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Maternal and infant outcomes in
women with and without
gestational diabetes mellitus in
the COVID-19 era in China:
Lessons learned

Wei Zheng1,2†, Jia Wang1,2†, Kexin Zhang1,2, Cheng Liu1,2,
Li Zhang1,2, Xin Liang1,2, Lirui Zhang1,2, Yuru Ma1,2,
Ruihua Yang1,2, Xianxian Yuan1,2 and Guanghui Li1,2*

1Division of Endocrinology and Metabolism, Department of Obstetrics, Beijing Obstetrics and
Gynecology Hospital, Capital Medical University, Beijing, China, 2Beijing Maternal and Child Health
Care Hospital, Beijing, China
Aims: The global COVID-19 pandemic has required a drastic transformation of

prenatal care services. Whether the reformulation of the antenatal care systems

affects maternal and infant outcomes remains unknown. Particularly, women

with gestational diabetes mellitus (GDM) are among those who bear the

greatest brunt. Thus, this study aimed to evaluate the impact of COVID-19

lockdown during late pregnancy on maternal and infant outcomes in women

stratified by the GDM status in China.

Study design: The participants were women who experienced the COVID-19

lockdown during late pregnancy (3185 in the 2020 cohort) or not (2540 in the

2019 cohort) that were derived from the Beijing Birth Cohort Study. Maternal

metabolic indicators, neonatal outcomes, and infant anthropometrics at 12

months of age were compared between the two cohorts, stratified by the GDM

status.

Results: Participants who experienced COVID-19 lockdown in late pregnancy

showed lower gestational weight gain than those in the control cohort.

Nevertheless, they displayed a worse metabolic profile. COVID-19 lockdown

during pregnancy was associated with higher glycosylated hemoglobin

(HbA1c) (b= 0.11, 95% CI = 0.05–0.16, q-value = 0.002) and lower high

density lipoprotein cholesterol level (HDL-C) level (b=–0.09, 95% CI = –0.14

to –0.04, q-value = 0.004) in women with GDM, adjusted for potential

confounders. In normoglycemic women, COVID-19 lockdown in late

pregnancy was associated with higher fasting glucose level (b= 0.10, 95% CI

= 0.08–0.12, q-value <0.0001), lower HDL-C level (b=–0.07, 95% CI = –0.08

to –0.04, q-value <0.0001), and increased risk of pregnancy-induced

hypertension (adjusted OR=1.80, 95%CI=1.30–2.50, q-value=0.001). The

fasting glucose level decreased less from early to late pregnancy in women

who experienced COVID-19 lockdown than in the controls, regardless of the
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GDM status. The HDL-C has risen less with COVID-19 lockdown in the

normoglycemic subgroup. In contrast, no significant differences regarding

neonatal outcomes or infant weight were found between the two cohorts.

Conclusion: Experiencing the COVID-19 lockdown in pregnancy was

associated with worse maternal metabolic status but similar neonatal

outcomes and infant weight.
KEYWORDS

the COVID-19 pandemic, lockdown, gestational diabetes mellitus, pregnancy
outcome, offspring outcome
Introduction

The coronavirus disease 2019 (COVID-19) pandemic is

rampant worldwide and has challenged the healthcare system

(1). Emergency measures such as social distancing, reallocating

medical resources, and adapting medical strategies have been

implemented to curb the unprecedented crisis (2). These

contingency strategies have disrupted the original order of

medical services and brought difficulties to the health

management of vulnerable populations such as pregnant

women (3).

Cases of pneumonia with unknown causes emerged in

Wuhan, China, in December 2019. Following the pandemic

evolution and lockdown of Wuhan on 23 January 2020, the

first-level public health emergency response was launched in

many provinces, districts, and cities including Beijing in China.

After more than three months of strict prevention and control,

Beijing has changed the level of public health emergency

response from first-level to second-level from 30 April 2020,

and adjusted prevention and control strategies accordingly.

Pregnant women with metabolic disorders are among those

who bear the greatest brunt of the crisis (3). Gestational

diabetes mellitus (GDM) is one of the most common

pregnancy complications affecting about 14% of pregnant

women (4), profoundly impacting the short-term and long-

term health of both mothers and their offspring (5). While
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desirable glycemic control during pregnancy can reduce the

risk of future type 2 diabetes and dyslipidemia in mothers (6),

neonatal adiposity and childhood obesity in their offspring (7, 8),

and thereby has important implications for breaking the

intergenerational transmission of metabolic diseases. However,

the unprecedented COVID-19 pandemic has posed challenges to

regular prenatal check-ups during pregnancy and blood glucose

monitoring for pregnant women with GDM (9).

In addition, pregnant women during the COVID-19

pandemic experienced heightened anxiety levels (10, 11).

Restrictions during the COVID-19 pandemic, including social

distancing, isolation, and home confinement, also substantially

impacted dietary habits and physical activity (12, 13). The above

factors may significantly influence both maternal and neonatal

outcomes of pregnant women (7). A previous study by

Ghesquière et al. has reported that the COVID-19 pandemic

lockdown may result in poor glycemic control in women with

GDM (14). However, there is a lack of data to comprehensively

evaluate the impact of COVID-19 and the temporary measures

on maternal and infant outcomes of women with and

without GDM.

Therefore, this study aimed to examine the influence of

COVID-19 lockdown during late pregnancy on the maternal

and infant outcomes stratified by the maternal GDM status.
Material and methodsStudy design
and settings

The study population was selected from the ongoing Beijing

Birth Cohort Study conducted in the Beijing Obstetrics and

Gynecology Hospital (registration number ChiCTR2200058395).

The trained researchers recruited singleton pregnant women

without pre-gestational diabetes mellitus (PGDM), including

type 1 diabetes and type 2 diabetes, chronic hypertension or

cardiovascular diseases at their first visit to the hospital at 6-12

weeks gestation. We excluded twin pregnant women since their
frontiersin.org
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maternal metabolic status and neonatal outcomes differed from

singleton pregnancies. Our sample size is not enough for subgroup

analysis in twin pregnancies. The participants were followed

monthly until delivery, and their offspring were followed until

12 monthsonths. In this study, we selected 3029 pregnant women

who received a 75 g oral glucose tolerance test (OGTT) for GDM

diagnosis at 24–28 weeks of gestation between 23 January 2020

(the date of the lockdown of Wuhan and the implementation of

first-level public health emergency response in Beijing) and 31

July 2020 and delivered during this period as the exposed study

population. Accordingly, 3582 women who received the OGTT

and deliver in the same period in 2019 (before the COVID-19

outbreak) were selected as the historical control population.

