
BJOG: An International Journal of Obstetrics & Gynaecology, 2026; 133:154–164
https://doi.org/10.1111/1471-0528.18348

154

BJOG: An International Journal of Obstetrics & Gynaecology

RESEARCH ARTICLE OPEN ACCESS

Maternal and Interpregnancy Factors and Risks of 
First-Time Preeclampsia in Second Pregnancy: A Swedish 
National Cohort Study
Hanna Carr1   |  Kari Johansson1,2  |  Jonathan M. Snowden3  |  Abigail Newby-Kew3  |  Sven Cnattingius1  |  
Jonas F. Ludvigsson4,5  |  Olof Stephansson1,2   |  Anna-Karin Wikström6  |  Anna Sandström1,2

1Clinical Epidemiology Division, Department of Medicine, Karolinska Institutet, Solna, Sweden  |  2Department of Women's Health, Karolinska 
University Hospital, Stockholm, Sweden  |  3School of Public Health, Oregon Health & Science University—Portland State University, Portland, Oregon, 
USA  |  4Department of Medical Epidemiology and Biostatistics, Karolinska Institutet, Solna, Sweden  |  5Department of Pediatrics, Örebro University 
Hospital, Örebro, Sweden  |  6Department of Women's and Children's Health, Uppsala University, Uppsala, Sweden

Correspondence: Hanna Carr (hanna.carr@ki.se)

Received: 24 January 2025  |  Revised: 15 July 2025  |  Accepted: 14 August 2025

Funding: This work was financed by grants from the Swedish state: ALF-agreement (A.S., FoUI-954 134) and Karolinska Institutet Clinical Scientist 
Training Programme (H.C.).

Keywords: first-time preeclampsia | interpregnancy weight change | risk factors | second pregnancy

ABSTRACT
Objective: To investigate factors associated with first-time preeclampsia in second pregnancies.
Design: Population-based cohort study using Swedish national registers.
Setting: Sweden 1992–2019.
Population: A group of 808 107 women with second singleton deliveries, who did not have preeclampsia in first pregnancy.
Methods: Information in the Swedish Medical Birth Register, relating to (1) first pregnancy complications, (2) maternal char-
acteristics in early second pregnancy, and (3) interpregnancy changes in risk factor status, was examined for association with 
first-time preeclampsia occurring in second pregnancy using modified Poisson regression analysis.
Main Outcome Measures: First-time preeclampsia, and first-time preeclampsia with preterm delivery (< 37 gestational weeks) 
in second pregnancy.
Results: Adjusted relative risks (aRRs; 95% confidence interval) for first-time preeclampsia in second pregnancy increased after 
first pregnancy complications, including: gestational hypertension (4.61; 4.20, 5.05) and preterm delivery (1.99; 1.87, 2.12). There 
was a dose-dependent association between interpregnancy weight change and risk of first-time preeclampsia in second preg-
nancy. Compared to stable weight (BMI −1 to 1 unit) a 2 to 4 BMI unit increase was associated with a 50% increase in risk of 
first-time preeclampsia (1.57; 1.47, 1.67), and weight loss equivalent to > 2 BMI units was associated with a reduced risk (0.63, 
0.55, 0.72). This pattern of association was consistent also when stratifying by first pregnancy BMI (18.5 to < 25, 25 to < 30, 30 
or above).
Conclusions: In addition to maternal disease and complication in first pregnancy, interpregnancy weight change was also asso-
ciated with increased risks of first-time preeclampsia in second pregnancy, even in women with normal weight in first pregnancy.
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1   |   Introduction

Preeclampsia, a complex and multifactorial condition affecting 
3%–5% of all pregnancies, remains a major cause of maternal 
and neonatal mortality and morbidity [1]. Most preeclampsia 
cases occur in primiparous women. About 15% of women de-
velop preeclampsia again in a following pregnancy [2], and a 
further 9% develop gestational hypertension [3]. This group has 
received much academic and clinical attention, and is the object 
of thorough monitoring and preventive care throughout second 
pregnancy.

Parous women with no previous preeclampsia are easily over-
looked in clinical settings, as risk assessment routines and 
aspirin prophylaxis guidelines tend to focus on primiparous 
women or risk of preeclampsia recurrence. However, first-
time preeclampsia in the second pregnancy affects 1% to 3% of 
women with a first non-preeclamptic pregnancy [2, 4, 5], and 
has not been adequately illuminated although it is arguably 
still an important contributor to adverse outcomes in mother 
and offspring, also in the long term. A recent Canadian study 
found that women who developed gestational hypertension 
(GHT) or preeclampsia for the first time in the second preg-
nancy have a higher long-term risk of developing chronic hy-
pertension than those who had these conditions only in the 
first pregnancy [6].

Existing evidence is fragmented, but suggests that risk factors 
for first-time preeclampsia in second pregnancy are similar 
to those for any preeclampsia, such as higher age and body 
mass index (BMI) in early pregnancy, lower education and 
pre-gestational chronic diseases [2, 4, 5, 7–9]. Adverse first 
pregnancy outcomes may also inform us of risks in second 
pregnancy, as could interpregnancy factors, including changes 
in maternal characteristics, diseases and medical treatments. 
For example, interpregnancy smoking cessation has been as-
sociated with increased risk of first-time preeclampsia in sec-
ond pregnancy [2]. However, few studies differentiate clearly 
between first-time and recurring preeclampsia in second 
pregnancy.

