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Abstract

Objective This study aimed to evaluate the nonlinear associations between prepregnancy body mass index(BMI),
gestational weight gain(GWG), and the risk of preeclampsia(PE) using maternal and infant cohort data, thereby
providing a scientific foundation for preventive strategies.

Methods Pregnant women with regular obstetric checkups in Urumai Youai Hospital were selected as study subjects
from January 2020 to June 2024. They were divided into the PE group and the non-PE group. Baseline information
and pregnancy outcomes were collected, and logistic regression analysis was employed to ascertain the impacts of
diverse factors on the odds of developing PE; the restricted cubic spline was used to test the nonlinear relationship
between prepregnancy BMI and GWG with PE.

Results 13,294 pregnant women were included in the study, and 559 (4.20%) had PE.The prevalence of PE in
underweight, normal-weight, overweight, and obese women was 1.72%, 2.85%, 6.60%, and 16.05%, respectively.
However, after adjusting for confounders, only overweight and obesity were significantly associated with elevated
PE odds. Logistic regression results showed that the OR was 1.68(95% Cl:1.30-2.18) for the comparison between
overweight and normal BMI groups, the OR was 3.16(95%Cl:2.08-4.79) for the comparison between obesity and
normal BMI groups. Restricted cubic spline showed that the association between prepregnancy BMI and the odds of
PE showed an inverse L-shaped curve, with an inflection point of 21.5 kg/m? the association between GWG and the
odds of PE showed a J-shaped curve, with a GWG of 10.94-15.90 kg being at the lowest odds for the development
of PE. For pregnant women with prepregnancy underweight, the odds of PE were significantly increased when their
GWG exceeded 21.63 kg. Similarly, for those with prepregnancy normal weight, a significant elevation in the odds of
PE was observed when their GWG surpassed 15.90 kg.

Conclusion There is a non-linear relationship between prepregnancy BMI, GWG, and PE, and prepregnancy weight
management and gestational weight monitoring are important for the prevention of PE.
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Introduction

Preeclampsia(PE) is a pregnancy-specific syndrome that
typically manifests with hypertension and proteinuria
after the 20th week of gestation. However, in some cases,
it can present without proteinuria but with evidence of
end-organ dysfunction [1]. Its global prevalence ranges
from approximately 2—-8%, contributing significantly to
maternal and infant mortality and increasing the long-
term risk of chronic diseases [2]. The etiology of this
complex disease remains elusive due to its multifacto-
rial nature [3]. Numerous studies have demonstrated a
strong correlation between a high prepregnancy body
mass index(BMI) and the development of preeclamp-
sia [4-7], and excessive gestational weight gain(GWGQG)
may also heighten the risk [8, 9].There may be a complex
dose-response relationship between gestational weight
gain and preeclampsia, and further research is needed
to determine the specific weight gain ranges and odds
thresholds.Restricted Cubic Spline(RCS) Modeling allows
for a more flexible fit of the data by using cubic splines.
By dividing the range of the predictor variable(e.g., ges-
tational weight gain) into intervals and fitting a cubic
polynomial within each interval, it can capture the non-
linear trends in the data more accurately. In clinical
practice, assessing the impact of gestational weight gain
on the development of preeclampsia in individuals with
different prepregnancy BMI is more valuable, yet this
area has been seldom explored.This study utilized data
from a maternal-infant cohort and applied RCS model-
ing.The primary aim was to precisely quantify the non-
linear associations between gestational weight gain and
the odds of preeclampsia among pregnant women strati-
fied by different prepregnancy BMI categories.The study
intends to offer an evidence-based, accurate scientific
basis for formulating personalized and effective preven-
tion strategies against preeclampsia tailored to women
with diverse prepregnancy BMI.

