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Introduction

Despite the important clinical significance, limited data on the joint contribution of prepregnancy body mass index (BMI) and gestational weight gain (GWG) to preeclampsia, the second leading cause of maternal mortality worldwide. This study aimed to estimate the risk of preeclampsia by GWG among women with varied prepregnancy BMI.



Methods

We conducted a retrospective cohort study using data of 117 738 singleton pregnant women aged 18–49 years from 150 maternity hospitals in China between 2015 and 2018. GWG was calculated as the measured weight at the time of preeclampsia assessment minus prepregnancy weight; GWG velocity was calculated as the GWG divided by the gestational age at weighing. The non-linear associations of GWG with preeclampsia were examined by restricted cubic spline regression analysis according to prepregnancy BMI. The association of the GWG categories with preeclampsia was further examined by performing robust Poisson regression stratified by the prepregnancy BMI categories.



Results

Among participants, 2426 (2.06%) were diagnosed with preeclampsia. Compared to women with normal BMI, those who were overweight and obese had 1.92- fold (95%CI, 1.73–2.14) and 5.06- fold (95%CI, 4.43–5.78) increased risks for preeclampsia, respectively. The association of GWG velocity with preeclampsia was presented as a J-shaped curve with the varied inflexion point (where the rate of preeclampsia was 2%), which was 0.54, 0.38, and 0.25 kg/week in women with normal BMI, overweight, and obesity, respectively; a steep risk rise was observed along with GWG velocity beyond the inflexion points. The overall adjusted relative risk for preeclampsia was calculated among women with the different GWG categories of GWG.



Conclusions

The findings highlight that high prepregnancy BMI and exceed GWG contributed to increased risk of preeclampsia with a superimposed effect and underscore the need to optimize the recommendations for GWG for women with different prepregnancy BMI.
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Introduction

Preeclampsia, commonly defined as new-onset hypertension and proteinuria after 20 weeks of gestation (1), is the second leading cause of maternal mortality and a major contributor of maternal and perinatal morbidity worldwide (2). Preeclampsia complicates 2–8% of pregnancies (1, 3). Given no known cure for preeclampsia other than delivery, identifying the risk factors is critical for developing prevention strategies to reduce the incidence of preeclampsia and consequent adverse outcomes.

Overweight and obesity, the well documented risk factor for preeclampsia (4–10), has seen a rising trend since 1980 all over the world (11, 12). The World Health Organization (WHO) estimates that the global age-standardized mean body mass index (BMI) increased from 22 kg/m2 in 1975 to 24.6 kg/m2 in 2016 in adult women, with the global age-standardized prevalence of overweight and obesity increased from 22.7% and 6.3% to 39.2% and 15.1% in adult women, respectively (12). In China, the annual increase in age-standardized mean BMI increased 0.09 kg/m² for adult women in 14 years from 2004, leading to virtually identical age-standardized mean BMIs of 24.1 kg/m², overweight prevalence of 36.7% and obesity prevalence of 7.2% in 2018 (13). The rise in mean BMI was faster in women aged 18-29, the main fertility population (13).

Weight gain during pregnancy may vary among pregnant women with different prepregnancy BMI and excessive gestational weight gain (GWG) is more likely to occur in women who are overweight and obese (14). However, the relationship between GWG and preeclampsia is inconclusive due to limited evidence (15, 16). In clinical practice, it is more valuable to estimate the joint contribution of prepregnancy BMI and GWG to the occurrence of preeclampsia (17), but this has rarely been investigated (15, 18). This study therefore aimed to estimate the risk of preeclampsia by gestational weight gain among women with varied prepregnancy BMI, by using data from a retrospective, multicenter cohort data.



Methods


Study design and participants

A prospective cohort study determining the factors of preeclampsia had been conducted at 180 hospitals across 23 provinces in China between 2015 and 2018. Pregnant women who had been registered for antenatal care in the hospitals were recruited to participate. Our study population was drawn from singleton pregnant women aged 18–49 years with preeclampsia assessment at 20–40 weeks in the cohort database. We excluded women with prepregnancy hypertension, diabetes mellitus, and those without available data of height, prepregnancy weight, and gestational weight measurement. Finally, 117 738 pregnant women with required data from 150 maternity hospitals were included (Figure S1).



