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Abstract
Background
The pre-pregnancy weight and gestational weight gain (GWG) are closely related to perinatal maternal and infant complications, but the relationship between pre-pregnancy weight and GWG and the pattern of interaction have not been reported. This study investigated the influence of weight control during pregnancy on the perinatal maternal and infant outcomes.

Methods
A total of 835 singleton pregnant women who were hospitalized between January 2018 and December 2018 were retrospectively included in this study and divided into two groups: the diet guidance (DG) group (n = 167) and the control group (n = 668). The pre-pregnancy body mass index (BMI), GWG, and perinatal outcomes of the women and infants were determined in two groups.

Results
The dietary modification and reasonable exercise during pregnancy effectively reduced the GWG, and even some women with pre-pregnancy obesity achieved weight loss during pregnancy. The GWG in the DG group was significantly lower than in the control group, especially in the second and third trimesters. GWG was positively related to birth weight. The birth weight in the DG group was significantly lower than in the control group when their mothers had similar GWG. In women with pre-pregnancy obesity, GWG seemed to be negatively related to birth weight. However, after adjusting the mean BMI, the pre-pregnancy BMI and GWG were positively related to the birth weight. Compared with the control group, the incidences of dystocia, postpartum hemorrhage, macrosomia, small for gestational age infants and neonatal complications significantly reduced in the DG group, and the preterm birth rate was comparable between two groups. Some women with pre-pregnancy obesity lose weight during pregnancy, but there was no premature birth or small for gestational age infant. The incidences of macrosomia, postpartum hemorrhage, dystocia, cesarean section and gestational diabetes increased significantly with the increase of pre-pregnancy BMI.

Conclusion
For women with increased pre-pregnancy BMI, strict weight control is required to reduce obesity-related complications of the mother and infant. The weight control in the second and third trimesters is especially important and most likely to prevent GWG. Compared with GWG, pre-pregnancy BMI has greater influence on the birth weight and maternal and infant complications, and may even compromise the benefits of weight control during pregnancy. Thus, weight control is recommended before pregnancy.
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Background
The pre-pregnancy weight and gestational weight gain (GWG) are closely related to perinatal complications. Obesity as a consequence of social factors and hormones during pregnancy has become a common social phenomenon in pregnant women, and excessive increase in the GWG is common in clinical practice. Currently, obesity is one of the most critical health threats worldwide, and the incidence of obesity is still rising in women of childbearing age [1]. Pre-pregnancy obesity is associated with excessive GWG, gestational diabetes mellitus (GDM) [2], vaginal surgery-assisted delivery, cesarean section, and increased birth weight [3].
Pre-pregnancy obesity may cause spontaneous abortion and congenital embryo abnormality in early pregnancy [4], and the infants are also more likely to develop obesity in adulthood [5]. Moreover, pre-pregnancy obesity may increase the risk for metabolic diseases (such as insulin resistance) [6, 7] and have adverse effects on the neurocognitive development of infants [8–10]. Maternal obesity will affect the development of the fetal hypothalamus and the hypothalamic structure and function, resulting in fetal insulin resistance [11]. Moreover, maternal obesity will increase the risk of obesity-related cardiometabolic diseases [12, 13], liver disease [14], kidney disease [15], and nervous system dysfunction [16, 17] in infants.
In addition, excessive GWG may increase pelvic pressure, which aggravates the postpartum pelvic dysfunction during delivery, and affects postpartum recovery of body shape and the quality of life. Women with excessive GWG will develop body fat accumulation after delivery, and the elevation of GWG (according to the criteria of the Institute of Medicine [IOM]) may increase the risk of postpartum obesity [18], and also affect the pelvic muscle strength of women after delivery [17].
In 2009, the IOM divided the pre-pregnancy body mass index (BMI) as follows: underweight (BMI < 18.5 kg/m2), normal weight (BMI = 18.5–25 kg/m2), overweight (BMI = 25 ~ 30 kg/m2), and obesity (BMI = ≥30 kg/m2), and recommended GWG [19]. However, there is no individualized guidance for weight control in pregnant women, especially those with pre-pregnancy obesity. Therefore, it is necessary to develop a more suitable protocol for weight control during pregnancy, aiming to reduce maternal and infant complications. Our study retrospectively analyzed singleton pregnant women in our hospital, explored the characteristics of GWG in women with different pre-pregnancy BMI, and investigated the influence of weight control during pregnancy on the perinatal maternal and infant outcomes.
Materials and methods
Ethics statement
This study was approved by the Ethics Committee of the Beijing Shijitan Hospital of Capital Medical University (Beijing, China). Written informed consent was obtained from all subjects prior to study. All procedures were performed in accordance with the Declaration of Helsinki.
Singleton pregnant women who were hospitalized in our hospital between January 2018 and December 2018 were included in the present study [19]. A total of 835 subjects met the inclusion criteria (Fig. 1). The mean age was 31.93 ± 3.84 years (range: 21–43 years); there were 357 primiparas and 478 multiparas (vaginal or surgical delivery). The exclusion criteria were as follows: women with bigeminal pregnancy, abortion before gestational 28 weeks or stillbirth.[image: ]
Fig. 1Inclusion of cohort. Singleton pregnant women were included in this study


