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Abstract  
 

It has been proved from several studies that the genetic influence has been the 

most significant factor for having preeclampsia (PE). Still there are many 

uncertainties about origin and magnitude of the genetic effects as no specific 

inheritance patterns have been established. In this study, heritage risk of PE is 

in both the woman’s family and her partner’s family to her risk of PE is 

examined, along women and men own history with same and different partners. 

Moreover it is also examined whether timing of onset of PE is also has any 

impact on familial clustering of PE. Here, we used the population based Danish 

birth and multi generation registers to identify a cohort of women who have 

given birth during 1978 to 2008; which consisted of 1,79,69,28 singleton 

deliveries. This information is linked with pedigree information from the 

Danish Family Relation Database to define both maternal and paternal 

relationships. Risk ratios were estimated comparing women with and without 

various PE histories. It is found that the recurrence risk of a woman suffering 

from PE is 12.4 with 95% confidence limits (11.9, 12.8). Woman's recurrence 

risk diminishes only slightly when she changes partner means that particularly 

maternal genetic factors play the largest role, compared to male partner whose 

recurrence risk almost diminishes if he changes his female partner. Women and 

men from families with PE contribute to risk of PE in pregnancies they are 

involved in. The woman’s family history is still more important compared to 

man family history of PE; except for increased rick in pregnancies fathered by 

men who were born to preeclamptic mothers.  The recurrence risk of a women 

suffering from PE, if she already has suffered from this condition before 34 

weeks is found to be very high (RR=25.4 with 95% confidence limits (21.8, 

29.1)) with same male partner. It is found that early-onset PE and later-onset 

varieties have a clear genetic component but the intensity of early onset is 

stronger than late onset varieties. There are both maternal and paternal genetic 

contributions to early-onset PE, with the maternal ones seeming to be stronger. 
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1 Introduction 

1.1 Background   
Preeclampsia (PE) is a pregnancy condition in which high blood pressure and protein 

in the urine develop after the 20th week (late 2nd or 3rd trimester) of pregnancy. PE can 

prevent the placenta from receiving enough blood, which can cause the baby to be born very 

small. It is also one of the leading causes of preterm birth and the difficulties that can 

accompany them, including learning disabilities, epilepsy, cerebral palsy, and hearing and 

vision problems (Drife JO. and Magowan , 2004). As PE produces high blood pressure so it 

can harm the mother's kidneys and other organs.In severe cases, it can even cause death to 

child or mother. It appears in approximately 10% of the pregnancies (Robbins and Cotran 

2003). 

It is well-established that PE has a genetic component (Arngrimsson R, Bjornsson S and 

Geirsson RT et al 1990, Cincotta RB, Brennecke SP. 1998). It's probably multi-genetic, with 

the possibility for environmental inputs. Women who have had PE in a previous pregnancy 

have a strong tendency to have PE again in a subsequent pregnancy (Mogren I, Hogberg U, 

1999; Kirsten and Deborah 2005). A meta-analysis (Esplin MS. and Fausett MG. et al., 

2001) put the risk of recurrence as high as 7.2 times the rate among women with no prior 

history of PE. Women born to mothers who suffered from PE are thought to have an 

increased risk of having PE themselves (Eskenazi B. and Fenster L. et al., 1991). 

 It has been difficult to determine what causes these effects: maternal genes, fetal genes (+/- 

a paternal contribution), shared environment, couple effects, etc. The most important 

Swedish study ( Cnattingius S. and Reilly M. et al. , 2004) in this regard, looked at sibling 

pairs suggests that maternal genes contribute more than fetal genes, but fetal genes still 

made a substantial contribution. Daughters to mothers with PE have an increased risk of that 

disease and there is a strong tendency to repeat PE in successive pregnancies (Arngrimsson 

R and Bjornsson S, 1990,Esplin MS and Fausett MB, 200, Eskenazi B and Fenster L, et al, 

1991). 