To our knowledge, there have been no large-scale studies of 
first-time preeclampsia in second pregnancy with a cohesive 
approach to its relationship with first-pregnancy outcomes, 
maternal characteristics in early second pregnancy, and inter-
pregnancy changes. A clearer understanding of such factors 
could improve the identification of previously preeclampsia-
free parous women at higher risk of developing preeclampsia in 
subsequent pregnancy. It would also enable preventive actions, 
such as addressing modifiable factors prior to and early in a sec-
ond pregnancy.

Using a large population-based cohort in Sweden, we wanted 
to investigate factors associated with first-time preeclamp-
sia in the second pregnancy. Such factors may be identified 
in early second pregnancy and could potentially include (1) 
first pregnancy complications, (2) maternal characteristics, 
and (3) interpregnancy changes in maternal health-related  
factors (e.g., body mass index [BMI] and new onset chronic 
diseases).

2   |   Methods

2.1   |   Study Design and Data Sources

This population-based cohort study used data from Swedish 
national health and population registers, held by the National 
Board of Health and Welfare and Statistics Sweden. The nation-
wide Swedish Medical Birth Register (MBR) was established in 
1973 and contains information on mother and infant from rou-
tinely collected antenatal, obstetric and neonatal records [10]. 
The MBR covers around 98% of all deliveries in the country, 
recording all live births from gestational week 22 + 0 and still-
births from gestational week 28 + 0 (up to June 2008) or 22 + 0 
(after June 2008). Antenatal and obstetric care in Sweden is pub-
licly funded and free of charge for the pregnant individual, and 
out-of-hospital deliveries are very rare. The Swedish personal 
identity number enables cross-linkages with other national 
health and population registries. For this study, we utilised in-
formation from the National Patient Register (covering inpatient 
diagnoses and procedures from 1987, and outpatient specialist 
care from 2001) [11, 12], the National Prescribed Drug Register 
(started in July 2005) [13], the Total Population Register [14], and 
the Longitudinal Integrated Database for Health Insurance and 
Labour Market Studies (LISA) [15].

2.2   |   Study Population

Women with first and second consecutive singleton deliveries 
recorded in the MBR between 1992 and 2019 were included 
(n = 849 316). Women with first pregnancy preeclampsia di-
agnosis according to the Swedish version of the International 
Classification of Diseases (ICD) 9th or 10th revisions (Table S1), 
in the MBR and/or in the National Patient Register were ex-
cluded (defined as detailed below under ‘Outcome’). Other ex-
clusion criteria were: missing information on maternal identity 
number, or parity, and missing or unreasonable information on 
gestational length at birth. The final study population included 
808 107 women with first and second consecutive deliveries 
(Figure 1).

2.3   |   Exposure Variables

Using a broad approach with available data, studied exposures 
were selected based on prior knowledge of risk factors for ad-
verse pregnancy outcomes including preeclampsia overall. As 
potential factors associated with first-time preeclampsia in the 
second pregnancy, we included exposure variables that were 
related to: (1) first pregnancy complications, (2) maternal/preg-
nancy characteristics in early second pregnancy, and (3) trace-
able changes in exposure status between pregnancies.

2.3.1   |   First Pregnancy Complications

Defined as the occurrence of diagnosis of gestational diabetes, 
or gestational hypertension in the MBR and/or National Patient 
Register (Table  S1 for ICD-codes), preterm delivery (< 37 ges-
tational weeks) or delivery of small for gestational age (SGA) 
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infant (< 2SD below estimated birthweight for gestational age 
and sex, according to the Swedish reference curve for foetal 
growth) [16]. Information on self-reported previous miscarriage 
was also sourced from the MBR.

2.3.2   |   Maternal Biological, Socioeconomic and Medical 
Characteristics in Early Second Pregnancy

Information was sourced from the MBR, National Patient 
Register, Total Population Register, and LISA, and includes 
maternal age, height, early pregnancy BMI, level of education, 
smoking habits, cohabitation status, region of birth, and infor-
mation on use of assisted reproduction in first and/or second 
pregnancy, generally registered at first antenatal appointment 
(usually at 8 to 10 gestational weeks [10]). Chronic diseases 
include diagnoses of essential hypertension, diabetes mellitus 
type 1 or 2, or chronic kidney disease registered in the National 
Patient Register (Table  S1 for ICD-codes), and/or prescription 
of antihypertensive medication or blood sugar regulators in the 
National Prescribed Drug Register, any time prior to last men-
strual period (LMP) of second pregnancy.

2.3.3   |   Interpregnancy Changes

Interpregnancy interval was defined as the time from first de-
livery to estimated LMP in the second pregnancy. LMP was 
derived from the difference between the delivery date and ges-
tational age at delivery in days. Interpregnancy weight change, 
measured as change in BMI units, was calculated as the dif-
ference between early first pregnancy BMI and early second 

pregnancy BMI, both registered at the first antenatal appoint-
ments. Interpregnancy diagnosis of diabetes mellitus type 1 or 2 
or essential hypertension was defined as any new onset diagno-
sis (i.e., never diagnosed before or during first pregnancy) regis-
tered in the National Patient Register during the interpregnancy 
interval (Table S1 for ICD-codes).