Information and methods

Information

This study enrolled subjects who underwent regular
obstetric examinations and were documented at Urumgi
Youai Hospital from January 2020 to June 2024. Partici-
pants were categorized into PE and non-PE groups based
on the occurrence of PE. The inclusion criteria were as
follows: (1)Diagnosis of PE by the “Guidelines for the
Diagnosis and Treatment of Hypertensive Disorders
in Pregnancy (2020)”; (2)Singleton pregnancy; (3)Age
range of 18-49 years; (4)Absence of other pregnancy
complications and no other concurrent complications or
comorbidities during pregnancy. The exclusion criteria

included: (1)Prepregnancy neurological disorders, infec-
tious diseases, immunological disorders, and a history
of hypertension, hyperlipidemia, other cardiovascu-
lar diseases, kidney diseases, and other conditions; (2)
Incomplete basic information. Data collected included
participants’ names, ethnicity, age, diagnosis, height,
prepregnancy weight, primiparity, assisted reproductive
technology(ART), pre-delivery weight, mode of delivery,
newborn gender, newborn weight, one-minute Apgar
scores, and contact phone numbers. Ethical approval
for this study was granted by the Ethics Committee of
Urumgi Youai Hospital(approval number: WLMQY-
ALL2022003), and all participants provided written
informed consent.

The Prepregnancy BMI and GWG were determined
using standard anthropometric calculations based on the
pregnant women’s prepregnancy height and weight, as
well as their weight at the time of delivery. The prepreg-
nancy BMI was calculated by dividing the self-reported
prepregnancy weight in kilograms by the square of the
height in meters, as measured during the initial prenatal
care visit. Gestational weight gain was defined as the dif-
ference between the weight at delivery and the prepreg-
nancy weight. According to the recommended value of
weight gain of pregnant women(WS/T 801-2022), the
prepregnancy BMI was classified into three categories:
Underweight: BMI<18.5 kg/m?* Normal weight: BMI
18.5-23.9 kg/m*Overweight: BMI 24-27.9 kg/m? Obe-
sity: BMI>28 kg/m®.

Statistical analysis

Data processing and analysis were performed using J]MP
14.0 and R version 4.4.0. Data conforming to a normal
distribution were presented as mean *standard devia-
tion, and comparisons between two independent samples
were performed using the independent samples ¢-test.
For data that did not conform to a normal distribution,
results were expressed as median and interquartile ranges
(Pys, Py5), and comparisons between two independent
samples were conducted using the nonparametric Mann-
Whitney U test. Categorical data were described by the
number of cases and the corresponding proportions (n,
%), with group comparisons made using the chi-squared
(x?) test.To explore the nonlinear relationship between
prepregnancy BMI, GWG, and the odds of PE, a logistic
regression model incorporating restricted cubic splines
was employed. The P value of <0.05 was considered sta-
tistically significant.



Zhang et al. BMC Pregnancy and Childbirth (2025) 25:360

Results

Comparison of baseline characteristics and pregnancy
outcomes

A directed acyclic graph (DAG) was constructed to
identify potential confounders for PE (Fig. 1). Variables
included prepregnancy BMI, GWG, ethnicity, maternal
age, primiparity, and ART.

A total of 13,294 pregnant women were enrolled in this
study, comprising 559 women with PE(4.20%) and 12,735
women in the non-PE group(95.80%). The incidence of PE
varied across different BMI categories:1.72% in women
with underweight, 2.85% in women with normal weight,
6.60% in women with overweight, and 16.05% in women
with obesity. Significant differences were observed in the
distribution of prepregnancy weight, prepregnancy BMI,
primiparity, ART, GWG, mode of delivery, one-minute
apgar score, and neonatal birth weight across the PE and
non-PE groups(P<0.05). These findings are detailed in
Table 1.

Multivariable logistic regression analysis for PE

The multivariable logistic regression model (Table 2) was
adjusted for ART, primiparity, prepregnancy BMI, GWG,
and cesarean delivery. These variables were selected
based on univariate significance(P<0.10) or established
relevance to PE odds in prior literature.The conditional
forward selection method was employed to derive the
logistic regression equations, and the odds ratios(ORs)
along with their 95% confidence intervals(Cls) were
calculated. The results, presented in a forest plot, indi-
cated the following: Each unit increase in prepregnancy
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weight was associated with a 4% increase in the odds of
PE(OR =1.04, 95%CI: 1.03-1.05),and each unit increase
in GWG was associated with a 7% increase in the odds
of PE(OR =1.07, 95%CI: 1.05-1.08).The OR was 2.12(95%
CIL: 1.33-3.37) for the comparison between pregnant
women using ART and those not using such technology.
The OR was 1.92(95% CI: 1.55-2.36) for the comparison
between primiparous women and multiparous women.
The OR was 1.68(95% CI: 1.30-2.18) for the comparison
between overweight pregnant women and normal weight
pregnant women.The OR was 3.16(95% CI: 2.08-4.79)
for the comparison between obese pregnant women and
normal weight pregnant women.Prepregnancy BMI,
weight gain, uyghur ethnicity, primiparity, and cesarean
section were found to be significantly and positively asso-
ciated with the odds of PE. Further details are provided in
Table 2; Fig. 2.