Methods
All the pregnant women received routine prenatal examinations once every 4 weeks within the first 28 gestational weeks, once every 2 weeks between 28 and 36 gestational weeks, and once weekly after 37 gestational weeks. In the first prenatal examination, the body composition and diet were analyzed; the vital signs, body weight, medications, comorbidities, findings from physical and imaging examinations, clinical diagnosis, and medical prescriptions were also recorded in the following examinations.
Grouping: This was a retrospective study. All the pregnant women were divided into two groups: the diet guidance (DG) group and the control group. In the DG group, subjects received prenatal examinations and consulted obstetrics dietitians. In the control group, subjects received routine examinations without consultation with obstetrics dietitians.
In the DG group, there were 167 subjects. Each subject received guidance from an obstetric nutritionist according to the general condition and weight gain, the diet composition was adjusted, and the nutritional education and exercise guidance were administered: (1) At each prenatal examination, the pregnant women received education about the possible risks of excessive GWG (such as gestational diabetes mellitus and macrosomia), and the physicians emphasized the important of weight control during pregnancy, corrected their wrong knowledge about diet and asked them to cooperate with treatment to avoid excessive anxiety; (2) They were given low-glucose, low-carbon diet, and the coarse grains and dietary fiber increased in the diet; the daily energy intake did not exceed the recommended daily average energy (2000–2300 kcal/d for subjects with underweight, 1800–2100 kcal/d for subjects with normal weight, 1500–1800 kcal/d for subjects with overweight and obesity); (3) They were asked to exercise appropriately (10,000 steps/d in the second trimester and 20,000 steps/d in the third trimester) [20, 21]. Under the premise of normal blood pressure, breathing, blood glucose, and fetal heart rate, exercise 3 to 4 times daily with 30–40 min for each was recommended. The time interval between exercises was mainly based on the feeling of pregnant women, and strenuous exercise was avoided. The brisk walking or setting-up exercises for pregnant women were recommended with small weight and self-weight muscle training; the pregnant women were asked to monitor blood pressure and blood glucose before and after exercise, and then drink water 5–10 min after exercise. They were asked to record the information of daily exercises (such as steps, time of excises and time of resistance exercise) which was provided to the doctors at each examination; (4) Subjects received regular guidance via WeChat platform, and the data were recorded and summarized and then provided to the doctors at each examination.
In the control group, there were 668 subjects who received nutritional education once in the first trimester (6–12 weeks of gestational age), and they received oral diet guidance at each examination.
Observations
The GWG was defined as the difference between the self-reported pre-pregnancy body weight and the body weight before delivery. The GWG was recorded in three stages: the first trimester (difference between the self-reported pre-pregnancy body weight and body weight at 12 weeks of gestation age), the second trimester (difference between the body weight at 28 weeks and body weight at 12 weeks), and third trimester (difference between the body weight before delivery and body weight at 28 weeks). In addition, the cumulative weight gain was monitored at each stage.
The maternal outcomes included cesarean section, premature delivery (earlier than 37 weeks of gestation age at the time of delivery), dystocia (including assistant vaginal delivery and shoulder dystocia), postpartum hemorrhage (blood loss ≥500 ml in 24 h after vaginal delivery, or ≥ 1000 ml in 24 h after cesarean) [22] and GDM. Neonatal outcomes included macrosomia (birth weight ≥ 4000 g), small for gestational age (SGA, birth weight lower than the 10th percentile of the average weight at the same gestational age) [23], and neonatal complications (fetal distress and admission to neonatal intensive care unit [NICU]). The metabolic rate was calculated according to Cunningham equation [24]: BMR (cal/day) = 500 + 22 (LBM). Lean body mass (LBM) was calculated by individual nutrition analyzer NQA-Pplus (Beijing Sihai Huachen Technology Co., LTD).
Statistical analysis
The propensity score weighting was employed to adjust baseline variables, and the constructed weight variable effect estimation target was the average treatment effect (ATE), which was used to weight the outcome variable. Propensity score matching and propensity score regression were used for sensitivity analysis. The propensity score matching employed the greedy algorithm, and the ratio of subjects in the DG group to those in the control group was 1:3.
The outcomes were analyzed as follows
Influence of diet guidance on GWG
The cumulative GWG at different time points was used as the dependent variable, and the Mixed-Effect Model for Repeated Measures was used for analysis. The height, pre-pregnancy weight, group, time, and interaction between group and time were included in the model with a non-structural covariance structure. The Least Square (LS) mean of each group at different time points and its 95% CI, and the P value of intergroup LS mean were reported. P value of the main effects of the group was reported.
The GWG between two adjacent stages was used as the dependent variable, and the analysis of covariance model (ANCOVA) was used in which the height, pre-pregnancy weight, and group were included. The mean LS, 95% CI, and P value of groups at different stages were reported.