Prepregnancy BMI and GWG

Prepregnancy BMI was calculated as the self-reported prepregnancy weight in kilograms (kg) divided by height in meters squared measured at the first time of antenatal care. Subsequently, prepregnancy BMI was then classified as underweight [BMI: <18.5 kg/m2], normal weight [BMI: 18.5–23.9 kg/m2], overweight [BMI: 24–27.9 kg/m2], obesity [BMI: ≥ 28 kg/m2] by using the diagnostic criteria in Chinese adults (19).

Pregnant women were weighed at routine antenatal care visits. GWG was calculated as the measured weight at the time of preeclampsia assessment, which was represented by the measured weight at the last assessment time if all preeclampsia assessments (≥1 times) were negative or at the time of being firstly diagnosed with preeclampsia, minus prepregnancy weight. We calculated GWG velocity as the GWG divided by gestational age at weighing, in order to account for that greater weight gain may be observed at later measurement. Given no previously-published data of BMI-specific weight-gain-for-gestational-age for Chinese population, this is a reasonable approach because previous studies have shown that weight gain during pregnancy is roughly linear (20).



Diagnosis on preeclampsia

Preeclampsia assessment had been conducted by obstetricians in the original prospective cohort by using the criteria recommended by the Chinese Society of Obstetrics and Gynecology (21). Preeclampsia cases were identified if a woman had new onset hypertension at or after 20 weeks of gestation, accompanied by one of the following: proteinuria, other maternal organ dysfunction (including heart, lung, liver, kidney), or hematological, digestive, and neurological involvement, and/or uteroplacental dysfunction (21).



Covariates

Covariates including year, geographical region, age, ethnic origin, education, Hukou (urban residents, rural residents, or rural-to-urban migrants), mode of conception, and primigravida were drawn from medical records.



Statistical analysis

Age was described as mean and standard deviation (SD) and comparisons between women with preeclampsia and those without preeclampsia were performed using the Student’s t test. Categorical variables, including year, region, ethnic origin, education, hukou, mode of conception, and primigravida, were described as counts with percentages and comparisons in the two groups were performed using Chi-squared test.

GWG (<6.5, 6.5–9.9, 10.0–13.4, 13.5–16.9, 17.0–19.9, and ≥ 20.0 kg) and GWG velocity (<0.23, 0.23–0.32, 0.33–0.42, 0.43–0.52, 0.53–0.59, ≥0.60 kg/week) were divided into six groups according to the 25th, 50th, 75th, 90th, and 95th percentiles. The incidence of preeclampsia was calculated within each combination of prepregnancy BMI categories and GWG or GWG velocity categories.

The non-linear associations of GWG and GWG velocity with preeclampsia were examined by employing logistic regression models with restricted cubic splines. GWG and GWG velocity were modelled using restricted cubic splines; knots were determined according to the principle of minimized Akaike Information Criterion (AIC) (22). Sensitivity analyses were performed by adjusting for different covariates. Model 1 adjusted for no covariate. Model 2 adjusted for the covariates. Model 3 additionally adjusted for prepregnancy BMI. Similar methods were used to determine the association of prepregnancy BMI with preeclampsia and GWG velocity were additionally adjusted for in model 3. We also determined the association of GWG and GWG velocity with preeclampsia given prepregnancy BMI categories (underweight, normal weight, overweight, and obesity) by employing logistic regression models with restricted cubic splines which adjusted for covariates as model 2. Predicted absolute probabilities of preeclampsia with 95% confidence intervals (CIs) were calculated with respect to prepregnancy BMI, GWG and GWG velocity based on these models.

The associations were further examined by performing multivariable robust Poisson regression models, in which the categorical variables of GWG/GWG velocity and prepregnancy BMI were used. We also performed a stratified analysis by the prepregnancy BMI categories. All models adjusted for the covariates. Relative risks (RRs) and the 95% CIs were calculated by these models.