 For the evidence of maternal or paternal contribution, Swedish (Duckitt K. and Harrington 

D., 2005) and Norwegian (Lie RT and Rasmussen S et al,1998) studies have made the 

biggest contributions, looking at twins, PE risk in children (male and female) born to 



women with PE, PE risk in pairs of sibling. Swedish study makes a case for a paternal 

contribution, a few other studies  has also shown that men born to mothers who suffered 

from PE have an increased risk of fathering pregnancies with PE, and that men also have an 

elevated recurrence risk for PE (Esplin MS and Fausett MB, 2001, Lie RT and Rasmusse S 

et al., 1998) 

Moreover, case-control studies has demonstrated that women with preeclampsia in their 

second pregnancy are also more than seven times more likely to have a history of 

preeclampsia in their first pregnancy than women in their second pregnancy who do not 

develop PE (7.61, 4.3 to 13.47) (seven case-control studies 15 16 18 19 24–26). 

 In all above mention studies there have been overwhelming focus on maternal genotypes. 

Fathers were usually impossible to identify in absence of pedigree and medical history 

information. Therefore these studies could not look through in detail, man own history and 

his family history’s contribution to PE. Moreover, generally sample sizes were small along 

with heterogeneous condition, sliding scale of severity, lack of consistent definitions etc. 

   The aim of this study is to investigate whether the PE is heritable based on 

woman and male partners own history, their families’ histories along with different timing 

of onsets. This is a big cohort study with 20 years of follow up. Cohort consisted of all 

women who gave birth during 1978 to 2008 in Denmark. We just not looked at PE risk in 

children of PE pregnancies, siblings but also recurrence risk with same vs different partner 

(both male and female) to see how maternal or paternal genes contribute to risk of PE. We 

investigated the relative risk (RR) of PE according to family history of PE within first-, 

second-, third- and fourth-degree relatives.  

To get full insight of family history contribution and to validate previous studies we have 

used the population based Danish birth data with multi generations registers. Then this data 

is linked with unique family relationship register (Schnack TH and Zdravkovic S, et al, 

2008) to get information about all maternal and paternal family members of mother and 

father of children born during study period. While PE information is obtained by Danish 

national patient register. 

  We have investigated the relative contributions of maternal and fetal genetic effects, the 

couple effect, shared sibling and also second , third and forth degree relative’ s 



environmental effects to the liability of PE. Furthermore, it is investigated by use of log 

binomial regression, whether risk of suffering from this condition changes with timing of 

onset, dividing timing of onset into three groups early (before 34 gestational weeks), late 

(34 to 36 weeks) and very late (after 36 weeks). Along with this, how severity of PE 

contributes to the future risk is also analysed in woman and male partner’s family histories. 

Furthermore, we analyzed how switching female partners changes a man’s risk of having a 

subsequent PE child in comparison with switching male partners affect a woman’s 

recurrence risk. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



1.2 Objective  
 

The research is carried out to focus on following points 

 

1) Recurrence risk with same vs different partner. 

2) Effect of family history according to:                    

• Woman’s and male partner’s family history                

• Maternal/paternal family history.                

• History in female/male relatives. 

3) Familial aggregation of PE depending on time of onset. 

• Less than 34 weeks 

• Between 34-36 weeks  

• Greater than 36 weeks 

 

 
 

 

 

 
 
 

 



2 Data  

2.1 Data sources  
 

Statistical analysis is done in Statens Serum Institute (SSI) Copenhagen. It is a Danish 

sector research institute. This institute provided all the data used in this analysis, the State 

Serum Institute sorts under the Danish Ministry of Health and Prevention. 

2.2 Raw data 
 
This is a registered based study which based on several registers containing information 

about Danish population. Denmark is one of those countries which have very accurate and 

good record keeping system. Therefore register based on these records are very accurate and 

up-to-date. Different registers were built in different years and with the help of unique 

identification number it is possible to link all of these different kinds of registers. 

Below is brief introduction of the registers used: 

2.2.1 Danish Civil Registration 
 
Since April 1, 1968, the Danish Civil Registration System has registered demographic and 

vital status information on all persons residing in Denmark, aided by the unique personal 

identification number assigned to each Danish resident (Knudsen LB and Olsen J, 1998). At 

the time of the Danish Civil Registration System (CRS) was established in 1968, where all 

persons alive and living in Denmark were registered. Among many other variables, it 

includes individual information on personal identification number, gender, and date of birth, 

place of birth, place of residence, citizenship, continuously updated information on vital 

status, and the identity of parents and spouses.  