The study was approved by the Ethics Committee of the

Beijing Obstetrics and Gynecology Hospital in China (2017-KY-

015-01). Written informed consent was obtained from

all participants.
Health management before and during
the COVID-19 pandemic

Pregnant women in the unexposed 2019 cohort received

prenatal health check-ups every month in the first and second

trimesters and every two weeks in the third trimester in the

hospital. Women diagnosed with GDM attended the hospital-

based “one-day diabetes clinic”. They spent a whole day in the

hospital on theory learning and practice at this visit. In addition

to the theoretical classes mentioned above, they also had a

standard low glycemic index (GI) diet, attended aerobics

classes, and practiced self-blood glucose monitoring. They

were also required to visit the diabetes doctors every two

weeks until delivery.

The frequency of prenatal health check-ups has dropped

notably since the lockdown of Hubei Province on 23 January

2020, China. Traditional glucose management has been switched

to telehealth-oriented management. Therefore, women with

GDM in the 2020 cohort received a combination of remote

and face-to-face glycemic management after the diagnosis of

GDM. The intervention included online videos “Management of

GDM”, “Dietary Guidance”, “Exercise Therapy”, and “Self-

glucose Monitoring”. Wechat groups were also built for

communication between diabetes doctors, nurses, and women

with GDM smartphones. They were also required to meet the

diabetes doctors if their blood glucose levels did not achieve the

treatment goal.
Measurements

Baseline characteristics were collected at recruitment.

Anthropometric measurements were collected by trained

researchers. Bodyweight before pregnancy was self-reported.
Frontiers in Endocrinology 03
Clinical information, including the history of pregnancy,

medical history, family history, pregnancy complications, and

pregnancy outcomes, were collected from the medical record.

Anthropometrics of the offspring at 12 monthsonths of age was

measured by the primary child healthcare physician.
Definition of the variables

GDMwas diagnosed according to standards proposed by the

Obstetrics Subgroup, Chinese Medical Association, which is

numerically equivalent to the International Association of

Diabetes and Pregnancy Study Groups (IADPSG) criteria. The

diagnosis was made if any measurement met or exceeded these

threshold values at a 75 g OGTT at 24–28 weeks of gestation: 0h

≥5.1 mmol/L, 1 h glucose ≥10.0 mmol/L, and 2 h glucose ≥8.5

mmol/L (15). The treatment goals of fasting glucose and glycated

hemoglobin (HbA1c) in women with GDM in late pregnancy

were: Fasting glucose ≤5.3 mmol/L and HbA1c <5.5% (15). The

cut-off value for neonatal hypoglycemia requiring intervention

was <2.6 mmol/L (16).

Pregnancy-induced hypertension (PIH) was defined as

systolic blood pressure ≥140 mmHg and/or diastolic blood

pressure ≥90 mmHg that first appeared after 20 weeks of

gestation. Preeclampsia was defined as PIH accompanied by

any one of the following: (1) urine protein quantification ≥0.3 g/

24 h, or urine protein/creatinine ratio ≥0.3, or random urine

protein ≥ (+); (2) Without proteinuria, but accompanied by

relevant target organ complications: the heart, lungs, liver,

kidney, or other vital organs; or abnormal changes in the

blood, digestive, nervous systems, placenta or fetal

development, etc. (17).

Gestational weight gain (GWG) was classified as insufficient

GWG, adequate GWG, and excessive GWG according to the

Institute of Medicine (IOM) criteria (18). Gestational age <37

weeks was defined to be preterm birth. Neonatal birth

weight <2500 g or ≥4000 g was defined as a low birth weight

(LBW) or macrosomia, respectively. LGA and small for

gestational age (SGA) were defined according to the criteria

proposed by Villar et al. (19). Weight for age z-score, length for

age z-score, and weight for length z-score at 12 months was

calculated according to the World Health Organization Child

Growth Standards (20).
Statistical analysis

Pregnancy complications and infant outcomes were

compared between the 2020 and 2019 cohorts stratified by

GDM status. The baseline characteristics, GWG, and maternal

and infant outcomes were compared by an unpaired Student t-

test for continuous variables conforming to a normal

distribution and by Mann-Whitney U test for continuous data
frontiersin.org
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without normal distribution. The chi-square test was used for

comparison of categorical variables. In addition, we used the q-

value that represents the False discovery rate-adjusted P-value

when evaluating the maternal and offspring outcomes to control

type I error due to multiple comparisons.

Subsequently, the differences in metabolic indicators

between the two groups, as well as metabolic changes from the

first to the third trimester between the two groups, were

evaluated using logistic regression models for binary outcomes

and generalized linear models with fixed effects for continuous

outcomes. The models were adjusted for age, pre-pregnancy

body mass index (BMI), gravidity, parity, glucose level during

OGTT, family history of hypertension and diabetes using enter

selection. All analyses were conducted using SAS 9.4.
Results

As shown in Figure 1, the 2020 cohort and 2019 cohort

initially screened 3029 and 3582 participants. After excluding

participants with PGDM or chronic hypertension or without

complete information, 321 women with GDM and 2219 women

without GDM in the 2020 cohort, and 396 women with GDM

and 2789 women without GDM in the 2019 cohort were

included in the analyses, respectively. As shown in Table 1,

most baseline characteristics were comparable between the two

cohorts, except that the participants in the 2020 cohort showed

lower fasting glucose levels and higher low-density lipoprotein
Frontiers in Endocrinology 04
cholesterol (LDL-C) levels in the first trimester than those in the

2019 cohort both irrespective of the GDM status.

There were significant differences in GWG between the two

cohorts (Table 2). Women in the 2020 cohort showed lower total

GWG than women in the 2019 cohort, irrespective of the GDM

status. Further analysis revealed that GWG before OGTT was

similar between the two cohorts, while GWG after OGTT was

lower in the 2020 cohort than in the 2019 cohort in women

with GDM.

Notable differences in the metabolic indicators were also

observed between the two cohorts. As indicated in Table 3,

women in the 2020 cohort showed higher fasting glucose and a

lower high-density lipoprotein cholesterol (HDL-C) level in the

third trimester than in the control cohort. Concordantly, fasting

glucose level has decreased less, and HDL-C has risen less from

the first to the third trimester in women of the 2020 cohort than

in the 2019 cohort (Table 3). For women without GDM, the

prevalence of PIH was higher in the 2020 cohort than in the 2019

cohort. For women with GDM, the proportion of HbA1c ≥5.5%

(above the treatment target value) in the third trimester was

48.98% vs. 36.43% (p = 0.002) in the 2020 and 2019

cohort, respectively.