2.4   |   Outcome

The primary outcome was preeclampsia overall, defined as 
a diagnosis of preeclampsia or eclampsia during second preg-
nancy or delivery by the responsible physician (Table  S1 for 
ICD-codes). In the years covered by this study, preeclampsia 
was clinically defined as the presence of high blood pressure 
(≥ 140/90 mmHg) with mandatory proteinuria after 20 weeks of 
gestation, or as HELLP (Hemolysis, Elevated Liver enzymes and 
Low Platelets) syndrome and was ascertained through a diag-
nosis in the MBR or record in the National Patient Register, at 
either: (1) at least one inpatient admission, or (2) at least two out-
patient visits. Preterm preeclampsia, defined as a combination 
of preeclampsia (as defined above) with delivery < 37 gestational 
weeks, was used as a secondary outcome.

2.5   |   Statistical Analysis

The associations between each individual exposure and pre-
eclampsia were estimated using Poisson regression analysis 
with robust error variance [17], which is appropriate for binary 
outcomes and allows for direct calculation of relative risks 
(RR) and 95% confidence intervals (CIs). Separate individual 

FIGURE 1    |    Study population of women with first and second consecutive singleton deliveries without preeclampsia in first pregnancy in Sweden 
1992 to 2019.

Women with first and second consecutive singleton deliveries in the Swedish Medical Birth Register 1992-2019
n= 849,316

Final study population: Women with first and second consecutive deliveries 1992-2019
n=808,107

Missing information on child or maternal identification number or maternal age 
n=2,467

Missing information on gestational length or gestational length >308 days
n=1,349

Women with first pregnancy preeclampsia
n=37,393
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multivariable regression models were built for each exposure. 
Directed acyclic graphs (DAGs) were used to visualise inter-
variable relationships and potential confounding and mediating 
factors in each exposure–outcome set, based on previous knowl-
edge and clinical practice. These DAGs then informed decisions 
on which covariates to include in the adjusted multivariable re-
gression models (Figure S1).

Missing information on region of birth (0.1%), educational at-
tainment (0.3%), not considered main exposures in any analy-
sis, was dealt with by complete case analysis. Missingness for 
BMI in early first (10.0%) or second (8.6%) pregnancy and early 
pregnancy smoking habits (7.4% missing) was addressed using 
multiple imputation by chained equations (MICE), implemented 
with PROC MI in SAS. Twenty imputed datasets were created 
under the missing at random (MAR) assumption, and analyses 
were conducted in each dataset using PROC GENMOD, with re-
sults pooled using Rubin's rules.

Data management and analysis was performed in SAS (version 
9.4; SAS Institute) and R Studio (R 4.2.2; R-​proje​ct.​org).

2.6   |   Sensitivity Analysis

In order to ascertain whether the effect of interpregnancy 
weight change differed by baseline BMI (after interaction test 
was found statistically significant between first pregnancy 
BMI and interpregnancy weight change in the obese and over-
weight groups), we also stratified the above analysis by first 
pregnancy early BMI category (normal weight, overweight, or 
obese). This analysis was performed both using imputed BMI 
data (Table S2) as described above, and by using complete case 
analysis (n = 660 949; Table S3).

In a second sensitivity analysis, women with complications in 
their first pregnancy (gestational hypertension, gestational dia-
betes, preterm birth, SGA, placental abruption, or stillbirth) or 
with chronic conditions (hypertension, diabetes mellitus type 1 
or 2, kidney disease) in early second pregnancy, were excluded, 
Associations between interpregnancy BMI-change, interpreg-
nancy interval, and age, with first-time preeclampsia in second 
pregnancy were then assessed.

3   |   Results

The study population included 808 107 women with two 
consecutive first and second singleton deliveries in Sweden 
between 1992 and 2019 without preeclampsia in their first 
pregnancy. Of these women, 9295 (1.1%) developed first-time 
preeclampsia overall in the second pregnancy. Of these cases, 
1287 (20%) were preterm preeclampsia with deliveries < 37 
gestational weeks.

Cohort characteristics in relation to outcome status are detailed 
in Table 1. Compared to women without preeclampsia in first or 
second pregnancy, those diagnosed with first-time preeclampsia 
in second pregnancy were more likely to have had first preg-
nancy obstetric complications and had a higher burden of spe-
cific chronic diseases in early second pregnancy. Women who 

developed first-time preeclampsia in second pregnancy also 
tended to be of older age, have lower educational attainment, 
higher BMI, and be less often smokers.

Differences between these groups were also demonstrated 
in relation to interpregnancy changes. Compared to non-
preeclamptic women, those diagnosed with first-time pre-
eclampsia in their second pregnancy were more likely to have 
had a longer interpregnancy interval, greater interpregnancy 
weight gain, and they were also to a greater extent diagnosed 
with new-onset chronic disease.