Today, the CRS includes information on all persons who were alive and had a permanent 

residence in Denmark on April 2, 1968 or later, or in Greenland on May 1, 1972 or later. All 

persons registered in the CRS are assigned a unique personal identification number, called 

the CPR-number, which is used in all national registers, enabling accurate linkage between 

all national registers. CPR is an abbreviation of “Centrale Person Register”. It is the Danish 



name of the CRS. The CPR-number has ten digits, where the first six digits indicate the date 

of birth (day two digits, month two digits, year two digits), the next three digits indicate a 

serial number to distinguish between persons born on the same day, and the last digit is a 

control digit introduced to minimize recording errors and also indicates the sex. 

The first person in this register was born in 1st march 1858 and there are 8521002 

observations in it. 

2.2.2 Medical Birth Register (MBR) 
 
The Danish Medical Birth Registry (MBR) was established in 1968 and has been 

computerized since 1973. The primary purpose of the registration is to monitor the health of 

the new-borns and of the quality of the antenatal and delivery care services, but the registry 

is increasingly being used in research. Major changes in registration have taken place in 

1978 and 199. 

The Medical Birth Register has recorded information on all live births and stillbirths in 

Denmark since 1973 and is considered close to complete (not including spontaneous and 

induced abortions). Since 1978, exact (in weeks) gestational age determinations have been 

included (Knudsen LB and Olsen J, 1998). Gestational age determination is based on 

information of last menstrual period combined with an early clinical bimanual palpation. In 

situations of inconsistency between these measures, ultrasound scanning is performed. In 

the most recent years the use of ultrasound scanning has become widespread and has as 

such contributed increasingly to the determinations of the gestational age.  The first person 

in this register has born in 13 August 1895. It contains 4004239 observations. 

2.2.3 Danish Family Relations Database  

The Danish Family Relations Database (Westergaard T and Birth Order el at, 1997) is not 

an independent register it was created in Serum institute with the combination of Danish 

civil registration register and Danish medical birth register. So this is based on kinship 

information in the Civil Registration System and permits identification of all relatives 

registered in the Civil Registration System for anyone with a personal identification 

number.                                                                                                                            



Relatives were identified from the Danish Family Relations Database. This database is 

based on the parental links as registered in the Civil Registration System. Using this system, 

one can identify parents by shared address for individuals living at home when the Civil 

Registration System was created in 1968. Individuals not living at the parent's home in 1968 

generally have no parental link. All individuals born in Denmark in 1968 or later have 

parental links reflecting the biologic or adoption parents. Consequently, the identities of the 

parents and thereby of half/full siblings were known for all Danish-born persons in our 

cohort. By using the parents' parental link, one can identify grandparents and there by 

cousins, uncles/Aunts and nephews/niece. However, because of the above-described 

construction of parental links, registration of grandparents was almost complete for only 

those children born in 1990. It should be emphasized that, although the cohort was restricted 

to children born from 1978 to 2008, there was no restriction on the birth cohorts of the 

relatives besides the one imposed by the way in which the parental links were constructed in 

the Civil Registration System. In this data set, we have 5,08,072,780 numbers of 

observations. 

2.2.3 Danish Multiple Birth Database 

 

The Danish Multiple Birth Database is not an independent register it was also created in 

Serum institute with the combination of Danish civil registration register and Danish 

medical birth register.  

This gives the information about singleton, twins and triplets babies born to any 

mother. In this register, we have 3,77,63,56 observations. 

 

2.2.4 Danish National Patient register 
 
This is relatively new register from 1977 to 2008 which contains the information about the 

woman who got PE in their pregnancy (Westergaard T and Birth Order el at, 1997). This 

register consists of only Danish woman. It contains 114,974 observations. 



The National Patient Register contains information about all visits to Danish hospitals, 

including hospital-based specialist clinics.  Inpatient information has been registered since 

1977; outpatient and emergency room visit details have been included since 1995.  Updated 

daily, the register records administrative and clinical data, including personal identification 

number (PIN), admission and discharge dates (inpatients), visit date (outpatients), hospital 

name and department, diagnosis codes (discharge diagnoses for inpatients) and operation 

codes.  Diagnoses are registered using ICD codes, as follows: 1977-1993, ICD-8; 1994-

present, ICD-10.  Supplemental information (e.g. whether a diagnosis was the primary 

diagnosis, an incidental finding, a known co-morbid condition, a referral diagnosis, etc.) 