The differences regarding HDL-C level in the third trimester,

and changes in fasting glucose and HDL-C level throughout

pregnancy between the two cohorts, as well as the difference in

HbA1c level between the two cohorts in the GDM subgroup,

remained significant after adjustment for potential confounders

by the multivariate analysis (Table 4).
FIGURE 1

Study flow chart.
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TABLE 2 Changes in body weight during pregnancy in 2019 and 2020 cohort.

Women with GDM Women without GDM

The 2020
cohort

The 2019
cohort

p-
value*

The 2020
cohort

The 2019
cohort

p-
value*

Total GWG, kg (mean ± SD), 9.73 ± 5.81 11.34 ± 6.59 0.0006 12.70 13.99 <0.0001

GWG category according to IOM criteria 0.02 <0.0001

Insufficient GWG, n(%) 185 (57.63) 187 (47.22) 858 (38.67) 774 (27.75)

Appropriate GWG, n(%) 91 (28.35) 138 (34.85) 859 (38.71) 1214 (43.53)

Excessive GWG, n(%) 45 (14.02) 71 (17.93) 502 (22.62) 801 (28.72)

GWG before OGTT, kg (mean ± SD) 7.57 ± 3.81 7.97 ± 4.00 0.2 – –

GWG category before OGTT according to IOM
criteria

0.4 – –

Insufficient GWG, n(%) 75 (26.32) 78 (22.48) – –

Appropriate GWG, n(%) 112 (39.30) 134 (38.62) – –

Excessive GWG, n(%) 98 (34.39) 135 (38.90) – –

GWG after OGTT, kg (mean ± SD) 2.12 ± 4.12 2.93 ± 3.44 0.007 – –

GWG category after OGTT according to IOM
criteria

0.047 – –

Insufficient GWG, n(%) 205 (71.93) 230 (66.28) – –

Appropriate GWG, n(%) 33 (11.58) 65 (18.73) – –

Excessive GWG, n(%) 47 (16.49) 52 (14.99) – –
Frontiers in Endocrinology
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*p-value was calculated by Mann-Whitney U test for the continuous variables and chi-square test for the categorical variables.
GWG, gestational weight gain; IOM, Institute of Medicine.
TABLE 1 Baseline characteristics of the participants.

Women with GDM Women without GDM

The 2020
cohort

The 2019
cohort

p-
value*

The 2020
cohort

The 2019
cohort

p-
value*

N 321 396 – 2219 2789

Age, year (mean ± SD) 34.1 ± 4.9 33.9 ± 4.2 0.3 32.6 ± 3.8 32.0 ± 3.7 <0.0001

First pregnancy, n(%) 163 (50.78) 164 (41.41) 0.01 1143 (51.51) 1475(52.89) 0.3

Primipara, n(%) 236 (73.52) 273 (68.94) 0.2 1693 (76.30) 2134(76.51) 0.8

Adverse pregnancy history, n(%) 89 (27.73) 133 (33.59) 0.09 595 (26.81) 667(23.92) 0.02

Pre-pregnancy BMI, kg/m2 (mean ± SD) 22.6 ± 3.3 22.8 ± 3.2 0.2 21.40 ± 2.94 21.31 ± 2.86 0.3

Family history of diabetes, n(%) 77 (23.99) 79 (19.95) 0.2 223 (10.05) 267(9.57) 0.6

Family history of hypertension, n(%) 80 (24.92) 82 (20.71) 0.2 385 (17.35) 504(18.07) 0.5

Metabolic indicators in the first trimester

Fasting glucose, mmol/L (mean ± SD) 4.71 ± 0.35 4.87 ± 0.36 <0.0001 4.54 ± 0.34 4.70 ± 0.33 <0.0001

TC, mmol/L (mean ± SD) 4.37 ± 0.71 4.40 ± 0.71 0.7 4.20 ± 0.68 4.25 ± 0.68 0.06

TG, mmol/L (mean ± SD) 1.28 ± 0.54 1.32 ± 0.56 0.2 1.04 ± 0.44 1.03 ± 0.42 0.2

HDL-C, mmol/L (mean ± SD) 1.45 ± 0.27 1.49 ± 0.31 0.3 1.53 ± 0.28 1.53 ± 0.30 0.6

LDL-C, mmol/L (mean ± SD) 2.45 ± 0.64 2.35 ± 0.60 0.04 2.24 ± 0.610 2.20 ± 0.58 0.007

Gestational week of measurements in the first trimester, week
(mean ± SD)

8.45 ± 1.40 8.68 ± 1.71 0.2 8.82 ± 1.55 8.57 ± 1.49 0.0002

Glucose levels during OGTT

0h, mmol/L (mean ± SD) 4.85 ± 0.56 4.83 ± 0.54 0.6 4.30 ± 0.31 4.33 ± 0.32 0.001

1h, mmol/L (mean ± SD) 9.89 ± 1.54 9.84 ± 1.50 0.4 6.94 ± 1.63 6.92 ± 1.64 0.3

2h, mmol/L (mean ± SD) 8.61 ± 1.48 8.49 ± 1.32 0.4 6.00 ± 1.33 6.07 ± 1.30 0.03

Gestational week of OGTT, week (mean ± SD) 25.83 ± 1.66 25.47 ± 1.31 0.004 25.14 ± 1.46 24.86 ± 1.14 <0.0001
i

*p-value was calculated by Student t-test or Mann-Whitney U test for the continuous variables and chi-square test for the categorical variables.
BMI, body mass index; TC, total cholesterol; TG, triglyceride; HDL-C, high density lipoprotein cholesterol; LDL-C, low density lipoprotein cholesterol; OGTT, oral glucose tolerance test.
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On the other hand, most neonatal outcomes, including the

prevalence of macrosomia, LBW, LGA, and SGA, were

comparable between the two cohorts according to the adjusted

models (Table 5). The weight of the offspring at 12 months and

the proportions of the offspring with weight/length for age z-

score and weight for length z-score <-1 or >1 at 12 months were

similar between the two cohorts. Nevertheless, infants born to

normoglycemic women in the 2020 cohort showed lower length

at 12 months than those in the 2019 cohort(Table 5).
Discussion

This study indicated that women who experienced COVID-

19 lockdown during late pregnancy showed features of metabolic

disorders, including higher blood glucose levels and lower HDL-

C levels than the historical controls, regardless of the GDM

status. These results have raised concerns regarding the potential

influence of the COVID-19 pandemic on the metabolic health of

pregnant women. On the other hand, we did not find the effect of

COVID-19 lockdown on the risk of adverse neonatal outcomes

or abnormal weight for age at 12 months of the infants despite
Frontiers in Endocrinology 06
less GWG during pregnancy in women with GDM, although its

influence on the long-term growth and development and

metabolic health of the offspring needs to be further clarified.