Influence of diet-guidance on the neonatal birth weight
Birth weight was used as the dependent variable, and the covariance analysis was employed for comparison between groups. The pre-pregnancy BMI, group, and interaction between the group and BMI were included in the model. If there was no significant difference in the interaction, it was removed from the model, and the P values of pre-pregnancy BMI and group were reported. If there was a significant difference in the interaction, only the results of the interaction were reported.

Influence of diet-guidance on the maternal and infant outcomes
Logistic regression analysis was used in which the height, pre-pregnancy weight, and group were included. The Odds Ratio (OR) of the group and its 95% CI were reported.

Influence of diet-guidance on the baseline metabolic rate in the first trimester
The baseline metabolic rate in the first trimester was used as the dependent variable, and ANCOVA was used in which the pre-pregnancy BMI, group and interaction between pre-pregnancy BMI and group were included. If there was no significant difference in the interaction, it was removed from the model, and the P values of pre-pregnancy BMI and group were reported. If there was a significant difference in the interaction, only the results of the interaction were reported.

Relationships of pre-pregnancy BMI and GWG with birth weight
Birth weight was used as the dependent variable, and the general linear model was employed for analysis. The pre-pregnancy BMI, GWG, and their interaction were included in this model. If there was no significant difference in the interaction, it was removed from the model, and the P values of pre-pregnancy BMI and GWG were reported. If there was a marked difference in the interaction, only the results of interaction were reported.
In this study, subjects were subdivided according to the pre-pregnancy BMI (< 18.5 kg/m2, 18.5–24.9 kg/m2, 25–29.9 kg/m2 and 30 kg/m2), and the consistency was employed among different subgroups. A value of P < 0.05 was considered statistically significant. SAS 9.4 was employed for statistical analysis.

