Distribution and association of interpregnancy weight change with subsequent pregnancy outcomes in Asian women
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Abstract
The extent of interpregnancy weight change and its association with subsequent pregnancy outcomes among Asians remain unclear. We examined changes in maternal body mass index (BMI) between the first two deliveries and outcomes in the second delivery. Medical records of women with their first two consecutive deliveries between 2015 and 2020 at KK Women’s and Children’s Hospital, Singapore were retrieved. Gestational-age-adjusted BMI was determined by standardising to 12 weeks gestation and interpregnancy BMI change was calculated as the difference between both pregnancies. Pregnancy outcomes were analysed using modified Poisson regression models. Of 6264 included women with a median interpregnancy interval of 1.44 years, 40.7% had a stable BMI change within +1 kg/m2, 10.3% lost >1 kg/m2, 34.3% gained 1-3 kg/m2 and 14.8% gained ≥3 kg/m2. Compared to women with stable BMI change, those with >1 kg/m2 loss had higher risk of low birthweight (adjusted risk ratio [RR] 1.36; 95% confidence interval 1.02-1.80), while those with 1-3 kg/m2 gain had higher risks of large-for-gestational-age birth (1.16; 1.03-1.31), gestational diabetes (1.25; 1.06-1.49) and emergency Caesarean delivery (1.16; 1.03-1.31); these risks were higher in those with ≥3 kg/m2 gain. Our study strengthens the case for interpregnancy weight management to improve subsequent pregnancy outcomes.
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Introduction
The rates of overweight and obesity continue to increase worldwide [1]. In women, pregnancy is a life stage that can alter their weight trajectory due to the risk of weight gain during or between pregnancies [2,3]. Higher parity has been associated with higher pre-pregnancy body mass index (BMI) and subsequent development of obesity [4,5]. On average, women gain approximately 1 kg/m2 between consecutive pregnancies, with greater interpregnancy BMI gain observed in those with a higher BMI before pregnancy [6]. 

In women who are overweight or obese, or underweight, the risks of adverse perinatal outcomes are well documented [7,8]. However, the extent to which interpregnancy weight change influences the risks of subsequent maternal and neonatal outcomes remain poorly understood [9], and most studies have been focused on Western populations [10]. It is essential to personalize weight management planning for Asian women as they have higher health risks at lower BMI thresholds than Caucasian women [11], and they have unique sociocultural factors which may influence weight management behaviours before, during, and after pregnancy [10].

The interpregnancy period represents a unique phase of the reproductive life-course. A recent systematic review and meta-analysis with data pooled from 11 Western countries showed that women with interpregnancy weight gain had increased risks of gestational diabetes, hypertensive disorders, large-for-gestational-age birth, and Caesarean delivery, while those with interpregnancy weight loss had increased risks for preterm delivery and small-for-gestational-age birth [10]. In the present study, our aims were to (i) describe the distribution of weight changes in BMI between first and second pregnancies among Singaporean women and (ii) examine whether similar associations between interpregnancy BMI changes and pregnancy outcomes would be observed in Asian women, compared to those reported in the aforementioned meta-analysis among Caucasians [10].

Material & Methods
Secondary routine healthcare data was retrieved from women with their first two consecutive deliveries from January 2015 to September 2020 at the KK Women’s and Children’s Hospital (KKH), Singapore. KKH houses the largest public maternity unit in Singapore and manages one-third of all live births in this country with approximately 12,000 deliveries every year, across a wide sociodemographic spectrum. We retrospectively extracted electronic medical records of women who had singleton births at ≥24 weeks gestation in the first and second pregnancies. Only women aged ≥21 years and conceived naturally in the first and second pregnancies were included. Women with missing information about BMI (at first and/ or second pregnancies) and interpregnancy interval were excluded. Ethics approval was obtained from the Centralised Institutional Review Board of SingHealth (reference 2020/2018). Informed consent was waived due to the retrospective nature of the study by the Centralised Institutional Review Board of SingHealth. All methods were performed in accordance with the relevant guidelines and regulations.