The COVID-19 pandemic is a serious threat to human health

(1, 21). Previous evidence has revealed the impact of the COVID-

19 pandemic on adverse pregnancy and neonatal outcomes,

including increased risk of preeclampsia, preterm birth, and

stillbirth (3, 22–24). A population-based study by Gurol-

Urganci et al. revealed that COVID-19 infection was associated

with higher rates of fetal death, preterm birth, preeclampsia, and

emergency cesarean delivery (25). Rodo et al. also reported that

the COVID-19 pandemic might affect the maternal, newborn, and

child health and nutrition in fragile and conflict-affected settings

through literature review (26). A recent study by Ghesquière et al.

revealed worse glycemic control in women with GDM during the

COVID-19 lockdown (14). Consistent with the previous findings,

we found the influence of COVID-19 lockdown on adverse

maternal metabolic health in women with and without GDM.

The COVID-19 pandemic has posed dramatic changes to

many aspects of our lives (3). Thus, it is unlikely to attribute the

disturbed metabolism in pregnant women to any particular

cause (3). One of the possible reasons is the restricted prenatal
TABLE 3 Comparison of maternal outcomes between 2019 and 2020 cohort.

Women with GDM Women without GDM

The 2020
cohort

The 2019
cohort

q-
value*

The 2020
cohort

The 2019
cohort

q-
value*

PIH, n (%) 12 (3.74) 15 (3.79) 1 91 (4.10) 67 (2.40) 0.01

Preeclampsia, n (%) 27 (8.41) 22 (5.56) 0.2 87 (3.92) 79 (2.83) 0.06

Caesarean section, n (%) 158 (49.22) 176 (44.44) 0.4 844 (38.04) 954 (34.21) 0.009

Metabolic indicators in the third trimester

Fasting glucose, mmol/L (mean ± SD) 4.60 ± 0.51 4.51 ± 0.57 0.03 4.30 ± 0.37 4.21 ± 0.39 <0.0001

Fasting glucose>5.3 mmol/L, n (%) 30 (9.74) 21 (6.05) 0.2 25 (1.17) 24 (0.98) 0.5

HbA1c, % (mean ± SD) 5.46 ± 0.34 5.35 ± 0.42 <0.0001 – – –

HbA1c≥5.5%, n (%) 144 (48.98) 122 (36.43) 0.01 – – –

TC, mmol/L (mean ± SD) 6.33 ± 1.12 6.29 ± 1.15 0.9 6.52 ± 1.10 6.48 ± 1.11 0.2

TG, mmol/L (mean ± SD) 3.26 ± 1.29 3.39 ± 1.71 0.5 2.94 ± 1.05 2.98 ± 1.11 0.5

HDL-C, mmol/L (mean ± SD) 1.72 ± 0.33 1.81 ± 0.36 0.004 1.84 ± 0.35 1.90 ± 0.36 <0.0001

LDL-C, mmol/L (mean ± SD) 3.32 ± 0.94 3.24 ± 0.94 0.4 3.55 ± 0.98 3.54 ± 0.98 0.5

Gestational week of measurements in the third
trimester

34.2 ± 1.1 34.1 ± 1.1 0.2 34.1 ± 0.9 34.0 ± 1.0 0.009

Changes in metabolic indicators from early to late pregnancy

△Fasting glucose, mmol/L (mean ± SD) -0.11 ± 0.51 -0.36 ± 0.56 <0.0001 -0.24 ± 0.42 -0.49 ± 0.42 <0.0001

△TC, mmol/L (mean ± SD) 1.95 ± 0.97 1.88 ± 0.98 0.4 2.31 ± 0.92 2.23 ± 0.95 0.01

△TG, mmol/L (mean ± SD) 1.98 ± 1.13 2.06 ± 1.46 0.9 1.90 ± 0.89 1.94 ± 0.95 0.2

△HDL-C, mmol/L (mean ± SD) 0.26 ± 0.28 0.33 ± 0.31 0.02 0.31 ± 0.29 0.37 ± 0.31 <0.0001

△LDL-C, mmol/L (mean ± SD) 0.86 ± 0.91 0.89 ± 0.87 1 1.31 ± 0.89 1.34 ± 0.91 0.2

Insulin treatment, n (%) 61 (19.00) 63 (15.91) 0.4 – – –
front
*The q-value represented the False discovery rate-adjusted P-value calculated by unpaired Student t-test or Mann-Whitney U test for the continuous variables and chi-square test for the
categorical variables.
PIH, pregnancy-induced hypertension; HbA1c, glycosylated Hemoglobin; TC, total cholesterol; TG, triglyceride; HDL-C, high density lipoprotein cholesterol; LDL-C, low density
lipoprotein cholesterol.
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check-ups and transition from face-to-face intervention to

remote glycemic control during the pandemic, as described in

the methods section (3, 9). Another potentially important factor

affecting metabolism during pregnancy was stress resulting from

the COVID-19 pandemic (27). Pregnant women had increased

anxiety due to the risk of infection in the infants, isolation and

social distance, and deteriorated economic conditions during the

pandemic (11, 28). It has been reported that psychological stress

was positively associated with glucose levels in pregnant women

(29). Furthermore, several studies have reported that the

isolation measures at the time of the COVID-19 pandemic

were associated with unhealthy dietary habits and reduced

physical activity (12, 30), which are critical factors affecting

metabolic health (31).

In this study, pregnant women during the COVID-19

lockdown gained less weight than the historical controls, despite

the worsened metabolic indicators. These results are contrary to

the classical concept that GWG is positively associated with

glucose level (32). A common misconception regarding

glycemic management is that energy restriction has been given

undue weight, and the diet quality is underemphasized (33), while

face-to-face consultation by the doctor may improve diet quality

(34). These results warn us that our current telehealth-oriented

health management still needs improvement. The adaption of

healthcare in pregnant women and especially the glycemic control
Frontiers in Endocrinology 07
in women with GDM to the “new normal” in the era of COVID-

19 has become an important task (35).

Nevertheless, we did not observe an increased risk of adverse

newborn or infant outcomes in women with GDM who

experienced COVID-19 lockdown during pregnancy. In

comparison, the COVID-19 lockdown in late pregnancy has

been associated with lower offspring length at 12 months in

normoglycemic women, which is a less reliable anthropometric

than body weight at that age. To the authors’ knowledge, this is

the first study to investigate the influence of COVID-19

lockdown during pregnancy on offspring growth, although the

investigated outcomes were limited to weight and length.