Results
The age, height, pre-pregnancy weight, multipara, education level, working status, the status of scarred uterus, uterine fibroids, pre-pregnancy hypertension, pre-pregnancy thyroid disease, and pre-pregnancy diabetes were collected from the medical record. There were no marked differences in these parameters between the two groups (P > 0.05) (Table 1). In addition, propensity score weighting was used to adjust the differences between groups and balance the parameters in the two groups (Fig. 2A).Table 1Clinical characteristics of subjects in two groups


	Characteristic
	Diet guidance group
	Control group
	P value

	Age —mean ± SD (yrs)
	31.68 ± 3.80
	32.00 ± 3.85
	0.344

	Height—mean ± SD (cm)
	162.67 ± 4.93
	162.77 ± 4.95
	0.809

	Pre-pregnancy weight —mean ± SD (Kg)
	58.64 ± 10.66
	58.97 ± 9.85
	0.702

	Multipara—no.(%)
	93 (55.69%)
	385 (57.63%)
	0.356

	High education—no.(%)
	35 (20.96%)
	136 (20.36%)
	0.469

	Jobless—no. (%)
	21 (12.57%)
	83 (12.43%)
	0.523

	Scarred uterus—no.(%)
	24 (14.37%)
	92 (13.77%)
	0.463

	Uterine fibroids—no.(%)
	6 (3.59%)
	28 (4.19%)
	0.464

	Pre-pregnancy hypertension—no.(%)
	4 (2.40%)
	18 (2.69%)
	0.542

	Pre-pregnancy thyroid disease—no.(%)
	7 (4.19%)
	28 (4.19%)
	0.600

	Pre-pregnancy diabetics—no.(%)
	2 (1.20%)
	4 (0.60%)
	0.345



[image: ]
Fig. 2Comparison of clinical characteristics balance, gestational weight gain, and birth weight between DG group and control group. A The propensity score weighting was used to adjust the differences between groups and balance the parameters in two groups; B Comparison of cumulative GWG in the first, second and third trimesters. The rate of GWG in the DG group reduced, and significant difference was observed in the second and third trimesters between two groups. C Comparison of GWG in the first, second and third trimesters. The GWG in the DG group reduced significantly in the second and third trimesters; D Relationship of birth weight with pre-pregnancy BMI and diet guidance. The P values of pre-pregnancy BMI and diet guidance were all from the model after removal of their interaction (because there was no significant difference in the interaction). Body Mass Index (BMI); gestational weight gain (GWG); diet guidance (DG)


GWG
As compared to the control group, the accumulative GWG reduced markedly in the DG group (Fig. 2B). The GWG was 0.44 kg (95%CI, 0.10–0.78) vs. 0.78 kg (95%CI,0.61–0.95) (P = 0.0838) in the first trimester, 6.07 kg (95%CI, 5.57–6.57) vs. 7.38 kg (95%CI, 7.13–7.63) (P < 0.0001) in the second trimester, and 10.40 kg (95%CI,9.80–10.99) vs. 12.51 kg (95%CI, 12.21–12.80) (P < 0.0001) in the third trimester. The F value of the main effect (diet guidance) was 29.91 (P < 0.0001), and the reduction was observed in each stage of pregnancy, especially in the second and third trimesters (P < 0.0001) (Fig. 2C).
Maternal and infant outcomes in two groups
Overall, the GWG had a positive relationship with birth weight: the higher the GWG, the higher the birth weight was. As compared to the control group, the infants in the DG group were more likely to have lower birth weight when the GWG was similar between the two groups.
Comparisons of clinical parameters: As compared to control group, the incidences of dystocia (4.20% vs 9.21%, P = 0.0221) and macrosomia (2.50% vs 6.98%, P = 0.0234) reduced significantly in the DG group. In addition, the incidences of postpartum hemorrhage, SGA, and neonatal complications reduced markedly in the DG group as compared to the control group (OR < 1). However, there were no significant differences in the incidences of GDM, cesarean section and premature delivery between two groups (Fig. 3A).[image: ]
Fig. 3Comparison of perinatal outcomes of the women and infants between DG group and control group. A Comparison of clinical parameters between DG group and control group. The incidences of dystocia and macrosomia significantly reduced in the DG group (P < 0.05). The incidences of postpartum hemorrhage, SGA and neonatal complications significantly reduced in the DG group (OR < 1), but there were no significant differences in the incidences of GDM, cesarean section, and preterm birth between two groups. B The relationship between GWG and birth weight in pregnant women with different pre-pregnancy BMI (pre-pregnancy BMI was not adjusted); C The relationship between GWG and birth weight in pregnant women with different pre-pregnancy BMI (using mean BMI; after adjusting BMI before pregnancy). Body Mass Index (BMI); gestational weight gain (GWG); diet guidance (DG); gestational diabetes mellitus (GDM); small for gestational age (SGA)