accompanies the diagnoses.  Operations are registered using the Danish Operation and 

Treatment Classification System, editions 1-3, from 1977 to 1995 and the Nordic Medico-

Statistical Committee Classification of Surgical Procedures from 1996 to the present 

Secondary data 

 

Validation of PE diagnoses 

Klemmensen and colleagues conducted a chart review to validate PE diagnoses registered in 

the Danish Hospital Discharge Register against ACOG guidelines (Klemmensen 2007) and 

found the specificity and sensitivity of serious diagnoses (severe preeclampsia, HELLP 

syndrome, eclampsia) in the Hospital Discharge Register to be 100% and 43.6%, 

respectively.  These findings indicate that although not all women experiencing severe 

preeclampsia are registered as such in the Hospital Discharge Register, women registered as 

having severe preeclampsia almost certainly have the condition, and consequently the 

Hospital Discharge Register is an excellent tool for identifying women with severe PE. 

 

2.3 Secondary Data: 
 

Using log-linear binomial regression, we estimated risk ratios comparing the risks of PE in 

women with various PE histories with those of women with no such histories. All risk ratios 

were adjusted for the calendar period. Following steps are involved in making secondary 

data from primary registers. 



Step 1: 
 
To prepare cohort for this study, only those person are chosen from CRS register who born 

between the period of 1978 and 2008 in Denmark as we have the PE information starting 

from 1978. Therefore persons born in Greenland (territory of Denmark) are excluded. 

Furthermore, people living in Denmark but born outside of Denmark are also excluded to 

make sure that the cohort members share same environment and health effects. 

Step 2 
 
Then we merge this cohort data set with Danish family relation database to define the 

relatives of cohort members and their gender information. Twenty- four different maternal 

and paternal relationships are defined. Here it is also noteworthy that there is no restriction 

that the relative birth should be between 1978 to2008 (cohort follow up time). We have 

taken out the strange kinds of relationships. Strange relationships mean that for example, if 

a cohort member brother is his father also. Grandparents are also taken out because we do 

not have information about their PE status. Furthermore, Cohort members with no relatives 

are deleted. 

 

Step 3 
 
This data set is merged with multiple birth databases (with 8521002 observations) delete 

multiple births (twins, triplets etc) to a woman in a single pregnancy. Multiple births are 

considered different from singleton births because of having high risk for preterm delivery 

and birth defects.  

 

Step 4 

In order to get knowledge about gestational ages of cohort members, data from step3 is 

merged with NBR which contains information about gestational ages in weeks. If 

gestational age of a cohort member is not between 20 and 42 weeks then at this step he is 

excluded from the further analysis, to make cohort more homogeneous. 

Step 5 



Then cohort at pervious step is merged with CRS again to get information about relative 

date of births. Mothers’ age at the birth of a cohort member is then calculated by the 

difference between mother and child date of birth.  Teen ager mothers are taken out from the 

analysis because they might have some other factors to make them different other mothers. 

If the family member is born on the same day or after the cohort member then this relation 

is deleted from the analysis as to analyse history, relative should be older than cohort 

member. 

Step 6: 
 
 At this step information in cohort is combined with Danish National Patient register to 

extract information about PE. Women registered with ICD-8 (International Classification of 

Diseases, version 8) codes 637.03, 637.04, 637.09, 637.19, 637.99, 762.19, 762.29, 762.39 

or 762.99, or ICD-10 (ICD, version 10) codes DO14, DO14.0, DO14.1, DO14.2, DO14.9, 

DO15, DO15.0, DO15.1, DO15.2 or DO15.9 were considered to have had PE. (Note: 

Women who only had a referral diagnosis of PE or a suspected diagnosis without later also 

being registered with a confirmed diagnosis were not included as PE cases.)  

A binary variable is created for cohort members as below 

0: no PE 

1:  yes PE 

Step 7: 
Twenty-four variables are now defined for all relatives about their PE status. If PE 

information of a relative is not known then they are putted into a special category. 

Furthermore if a person does not have a specified kind of relative then they are also putted 

into a different category. Therefore the above mentioned variables can have four different 

values. 

0: no PE 

1:  yes PE 

-1: Specified kind of relative exists but we have no information about PE for him/her. 

-2: The index person does not have specified kind of relative. 