Table  2 shows the unadjusted and adjusted associations be-
tween selected first pregnancy and interpregnancy exposures 
and first-time preeclampsia in second pregnancy overall, and 
preterm preeclampsia, compared to women who did not develop 
preeclampsia. All tested first pregnancy complications were as-
sociated with increased risks of second pregnancy first-time pre-
eclampsia overall and with preterm preeclampsia.

Gestational diabetes in first pregnancy was associated with a 
50% increased risk of first-time preeclampsia (aRR 1.54; 1.29, 
1.82 in adjusted analysis), as was previous delivery of SGA-
infant (aRR 1.69; 1.54, 1.85). Gestational hypertension in first 
pregnancy was associated with an almost 5-fold increased risk 
of first-time preeclampsia overall (aRR 4.61; 4.20, 5.05), and this 
relationship was only marginally attenuated when restricting 
to preterm first-time preeclampsia in second pregnancy (aRR 
3.66; 2.89, 4.67). For the remaining adverse first pregnancy out-
come exposures, aRRs increased when restricting outcome to 
preterm first-time preeclampsia in second pregnancy. Medically 
indicated preterm delivery was strongly associated with second 
pregnancy first-time preeclampsia (aRR 3.26; 2.90, 3.67, and 
5.96; 4.87, 7.30, for preeclampsia overall and preterm preeclamp-
sia, respectively). Previous spontaneous preterm delivery was 
also associated with increased risks (aRR 1.65; 1.53, 1.80, and 
2.74; 2.36, 3.18, for preeclampsia overall and preterm preeclamp-
sia, respectively).

Interpregnancy new onset diagnosis of diabetes mellitus or es-
sential hypertension were associated with a doubled (aRR 2.08; 
1.71, 2.54) and a 5-fold (5.14; 4.76, 5.54) risk of first-time pre-
eclampsia in second pregnancy, respectively. Risk of second 
pregnancy first-time preeclampsia also increased with increas-
ing length of interpregnancy interval.

There was a dose-dependent relationship between interpreg-
nancy weight change and the risk of first-time preeclampsia in 
the second pregnancy (Table 2). Weight gain equivalent to 2 to 
4 BMI units, as compared to stable weight (BMI −1 to 1 unit) 
was associated with a 50% increase in the risk of first-time pre-
eclampsia (aRR 1.57; 1.47, 1.67), and weight loss of more than 
2 BMI units was associated with a near halved risk (aRR 0.63; 
0.55, 0.72). For weight change and preterm preeclampsia, a sim-
ilar pattern was obtained, although with some overlap of confi-
dence intervals (Table 2).

Sensitivity analysis stratified by early first pregnancy BMI-
category (Figure  2, and detailed in Table  S2) showed that the 
magnitude of risk increase associated with weight gain between 
first and second pregnancy was slightly more pronounced in 
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TABLE 1    |    Maternal obstetric history, biological, socioeconomic and medical characteristics, and inter-pregnancy changes, up until early second 
pregnancy in women with first and second consecutive singleton deliveries without preeclampsia in the first pregnancy1992 to 2019 (N = 808 107).

Total n (%)
No preeclampsia in 1st 
or 2nd pregnancy, n (%)

First-time preeclampsia 
in 2nd pregnancy, n (%)

808 107 798 812 (99.0) 9295 (1.1)

Obstetric history—first pregnancy factors

Gestational hypertension 8558 (1.1) 7977 (1.0) 581 (6.3)

Gestational diabetes 6987 (0.9) 6,72 (70.8) 260 (2.8)

Aspirin treatment 2235 (0.3) 2181 (0.3) 54 (0.6)

Placental abruption 1971 (0.2) 1922 (0.2) 49 (0.5)

Preterm delivery (< 37 gestational 
weeks)

41 451 (5.1) 40 433 (5.1) 1 018 (11.0)

Spontaneous 34 441 (4.3) 33 791 (4.2) 650 (7.0)

Medically indicated 6051 (0.7) 5728 (0.7) 323 (3.5)

Undefined 959 (0.1) 914 (0.1) 45 (0.5)

Small for gestational age infant 
(< 2SD)

22 071 (2.7) 21 551 (2.7) 520 (5.6)

Stillbirth 3152 (0.4) 3062 (0.4) 90 (1.0)

Congenital malformation 23 466 (2.9) 23 128 (2.9) 318 (3.4)

Maternal biological, socioeconomic and medical characteristics in early second pregnancy

Age (years)

< 25 105 013 (13.0) 104 071 (13.0) 942 (10.1)

25–34 577 281 (71.4) 570 928 (71.5) 6353 (68.3)

35–39 110 935 (13.7) 109 265 (13.7) 1670 (18.0)

≥ 40 14 878 (18) 14 548 (1.8) 330 (3.6)

Height (cm)

≤ 159 99 346 (12.3) 98 063 (12.3) 1283 (13.8)

160–169 440 146 (54.5) 434 997 (54.5) 5149 (55.4)

≥ 170 262 100 (32.4) 259 311 (32.5) 2789 (30.0)

Missing 6515 (0.8) 6441 (0.8) 74 (0.08)

BMI in early second pregnancy (kg/m2)