Results from this study provide valuable insights into health

management during pregnancy in the COVID-19 era, both in

the field of research and clinical application. The major strength

of the current study is that we comprehensively evaluated the

association between COVID-19 lockdown during late pregnancy

and maternal and infant outcomes stratified by GDM status.

This study also went a step further by following the offspring

until 12 months of age. There are also certain limitations in this

study. Firstly, this study used a historical control group to

evaluate how the COVID-19 pandemic affects maternal and

infant outcomes. Different characteristics between the two

groups may exaggerate or attenuate the influence of the

pandemic on study outcomes. Therefore, we conducted
TABLE 4 Metabolic differences between the 2020 and 2019 cohort by multivariate analysis.

Women with GDM Women without GDM

Continuous variables b 95% CI q-value* b 95% CI q-value*

Metabolic indicators in the third trimester

Fasting glucose, mmol/L 0.08 0.01~0.16 0.1 0.10 0.08~0.12 <0.0001

HbA1c, % 0.11 0.05~0.16 0.002 – –

TC, mmol/L 0.09 -0.16~0.19 0.9 0.03 -0.03~0.10 0.4

TG, mmol/L -0.19 -0.42~0.04 0.2 -0.02 -0.08~0.04 0.6

HDL-C, mmol/L -0.09 -0.14~-0.04 0.004 -0.07 -0.08~-0.04 <0.0001

LDL-C, mmol/L 0.08 -0.07~0.22 0.4 0.01 -0.05~0.07 0.8

Changes in metabolic indicators from early to late pregnancy

△Fasting glucose, mmol/L 0.24 0.16~0.33 <0.0001 0.24 0.22~0.27 <0.0001

△TC, mmol/L 0.06 -0.08~0.21 0.9 0.09 0.03~0.14 0.002

△TG, mmol/L -0.11 -0.31~0.10 0.4 -0.04 -0.10~0.01 0.2

△HDL-C, mmol/L -0.06 -0.11~-0.02 0.2 -0.06 -0.08~-0.04 <0.0001

△LDL-C, mmol/L -0.02 -0.15~0.11 0.9 -0.02 -0.07~0.03 0.8

Categorical variables aOR 95% CI p-value* aOR 95% CI p-value*

PIH 0.94 0.41~2.13 0.9 1.80 1.30~2.50 0.001

Preeclampsia 1.42 0.78~2.58 0.4 1.37 1.00~1.89 0.09

Fasting glucose in the third trimester>5.3 mmol/L 1.68 0.92~3.07 0.2 1.28 0.72~2.26 0.5

HbA1c in the third trimester≥5.5% 1.71 1.22~2.40 0.004 – – –
fron
*Regression coefficients for metabolic indicators in the third trimester and aOR for the categorical variables were calculated adjusted for age, pre-pregnancy BMI, gravidity, parity, glucose
level during OGTT, family history of hypertension, and family history of diabetes; regression coefficients for changes of metabolic indicators were adjusted for age, pre-pregnancy BMI,
gravidity, parity, family history of hypertension, and family history of diabetes.
HbA1c, glycosylated Hemoglobin; TC, total cholesterol; TG, triglyceride; HDL-C, high density lipoprotein cholesterol; LDL-C, low density lipoprotein cholesterol; PIH, pregnancy induced
hypertension; BMI, body mass index; OGTT, oral glucose tolerance test.
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multivariate analyses to adjust for potential confounders.

Secondly, we did not investigate the participants’ psychosocial

stress, dietary intake, or physical activities. Therefore, it is

uncertain how these factors may affect metabolic status.

Furthermore, the effect of the COVID-19 lockdown on the

long-term health of the offspring remains unclarified.

We should also be aware that the impact of the COVID-19

pandemic on maternal and offspring health may vary greatly

between countries, depending on the severity of the outbreak,

medical resources, health management strategies, regional

economic conditions, and the maternal educational level as well

(7, 31, 36–38). All these factors may modify the influence of the
Frontiers in Endocrinology 08
COVID-19 pandemic onmaternal and infant outcomes. Thus, the

focus and strategies for health management during pregnancy in

different regions should be tailored to local conditions.
Conclusions

In summary, our study showed similar neonatal and infant

outcomes, less GWG, and a worse overall metabolic profile in GDM

and non-GDM pregnant women in the COVID-19 era compared

to the historical control group. It is unclear whether these findings

can be generalized to other populations due to variations in the
TABLE 5 Comparison of offspring outcomes between 2019 and 2020 cohort.

Women with GDM Women without GDM

The 2020
cohort

The 2019
cohort

q-value* Adjusted
q-value#

The 2020
cohort

The 2019
cohort

q-value* Adjusted
q-value#

Neonatal outcomes

Gestational age, week (mean ± SD) 38.5 ± 1.7 38.5 ± 1.7 0.8 0.9 38.9 ± 1.5 39.0 ± 1.4 0.1 0.1

Preterm birth, n(%) 23(7.17) 34(8.59) 0.8 0.9 106(4.78) 114(4.09) 0.4 0.3

Neonatal birthweight, g (mean ± SD) 3301 ± 517 3313 ± 510 0.8 0.9 3343 ± 461 3337 ± 432 0.5 0.8

Macrosomia, n(%) 20(6.23) 29(7.32) 0.9 0.9 145(6.53) 167(5.99) 0.6 0.8

LGA, n(%) 51(16.14) 75(19.28) 0.8 0.9 351(15.93) 384(13.82) 0.1 0.2

LBW, n(%) 14(4.36) 17(4.29) 1 0.9 67(3.02) 77(2.76) 0.7 0.8

SGA, n(%) 7(2.22) 10(2.57) 1 0.9 55(2.50) 71(2.56) 0.9 0.8

NICU admission, n(%) 26(8.10) 31(7.83) 1 0.9 – –

Blood glucose, mmol/L (mean ± SD) 3.92(0.72) 3.88(0.76) 0.8 0.9 – –

Blood glucose<2.6 mmol/L, n(%) 5(2.60) 7(2.57) 1 1 – –

Anthropometrics at 12 months

weight at 12 months, kg (mean ± SD) 9.78 ± 1.04 9.93 ± 0.97 0.8 0.8 9.91 ± 1.04 9.98 ± 1.9 0.4 0.2

Length at 12 months, cm (mean ± SD) 76.65 ± 2.81 76.69 ± 2.66 1 0.9 76.68 ± 2.60 76.94 ± 2.70 0.03 0.01