According to the pre-pregnancy BMI, the pregnant women were divided into underweight (BMI < 18.5 kg/m2), normal weight (18.5–25 kg/m2), overweight (25–30 kg/m2), and obesity (BMI ≥ 30 kg/m2) subgroups. In the four subgroups, the relationship between GWG and birth weight was evaluated. Results showed the GWG in the underweight, normal weight, and overweight subgroups were positively related to the birth weight: the higher the GWG, the higher the birth weight was. However, in the obesity subgroup, the GWG was negatively related to birth weight. After weight control, the birth weight increased with the reduction of GWG. It seemed that the GWG had no relationship with birth weight (Fig. 3B).
Thereafter, a model was employed to adjust the pre-pregnancy BMI in the four subgroups (Fig. 3C). As shown in Fig. 3C, the pre-pregnancy BMI and GWG had positive correlations with birth weight. If GWG was comparable, the higher the pre-pregnancy BMI, the higher the birth weight was. The large P value of the interaction indicates that the effects of pre-pregnancy BMI and GWG on the birth weight did not interact with each other, and independently affected the birth weight. The inverse relationship between GWG and birth weight in the obesity group might be ascribed to higher BMI. The pre-pregnancy weight still masked the effect of reduced GWG, although GWG was reduced in the obesity subgroup.
The fitted line in the figure was from the model: birth weight = a + b1 × pre-pregnancy BMI + b2 × GWG + b3 × pre-pregnancy BMI × GWG. The average pre-pregnancy BMI in four subgroups was included into the model, and four regression lines were obtained. The P value of pre-pregnancy BMI and GWG was from the model after removing the interaction between pre-pregnancy BMI and GWG (there was no significant difference in the interaction).
After dietary intervention, the GWG decreased significantly in pregnant women with different pre-pregnant BMI, and the decrease of GWG was more evident in women with higher BMI (Fig. 4A), especially in the pre-pregnant obesity group. In the first trimester, the GWG was − 1.90-0.98 kg (− 0.26–0.15/week) kg; in the second trimester, the GWG was − 2.61 - 1.89 kg (− 0.27–0.31 kg/week); in the third trimester, the GWG was 0.34–5.18 kg (0.003–0.54 kg/week), which were significantly lower than the GWG in the control group and the recommended GWG in the guidelines. In several subjects with obesity, the weight loss was 1–6 kg during the pregnancy, the birth weight was 3110–4150 g, and there were no premature delivery and SGA.[image: ]
Fig. 4Comparison of gestational weight gain, birth weight, and basal metabolic rate in pregnant women with different pre-pregnancy body mass index. A Pregnant women were divided into four groups according to the pre-pregnancy BMI, and the GWG was analyzed in each stage of pregnancy; B The birth weight in pregnant women with different pre-pregnancy BMI; C The BMR of pregnant women with different pre-pregnancy BMI. Body Mass Index (BMI); gestational weight gain (GWG); basal metabolic rate (BMR)