Underweight (< 18.5) 17 938 (2.2) 17 834 (2.2) 104 (1.1)

Normal weight (18.5 to < 25) 455 431 (56.4) 451 938 (56.6) 3493 (37.6)

Overweight (25 to < 30) 183 663 (22.7) 181 136 (22.7) 2527 (27.2)

Obese (≥ 30) 81 962 (10.1) 79 677 (10.0) 2285 (24.6)

Missing 69 113 (8.6) 68 227 (8.5) 886 (9.5)

Level of education (years)

≤ 9 72 939 (9.0) 72 104 (9.0) 835 (9.0)

10–12 343 153 (42.5) 338 716 (42.4) 4437 (47.7)

≥ 13 389 742 (48.2) 385 743 (48.3) 3999 (43.0)

Missing 2273 (0.3) 2249 (0.3) 24 (0.3)

(Continues)
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Total n (%)
No preeclampsia in 1st 
or 2nd pregnancy, n (%)

First-time preeclampsia 
in 2nd pregnancy, n (%)

808 107 798 812 (99.0) 9295 (1.1)

Cohabitation with partner

Cohabiting 745 488 (92.3) 737 022 (92.3) 8466 (91.1)

Non-cohabiting 22 854 (2.8) 22 553 (2.8) 301 (3.2)

Missing 39 765 (4.9) 39 237 (4.9) 528 (5.7)

Region of birth

Sweden 667 595 (82.6) 659 574 (82.6) 8021 (86.3)

European excluding Sweden 50 434 (6.2) 49 987 (6.3) 447 (4.8)

African 17 354 (2.1) 17 146 (2.1) 208 (2.2)

Other 71 576 (8.9) 70 970 (8.9) 606 (6.5)

Missing 1148 (0.1) 1135 (0.11) 13 (0.1)

Medical history (diagnosis at any time prior to second pregnancy)

Chronic hypertension 23 272 (2.9) 21 805 (2.7) 1467 (15.8)

Pre-gestational diabetes 5795 (0.7) 5470 (0.7) 325 (3.5)

Chronic kidney disease 3277 (0.4) 3167 (0,4) 110 (1.2)

Previous miscarriage 185 250 (22.9) 182 777 (22.9) 2473 (26.6)

Changes between first and second pregnancy

Interpregnancy interval (years)

< 1 132 499 (16.4) 131 500 (16.5) 999 (10.7)

1 to < 4 567 873 (70.3) 561 794 (70.3) 6079 (65.4)

4 to < 7 78 995 (9.8) 77 498 (9.7) 1497 (16.1)

≥ 7 28 740 (3.6) 28 020 (3.5) 720 (7.7)

Interpregnancy change in BMI (kg/m2)

Large decrease (< −2) 29 042 (3.6) 28 762 (3.6) 280 (3.0)

Small decrease (−2 to < −1) 42 802 (5.3) 42 443 (5.3) 359 (3.9)

Little/no change (−1 to 1) 301 961 (37.4) 299 409 (37.5) 2552 (27.5)

Small increase (1 to < 2) 132 941 (16.5) 131 506 (16.5) 1435 (15.4)

Large increase (2 to < 4) 121 304 (15.0) 119 453 (15.0) 1851 (19.9)

Very large increase (≥ 4) 47 637 (5.9) 46 438 (5.8) 1199 (12.9)

Missing information in either 
pregnancy

132 420 (16.4) 130 801 (16.4) 1619 (17.4)

Interpregnancy change in smoking habits

Did not smoke in either pregnancy 667 081 (82.5) 659 535 (82.6) 7546 (81.2)

Stopped smoking after first 
pregnancy

27 797 (3.4) 27 356 (3.4) 441 (4.7)

Started smoking after first 
pregnancy

11 544 (1.4) 11 416 (1.4) 128 (1.4)

Smoked in both pregnancies 41 629 (5.2) 41 242 (5.2) 387 (4.2)

(Continues)

TABLE 1    |    (Continued)
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women who were normal weight in early first pregnancy. Weight 
loss was associated with reduced risk of first-time preeclampsia 
in all groups. In normal weight and overweight women, even 
weight loss corresponding to a decrease of > 1 to 2 BMI-units 
was associated with a lower risk of first-time preeclampsia. In 
obese women, weight loss corresponding to a decrease of more 
than 2 BMI-units was associated with an almost halved risk of 
preeclampsia in second pregnancy (aRR 0.56; 0.45, 0.70). These 
patterns remained unchanged when analysing complete cases 
(i.e., excluding observations with missing information on early 
first or second pregnancy BMI) (Table S3).

In a subgroup of low-risk women (women with specified first 
pregnancy complications and chronic diseases excluded; see 
Methods section), the association between interpregnancy 
weight change and first-time preeclampsia in the second preg-
nancy remained robust, with estimates almost identical to those 
observed in the full study population (Table S4). The same ap-
plies to the interpregnancy interval.