Weight for age z-score at 12 months,
(mean ± SD)

0.38 ± 0.89 0.47 ± 0.84 0.8 0.9 0.51 ± 0.86 0.55 ± 0.89 0.2

Weight for age category, n(%) 1 0.9 0.6 0.5

Weight for age z-score<-1 16(6.18) 12(4.86) 62(3.77) 73(4.18)

-1≤Weight for age z-score≤-1 180(69.50) 171(69.23) 1130(68.78) 1168(66.93)

Weight for age z-score>1 63(24.32) 64(25.91) 451(27.45) 504(28.88)

Length for age z-score at 12 months,
(mean ± SD)

0.70 ± 1.09 0.66 ± 1.06 0.8 0.9 0.73 ± 1.02 0.83 ± 1.06 0.03 0.01

Length for age category, n(%) 0.8 0.8 0.2 0.06

Length for age z-score<-1 17(6.56) 9(3.67) 66(4.02) 70(4.04)

-1≤Length for age z-score≤-1 143(55.21) 146(59.59) 982(59.81) 972(56.06)

Length for age z-score>1 99(38.22) 90(36.73) 594(36.18) 692(39.91)

Weight for length z-score at 12 months,
(mean ± SD)

0.11 ± 0.89 0.25 ± 0.87 0.8 0.8 0.26 ± 0.89 0.26 ± 0.90 0.8 0.9

Weight for length category, n(%) 0.9 0.9 0.8 0.8

Weight for length z-score<-1 27(10.42) 17(6.94) 127(7.73) 129(7.44)

-1≤Weight for length z-score≤-1 195(75.29) 191(77.96) 1239(75.46) 1323(76.30)

Weight for length z-score>1 37(14.29) 37(15.10) 276(16.81) 282(16.26)
fro
*The q-value represented the False discovery rate-adjusted P-value calculated by unpaired Student t-test or Mann-Whitney U test for the continuous variables and chi-square test for the
categorical variables.
#p-value was calculated adjusted for age, maternal height, pre-pregnancy BMI, gravidity, parity, glucose level during OGTT, family history of hypertension, and family history of diabetes.
LGA, large for gestational age; LBW, low birth weight; SGA, small for gestational age; NICU, neonatal intensive care unit.
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severity of the pandemic, response measures to the outbreak, efforts

in health management, etc. Despite these uncertainties, the results

from our study provided essential references for health

management in women with different glucose statuses in the

protracted battle against the COVID-19 pandemic.
Data availability statement

The original contributions presented in the study are

included in the article/supplementary material. Further

inquiries can be directed to the corresponding authors.
Ethics statement

The studies involving human participants were reviewed and

approved by the Ethics Committee of the Beijing Obstetrics and

Gynecology Hospital in China. The patients/participants

provided their written informed consent to participate in

this study.
Author contributions

WZ, data curation, methodology, formal analysis, funding

acquisition, writing-original draft; KZ, investigation, data

curation, writ ing-original draft ; JW, invest igat ion,

methodology, validation, writing-review; CL, investigation,

methodology, writing-editing; LZ, investigation, resources,

writing-review; XL, data curation, investigation; LRZ, data

curation, investigation; YM, data curation, investigation; RY,

data curation, investigation; XY, methodology, validation; GL,

conceptualization, project administration, writing – review. All

authors contributed to the article and approved the

submitted version.
Frontiers in Endocrinology 09
Funding

This study is funded by the Municipal Commission of

Education (KM202110025007), The National Key Research

and Development Program of China (2016YFC1000304), and

Beijing Hospitals Authority’ Ascent Plan (DFL20191402).
Acknowledgments

We thank the participants for their cooperation. We also

thank the medical staff for their assistance in data collection.
Conflict of interest

The authors declare that the research was conducted in the

absence of any commercial or financial relationships that could

be construed as a potential conflict of interest.
Publisher’s note

All claims expressed in this article are solely those of the

authors and do not necessarily represent those of their affiliated

organizations, or those of the publisher, the editors and the

reviewers. Any product that may be evaluated in this article, or

claim that may be made by its manufacturer, is not guaranteed

or endorsed by the publisher.
Supplementary Material

The Supplementary Material for this article can be found

online at: https://www.frontiersin.org/articles/10.3389/

fendo.2022.982493/full#supplementary-material
References
1. da Silva SJR, do Nascimento JCF, Germano Mendes RP, Guarines KM,
Targino Alves da Silva C, da Silva PG, et al. Two years into the COVID-19
pandemic: Lessons learned. ACS Infect Dis (2022) 8:1758–814. doi: 10.1021/
acsinfecdis.2c00204

2. Talic S, Shah S, Wild H, Gasevic D, Mahara A, Ademi Z, et al. Effectiveness of
public health measures in reducing the incidence of covid-19, SARS-CoV-2
transmission, and covid-19 mortality: systematic review and meta-analysis. BMJ
(2021) 375:e068302. doi: 10.1136/bmj-2021-068302

3. Wastnedge EAN, Reynolds RM, van Boeckel SR, Stock S, Denison FC,
Maybin JA, et al. Pregnancy and COVID-19. Physiol Rev (2021) 101:303–18.
doi: 10.1152/physrev.00024.2020
4. Wang H, Li N, Chivese T, Werfalli M, Sun H, Yuen L, et al. IDF diabetes atlas:
Estimation of global and regional gestational diabetes mellitus prevalence for 2021
by international association of diabetes in pregnancy study group's criteria.
Diabetes Res Clin Pract (2022) 183:109050. doi: 10.1016/j.diabres.2021.109050

5. LoweWLJr., Scholtens DM, Lowe LP, Kuang L, Nodzenski M, Talbot O, et al.
Association of gestational diabetes with maternal disorders of glucose metabolism
and childhood adiposity. JAMA (2018) 320:1005–16. doi: 10.1001/jama.2018.11628

6. Yefet E, Schwartz N, Sliman B, Ishay A, Nachum Z. Good glycemic control of
gestational diabetes mellitus is associated with the attenuation of future maternal
cardiovascular risk: a retrospective cohort study. Cardiovasc Diabetol (2019) 18:75.
doi: 10.1186/s12933-019-0881-6
frontiersin.org

https://www.frontiersin.org/articles/10.3389/fendo.2022.982493/full#supplementary-material
https://www.frontiersin.org/articles/10.3389/fendo.2022.982493/full#supplementary-material
https://doi.org/10.1021/acsinfecdis.2c00204
https://doi.org/10.1021/acsinfecdis.2c00204
https://doi.org/10.1136/bmj-2021-068302
https://doi.org/10.1152/physrev.00024.2020
https://doi.org/10.1016/j.diabres.2021.109050
https://doi.org/10.1001/jama.2018.11628
https://doi.org/10.1186/s12933-019-0881-6
https://doi.org/10.3389/fendo.2022.982493
https://www.frontiersin.org/journals/endocrinology
https://www.frontiersin.org