RCS of prepregnancy BMI and GWG with PE
Employing restricted cubic spline regression analysis
with four knots, we modeled the relationship between
prepregnancy BMI and the odds of preeclampsia, adjust-
ing for ethnicity, use of assisted reproductive technol-
ogy, and primiparity.The spline curve revealed an inverse
L-shaped association, with an inflection point at a pre-
pregnancy BMI of 21.5 kg/m* Beyond this threshold,
there was a significant increase in the odds of preeclamp-
sia for each additional unit increase in BMI (Fig. 3a).

The relationship between GWG and the risk of pre-
eclampsia was J-shaped, indicating that the lowest odds
of preeclampsia was observed when GWG ranged from

e Primiparity @—@

Fig. 1 Adirected acyclic graph to identify potential confounders (DAG illustrating causal pathways. Red arrows: direct effect; blue arrows: indirect effect)
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Table 1 Comparison of baseline information and pregnancy outcomes in different groups of pregnant women
Variables Total (n=13294) Non-preeclampsia (1=12735) Preeclampsia(n=559) Statistic P
Year, No. (%) X=9.34 0.053
2020 984 (7.40) 951 (7.47) 33(5.90)
2021 2559 (19.25) 2455 (19.28) 104 (18.60)
2022 9(33.99) 4341 (34.09) 178 (31.84)
2023 3588 (26.99) 3434 (26.97) 154 (27.55)
2024 1644 (12.37) 1554 (12.20) 90 (16.10)
Height, Mean+SD 163.04+536 163.04+533 163.13£5.93 t=-0.36 0718
Age, M (P,s, Pys) 30.00 (28.00, 33.00) 30.00 (28.00, 32.00) 30.00 (27.00, 33.00) 7=-151 0.130
Prepregnancy weight, M (P,s, P5) 57.00 (52.00, 63.50) 57.00 (52.00, 63.00) 64.00 (57.00, 74.00) 7=-15.00 <0.001
GWG, M (Py5, P55) 15.80 (12.50, 19.00) 15.60 (12.50, 19.00) 16.70 (13.00, 21.00) /=-4.36 <0.001
Prepregnancy BMI, M (P,s, P55 48(19.61,23.83) 0(19.57,23.67) 24.09 (21.63,27.81) 7=-16.64 <0.001
Prepregnancy BMI, n (%)
Underweight [BMI < 18.5] 1567 (11.79) 1540 (12.09) 27 (4.83) x’=386.83 <0.001
Normal [18.5 <BMI < 24] 8558 (64 37) 8314 (65.28) 244 (43.65)
Overweight [24 < BMI < 28] 2334 (17.56) 17.12) 154 (27.55)
Obesity [BMI > 28] 835 (6.28) 701 ( .50) 134 (23.97)
Assisted reproductive technology, n(%) X=1351  <0.001
yes 249 (1.87) 227 (1.78) 22 (3.94)
no 13,045 (98.13) 12,508 (98.22) 537 (96.06)
Primigravida, n(%) X=27.14 <0001
No 4341 (32.65) 4215 (33.10) 126 (22.54)
Yes 8953 (67.35) 8520 (66.90) 433 (77.46)
Mode of delivery, n(%) X’=185.94 <0001
Cesarean section 6784 (51.03) 6341 (49.79) 443 (79.25)
Vaginal delivery 6510 (48.97) 6394 (50.21) 116 (20.75)
Gender, n(%) x°=1.60 0.206
Male 6840 (51.45) 6567 (51.57) 273 (48.84)
Female 6454 (48.55) 6168 (48.43) 286 (51.16)
Weight, M(Pys, Ps) 3380.00 (3100.00, 3660.00) 3380.00 (3110.00, 3670.00) 3170.00 (276250, 3540.00) Z=-10.53 <0.001
Score, n(%) x=1287 <0.001
Below 7 135 (1.02) 121 (0.95) 14 (2.50)
8-10 13,159 (98.98) 12,614 (99.05) 545 (97.50)

t: t-test, Z- Mann-Whitney test, x% Chi-square test

10.94 to 15.90 kg (Fig. 3b). For underweight pregnant
women(prepregnancy BMI<18.5 kg/m?), it is the GWG
reaching above 21.63 kg that is associated with an ele-
vated odds of preeclampsia.The odds of PE was signifi-
cantly increased in normal-weight pregnant women with

GWG exceeding 15.90 kg. (Fig. 3¢).