4   |   Discussion

4.1   |   Main Findings

We found a 1.1% incidence of first-time preeclampsia overall in 
second pregnancy. Our findings confirm that known risk fac-
tors for any preeclampsia in second pregnancy (not differentiat-
ing between recurrent or incident preeclampsia, including first 
pregnancy complications and longer interpregnancy interval), 
are also strongly associated with first-time preeclampsia in 
second pregnancy. Onset of chronic disease between pregnan-
cies was further shown to greatly increase the risk of first-time 
preeclampsia in second pregnancy. There was a clear dose–re-
sponse pattern of association between interpregnancy weight 
change, one of the few modifiable risk factors, and increased 
risk of first-time preeclampsia across all levels of early first preg-
nancy BMI categories. Among women of normal weight in first 

pregnancy, risk increased already with a > 1- to 2-unit increase 
in BMI, corresponding to a 2.7 to 5.4 kg weight gain in a 165 cm 
tall woman. Weight loss between pregnancies, starting at a 1- 
to 2-unit decrease in BMI, was associated with reduced risks of 
developing first-time preeclampsia regardless of starting weight.

4.2   |   Interpretation

Our study fills a gap in the literature, both in presenting detailed 
descriptive characteristics of women who develop first-time pre-
eclampsia in second pregnancy and associations between first 
pregnancy and interpregnancy factors and risks of first-time 
preeclampsia in second pregnancy.

Our findings support the idea that women who develop pre-
eclampsia for the first time in their second pregnancy share 
risk factors with those who develop it in their first pregnancy, 
such as advanced maternal age, higher BMI, and diagnosis of 
chronic disease [1, 8]. It has been previously established that 
first pregnancy adverse outcomes, such as gestational diabe-
tes [18], preterm delivery [19], SGA [20] and stillbirth [2, 8] are 
associated with increased risk of any preeclampsia in a second 
pregnancy. Our study demonstrates that this is the case also 
for first-time preeclampsia, including preeclampsia with both 
medically indicated and spontaneous preterm delivery. It is 
well known that a longer interpregnancy interval is associated 
with increased risk of second pregnancy preeclampsia [7, 21]. 
We demonstrated that the interpregnancy interval is clearly in-
dependently associated also with first-time preeclampsia in a 
second pregnancy, and that risk increases with additional years 
passed between pregnancies.

Very few studies have investigated risk factors specifically for first-
time preeclampsia in second pregnancies. In an Israeli unmatched 
case–control study including 40 673 women, Wainstock et al. [19] 
found that first pregnancy gestational diabetes, preterm delivery, 
low birthweight, and neonatal mortality were all associated with 

Total n (%)
No preeclampsia in 1st 
or 2nd pregnancy, n (%)

First-time preeclampsia 
in 2nd pregnancy, n (%)

808 107 798 812 (99.0) 9295 (1.1)

Missing information in either 
pregnancy

60 056 (7.4) 59 263 (7.4) 793 (8.5)

Use of assisted reproduction

Never 767 894 (95.0) 759 244 (95.0) 8650 (93.1)

Only in 1st pregnancy 19 378 (2.4) 19 126 (2.4) 253 (2.7)

Only in 2nd pregnancy 11 225 (1.4) 11 019 (1.4) 206 (2.2)

In both pregnancies 9609 (1.2) 9423 (1.2) 186 (2.0)

Chronic diseases diagnosed during the interpregnancy interval

Chronic hypertension 10 850 (1.4) 9791 (1.3) 1059 (12.0)

Diabetes mellitus type 1 or 2 2806 (0.4) 2683 (0.3) 123 (1.4)

Chronic kidney disease 2263 (0.3) 2194 (0.3) 69 (0.8)

TABLE 1    |    (Continued)
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TABLE 2    |    Adjusted analysis of association (relative risks [RR], 95% confidence intervals [CI]) between selected exposures and first-time 
preeclampsia in second pregnancy. All models were adjusted for maternal age, region of birth, and educational level. Additional adjustments 
specified below for each model (a–h).

First-time preeclampsia overall
Preterm first-time preeclampsia 
(delivery < 37 gestational weeks)

n
Crude RR 
(95% CI)

Adjusted RR 
(95% CI) n

Crude RR 
(95% CI)

Adjusted RR 
(95% CI)

First pregnancy complications/adverse outcomes

Gestational diabetesa 135 2.38 (2.01, 2.81) 1.54 (1.29, 1.82) 35 3.15 (2.26, 4.40) 2.19 (1.56, 3.08)

Gestational 
hypertensionb

472 5.89 (5.37, 6.43) 4.61 (4.20, 5.05) 70 4.38 (3.45, 5.56) 3.66 (2.89, 4.67)

Preterm delivery*c 1018 2.28 (2.13, 2.43) 1.99 (1.87, 2.12) 340 4.23 (3.76, 4.76) 3.44 (3.05, 3.88)

Spontaneous 650 1.75 (1.62, 1.89) 1.65 (1.53, 1.80) 196 2.93 (2.53, 3.40) 2.74 (2.36, 3.18)

Medically indicated 323 4.94 (4.43, 5.51) 3.26 (2.90, 3.67) 130 11.08 (9.27, 
13.23)

5.96 (4.87, 7.30)

SGA-infantd 520 2.14 (1.96, 2.34) 1.69 (1.54, 1.85) 179 3.89 (3.34, 4.54) 2.61 (2.20, 3.09)