Zheng et al. 10.3389/fendo.2022.982493
7. Brown J, Alwan NA, West J, Brown S, McKinlay C, Farrar D, et al. Lifestyle
interventions for the treatment of women with gestational diabetes. Cochrane
Database Syst Rev (2017) 5:CD011970. doi: 10.1002/14651858.CD011970.pub2

8. Gomes D, von Kries R, Delius M, Mansmann U, Nast M, Stubert M, et al.
Late-pregnancy dysglycemia in obese pregnancies after negative testing for
gestational diabetes and risk of future childhood overweight: An interim analysis
from a longitudinal mother-child cohort study. PLoS Med (2018) 15:e1002681.
doi: 10.1371/journal.pmed.1002681

9. Dashraath P, Wong JLJ, LimMXK, Lim LM, Li S, Biswas A, et al. Coronavirus
disease 2019 (COVID-19) pandemic and pregnancy. Am J obstetrics gynecol (2020)
222:521–31. doi: 10.1016/j.ajog.2020.03.021

10. Preis H, Mahaffey B, Heiselman C, Lobel M. Pandemic-related pregnancy
stress and anxiety among women pregnant during the coronavirus disease 2019
pandemic. Am J Obstet Gynecol MFM (2020) 2:100155–5. doi: 10.1016/
j.ajogmf.2020.100155

11. Kajdy A, Feduniw S, Ajdacka U, Modzelewski J, Baranowska B, Sys D, et al.
Risk factors for anxiety and depression among pregnant women during the
COVID-19 pandemic: A web-based cross-sectional survey. Medicine (2020) 99:
e21279. doi: 10.1097/md.0000000000021279

12. Sidor A, Rzymski P. Dietary choices and habits during COVID-19
lockdown: Experience from Poland. Nutrients (2020) 12:1657. doi: 10.3390/
nu12061657

13. Ammar A, Brach M, Trabelsi K, Chtourou H, Boukhris O, Masmoudi L,
et al. Effects of COVID-19 home confinement on eating behaviour and physical
activity: Results of the ECLB-COVID19 international online survey. Nutrients
(2020) 12:1583. doi: 10.3390/nu12061583

14. Ghesquière L, Garabedian C, Drumez E, Lemaıt̂re M, Cazaubiel M, Bengler
C, et al. Effects of COVID-19 pandemic lockdown on gestational diabetes mellitus:
A retrospective study. Diabetes Metab (2021) 47:101201–1. doi: 10.1016/
j.diabet.2020.09.008

15. Obstetrics Subgroup, Chinese Medical Association. [Diagnosis and therapy
guideline of pregnancy with diabetes mellitus]. Chin J Obstetrics Gynecol (2014)
49:561–9. doi: 10.3969/j.issn.1672-7851.2014.11.002

16. Shao X, Ye H, Qiu X. Practical neonatology. 5th Edition. (Beijing: People's
Medical Publishing House) (2019).

17. Chinese Medical Association Obstetrics and Gynecology Branch of
Hypertensive Disorder Complicating Pregnancy. Guidelines for diagnosis and
treatment of hypertension in pregnancy (2020). Chin J Obstetrics Gynecol (2020)
55:227–38. doi: 10.3760/cma.j.cn112141-20200114-00039

18. Rasmussen KM, Yaktine AKInstitute of Medicine (US) and National
Research Council (US) Committee to Reexamine IOM Pregnancy Weight
Guidelines eds. Weight gain during pregnancy: reexamining the guidelines
Washington (DC): National Academies Press (US) (2009). doi: 10.17226/1258

19. Villar J, Cheikh Ismail L, Victora CG, Ohuma EO, Bertino E, AltmanDG, et al.
International standards for newborn weight, length, and head circumference by
gestational age and sex: the newborn cross-sectional study of the INTERGROWTH-
21st project. Lancet (2014) 384:857–68. doi: 10.1016/S0140-6736(14)60932-6

20. Multicentre Growth Reference Study Group WHO. WHO child growth
standards: Length/Height-for-Age, weight-for-Age, weight-for-Length, weight-for-
Height and body mass index-for-Age: Methods and development (2006). Available
at: https://www.who.int/tools/child-growth-standards.

21. COVID-19 Excess Mortality Collaborators(2022). COVID-19 Excess
Mortality Collaborators. Estimating excess mortality due to the COVID-19
pandemic: a systematic analysis of COVID-19-related mortality, 2020-21. Lancet
(2022) 399: 1513–36. doi: 10.1016/s0140-6736(21)02796-3

22. Wei SQ, Bilodeau-Bertrand M, Liu S, Auger N. The impact of COVID-19 on
pregnancy outcomes: a systematic review and meta-analysis. CMAJ: CanMed Assoc
J = J l'Association medicale Can (2021) 193:E540–e548. doi: 10.1503/cmaj.202604

23. Di Mascio D, Khalil A, Saccone G, Rizzo G, Buca D, Liberati M, et al.
Outcome of coronavirus spectrum infections (SARS, MERS, COVID-19) during
Frontiers in Endocrinology 10
pregnancy: a systematic review and meta-analysis. Am J Obstet Gynecol MFM
(2020) 2:100107. doi: 10.1016/j.ajogmf.2020.100107

24. Tanna R, Dugarte HJN, Kurakula S, Muralidharan V, Das A, Kanigalpula
SPR, et al. Review of impact of COVID-19 on maternal, neonatal outcomes, and
placental changes. Cureus (2022) 14:e28631. doi: 10.7759/cureus.28631

25. Gurol-Urganci I, Jardine JE, Carroll F, Draycott T, Dunn G, Fremeaux A,
et al. Maternal and perinatal outcomes of pregnant women with SARS-CoV-2
infection at the time of birth in England: national cohort study. Am J obstetrics
gynecol (2021) 225:522.e521–522.e511. doi: 10.1016/j.ajog.2021.05.016

26. Rodo M, Singh L, Russell N, Singh NS. A mixed methods study to assess the
impact of COVID-19 on maternal, newborn, child health and nutrition in fragile
and conflict-affected settings. Conflict Health (2022) 16:30. doi: 10.1186/s13031-
022-00465-x