Interpregnancy BMI change and interval
Maternal weight in kilograms and height in centimetres were routinely measured at the first antenatal appointment of the first and second deliveries. BMI, calculated as weight (in kilograms) divided by height (in metres) squared, at the first antenatal visit during the first and second pregnancies, was used to determine the interpregnancy BMI change. Given that gestational age at the first antenatal visit varied, the BMI measures were standardised separately in the first and second deliveries, by using linear regression with BMI at the first antenatal visit as dependent variable and gestational age centred at 12 weeks (i.e. the mean gestational age at the first antenatal visits where we had more data available to ensure a more accurate prediction of BMI) as the independent variable, calculating the residuals, and adding the residual values to the regression predicted mean BMI at 12 weeks. This is in keeping with data showing that weight in early pregnancy is a valid method for estimating pre-pregnancy weight [12]. We repeated the analysis by adjusting for maternal age and ethnicity in the multivariable linear regression model. Since a strong correlation (r >0.95) was noted between both versions of predicted BMI at 12 weeks, the one that was derived using the simpler method without adjustment was used for all study analyses. The difference between gestational-age-adjusted BMI at both visits was then calculated as the change in BMI from the first to second deliveries and further categorized as BMI stable -1 to <1 kg/m2, BMI loss >1 kg/m2, moderate BMI gain 1 to <3 kg/m2 and excess BMI gain ≥3 kg/m2. The gestational-age-adjusted BMI at 12 weeks was used to represent the pre-pregnancy BMI in both pregnancies and was categorized using cut-offs for Asian populations: underweight (<18.5 kg/m2), normal weight (18.5-22.9 kg/m2), overweight (23-27.49 kg/m2) and obese (≥27.5 kg/m2) [11]. The interpregnancy interval was calculated based on the period between the first delivery date and the second delivery conception date, which was derived by subtracting gestational age at delivery for the second birth from the duration between delivery dates of two consecutive births [13].

Pregnancy outcomes
Neonatal outcomes included preterm delivery (<37 completed gestation weeks), low birthweight (<2.5 kg), high birthweight (≥4 kg), small-for-gestational-age (SGA) and large-for-gestational-age (LGA). SGA and LGA were defined as birthweight for sex and gestational age below the 10th centile and above the 90th centile, respectively, using the algorithm reported by Mikolaiczyk et al. [14] based on a reference sample of healthy livebirths from the Growing Up in Singapore Towards healthy Outcomes (GUSTO) cohort, which is the largest pregnancy cohort study involving approximately 1000 mother-child pairs in Singapore [15]. Maternal outcomes included gestational diabetes mellitus (GDM) as diagnosed by a risk-based, 2-point oral glucose tolerance test (OGTT) between 2015-2017 [16], and a universal 3-point OGTT between 2018-2020 [17], elective and emergency Caesarean deliveries. Gestational hypertensive disorders were not included in the analysis due to incomplete information recorded in the electronic medical database.

Statistical analysis
The differences in characteristics between excluded and included women were compared using chi-square tests for categorical variables and independent t-tests for continuous variables. The associations of interpregnancy BMI change with subsequent pregnancy outcomes in the second pregnancy were examined using modified Poisson regression models to estimate risk ratios (RRs) and 95% confidence intervals (CIs) [18]. The change in interpregnancy BMI was included as a categorical exposure (BMI stable, loss, moderate gain, or excessive gain), with stable BMI used as the reference group, as conventionally used in other studies [10]. The models were adjusted for maternal age (continuous), ethnicity (categorical), gestational-age-adjusted BMI at 12 weeks in the first pregnancy (continuous), interpregnancy interval (continuous) and pregnancy outcomes in the first pregnancy (categorical).

As the effect of interpregnancy change on pregnancy outcomes may differ by maternal BMI at the beginning of the first pregnancy, we performed post-hoc analysis to examine whether there was any effect modification by weight status <23 vs ≥23 kg/m2 at 12 weeks during the first pregnancy on any observed association. These models included categorical interpregnancy BMI change, weight status (effect modifier), the interaction terms between categorical interpregnancy BMI change weight status (3 degrees of freedom), and potential confounders as the independent variables. The results were stratified by weight status. 

