruited women were checked if they had a subsequent pregnancy and followed-up till termination
before December 12, 2021. Maternal and fetal datas of were collected from medical records for all
participants, such as maternal age, gestational weight gain, gestational week of delivery, neonatal weight,
fasting blood glucose in �rst trimester, glucose values at the 75-g OGTT and so on.

Statistical analysis

All continuous values were given as mean±SD or median (range), depending on Gaussian distribution
and categorical values were given as number of cases (proportion). To examine the group differences,
Student's t-test or ANOVA was used for continuous variables if Gaussian distribution was identitied.
Otherwise, Mann–Whitney or Wilcoxon tests were used for unpaired and paired analysis, respectively. Chi-
square test was used for categorical variables. Analyses were conducted using IBM SPSS Statistics
v26.0, and a two-sided p-value < 0.05 was taken as the level of signi�cance.

Results
Study population

During 9 years from 2012 to 2020, 712 women with consecutive twice of GDM accepted antenatal
examination and delivered at the Department of Obstetrics, Fujian Maternity and Child Hospital, a
regional hospital in southeast of China. Of those, 90 women were excluded due to lack of oral glucose
tolerance test after six weeks of postpartum and 622 who met the inclusion criteria were eventually
recruited .Among all recruited women ,13 women were lost in the follow up and 94 women got pregnancy
again. 46 of them delivered after 24 weeks while other 48 women accepted abortion before 24 weeks.
Among these 46 women, 32 (71.11%) complicated with GDM (case group), 10 (21.74%) uncomplicated
with GDM ( control group) and the other 4 (8.70%) women complicated with pre-gestational diabetes
mellitus (PGDM) in the third pregnancy (Fig. 1) .1of woman complicated with PGDM was diagnosed by
fasting glucose (7.29 mmol/l) at 18 weeks and occurred stillbirth �nally at 28 weeks due to hyperosmolar
hyperglycemic state.The other three was diagnosed by OGTT at 8 to 15 weeks and delivered by vagina
smoothly.
Maternal baseline characteristics

There was no signi�cant difference in age, lover age, quali�cations, gravidity, mode of conception, history
of macrosomia, pre-pregnancy BMI and gestational weight gain between two groups (all P 0.05).
Interpregnancy interval (IPI) (months) to �rst (55.03 ± 5.79 vs 69.10 ± 3.14, P = 0.000) and second (25.78 
± 6.75 vs 41.30 ± 5.95, P = 0.000) pregnancy were signi�cantly shorter in case group than control group
(Table 1).
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Table 1
Baseline characteristics betweem two groups

Variables Case group (n = 32) Control group (n = 10) t/H/χ2 P

Maternal age (year) 32.19 ± 3.36 30.00 ± 2.63 1.88 0.07

Lover age (year) 32.47 ± 7.03 35.40 ± 3.69 -1.26 0.22

Quali�cations     3.89 0.14

Junior or high school 3 (9.38%) 2 (20%    

upgraduate 20 (62.50%) 8 (80%)    

postgraduate 9 (28.13) 0    

Gravidity(n) 4.34 ± 1.23 4.20 ± 1.13 1.03 0.75

Mode of conception,     1.67 0.20

natural conception(n, %) 30(93.75%) 8(80.00%)    

assisted reproduction(n, %) 2(6.25%) 2(20%)    

History of macrosomia (n, %) 1(3.13%) 0 0.32 0.57

Pre-pregnancy BMI (kg/m2) 23.08 ± 3.81 21.79 ± 4.15 -1.95 0.067

Gestational weight gain (kg) 12.68 ± 4.08 15.03 ± 4.07 -1.53 0.13

IPI to �rst pregnancy (months) 55.03 ± 5.79 69.10 ± 3.14 -7.31 0.00

IPI to second pregnancy (months) 25.78 ± 6.75 41.30 ± 5.95 -6.51 0.00

Note body mass index (BMI), Interpregnancy interval(IPI)

The level of lipid and glucose in serum during second pregnancy 

Oral glucose tolerance test (OGTT) 0 hour plasm glucose (0 hPG) and OGTT 1 hour plasm glucose
(1hPG) during second pregnancy and triglycerides (TG) before second delivery showed no signi�cant
difference between two groups (all P 0.05). OGTT 2 hour plasm glucose (2 hPG) (8.94 ± 1.25 vs 7.91 ± 
1.12, P = 0.026 ), number of OGTT abnormal items (1.91 ± 0.77 vs 1.40 ± 0.52, P = 0.027), total cholesterol
(TC) before second deliveryand glycosylated (6.82 ± 1.03 vs 6.10 ± 0.73, P = 0.046) and glycosylated
hemoglobin A1c (HbA1c) in second trimester (5.62 ± 0.39 vs 5.33 ± 0.20, P = 0.031) and before delivery
(5.72 ± 0.38 vs 5.13 ± 0.30, P = 0.000) during second pregnancy was signi�cantly higher in case group
than control group (Table 2).
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Table 2
The level of lipid and glucose during 2nd pregnancy between two groups