27. Li Y, Chen B, Hong Z, SunQ,Dai Y, BastaM, et al. Insomnia symptoms during
the early and late stages of the COVID-19 pandemic in China: a systematic review and
meta-analysis. Sleep Med (2022) 91:262–72. doi: 10.1016/j.sleep.2021.09.014

28. Milne SJ, Corbett GA, Hehir MP, Lindow SW, Mohan S, Reagu S, et al.
Effects of isolation on mood and relationships in pregnant women during the
covid-19 pandemic. Eur J obstetrics gynecol Reprod Biol (2020) 252:610–1.
doi: 10.1016/j.ejogrb.2020.06.009

29. Horsch A, Kang JS, Vial Y, Ehlert U, Borghini A, Marques-Vidal P, et al.
Stress exposure and psychological stress responses are related to glucose
concentrations during pregnancy. Br J Health Psychol (2016) 21:712–29.
doi: 10.1111/bjhp.12197

30. Gallo LA, Gallo TF, Young SL, Moritz KM, Akison LK. The impact of
isolation measures due to COVID-19 on energy intake and physical activity levels
in Australian university students. Nutrients (2020) 12:1865. doi: 10.3390/
nu12061865

31. Hewage S, Audimulam J, Sullivan E, Chi C, Yew TW, Yoong J, et al. Barriers
to gestational diabetes management and preferred interventions for women with
gestational diabetes in Singapore: Mixed methods study. JMIR Form Res (2020) 4:
e14486. doi: 10.2196/14486

32. Barnes RA, Wong T, Ross GP, Griffiths MM, Smart CE, Collins CE, et al.
Excessive weight gain before and during gestational diabetes mellitus management:
What is the impact? Diabetes Care (2020) 43:74–81. doi: 10.2337/dc19-0800

33. Viana LV, Gross JL, Azevedo MJ. Dietary intervention in patients with
gestational diabetes mellitus: a systematic review and meta-analysis of randomized
clinical trials on maternal and newborn outcomes. Diabetes Care (2014) 37:3345–
55. doi: 10.2337/dc14-1530

34. Opie RS, Neff M, Tierney AC. A behavioural nutrition intervention for
obese pregnant women: Effects on diet quality, weight gain and the incidence of
gestational diabetes. Aust N Z J Obstet Gynaecol (2016) 56:364–73. doi: 10.1111/
ajo.12474

35. Nouhjah S, Jahanfar S, Shahbazian H. Temporary changes in clinical
guidelines of gestational diabetes screening and management during COVID-19
outbreak: A narrative review. Diabetes Metab Syndr (2020) 14:939–42.
doi: 10.1016/j.dsx.2020.06.030

36. DeNicola N, Grossman D, Marko K, Sonalkar S, Butler Tobah YS, Ganju N,
et al. Telehealth interventions to improve obstetric and gynecologic health
outcomes: A systematic review. Obstetrics gynecol (2020) 135:371–82.
doi: 10.1097/AOG.0000000000003646

37. Nomura Y, Marks DJ, Grossman B, Yoon M, Loudon H, Stone J, et al.
Exposure to gestational diabetes mellitus and low socioeconomic status: effects on
neurocognitive development and risk of attention-deficit/hyperactivity disorder in
offspring. Arch Pediatr Adolesc Med (2012) 166:337–43. doi: 10.1001/
archpediatrics.2011.784

38. Chung JH, Voss KJ, Caughey AB, Wing DA, Henderson EJ, Major CA, et al.
Role of patient education level in predicting macrosomia among women with
gestational diabetes mellitus. J perinatol (2006) 26:328–32. doi: 10.1038/
sj.jp.7211512
frontiersin.org

https://doi.org/10.1002/14651858.CD011970.pub2
https://doi.org/10.1371/journal.pmed.1002681
https://doi.org/10.1016/j.ajog.2020.03.021
https://doi.org/10.1016/j.ajogmf.2020.100155
https://doi.org/10.1016/j.ajogmf.2020.100155
https://doi.org/10.1097/md.0000000000021279
https://doi.org/10.3390/nu12061657
https://doi.org/10.3390/nu12061657
https://doi.org/10.3390/nu12061583
https://doi.org/10.1016/j.diabet.2020.09.008
https://doi.org/10.1016/j.diabet.2020.09.008
https://doi.org/10.3969/j.issn.1672-7851.2014.11.002
https://doi.org/10.3760/cma.j.cn112141-20200114-00039
https://doi.org/10.17226/1258
https://doi.org/10.1016/S0140-6736(14)60932-6
https://www.who.int/tools/child-growth-standards
https://doi.org/10.1016/s0140-6736(21)02796-3
https://doi.org/10.1503/cmaj.202604
https://doi.org/10.1016/j.ajogmf.2020.100107
https://doi.org/10.7759/cureus.28631
https://doi.org/10.1016/j.ajog.2021.05.016
https://doi.org/10.1186/s13031-022-00465-x
https://doi.org/10.1186/s13031-022-00465-x
https://doi.org/10.1016/j.sleep.2021.09.014
https://doi.org/10.1016/j.ejogrb.2020.06.009
https://doi.org/10.1111/bjhp.12197
https://doi.org/10.3390/nu12061865
https://doi.org/10.3390/nu12061865
https://doi.org/10.2196/14486
https://doi.org/10.2337/dc19-0800
https://doi.org/10.2337/dc14-1530
https://doi.org/10.1111/ajo.12474
https://doi.org/10.1111/ajo.12474
https://doi.org/10.1016/j.dsx.2020.06.030
https://doi.org/10.1097/AOG.0000000000003646
https://doi.org/10.1001/archpediatrics.2011.784
https://doi.org/10.1001/archpediatrics.2011.784
https://doi.org/10.1038/sj.jp.7211512
https://doi.org/10.1038/sj.jp.7211512
https://doi.org/10.3389/fendo.2022.982493
https://www.frontiersin.org/journals/endocrinology
https://www.frontiersin.org

	Maternal and infant outcomes in women with and without gestational diabetes mellitus in the COVID-19 era in China: Lessons learned
	Introduction
	Material and methodsStudy design and settings
	Health management before and during the COVID-19 pandemic
	Measurements
	Definition of the variables
	Statistical analysis

	Results
	Discussion
	Conclusions
	Data availability statement
	Ethics statement
	Author contributions
	Funding
	Acknowledgments
	Supplementary Material
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages false
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 1
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /ENU (T&F settings for black and white printer PDFs 20081208)
  >>
  /ExportLayers /ExportVisibleLayers
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks true
      /IncludeHyperlinks true
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