Sensitivity analyses were performed using a similar modified Poisson regression to analyse the associations of the crude (unstandardised for gestational age) change in interpregnancy BMI with pregnancy outcomes, with confounders adjustment. These analyses were restricted to those with measures before or at 12 weeks gestation for both pregnancies. Statistical analyses were performed using Stata 16 (Stata, College Station, TX, USA).

Results
Women’s characteristics
This study initially enrolled 7095 women with singleton first and second pregnancies. Of these, we excluded 831 women without BMI measured in one of the pregnancies (n=772) or in both pregnancies (n=59), leaving 6264 women in the final sample. Compared to excluded women, the included women tended to be older by only 0.5 years on average (28.4 vs 27.9 years, p=0.015) (see Supplementary Table S1 online). All other background variables were similar between the women included and excluded from the analysis (each p>0.05).

Of 6264 included women, 40.7% had a stable interpregnancy BMI (-1 to <1 kg/m2), 10.3% had BMI loss (>1 kg/m2), 34.3% had moderate BMI gain (1 to <3 kg/m2) and 14.8% had excess BMI gain (≥3 kg/m2) (Table 1). Women of younger age, Malay ethnicity and with higher BMI in the first pregnancy tended to experience excess BMI gain between their first two pregnancies.

Distribution of interpregnancy BMI change
Overall, BMI tended to change (increase or decrease) among women who gave the second birth in the first two years after the first delivery and was stable at that level among women who gave the second birth later, regardless of the initial weight status (Fig. 1). Women who were overweight and obese in their first pregnancy tended to experience interpregnancy BMI loss or gain as compared to those who were underweight and normal weight, who tended to be BMI stable (p<0.001) (Fig. 2a). In particular, those women who were overweight or obese had higher BMI loss than women with a normal BMI (median BMI loss 1.9 vs 1.5 kg/m2, p <0.001) (see Supplemental Fig. S1 online).

In total, 24.5% of women gained weight between pregnancies and progressed to a higher BMI category; while 5.4% of women lost weight and dropped to a lower BMI category. Although at least 90% of women who were overweight or obese in the first pregnancy remained at least overweight in the second pregnancy, nearly two-thirds of women with normal weight and half of women who were underweight remained in the same weight status in the first and second pregnancies (Fig. 2b). Similar distributions of interpregnancy BMI change status and weight status in the second pregnancy were observed across weight status in the first pregnancy based on the WHO conventional cut-offs (see Supplementary Table S2 online).

Interpregnancy BMI change and subsequent pregnancy outcomes
Compared to women with a stable BMI from the first to the second pregnancy, those with BMI loss had a higher risk of low birthweight delivery (RR 1.36; 95% CI 1.02-1.80). Women with moderate BMI gain had higher risks of LGA birth (1.16; 1.03-1.31), GDM (1.25; 1.06-1.49) and emergency Caesarean delivery (1.16; 1.03-1.31) in the second pregnancy; these risks were higher in those with excess BMI gain (Table 2). Similar findings were obtained in a sensitivity analysis using crude interpregnancy BMI change (see Supplementary Table S3 online). In women with BMI ≥23 kg/m2, BMI loss was associated with increased risk of low birthweight (1.64; 1.09-2.47) and SGA deliveries (1.54; 1.02-2.34) (Table 3). In women with BMI <23 kg/m2, moderate (1.31; 1.07-1.59) and excess BMI gains (1.35; 1.04-1.77) were associated with an increased risk of emergency Caesarean.

Discussion
In this cohort that included 6264 women, about a quarter increased while 5% lowered their BMI category between their first and second pregnancies. Approximately half gained ≥1 kg/m2, of which one-third had excess gain of ≥3 kg/m2; only 10% lost >1 kg/m2 between pregnancies. Overall, BMI tended to change among women who birthed their second child in the first two years after the first delivery, and was stable among women who birthed their second child later, regardless of the initial weight status. Interpregnancy BMI gain was associated with increased risks of LGA, GDM and emergency Caesarean delivery in the second pregnancy. Conversely, an increased risk of low birthweight was observed in women with BMI loss between their first two pregnancies. When the results were further stratified by BMI in the first pregnancy, a higher risk of emergency Caesarean delivery was evident in women with a BMI <23 kg/m2 experiencing interpregnancy BMI gain, while higher risks of low birthweight and SGA were evident in women with a BMI ≥23 kg/m2 experiencing interpregnancy BMI loss.