Discussion

Despite the global decline in maternal mortality rates, PE
continues to be a leading cause of maternal and neona-
tal mortality. Over the past half-century, there has been
a lack of significant advancements in the prevention or
treatment of PE [10]. Prepregnancy BMI is acknowledged
as a significant risk factor for the development of PE. This
study employed restricted cubic spline analysis to explore
the impact of prepregnancy BMI and GWG on the odds
of PE in the Xinjiang, providing a theoretical basis for the
early prediction of PE.

Influencing factors of PE
Women who utilized ART were found to have a significantly
increased odds of PE in both univariate(OR =2.26) and mul-
tivariate analyses(OR =2.12), suggesting that ART may be an
independent odds factor for the condition. The Hui Ju Chih
study reported a higher relative risk of developing gesta-
tional hypertension among singleton pregnant women who
used ART compared to those who conceived naturally(OR
1.70; 95%CI 1.60-1.80) [11]. Potential mechanisms under-
lying this association include epigenetic alterations leading
to abnormal placentation, the absence of luteinizing factors,
and immune responses to homozygous gametes [12].
Primiparous women also demonstrated significantly
increased odds of PE in both univariate and multivariate
analyses(OR=1.70 and 1.92). While studies consistently
identify primiparity as a prevalent susceptibility factor for
PE, the underlying reasons remain elusive. One hypothesis
posits that the immune system of primiparous women, hav-
ing had limited exposure to paternal antigens from the fetus,
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Table 2 Results of single-factor and multifactor logistic regressions
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Variables Single factor analysis Multifactor analysis
B S.E z P OR (95%Cl) B S.E Y4 P OR (95%Cl)

Ethnic origin

Han 1.00 (Reference) 1.00 (Reference)

Hui 024 014 173 0084  1.28(097~168) 013 015 087 0386  1.14(0.85~151)

Other ethnic minorities 0.49 0.22 228 0.023 1.64(1.07~2. SO) 042 0.22 1.89 0.059 1.53(0.98~237)

Uyghur 0.89 0.16 5.67 <0.001 242 (1.78~3.29) 0.76 0.16 461 <0.001 2.14(1.55~2.96)
Assisted reproductive technology

no 1.00 (Reference) 1.00 (Reference)

yes 0.81 023 358 <0.001 226(145~353) 075 024 317 0002  212(1.33~337)
Primigravida

no 1.00 (Reference) 1.00 (Reference)

yes 053 010 515 <0.001 1.70(1.39~208) 065  0.11 608  <0.001 1.92(1.55~2.36)
Prepregnancy BMI

Normal 1.00 (Reference) 1.00 (Reference)

Underweight -052 020  -252 0012  060(040~089) -021 022 -097 0333 81(0.53~1.24)

Overweight 0.88 (AN 8.31 <0.001 41 (1.96~2.96) 0.52 0.13 391 <0.001 1.68(1.30~2.18)

Obesity 1.87 0.11 16.37 <0.001 1(5.20~8. 15) 1.15 0.21 541 <0.001 3.16 (2.08~4.79)
Prepregnancy weight 0.06 0.00 18.12 <0.001 1.07 (1.06~1.07) 0.04 0.01 5.96 <0.001 1.04(1.03~1.05)
GWG 0.04 0.01 4.62 <0.001 1.04 (1.02~1.06) 0.06 0.01 792 <0.001 1.07 (1.05~1.08)

OR: Odds Ratio, CI: Confidence Interval

Adjusted for ethnicity, ART, primiparity, cesarean delivery, prepregnancy BMI, and GWG

may lack the necessary desensitization, potentially contrib-
uting to the pathogenesis of PE [13]. This may relate to pri-
miparous women’s adaptation to the physiological changes
of pregnancy, placental formation, and maternal vascular
adaptations.