All statistical analyses were performed with SAS software, version 9.0 and the R statistical software, version 3.6.2. A two-tailed P-value < 0.05 was considered statistically significant.




Results

Among 117 738 pregnant women (mean [SD] age, 28.9 [4.4] years) included in the study, 2426 (2.06%) were diagnosed with preeclampsia (Table 1). The incidence of preeclampsia was 1.63% in women with underweight, 1.80% in women with normal weight, 2.82% in women with overweight, and 6.68% in women with obesity. The incidence of preeclampsia was 1.64%, 1.43%, 1.61%, 2.22%, 3.85% and 7.45% in women with pregnancy weight gain of < 0.23, 0.23 – 0.32, 0.33 – 0.42, 0.43 – 0.52, 0.53 – 0.59 and ≥ 0.60 kg/week. The incidence ranged from 1.33% to 45.86% for preeclampsia in all combinations of prepregnancy BMI categories and GWG velocity categories; it increased across the full range of GWG velocity categories from the group of < 0.23 kg/week to the group of ≥ 0.60 kg/week (Figure 1). Similar association were found in combinations of prepregnancy BMI categories and GWG categories (Figure S2).


Table 1 | Basic characteristics of participants.






Figure 1 | Incidence of preeclampsia within each combination of prepregnancy BMI categories and categories of gestational weight gain velocity. BMI, body mass index.



Using restricted cubic spline regression analysis, we found that the association of prepregnancy BMI with the risk of preeclampsia is presented as an inverse L-shaped curve with an inflexion point at 24 kg/m2; higher prepregnancy BMI was associated with increased risk of preeclampsia beyond the inflexion point (Figure 2A). Adjusting for different covariates did not substantially influence the estimates (Figure S3A). The results of multivariable adjusted robust Poisson regression show that compared with women with normal weight, those who were overweight and obese had 1.92- fold (95%CI, 1.73–2.14) and 5.06- fold (95%CI, 4.43–5.78) increased risks for preeclampsia, respectively (Table 2). There was no significant difference in the risk of preeclampsia between pregnant women with underweight and those with normal weight. Sensitivity analyses adjusting for different covariates indicate the robustness of estimates (Table 2).




Figure 2 | Predicted preeclampsia probabilities with respect to prepregnancy BMI and gestational weight gain velocity. Data are from China, 2015 to 2018. Predicted preeclampsia probabilities with 95% CIs were calculated with respect to prepregnancy BMI (A) and gestational weight gain velocity (B) by performing logistic regression models with restricted cubic splines. Models adjusted for year, age, education, ethnic origin, region, Hukou, assisted reproductive technology, primigravida, and prepregnancy BMI (in Figure 2B)/gestational weight gain velocity (in Figure 2A). Predicted preeclampsia probabilities with 95% CIs were also calculated (C) with respect to gestational weight gain velocity given varied prepregnancy BMI (underweight, normal weight, overweight, and obesity), by using performing logistic regression models with restricted cubic splines which adjusted for year, age, education, ethnic origin, region, Hukou, assisted reproductive technology, and primigravida. BMI, body mass index. GWG.V, gestational weight gain velocity. Prob., predicted preeclampsia probability.




Table 2 | Adjusted relative risks (95% CI) for preeclampsia according to prepregnancy BMI.



The associations between GWG velocity and the risk of preeclampsia present a J-shaped curve with the lowest risk of less than 2% at GWG velocity of -0.14–0.44 kg/week and a sharply increased risk with GWG velocity beyond the GWG velocity range, according to restricted cubic spline regression analysis (Figure 2B). Adjusting for different covariates did not substantially influence the estimates (Figure S3B). Multivariable robust Poisson regression show that higher pregnancy weight gain velocity was associated with increased risks of preeclampsia. The adjusted relative risk was 1.20 (95%CI, 1.05–1.36), 1.55 (95%CI, 1.35–1.79), 2.73 (95%CI, 2.32–3.22), and 4.87 (95%CI, 4.27–5.56) in women with GWG velocity of 0.33–0.42, 0.43–0.52, 0.53–0.59, and ≥ 0.60 kg/week, respectively, compared with women with GWG of 0.23–0.32 kg/week (Table 3).