The interpregnancy period is a valuable opportunity to address pregnancy complications and optimise health for the next pregnancy and the rest of the life-course. Despite recommendations to return to pre-pregnancy weight between 6 and 12 months postpartum, with the goal of a normal BMI [19], about half the women in our study increased their BMI during the first two years post-delivery instead. A study conducted among Caucasian women also showed similar findings, where almost 20% of normal-weight women became overweight or obese in their next pregnancy, whereas more than 90% of overweight or obese women maintained their status in the next pregnancy [20]. This highlights the urgent need to implement intervention strategies that include targeted lifestyle modifications to prevent increased BMI during the interpregnancy period.

Interpregnancy BMI gain and the associated increased risks of subsequent LGA, GDM and emergency Caesarean delivery are consistent with previous studies [9,10,21]. These adverse complications could be the result of reduced insulin sensitivity due to interpregnancy weight gain accompanied by body fat rather than muscle gain, which is common among Asians [20,22-25]. The increased risk of emergency Caesarean delivery in women with an initial BMI <23 kg/m2 is consistent with a recent meta-analysis [23], suggesting an increased susceptibility of lean women to subsequent delivery complications in response to weight gain between pregnancies. However, the indications for emergency Caesarean delivery were unclear in our data and should be further examined in future studies. Similarly, interpregnancy BMI gain has been associated with increased risks of hypertensive disorders [9,26] and stillbirth [10], but we were unable to analyse these outcomes due to incomplete outcome data. In view of multiple adverse pregnancy outcomes, long-term obesity, and related health risks in women and their offspring, our study, together with many others [13,27-32], call for nationwide efforts to break the vicious cycle of interpregnancy weight gain and poor metabolic health.

[bookmark: _Hlk121848004][bookmark: _Hlk121846815][bookmark: _Hlk122453794][bookmark: _Hlk122453737]We found that offspring of women with BMI loss between their first two pregnancies had a higher risk of low birthweight. This is supported by a study on interpregnancy weight change among women in three consecutive pregnancies, showing that BMI loss was associated with an increased risk of low placental weight and SGA births [33]. Another study also showed that a decrease in BMI >1 kg/m2 between the first two consecutive births was associated with a higher risk of low birthweight (<2.5 kg) [34]. This phenomenon could be explained by insulin sensitivity induced by weight loss, resulting in less glucose crossing the placenta, which contributed to an increased risk of small fetal size [23]. A meta-analysis showed that interpregnancy weight loss and SGA was only apparent in women with initial BMI <25 kg/m2, but not among those with BMI ≥25 kg/m2 [10]. However, our study observed that women with BMI ≥23 kg/m2 in the first pregnancy who lost weight during the interpregnancy interval had a higher risk of low birthweight and SGA. Although not reaching statistical significance, women of BMI <23 kg/m2 in the first pregnancy with an interpregnancy BMI loss also had a higher risk of low birthweight, albeit with a smaller effect size. These findings should be interpreted with caution as they may be attributed to the greater weight loss among women who were overweight or obese within the interpregnancy interval of 1-2 years, compared with women with a normal BMI (BMI loss 1.9 vs 1.5 kg/m2, p <0.001) (see Supplemental Fig. S1 online). In addition, unlike other studies that showed a reduction in the risk of adverse pregnancy outcomes among overweight and obese women who lost weight [10,20,21,23], our study did not find a significant reduction in risk among women with BMI ≥23 kg/m2 who lost weight. Despite the current emphasis on BMI, it represents a crude measure of adiposity and an imperfect assessment of metabolic health [35]. This was highlighted by a recent study that showed that metabolic health status, rather than BMI, played a greater role in fecundability [36]. Therefore, interpregnancy BMI loss may not truly reflect the metabolic health status of our study participants, which confounds the positive effects of weight loss in overweight and obese women. Furthermore, changes in body composition and fat distribution between pregnancies, and gestational weight gain (GWG) during pregnancy in overweight or obese women can impact subsequent pregnancy outcomes [37]. The lack of metabolic health, GWG and other data in our study precludes making recommendations for the amount of weight loss to improve pregnancy outcomes, and further studies including this information are needed to make such recommendations.