Compared with the control group, a significant difference in the birth weight was only observed in the pre-pregnancy normal weight subjects after dietary guidance, suggesting that the influence of pre-pregnancy weight masked the effect of weight control during the pregnancy (Fig. 4B).
The daily energy intake was compared in the first trimester of women with different pre-pregnant BMI. Results showed the daily basal metabolic rate (BMR; kcal/d) of pregnant women increased significantly with the increase of BMI (Fig. 4C). After dietary and exercise guidance, the BMR increased in women with lower pre-pregnancy BMI, but decreased in women with higher pre-pregnancy BMI (P < 0.0001). This suggests that dietary and exercise guidance improves the BMR in pregnant women with higher or lower BMR.
Logistic regression analysis showed that, in the pre-pregnancy underweight women, the OR of clinical indicators was close to 1 between the DG group and the control group, suggesting no marked difference. In the pre-pregnancy normal weight, overweight, and obesity subgroups, the incidences of macrosomia, dystocia, postpartum hemorrhage, SGA, and neonatal complications tended to decrease after dietary guidance (OR < 1). In the women with different pre-pregnancy BMI, the incidences of macrosomia, postpartum hemorrhage, dystocia, cesarean section, and GDM increased significantly with the increase of pre-pregnancy BMI (Fig. 5).[image: ]
Fig. 5Comparison of perinatal outcomes of the women and infants in pregnant women with different pre-pregnancy body mass index. A underweight (BMI < 18.5 kg/m2) group; B normal weight (BMI = 18.5 ~ 25 kg/m2) group; C overweight (BMI = 25 ~ 30 kg/m2) group; D obesity (BMI ≥ 30 kg/m2) group. Body Mass Index (BMI)