The rate of cesarean delivery was markedly higher in
the preeclamptic group than in the non-preeclamptic
group, possibly due to the increased risk that PE poses to
both the mother and fetus. Physicians may opt for cesar-
ean delivery to mitigate complications during labor [14].
Additionally, both birth weight and apgar scores were
significantly lower in the PE group compared to the non-
PE group, echoing the findings of Melek Biiyiikeren et al.
[15]. The median and interquartile range of birth weight
in the PE group were notably lower than those in the con-
trol group(1540(960 g, 1920 g) vs. 3135(2850 g, 3440 g)),
indicating that PE may adversely affect fetal growth,
development, and postnatal health status.

While the incidence of PE was numerically lower in
underweight women(1.72%) compared to normal-weight
women(2.85%), this difference was not statistically sig-
nificant in adjusted analyses(OR =0.81,95%CI:0.53—1.24).
This suggests that prepregnancy underweight status,
as defined in our cohort, may not independently influ-
ence PE odds. Further studies with larger sample sizes
are needed to explore this relationship.In contrast, over-
weight and obese women had significantly increased
odds of PE(OR=1.68, 95%CI:1.30-2.18 and OR=3.16,
95%CI:2.08—-4.79, respectively; P<0.001 for both).Both
prepregnancy weight and GWG were positively cor-
related with the odds of PE. For each unit increase

in prepregnancy weight, the odds of PE increased by
4%(OR =1.04), and for each unit increase in GWG@G, the
odds increased by 7%(OR =1.07).Other studies also sup-
port that prepregnancy overweight and excessive GWG
are independently associated with an increased odds of
PE [16]. This may be related to metabolic and vascular
adaptive changes caused by weight gain. Overweight/
obesity is considered a chronic inflammatory disease,
which can increase the levels of plasma C-reactive pro-
tein and certain inflammatory cytokines [17].The meta-
bolic and biochemical disturbances associated with
overweight and obesity lead to an increase in neutrophils,
releasing toxic compounds(i.e. reactive oxygen species
and myeloperoxidase), capable of attacking and destroy-
ing the integrity of vascular endothelial cells. This mecha-
nism ultimately leads to the clinical symptoms of PE [2].
The study emphasizes the importance of prepregnancy
weight management in the prevention of PE.

Results of RCS analysis

This study demonstrates that the relationship between pre-
pregnancy BMI and the odds of PE is not a straightforward
linear increase or decrease; rather, the odds significantly
escalate after reaching a specific BMI threshold. Specifically,
prepregnancy BMI < 21.5 kg/m® may appears to offer more
protection against PE, suggesting that risk factors may not
be significantly activated at this level. Conversely, beyond
this threshold, the odds of PE increase markedly with each
unit increase in BMIL This phenomenon may be linked to
obesity-related physiological changes, such as inflamma-
tion, insulin resistance, and endothelial dysfunction, which
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Variables OR (95%CI) P
Ethnic origin

Han 1.00 (Reference) L

Hui 1.14 (0.85 ~ 1.51) 0.386

Other ethnic minorities 1.53 (0.98 ~ 2.37) I 0.059

Uyghur 2.14 (1.55 ~ 2.96) <.001
Assisted reproductive technology

No 1.00 (Reference) [

Yes 2.12(1.33 ~ 3.37) - 0.002
Primigravida

No 1.00 (Reference) [

Yes 1.92 (1.55 ~ 2.36) <.001
Prepregnancy BMI

Normal 1.00 (Reference) [

Underweight 0.81 (053 ~1.24) rm 0333

Overweight 1.68 (1.30 ~ 2.18) <.001

Obesity 3.16 (2.08 ~ 4.79) <.001

Prepregnancy weight
Gestational weight gain

1.04 (1.03 ~ 1.05)
1.07 (1.05 ~ 1.08)

<.001
<.001

Fig. 2 Forest plot of multifactor logistic regression analysis

can promote the development of PE [18].The inflection
point identified in the study by Xiaoli Gong was 24 kg/m?,
which supports our findings [19]. Women with a prepreg-
nancy BMI above 21.5 kg/m® should adopt more proactive
weight management and health interventions to mitigate
the odds of PE.