Despite the higher risk of low birthweight and SGA in women with BMI ≥23 kg/m2 who lost weight during the interpregnancy interval, it is important to balance this with the benefits of achieving a normal BMI, especially in women living with obesity, given the potential for other adverse perinatal outcomes, such as GDM, hypertensive disorders of pregnancy, macrosomia, birth trauma, and stillbirth [7,8]. Based on the trend of interpregnancy BMI change, the first two years post-delivery likely represents the best window of opportunity to intervene to return to pre-pregnancy BMI, regardless of initial weight status. Effective lifestyle interventions that aim to limit postpartum weight retention during this window are crucial to improving perinatal outcomes. Such interventions should ideally be engaging, grounded by behaviour change theories, and integrate components of both diet and physical activity [38]. An electronic health intervention for postpartum women with excessive GWG resulted in restrained eating, along with decreased uncontrolled eating and energy intake [39]. However, other behaviours such as emotional eating, physical activity, and sedentary time remain unchanged [39]. To improve the success of lifestyle interventions, it is essential to identify additional facilitators and barriers faced by these women. Although these were identified among overweight and obese women trying to conceive [40], it remains unclear whether such findings are applicable to women of normal weight.

[bookmark: _Hlk121844769]This is the first study to investigate the distribution and outcomes of interpregnancy weight change in Asian women, with a substantial sample size of women from the three largest ethnicities in Singapore (Chinese, Malay, and Indian) where the findings may be generalizable to other Asian populations. However, the study employed statistical modelling to predict the maternal BMI at 12 weeks and used it as the pre-pregnancy BMI. This might result in misclassification of weight status and interpregnancy weight change categories. In addition, since BMI is an imperfect measurement of metabolic health [35], future studies should investigate how other markers of metabolic health, such as insulin resistance, lipid profile and body composition, are associated with adverse perinatal outcomes. The GDM screening policy underwent a transition during the study period, from a risk-based 2-point OGTT between 2015-2017 to a universal 3-point OGTT from 2018-2020, thus, the incidence of GDM may be underestimated in the earlier years [41,42]. We did not account for the association of GWG with adverse perinatal outcomes, including fetal growth, preterm delivery, GDM, and Caesarean delivery [37]. Hence, we are unable to determine whether the association of interpregnancy BMI with adverse perinatal outcomes would be mediated by GWG, which should be a focus for future studies. We did not evaluate other adverse pregnancy outcomes such as intervening miscarriage, as ascertainment of this outcome is known to be incomplete, while our study was underpowered to examine low prevalence outcomes such as stillbirth. We did not account for the socioeconomic status and lifestyle habits of the women in the analysis due to the lack of data from medical records. Finally, long-term outcomes of these women and their offspring were not available to provide insights on their long-term health.

Conclusion
This study has shown that a large proportion of women increase their BMI, and a small proportion decrease their BMI between their first two pregnancies. An increase and a decrease in BMI between pregnancies are associated with a higher risk of adverse outcomes in the second pregnancy. These findings highlight the importance of interpregnancy weight management to achieve better pregnancy outcomes subsequently. However, the recommended magnitude of weight loss beyond their pre-pregnancy weight remains unclear, especially for those who are overweight or obese, where a loss >1 kg/m2 was associated with SGA and low birthweight. Future studies should examine the role of interpregnancy weight management interventions among Asian women, and to examine the role of metabolic health in adverse pregnancy outcomes with measurement of GWG, body composition and metabolic biomarkers. This will shed light on possible aetiologies of low birthweight/SGA and weight loss and guide personalized interventions and BMI targets for women with lean BMI and those who are overweight or obese.
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Figure 2. Interpregnancy BMI change status and BMI categories in the second pregnancy by BMI categories in the first pregnancy. Bar chart showing the distribution of (a) body mass index (BMI) change status between first two pregnancies and (b) BMI categories at 12-week gestation in the second pregnancy, by BMI categories of women at 12-week gestation in the first pregnancy (n=6264). BMI categories were classified based on the cut-offs for Asian populations. BMI, body mass index.
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Table 1. Characteristics of participants according to their interpregnancy BMI change status (n=6264).
	