Variables Case group (n = 
32)

Control group (n = 
10)

t P

OGTT 0hPG (mmol/L) 4.78 ± 0.51 4.60 ± 0.48 0.99 0.33

OGTT 1hPG (mmol/L) 10.43 ± 1.01 10.64 ± 0.92 -0.59 0.56

OGTT 2hPG (mmol/L) 8.94 ± 1.25 7.91 ± 1.13 2.31 0.026

TG before second delivery (mmol/L) 4.43 ± 1.94 3.78 ± 1.08 1.03 0.31

TC before second delivery (mmol/L) 6.82 ± 1.03 6.10 ± 0.73 2.06 0.046

number of OGTT abnormal items
(n)

1.91 ± 0.77 1.40 ± 0.52 2.37 0.026

HbA1c in second trimester (%) 5.62 ± 0.39 5.33 ± 0.20 2.23 0.031

HbA1c before second delivery (%) 5.72 ± 0.38 5.13 ± 0.30 4.47 0.000

Note Oral glucose tolerance test (OGTT), glycosylated hemoglobin A1c (HbA1c), triglycerides (TG),
total cholesterol (TC)

The level of lipid and glucose in �rst trimester during third pregnancy 

TG (2.29 ± 0.54 vs 1.85 ± 0.41, P = 0.021) and TC (5.12 ± 0.67 vs 3.92 ± 0.30, P = 0.000) in �rst trimester
and fasting plasma glucose (FPG) before delivery (5.12 ± 0.74 vs 4.17 ± 0.38, P = 0.000) was signi�cantly
higher in case group than control group (Table 3). FPG in �rst trimester showed no signi�can difference
between two groups ( P 0.05).

Table 3
The level of lipid and glucose in �rst trimester during 3rd pregnancy between two groups

Variables Case group (n = 32) Control group (n = 10) t P

TG in �rst trimester (mmol/L) 2.29 ± 0.54 1.85 ± 0.41 2.41 0.02

TC in �rst trimester (mmol/L) 5.12 ± 0.67 3.92 ± 0.30 5.46 0.00

FPG before delivery (mmol/L) 5.12 ± 0.74 4.17 ± 0.38 3.92 0.00

FPG in �rst trimester (mmol/L) 4.8972 ± 0.49 4.67 ± 0.36 1.34 0.19

Note triglycerides (TG), total cholesterol (TC), fasting plasma glucose (FPG)

Perinatal outcomes
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Perinatal outcomes of two groups are shown in Table 4. There was no signi�cant difference in the
hospitalization days and expenses, gestational week of delivery, mode of delivery ,Apgar score at 1 min,
weight of fetus and the rate of hypertensive disorders in pregnancy (HDP), intrahepatic cholestasis of
pregnancy (ICP), premature rupture of membranes (PROM), precipitate labor, postpartum hemorrhage
(PPH), small for gestational age (SGA) between two groups (all P 0.05). The rate of hypothyroidism
(34.38% vs 0%, P = 0.31) in case group were signi�cantly higher than control group. The rate of large for
gestational age (LGA) (28.13% vs 0%, P = 0.058) and admission to neonatal intensive care unit (NICU)
(34.38% vs 10.00%, P = 0.14) in case group were higher than control group, but there was no statistically
difference.

Table 4
Perinatal outcomes between two groups

Variables Case group (n = 32) Control group (n = 10) t/χ2 P

Hospitalization days 5.59 ± 2.89 4.90 ± 1.97 -0.26 0.80

Hospitalization expenses (yuan) 6615.01 ± 3317.00 6906.35 ± 2481.62 0.71 0.49

Gestational week of delivery (w) 38.63 ± 1.88 39.20 ± 029 -0.93 0.36

Mode of delivery (n,%)     3.74 0.053

Vaginal delivery 28 (87.50%) 6 (60.00%)    

C-setion 4 (13.5%) 4 (40.00%)    