Table 3 | Adjusted relative risks (95% CI) for preeclampsia according to GWG velocity stratified by prepregnancy BMI.



According to the results of stratified analysis using restricted cubic spline regression, the association of GWG velocity with preeclampsia was also presented as a J-shaped curve with the varied inflexion point (where the risk of preeclampsia was 2%) in women who were normal weight (0.54 kg/week), overweight (0.38 kg/week), and obese (0.25 kg/week); a steep rise in the risk of preeclampsia was observed along with GWG velocity beyond the inflexion points (Figure 2C). Multivariable robust Poisson regression show that, after adjusting for confounders, higher GWG velocity beyond the inflexion points was associated with increased risks of preeclampsia in women who were normal weight, overweight, and obese (Table 3). No significant association was observed between GWG velocity and the risk of preeclampsia in women with underweight. Similar association were found when employing the variable “GWG” (Table S1 and Figure S3C-D).



Discussion

In this large cohort, we found that prepregnancy overweight and obesity was strongly associated with preeclampsia. Furthermore, the J-shaped association of GWG velocity with the risk of preeclampsia was observed in women with prepregnancy BMI of ≥ 18.5 and a sharply increased risk was observed with higher pregnancy weight gain velocity beyond the inflexion point, which varied in women who were normal weight, overweight, and obese. Our findings highlight the joint contribution of prepregnancy BMI and GWG to the occurrence of preeclampsia.

Consistent with previous findings, our study confirmed that pregnant women who were overweight and obese had a higher risk of preeclampsia while women with underweight had a lower or similar risk compared to those with normal BMI (5–7, 9, 10, 23). To date, there are few studies that have investigated the association between GWG and preeclampsia, especially given varied prepregnancy BMI (24). Our study supports evidences from previous observations (10, 15, 17, 25), and contribute to a deeper understanding of the association. We found that for women with prepregnancy BMI ≥ 18.5, the association of GWG velocity with preeclampsia was presented as J-shaped curve and the risk of preeclampsia increased along with GWG beyond a threshold. Higher prepregnancy BMI and GWG not only resulted in higher risk of preeclampsia independently, but also had superimposed effect (15, 26–30). An overweight and obese prepregnancy BMI coupled with excessive GWG resulted in a multiplicative increase in the risk of preeclampsia.

Notably, the threshold for GWG for preeclampsia morbidity was lower as prepregnancy BMI increased. In our study, the threshold of GWG, beyond which risk of preeclampsia increased, was 0.54, 0.38, and 0.25 kg/week in women who were normal weight, overweight, and obese, respectively. The thresholds are consistent with the upper limit of GWG recommended by Chinese Nutrition Society in pregnant women with corresponding prepregnancy BMI (31). As recommended in Weight Monitoring and Evaluation during Pregnancy Period of Chinese Women by Chinese Nutrition Society (31), the mean (range) of GWG was 0.46 (0.37–0.56), 0.37 (0.26–0.48), 0.30 (0.22–0.37), and 0.22 (0.15–0.30) kg/week in women with underweight, normal weight, overweight, and obesity during the second and third trimester of pregnancy, respectively. The findings further confirm the important influence of BMI and GWG on pregnancy outcome.