	
	BMI change status between first two pregnancies

	Characteristics
	Total 
	Stable 
	Loss 
	Moderate gain 
	Excess gain 

	
	
	(-1 to <1 kg/m2)
	(>1 kg/m2)
	(1 to <3 kg/m2)
	(≥3 kg/m2)

	
	n=6264
	n=2548; 40.7%
	n=643; 10.3%
	n=2146; 34.3%
	n=927; 14.8%

	Maternal age in the first pregnancy, years
	28.36 + 4.31
	28.58 + 4.32
	28.61 + 4.64
	28.49 + 4.17
	27.27 + 4.18

	Ethnicity
	
	
	
	
	

	   Chinese
	2600 (41.5)
	1192 (46.8)
	275 (42.8)
	916 (42.7)
	217 (23.4)

	   Malay
	1902 (30.4)
	704 (27.6)
	182 (28.3)
	620 (28.9)
	396 (42.7)

	   Indian
	666 (10.6)
	231 (9.1)
	79 (12.3)
	233 (10.9)
	123 (13.3)

	   Others
	1096 (17.5)
	421 (16.5)
	107 (16.6)
	377 (17.6)
	191 (20.6)

	BMI at 12-week gestation in the first pregnancy, kg/m2
	23.76 + 4.97
	23.19 + 5.04
	25.36 + 5.44
	23.35 + 4.48
	25.17 + 5.02

	BMI categories at 12-week gestation in the first pregnancy
	
	
	
	
	

	   Underweight (<18.5 kg/m2)
	585 (9.3)
	319 (12.6)
	17 (2.7)
	197 (9.2)
	52 (5.6)

	   Normal weight (18.5-22.9 kg/m2)
	2719 (43.4)
	1209 (47.4)
	242 (37.6)
	974 (45.4)
	294 (31.7)

	   Overweight (23-27.4 kg/m2) 
	1785 (28.5)
	607 (23.8)
	208 (32.3)
	656 (30.6)
	314 (33.9)

	   Obesity (≥27.5kg/m2)
	1175 (18.8)
	413 (16.2)
	176 (27.4)
	319 (14.8)
	267 (28.8)

	BMI at 12-week gestation in the second pregnancy, kg/m2
	24.92 + 5.40
	23.33 + 5.03
	23.35 + 5.27
	25.23 + 4.58
	29.65 + 5.32

	BMI categories at 12-week gestation in the second pregnancy
	
	
	
	
	

	   Underweight (<18.5 kg/m2)
	416 (6.6)
	286 (11.2)
	81 (12.6)
	48 (2.2)
	1 (0.1)

	   Normal weight (18.5-22.9 kg/m2)
	2262 (36.1)
	1210 (47.5)
	302 (47.0)
	694 (32.3)
	56 (6.0)

	   Overweight (23-27.4 kg/m2) 
	1972 (31.5)
	626 (24.6)
	145 (22.6)
	887 (41.3)
	314 (33.9)

	   Obesity (≥27.5kg/m2)
	1614 (25.8)
	426 (16.7)
	115 (17.8)
	517 (24.2)
	556 (60.0)

	Interpregnancy BMI change, kg/m2
	0.97 (-0.04 – 2.21)
	0.19 (-0.25 – 0.59)
	-1.72 (-2.40 – -1.31) 
	1.84 (1.40 – 2.32)
	4.02 (3.45 – 4.95)

	Interpregnancy interval, years
	1.44 (0.89 – 2.19)
	1.39 (0.88 – 2.04)
	1.34 (0.84 – 1.97)
	1.49 (0.89 – 2.27)
	1.61 (0.97 – 2.61)


Data are presented as number (percentage) for categorical variables, and as mean + standard deviation or median (25th – 75th percentiles) for continuous variables. BMI, body mass index.


Table 2. Association between interpregnancy BMI change status and outcomes of second pregnancy.
	