Additionally, the odds of PE was found to be lowest
when GWG between 10.94 and 15.90 kg. This range likely
reflects a better nutritional balance for both the pregnant
woman and the fetus, avoiding both malnutrition and
excessive weight gain, thereby reducing the odds of PE.
Exceeding this range, particularly with excessive GWG,
may heighten the odds of PE. This is potentially due to
physiological stresses associated with excessive weight
gain, such as increased adipose tissue that releases more
inflammatory factors and adversely affects vascular func-
tion [20]. A population-based cohort study in Slovenia
identified high GWG as a significant risk factor for PE,
especially among underweight women, while low GWG
served as a protective factor for obese women [9].These
findings underscore the critical importance of managing

I 2 3 4
OR (95%CI)

prepregnancy BMI and GWG in the prevention of PE.
Effective weight control strategies before and during
pregnancy should be considered essential to reduce the
odds of developing this condition.

The subgroup analysis examining the impact of GWG in
pregnant women across various prepregnancy BMI catego-
ries revealed significant findings.For pregnant women with
prepregnancy underweight, the odds of PE was significantly
increased when their GWG exceeded 21.63 kg. Similarly,
for those with prepregnancy normal weight, a significant
elevation in the odds of PE was observed when their GWG
surpassed 10.94 kg These thresholds suggest that the inter-
play between prepregnancy BMI and GWG is crucial in
determining the odds of PE.A study from Reunion Island,
which tracked 57,000 singleton pregnancies over 18.5 years,
demonstrated an independent association between opti-
mal GWG and late-onset PE. This association was charac-
terized by a reduced risk of late-onset PE, with a corrected
odds ratio of 0.74, P=0.004 [21]. Interestingly, the effect of
optimal GWG was more pronounced and linear in over-
weight and obese patients, indicating a stronger influence of
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Fig. 3 Restricted cubic spline graphs of prepregnancy BMI (a), gestational weight gain (b), and gestational weight gain at different prepregnancy body
mass index (underweight, normal weight, overweight, and obesity) subgroups (c) in relation to the odds of preeclampsia

GWG on PE risk in these groups [22].The metabolic status
of mothers before and early in pregnancy has been shown
to influence early placental function and gene expression.
Alterations in maternal placental function, such as the adap-
tation of maternal adipose tissue, are dependent on the prior
activation of genes controlling adipogenesis and low-grade
inflammation in early pregnancy. These metabolic changes
precede any observable alterations in maternal phenotype,
highlighting the importance of early pregnancy metabolic
health in the development of PE.

Conclusion of the study

In conclusion, our study employed logistic regression analy-
sis combined with the RCS function to elucidate the non-
linear relationship between prepregnancy BMI, GWG,
and the risk of PE.Our findings complement existing IOM
guidelines but propose stricter upper limits for overweight
and obese women to account for the nonlinear escalation
in PE risk. For underweight women, while our data did
not show significant PE risk reduction, adhering to IOM-
recommended GWG ranges (12.0-18.0 kg) balances fetal
health and maternal safety.Clinicians should prioritize BMI-
specific GWG targets—particularly limiting gains to <9.0 kg
in obese women and <11.0 kg in overweight women—to

reduce PE risk. Normal-weight women may safely gain
11.0-15.0 kg, while underweight women should aim for
12.0-18.0 kg.The findings underscore the critical role of
prepregnancy weight management and gestational weight
monitoring in the prevention of PE.It is essential to rein-
force these targets through structured antenatal counsel-
ing and regular weight monitoring as part of standardized
clinical care. Early and continuous prenatal visits should
focus on personalized weight management plans, empow-
ering women to monitor their gestational weight gain while
addressing any modifiable risk factors.Future research could
focus on developing personalized weight management pro-
grams for pregnant women across different prepregnancy
BMI categories, emphasizing scalable tools for antenatal
education and real-time weight tracking to further reduce
the risk of PE.

Study limitations

It is important to acknowledge the limitations of this study.
Despite the large sample size, the data were derived from
hospitals in a single geographic region, which may intro-
duce selection bias. Additionally, we were unable to collect
comprehensive data on factors such as smoking, alcohol
consumption, and dietary status of pregnant women, which
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could not be adequately controlled for in our analysis. These
unmeasured confounding factors might influence the rela-
tionship between prepregnancy BMI, GWG, and PE risk.
Therefore, future studies should aim to collect more com-
prehensive demographic information in cohort studies to
validate our findings and to better understand the complex
interplay of factors contributing to PE.
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