Discussion
In the present study, the singleton pregnant women in our hospital were retrospectively analyzed, the characteristics of GWG were explored in women with different pre-pregnancy BMI, and the effects of diet management during the pregnancy on the maternal and neonatal outcomes were further investigated. Our results showed that the dietary guidance and appropriate exercise were effective in reducing GWG as compared to the simple nutrition guidance, and even some women with pre-pregnancy obesity achieved weight loss during pregnancy. Compared with the control group, the GWG in the DG group reduced significantly in each stage of pregnancy, especially in the second and third trimesters. This indicates it is important to control body weight during the pregnancy. In general, the GWG was positively related to the birth weight. Of note, as compared to the control group, birth weight was lower in the DG group when the GWG was comparable during the pregnancy. It was surprising that the GWG was negatively related to the birth weight in the pre-pregnancy obesity subgroup. That is, after weight control, the birth weight was higher when the GWG was reduced, which suggests no relationship between GWG and birth weight. However, when the mean BMI was used, the pre-pregnancy BMI and GWG positively affected the birth weight. It suggests that the higher pre-pregnancy body weight masks the effect of weight control during pregnancy in the pre-pregnancy obese women.
Compared with the control group, the incidences of dystocia, postpartum hemorrhage, macrosomia, SGA, and neonatal complications significantly reduced in the DG group, and the incidence of preterm birth remained unchanged. The dietary and exercise guidance improved the BMR of pregnant women with higher or lower BMR. In addition, our results showed several women with pre-pregnancy obesity achieved weight loss during the pregnancy, but premature birth and SGA were not observed. This indicates that the active weight control during pregnancy in the pre-pregnancy obese women may not increase the risk of preterm birth and SGA, but has the possibility of reducing the risk of perinatal complications because pre-pregnancy weight has greater influence on the risk of complications during the pregnancy and perinatal period.
Our study showed that the incidences of macrosomia, postpartum hemorrhage, dystocia, cesarean section and GDM increased significantly with the increase of pre-pregnancy BMI, suggesting that pre-pregnancy weight contributes more to the outcomes such as macrosomia, GDM and way of delivery. This also highlights the importance of weight control before pregnancy. Some studies have shown that increased pre-pregnancy BMI is an independent risk factor for GDM because high pre-pregnancy BMI increases the adverse maternal and infant outcomes, and the incidence of GDM further increases in pregnant women with overweight or obesity [25–27]. The increased BMI in GDM pregnant women is associated with adverse pregnancy outcomes, and pregnant women with higher BMI are more likely to have higher birth weights and higher incidence of cesarean section [3]. A large international multi-ethnic study indicates that the pre-pregnancy obesity significantly increases the risk of preterm birth [28]. The greater the pre-pregnancy BMI, the higher the birth weight is, and the higher the incidence of macrosomia is [29]. The pre-pregnancy overweight and excessive GWG may increase the risk of overweight and obesity in preschool children, and the pre-pregnancy overweight has a greater influence as compared to GWG [5].
Therefore, both pre-pregnancy obesity and excessive GWG may increase the transfer of heat to the developing fetus and affect fetal development, which threatens the maternal and infant health and are related to the increased risk of miscarriage, GDM, stillbirth, premature delivery and cesarean section [30]. For example, pre-pregnancy obesity and excessive GWG can aggravate insulin resistance, cause blood glucose and lipid dysmetabolism during the pregnancy, and increase the risk of diseases (such as GDM) [2, 31, 32].
In addition to active weight control before pregnancy, reasonable pregnancy management is also needed to control the GWG, which may effectively reduce the birth weight and decrease maternal and infant complications during the perinatal period. A meta-analysis of clinical studies in 2022 has revealed that dietary and excise guidance seems to be an optimal way to prevent GDM and overweight during pregnancy [33]. The protocol for pregnancy management is clinically feasible in the present study. The weight control during pregnancy is mainly dependent on diet control and appropriate exercise. Our experience shows following programs are feasible: nutrition education via multiple ways, adjustment of dietary structure, administration of diet with low-glycemic load, reduction of caloric intake (daily energy intake is equivalent to about 150% of BMR), and appropriate exercise (10,000 steps/day in the second trimester, 20,000 steps/day in the third trimester).
The American College of Obstetrics and Gynecology and the Physical Activity Guidelines for Americans in 2018 recommend ≥30–150 min of aerobic exercise per week [34, 35]. There is evidence showing that the incidences of adverse outcomes (such as GDM, gestational hypertension, and preeclampsia) reduce by 38–41% in women receiving excise guidance during the pregnancy as compared to the control group, which is accompanied by a reduction of GWG [36]. Another randomized clinical trial investigated the influence of exercise initiated early in pregnancy and performed at least 30 min (3 times per week) on the GDM. Their results showed cycling exercise significantly reduced the frequency of GDM in overweight/obese pregnant women. This effect was ascribed to that exercise initiated early in pregnancy decreased the GWG before the mid-second trimester. However, exercise failed to increase the risk of preterm birth or reduce the mean gestational age at birth in their study [27].
In a randomized, parallel-group, controlled trial, the influence of telehealth lifestyle intervention on the GWG was investigated in women with overweight or obesity. The results showed telehealth lifestyle intervention could improve the healthy behaviors and insulin resistance and reduce the GWG in these women [37]. In the present study, a social software was employed for the lifestyle intervention, and results were consistent with above mentioned.
Barone et al. reported that higher sedentary behavior and lower standing, stepping, and steps per day trajectories in the second and third trimesters increased the risks of adverse pregnancy outcomes [20]. Andersen et al. employed an accelerometer to assess physical activity during pregnancy. Their results showed inverse linear relationships of pre-pregnancy BMI with the mean number of steps per day and the mean metabolic equivalent of tasks per day. This means that pre-pregnancy overweight or obesity may reduce physical activity during pregnancy, increasing the risk of sedentary behavior during pregnancy [21]. Therefore, for women with pre-pregnancy obesity, increasing the physical activity during pregnancy is important to reduce the GWG. Therefore, it is recommended that weight control and weight management during the pregnancy are needed for women with high pre-pregnancy BMI, which may reduce the risks of maternal and infant complications related to obesity. Our results showed that the second and third trimesters were the best periods for weight control, and interventions to weight control in the second and third trimesters are more likely to prevent fat gain, which is consistent with previously reported [38].
Conclusions
In summary, for pregnant women with higher pre-pregnancy BMI, strict weight control is required to reduce the maternal and neonatal complications related to obesity. Compared with GWG, the pre-pregnancy BMI has greater influence on the birth weight and the maternal and infant complications, and may even compromise the benefits of weight control during pregnancy.
Therefore, the control of body weight before pregnancy is of great importance. For women with high pre-pregnancy BMI, weight control program (nutrition education via multiple ways, adjustment of dietary compositions, administration of diet with a low-glycemic index, reduction of calorie intake and appropriate exercise, etc.) is recommended to reduce GWG or even reducing weight during the pregnancy, which may reduce the birth weight, decrease the incidences of dystocia and postpartum hemorrhage without increasing maternal and infant complications, and tend to reduce the incidences of premature delivery and SGA.
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