	BMI change status between first two pregnancies

	
	Stable 
	
	Loss 
	
	Moderate gain 
	
	Excess gain 

	
	(-1 to <1 kg/m2)
	
	(>1 kg/m2)
	
	(1 to <3 kg/m2)
	
	(≥3 kg/m2)

	Outcomes of second pregnancy
	n (%)
	
	n (%)
	RR (95% CI)
	
	n (%)
	RR (95% CI)
	
	n (%)
	RR (95% CI)

	Offspring birth weight
	
	
	
	
	
	
	
	
	
	

	   Normal 2.5 to <4 kg
	2341 (92.2)
	
	574 (89.7)
	1.00
	
	1965 (92.0)
	1.00
	
	839 (90.8)
	1.00

	   Low <2.5 kg
	163 (6.4)
	
	55 (8.6)
	1.36 (1.02, 1.80)
	
	136 (6.4)
	1.00 (0.81, 1.25)
	
	57 (6.2)
	0.97 (0.72, 1.31)

	   High ≥4 kg
	35 (1.4)
	
	11 (1.7)
	0.88 (0.46, 1.69)
	
	34 (1.6)
	1.09 (0.68, 1.74)
	
	28 (3.0)
	1.62 (0.97, 2.71)

	Offspring birth size 
	
	
	
	
	
	
	
	
	
	

	   AGA 10 - 90 percentile
	1932 (76.2)
	
	488 (76.2)
	1.00
	
	1583 (74.1)
	1.00
	
	643 (69.7)
	1.00

	   SGA <10 percentile
	206 (8.1)
	
	54 (8.4)
	1.15 (0.87, 1.52)
	
	161 (7.5)
	0.94 (0.78, 1.14)
	
	61 (6.6)
	0.84 (0.64, 1.11)

	   LGA >90 percentile
	399 (15.7)
	
	98 (15.3)
	0.87 (0.72, 1.05)
	
	391 (18.3)
	1.16 (1.03, 1.31)
	
	219 (23.7)
	1.40 (1.21, 1.61)

	Preterm delivery <37 weeks
	
	
	
	
	
	
	
	
	
	

	   No
	2385 (93.6)
	
	592 (92.1)
	1.00
	
	2012 (93.8)
	1.00
	
	863 (93.1)
	1.00

	   Yes
	163 (6.4)
	
	51 (7.9)
	1.08 (0.80, 1.45)
	
	134 (6.2)
	0.96 (0.78, 1.20)
	
	64 (6.9)
	1.07 (0.81, 1.41)

	Gestational diabetes
	
	
	
	
	
	
	
	
	
	

	   No
	2352 (92.3)
	
	580 (90.2)
	1.00
	
	1956 (91.1)
	1.00
	
	806 (86.9)
	1.00

	   Yes
	196 (7.7)
	
	63 (9.8)
	1.04 (0.81, 1.34)
	
	190 (8.9)
	1.25 (1.06, 1.49)
	
	121 (13.1)
	1.63 (1.35, 1.97)

	Mode of delivery
	
	
	
	
	
	
	
	
	
	

	   Vaginal delivery
	1892 (76.7)
	
	541 (74.4)
	1.00
	
	1573 (74.5)
	1.00
	
	718 (74.9)
	1.00

	   Elective Caesarean 
	345 (14.0)
	
	102 (14.0)
	1.01 (0.89, 1.15)
	
	301 (14.3)
	1.02 (0.95, 1.10)
	
	123 (12.8)
	1.04 (0.95, 1.15)

	   Emergency Caesarean
	229 (9.3)
	
	84 (11.6)
	1.09 (0.93, 1.28)
	
	238 (11.3)
	1.16 (1.03, 1.31)
	
	118 (12.3)
	1.14 (1.00, 1.32)


Risk ratios are adjusted for maternal age and BMI at 12-week gestation in the first pregnancy, ethnicity, interpregnancy interval and respective pregnancy outcomes in the first pregnancy. BMI stable (-1 to < 1 kg/m2) serves as the reference group. BMI, body mass index; RR, risk ratio; CI, confidence interval; AGA, appropriate for gestational age; SGA, small-for-gestational-age; LGA, large-for-gestational-age.



Table 3. Association between interpregnancy BMI change status and outcomes of second pregnancy, by weight status at 12-week gestation in the first pregnancy.
	