Interpregnancy interval (years)e

< 1 999 0.70 (0.66, 0.75) 0.70 (0.66, 0.75) 156 0.59 (0.50, 0.70) 0.52 (0.44, 0.62)

1 to < 4 6079 Reference Reference 1132 Reference Reference

4 to < 7 1497 1.77 (1.67, 1.87) 1.66 (1.56, 1.75) 345 2.19 (1.94, 2.47) 1.99 (1.76, 2.26)

≥ 7 720 2.34 (2.17, 2.53) 2.02 (1.86, 2.18) 194 3.39 (2.91, 3.94) 2.80 (2.39, 3.29)

Per 1-year increase 1.13 (1.13, 1.14) 1.11 (1.11, 1.12) 1.18 (1.17, 1.20) 1.16 (1.15, 1.18)

Interpregnancy weight change (difference in BMI-units from first pregnancy, m/kg2)f

< −2 273 0.62 (0.32, 1.21) 0.63 (0.55, 0.72) 34 0.68 (0.49, 0.94) 0.50 (0.35, 0.70)

−2 to < −1 379 0.94 (0.66, 1.34) 0.85 (0.77, 0.94) 76 0.94 (0.75, 1.20) 0.87 (0.68, 1.10)

−1 to 1 3905 Reference Reference 830 Reference Reference

1 to < 2 1495 1.31 (1.10, 1.56) 1.21 (1.14, 1.29) 288 1.19 (1.03, 1.37) 1.13 (0.98, 1.30)

2 to < 4 1832 1.63 (1.38, 1.93) 1.57 (1.47, 1.67) 335 1.64 (1.44, 1.87) 1.41 (1.23, 1.61)

≥ 4 1202 2.94 (2.37, 3.64) 2.16 (2.02, 2.32) 224 2.77 (2.38, 3.22) 1.92 (1.63, 2.27)

Per 1 m/kg2 increase 1.10 (1.09, 1.12) 1.11 (1.10, 1.11) 1.11 (1.10, 1.12) 1.10 (1.09, 1.12)

Interpregnancy new onset diagnosis of chronic disease

Diabetes mellitus 
type 1 or 2g

123 3.92 (3.29, 4.67) 2.08 (1.71, 2.54) 37 6.13 (4.44, 8.48) 2.99 (1.97, 4.54)

Chronic 
hypertensionh

1059 9.82 (9.24, 
10.44)

5.14 (4.76, 5.54) 258 12.72 (11.16, 
14.50)

6.30 (5.36, 7.40)

aAdditionally adjusted for smoking habits, BMI in first pregnancy, and prior diagnosis of chronic hypertension.
bAdditionally adjusted for smoking habits, BMI in first pregnancy, prior diagnosis of diabetes mellitus type 1 or 2, and chronic kidney disease.
cAdditionally adjusted for smoking habits, BMI in first pregnancy, assisted reproduction, previous miscarriage, prior diagnosis of chronic kidney disease, hypertension 
or diabetes mellitus type 1 or 2, and first pregnancy gestational hypertension, gestational diabetes, placental abruption, stillbirth, SGA or congenital malformation in 
first delivered infant.
dAdditionally adjusted for smoking habits, BMI in first pregnancy, assisted reproduction, first pregnancy gestational hypertensio,n and gestational diabetes, prior 
diagnosis of chronic kidney disease, hypertensio,n or diabetes mellitus type 1 or 2, and preterm delivery in first pregnancy.
eAdditionally adjusted for assisted reproduction, previous miscarriage, first pregnanc,y gestational hypertension, gestational diabetes, preterm delivery, and stillbirth.
fAdditionally adjusted for interpregnancy interval, smoking habits and BMI in first pregnancy.
gAdditionally adjusted for interpregnancy interval, smoking habits, BMI in first pregnancy, interpregnancy change in BMI, prior diagnosis of chronic hypertension, 
first pregnancy gestational hypertension and gestational diabetes.
hAdditionally adjusted for interpregnancy interval, smoking habits, BMI in first pregnancy, interpregnancy change in BMI, prior diagnosis of chronic kidney disease 
or diabetes mellitus type 1 or 2, first pregnancy gestational hypertension, gestational diabetes, placental abruption, preterm delivery and stillbirth.
*Includes 45 cases of “undefined” type of preterm delivery, that is, not included in any of the subgroups, spontaneous or medically indicated.
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preeclampsia in subsequent pregnancies. Unlike the present study, 
maternal weight was not considered in the analysis, nor was the 
timing of onset of preeclampsia or other potential confounders. In 
a recent review, it was concluded that obesity, although in clinical 
guidelines mostly treated as a ‘moderate’ risk factor, is the one risk 
factor with the strongest evidence base for association with pre-
eclampsia [22]. Weight gain between pregnancies has been linked 
to increased risks of adverse pregnancy outcomes [23–25], includ-
ing preeclampsia, indicating an underlying relationship between 
overweight/obesity and such complications.