HDP (n,%) 10 (31.25%) 1 (10.00%) 1.78 0.18

Hypothyroidism (n,%) 11 (34.38%) 0 4.68 0.031

ICP (n,%) 2 (6.25%) 0 0.66 0.42

PROM( n,%) 13(40.63%) 1 (10.00%) 3.43 0.064

Precipitate labor (n,%) 8 (25.00%) 1 (10.00%) 1.02 0.31

PPH(n,%) 6 (18.75) 1 (10.00%) 0.42 0.52

SGA (n,%) 1 (3,13%) 0 0.32 0.57

LGA (n,%) 9 (28.13%) 0 3.58 0.058

Apgar score at 1 min (score) 9.94 ± 0.25 10.00 ± 0.00 -0.80 0.43

Weight of fetus (gram) 3803.91 ± 567.55 3342.00 ± 363.75 0.20 0.84

Admission to NICU (n,%) 11 (34.38%) 1 (10.00%) 2.22 0.14

Note hypertensive disorders in pregnancy (HDP), intrahepatic cholestasis of pregnancy (ICP),
premature rupture of membranes (PROM), postpartum hemorrhage (PPH), small for gestational age
(SGA), large for gestational age (LGA), neonatal intensive care unit (NICU)
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Discussion
This study demonstrated that the frequency of re-recurrent GDM for women with recurrent GDM in the
third pregnancy was nearby 70%. Many studies evaluated and reported the rates of recurrence of GDM
that range widely from 30 to 84%[14]. The �nding of this study is reasonable since the reported average
frequency of GDM recurrence was 48%[1]. Since primiparous women experienced a lower rate of GDM
recurrence than multiparous women, the frequency will increased along with parity. Women with twice of
GDM have cumulative damage in every additional pregnancy, such as theirβ-cell reserves are
diminished[10], and therefore are at higher increased risk for GDM recurrence in third pregnancy.

The literature on risk factors for gestational diabetes mellitus recurrence is inconsistent and sometimes
contradictory until now. In Israel, Schwartz N et al[15] performed a cross-sectional cohort study that
included 788 women with GDM in ten years and had consecutive deliveries. The study revealed that
shorter inter-pregnancy interval and less weight gain were preferable. In order to further demonstrate the
role of inter-pregnancy interval and BMI gain between the pregnancies, the authors calculated two
scenarios with �xed information and different combinations of the main risk factors. They got that by
losing weight between the pregnancies (a reduction of 0.5 BMI units) instead of gaining weight (increase
of 1.5 BMI units), and waiting one year between the pregnancies (instead of two years), the woman will
have a decrease of 15 ~ 19% in the probability of GDM recurrence. A possible explanation is that among
women who suffered from GDM, theβ-cell reserves are already diminished and therefore longer inter-
pregnancy interval suggests a longer time in which the reserve is decreased even further. However, some
studies[16, 17] found that a short interval between pregnancies were risk factors for recurrence of GDM.
There are two possible explanation. One is that the damage ofβ-cell reserves caused by GDM can recover
to a certain extent in some interval of inter-pregnancy, and the other is that there is no enough time to
recover or lose weight, which is a protective factor for recurrence of GDM. In this study, the mean interval
to �rst pregnancy and second pregnancy were respectively 4 years and 31 months for women with re-
recurrent GDM and which were shorter than women without re-recurrent.

This study found that the level of plasma lipid and glucose during previous pregnancy and �rst trimester
of this pregnancy may be risk factors for the recurrence of GDM. The results are consistent with some
other studies [18, 19]. Higher levels of lipid and FPG are associated with insulin resistance and β-cell
dysfunction. With the development of pregnancy, insulin resistance aggravate, β -Cells secrete unenough
insulin, insulin sensitivity decrease and GDM recurrent at last for women with higher levels of lipid and
FPG in early pregnancy

The rate of common obstetric complications showed no signi�cant difference in re-recurrent GDM
women except hypothyroidism. The relationship between hypothyroidism and GDM is still controversial.
Some studies conclude that hypothyroidism during pregnancy is mostly caused by Hashimoto's
thyroiditis and in�ammatory factors in these patients may lead to oxidative stress injury and increase
insulin resistance and cause GDM[20, 21]. The limitation of the study is that it is not clear whether
hypothyroidism occurs before or after pregnancy.
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We also found that the rate of admission to NICU and LGA in re-recurrent GDM was much higher. The
high levels of HbA1c and FPG before delivery may explain this result, and also indicate the importance of
blood glucose management for pregnant women with re-recurrent GDM.

Studies with greater numbers of subjects are required to clarify the exact re-recurrence rate of GDM.
Prospective studies regarding reduction of the subsequent GDM by advice on the interval with the next
pregnancy are required. Although a prospective study is required, our study demonstrates that there is a
possibility that the adequate advice concerning IPI and the level of plasm of lipid and glucose could help
prevent the recurrence of GDM and improve the prognosis of perinatal outcomes.
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Figure 1

Flow chart of the study population. GDM, gestational diabetes mellitus