	
	
	BMI <23 kg/m2
	
	
	
	
	
	BMI ≥23 kg/m2
	
	
	

	
	Loss 
	
	Moderate gain 
	
	Excess gain 
	
	Loss 
	
	Moderate gain 
	
	Excess gain 
	

	
	(>1 kg/m2)
	
	(1 to <3 kg/m2)
	
	(≥3 kg/m2)
	
	(>1 kg/m2)
	
	(1 to <3 kg/m2)
	
	(≥3 kg/m2)
	

	Outcomes of second pregnancy
	RR (95% CI)
	
	RR (95% CI)
	
	RR (95% CI)
	
	RR (95% CI)
	
	RR (95% CI)
	
	RR (95% CI)
	P-interaction

	Offspring birth weight
	
	
	
	
	
	
	
	
	
	
	
	

	
	Low <2.5 kg (vs. Normal 2.5 to <4 kg)
	1.22 (0.79, 1.90)
	
	0.84 (0.63, 1.11)
	
	1.07 (0.72, 1.59)
	
	1.64 (1.09, 2.47)
	
	1.43 (0.99, 2.07)
	
	1.06 (0.66 2.71)
	0.076

	
	High ≥4 kg (vs. Normal 2.5 to <4 kg)
	0.52 (0.07, 4.04)
	
	1.30 (0.56, 3.02)
	
	3.00 (1.17, 7.68)
	
	0.93 (0.46, 1.86)
	
	1.01 (0.58, 1.76)
	
	1.34 (0.74, 2.43)
	0.428

	Offspring birth size 
	
	
	
	
	
	
	
	
	
	
	
	

	
	SGA <10 percentile (vs. AGA 10-90 percentile)
	0.96 (0.63, 1.45)
	
	0.84 (0.67, 1.06)
	
	0.88 (0.62, 1.25)
	
	1.54 (1.02, 2.34)
	
	1.29 (0.91, 1.83)
	
	0.90 (0.58, 1.42)
	0.078

	
	LGA >90 percentile (vs. AGA 10-90 percentile)
	0.73 (0.49, 1.09)
	
	1.16 (0.96, 1.40)
	
	1.67 (1.30, 2.15)
	
	0.88 (0.71, 1.10)
	
	1.13 (0.97, 1.31)
	
	1.23 (1.03, 1.46)
	0.092

	Preterm delivery <37 weeks
	
	
	
	
	
	
	
	
	
	
	
	

	
	Yes (vs. No)
	1.03 (0.65, 1.65)
	
	0.82 (0.60, 1.12)
	
	1.24 (0.81, 1.88)
	
	1.09 (0.74, 1.61)
	
	1.13 (0.83, 1.53)
	
	1.02 (0.71, 1.48)
	0.327

	Gestational diabetes
	
	
	
	
	
	
	
	
	
	
	
	

	
	Yes (vs. No)
	1.22 (0.76, 1.95)
	
	1.11 (0.83, 1.48)
	
	1.77 (1.20, 2.61)
	
	0.99 (0.74, 1.31)
	
	1.27 (1.03, 1.58)
	
	1.50 (1.20, 1.88)
	0.541

	Mode of delivery
	
	
	
	
	
	
	
	
	
	
	
	

	
	Elective Caesarean (vs. vaginal delivery)
	1.10 (0.89, 1.36)
	
	1.09 (0.97, 1.22)
	
	1.09 (0.92, 1.28)
	
	0.97 (0.84, 1.13)
	
	0.97 (0.88, 1.07)
	
	1.02 (0.91 1.16)
	0.348

	
	Emergency Caesarean (vs. vaginal delivery)
	1.34 (0.96, 1.88)
	
	1.31 (1.07, 1.59)
	
	1.35 (1.04, 1.77)
	
	0.98 (0.82, 1.17)
	
	1.06 (0.91, 1.24)
	
	1.05 (0.89, 1.23)
	0.133


Risk ratios are adjusted for maternal age and BMI at 12-week gestation in the first pregnancy, ethnicity, interpregnancy interval and respective pregnancy outcomes in the first pregnancy. BMI stable (-1 to < 1 kg/m2) serves as the reference group. BMI, body mass index; RR, risk ratio; CI, confidence interval; AGA, appropriate for gestational age; SGA, small-for-gestational-age; LGA, large-for-gestational-age.
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