A 2006 study, based on one decade's worth of data from the 
Swedish MBR, outlined a linear relationship between interpreg-
nancy weight gain and risk of first-time preeclampsia in the sec-
ond pregnancy [26]. With 1523 cases of preeclampsia, subgroup 
analysis of women with normal first pregnancy BMI (< 25 kg/
m2) showed significance for the overall trend in weight gain, but 
not for a smaller increase or decrease in weight, as was demon-
strated in the present study. In a similarly sized pre-millennial 
US cohort, comparing upward shifts in BMI category (between 
normal weight, overweight and obese categories) to stable weight 
(within category) between pregnancies, interpregnancy upward 
shift gain was also found to be associated with increased risk 
of first-time preeclampsia in the second pregnancy [4]. In a US 
study based on medical records of just below 50 000 women with 
first and second deliveries in 2002 to 2010, similar findings were 
reported, with statistical significance only for larger (at or above 
3 units) interpregnancy increases in BMI [25].

Our results support previous findings relating to weight and 
weight change. Our study adds nuance by both analysing weight 
changes in smaller strata and the magnitude of weight change 

stratified by BMI category in early first pregnancy, showing that 
even subtle upward (1- to 2-unit BMI increase for women of nor-
mal weight in first pregnancy) or downward (1- to 2-unit BMI 
decrease for overweight women) shifts in weight are associated 
with similarly directed changes in preeclampsia risk. Further, 
we added information on timing of delivery and show that the 
overall pattern of association with interpregnancy weight gain 
is similar also for preterm first-time preeclampsia in second 
pregnancy.

4.3   |   Strengths and Limitations

This Swedish national register-based cohort study of more 
than 800 000 women is based on high-quality data from link-
age between national registers with near-universal coverage 
[10]. Information on risk factors was prospectively collected 
in relation to the outcome. We were able to follow women over 
two consecutive pregnancies, with data on several important 
potential confounders. The size of the cohort further enabled 
subgroup analyses of preterm preeclampsia and stratification by 
BMI category in early first pregnancy.

The validity of preeclampsia diagnosis in the MBR is consid-
ered good [10], and we have attempted to increase diagnostic 
sensitivity in the current study by adding information also from 
in-patient and out-patient diagnoses (at least two diagnoses) in 
the National Patient Register. All women with diagnosed pre-
eclampsia in first pregnancy were excluded. It is still of course 
possible that both milder cases of preeclampsia and pre-existing 
medical conditions could have remained undiagnosed in first 
pregnancy, resulting in misclassification.

FIGURE 2    |    Association between interpregnancy weight change and first-time preeclampsia in second pregnancy, stratified by body mass index 
(BMI) category in early first pregnancya. aModel adjusted for interpregnancy interval, maternal age, region of birth, educational level, smoking habits 
and BMI in the first pregnancy. Multiple imputation of missing values. bDifference in BMI (kg/m2) between early first pregnancy and early second 
pregnancy. cNormal weight = BMI 18.5 to < 25 kg/m2, overweight = BMI 25 to < 30 kg/m2, obese = BMI ≥ 30 kg/m2.

Interpregnancy change 
in BMI-unitsb

a Model  adjusted for interpregnancy interval, maternal age, region of birth, educational level, smoking habits, and BMI in first pregnancy. 
Multiple imputation of missing va lues. 
b Di fference in BMI (kg/m2) between early fi rst pregnancy and early second pregnancy.
c Normal weight = BMI 18.5-<25 kg/m2, overweight = BMI 25-<30 kg/m2, obese = BMI ≥30 kg/m2)
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Although access to high-quality data allowed for adjusted 
analyses including several potential measured confounders, 
there is always a risk of residual confounding. For instance, we 
lack data on partner change between pregnancies. However, 
current knowledge suggests that the effect of partner change 
on preeclampsia risk is confounded by interpregnancy inter-
val [27, 28], which we have accounted for within this study. It 
should also be noted that our results are only generalisable to 
similar populations.

A final limitation concerns the level of missing maternal early 
pregnancy weight data. The internationally unique collection 
at antenatal bookings started already in 1992, but the level of 
missing data was initially high (around 15% in the 1990's) [10]. 
Although completeness has increased over time, data on ma-
ternal weight was still missing in 5.6% of recorded deliveries in 
the 2010's. This issue is reflected in our data, in which the total 
level of missingness for interpregnancy weight change is 16.4%. 
Analyses were however conducted with individually based im-
putation strategies as well as with complete case analysis, show-
ing robust results.

5   |   Conclusion

This large-scale Swedish cohort study shows that risk factors for 
developing first-time preeclampsia in second pregnancy mirror 
those known for preeclampsia in first pregnancy, but also in-
clude first pregnancy complications (gestational diabetes, ges-
tational hypertension, spontaneous and medically indicated 
preterm delivery and delivery of SGA-infant) and factors relat-
ing to interpregnancy changes in health status (weight change, 
new-onset diagnosis of chronic hypertension or diabetes melli-
tus). Preventing weight gain between pregnancies is important 
also for women without prior hypertensive disease, as well as for 
women with normal pre-pregnancy weight. Bearing in mind the 
still increasing prevalence of maternal obesity across the globe 
[29, 30], and the potential benefits of modifying women's weight 
trajectories between pregnancies, it is of vital importance to de-
velop and implement interventions that target excessive weight 
gain between pregnancies.
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