We found no significant association between GWG and the risk of preeclampsia in women with prepregnancy underweight BMI. There is little published data on this association and existing studies offer contradictory findings (10, 32, 33). A population-based cohort survey of 98,820 women with singleton pregnancies in Slovenia found that excessive GWG was associated with increased odds of preeclampsia in all pre-pregnancy BMI categories, especially in underweight women (33). However, in an individual participant data meta-analysis of 265 270 pregnancies from 39 cohorts in Europe, North America, and Oceania, the significant association between GWG and preeclampsia risk in pregnant women with underweight was not found (10). More research on this topic is needed. In addition, insufficient gestational weight gain was found to be associated with increased risk of preeclampsia among women with normal weight in our study. The result was supported by a retrospective study showed that low GWG could lead to severe maternal morbidity, including eclampsia postpartum (24). Unfortunately, we did not distinguish the types of preeclampsia and weight gain in different pregnancy period. A cohort study of 62705 nulliparous women from Sweden indicates that higher GWG was much more strongly associated with late-onset preeclampsia than early-onset preeclampsia (16).

The mechanism by which prepregnancy obesity and excessive GWG result in preeclampsia had not been fully clarified, but studies suggested that oxidative stress may play an important role in the pathogenesis. High prepregnancy BMI and excessive GWG might increase the level of oxidative stress, induce systemic inflammation and accelerate damage to vascular endothelial cells, resulting in preeclampsia (15, 34–36). Pregnant women with normal prepregnancy BMI and low GWG might be accompanied by insufficient intake of essential nutrients such as antioxidant vitamins and calcium, which would increase the risk of preeclampsia (37–41).

This finding has important implications for developing weight management strategies before and during pregnancy. Controlling excessive GWG was recommended to reduce the risk of preeclampsia for women with prepregnancy BMI of ≥ 18.5, although the idea needs confirmation by RCTs. Our finding that the association of GWG velocity with preeclampsia was presented as a J-shaped curve with the varied inflexion point in women with normal weight, overweight, and obesity underscores the need to optimize the recommendations for weight gain during pregnancy for different BMI groups to reduce the risk of preeclampsia. The recommendation is consistent with the GWG recommendation of the Chinese Nutrition Society (31). For women who are overweight and obese, reducing weight before pregnancy can help reduce the incidence of preeclampsia, which was supported by a cohort study of 436,414 women with singleton gestations (42).

Our study has several limitations. The prepregnancy weight and height was self-reported by pregnant women, which would lead to exposure misclassification, However, previous findings indicate that self-reported prepregnancy weight can be used for calculation of BMI and GWG when an early measurement of weight during pregnancy is not available (43). Additionally, because there are not pregnant weight gain z-score charts for Chinese women, we used GWG velocity to induce bias caused by the inherent correlation between weight gain and gestational duration (longer pregnancies have more opportunity to gain weight). However, it may do not eliminate the bias to an adequate extent. Finally, we failed to collect information of other risk factors of preeclampsia, such as smoking which has an estimated prevalence of 2.2% in Chinese women (44); and also failed to collect the indicators of preeclampsia, such as blood pressure.



Conclusion

In conclusion, we found that high prepregnancy BMI and exceed GWG contributed to increased risk of preeclampsia with a superimposed effect. Prepregnancy overweight and obesity was strongly associated with preeclampsia. Furthermore, the J-shaped association of GWG velocity with the risk of preeclampsia was observed in women with prepregnancy BMI of ≥ 18.5 and a steep rise in the risk of preeclampsia was observed along with higher GWG velocity beyond the inflexion point, which was 0.54, 0.38, and 0.25 kg per week in women with normal weight, overweight, and obesity, respectively. Reducing weight before pregnancy and controlling excessive GWG are recommended for women who are overweight and obese to reduce the risk of preeclampsia. Our findings also underscore the need to optimize the recommendations for GWG for women with different prepregnancy BMI.
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1.00 [Reference]
1.92 (1.73, 2.14)
5.06 (4.43, 5.78)

Model B

p value

0.246

<0.001
<0.001

CI, confidence interval. Data are from China, 2015 to 2018. Adjusted relative risks (95% CI) for preeclampsia were calculated with respect to prepregnancy BMI groups by performing robust
Poisson regression models. Model A adjusted for basic characteristics of women, including year, region, age, education, ethnic origin, Hukou, assisted reproductive technology, and

primigravida,. Model B additionally adjusted for gestational weight gain velocity.
Bold values of RRs with 95%Cls and P-values were statistically significant.
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