Step 8: 
 



If a person has more than one specified kind of relative with PE then just the oldest one is 

taken into account in our analysis. For example if two siblings have PE before cohort 

member’s birth then only older one is taken as history.  As we just wanted to get 

information whether there cohort member has a previous history or not. 

This is our final data set which is then used to find are RR for all 24 defined relationships, 

among all those person who have that specified kind of relationships and who have 

information about PE. Table 1 is based on this data set. 

2.3.1 Timing of onset 
 
Gestational age is divided into three groups very early (less than 34 weeks), early (34 to 36 

weeks) and late (more than 36 weeks). To find out whether inheritance pattern differ in 

different gestational age following additional steps are carried out for making Table 2a, 

Table 2b and Table c. 

 
Step 1: 

Information about relatives’ gestational ages is obtained from national birth register.  For those 

having PE to find out exact length of gestational age national patient register is used. As NPR 

contains the information about conception date therefore subtracting the birth date of child with 

the start date of pregnancy, exact gestational length in calculated into weeks.  

Step 2: 

 Relatives’ history is divided into very early, early and late as follow by making 72 new 

variables as: 

1:  If a  specified relative had PE before 34 weeks of gestation then the corresponding 

specified variable takes value 1 and otherwise its 0. 

2: If a specified relative had PE between 34 to 36 weeks of gestation then the corresponding 

specified  variable takes value 1 and otherwise its 0. 

3: If a specified  relative had PE after 36 weeks of gestation then the  corresponding 

specified variable takes value 1 and otherwise its 0. 

Similarly, three groups are made for cohort members according to length of their gestational 

age. 



If relatives’ gestational age or PE information is not known then they are taken out of this 

analysis. 

Step 3: 

Maternal age is considered as an important confounder as it is also a risk factor for PE. 

Therefore we have adjusted our analysis for maternal age to find adjusted history effect. 

Maternal age is divided into following 5 categories: 

1: age of mother 20 years or less 

2: age of mother between 21 and 25 years 

3: age of mother between 26 and 30 years 

30: age of mother between 31 and 35 years. 

35: age of mother 36 years or more 

Step 3:  

 Calendar year in which child is born can also affect the risk. Therefore subsequent analysis 

is also adjusted for calendar year; as any treatment or diagnose method can change the risk 

in that year or following years. Six categories are made as follows for calendar year: 

1978: birth year between 1978 and 1982 

1983: birth year between 1983 and 1987 

1988: birth year between 1988 and 1992 

1993: birth year between 1992 and 1997 

1998: birth year between 1998 and 2003 

2003: birth year between 2003 and 2008. 

 

 

 

 

 

 

 



3 Methods 
 

SAS software version 9.2 is used for all statistical analysis.  To find relative risks (risk ratio) 

and 95% confidence interval with a binary (PE / no PE) outcome, log binomial regression 

(genmode procedure with link log and distribution binary in SAS) is used. We want to 

compare the risk of PE in a woman who has PE history compared to a woman with no such 

history. 

Here is brief description of relative risk computed by log binomial regression and 

reasons for choosing this method for our analysis: 

Risk ratio is defined as follows: 

3.1 Relative risk   

Relative risk (RR) is the risk of an event (or of developing a disease) relative to exposure. 

Relative risk is a ratio of the probability of the event occurring in the exposed group versus 

a non-exposed group (Sistrom and Garvan, 2004) 

  

In a simple comparison between an experimental group and a control group: 

• A relative risk of 1 means there is no difference in risk between the two groups. 

• An RR of < 1 means the event is less likely to occur in the experimental group than 

in the control group. 

• An RR of > 1 means the event is more likely to occur in the experimental group than 

in the control group. 

If modeling a risk ratio instead of an odds ratio and the risk ratio is not well-estimated in by 

the odds-ratio, SAS PROC GENMOD can be used for estimation and inference 

(Speigelman and Hertzmark, 2005). In medical research, the odds ratio is commonly used 

for case-control studies, as odds, but not probabilities, are usually estimated (Deeks, 1998). 

Relative risk is used in randomized controlled trials and cohort studies. Moreover when an 



outcome in a research study is common, the odds ratio will tend to overestimate the risk 

ratio. (Viera, 2008).Relative risk is different from the odds ratio, although it asymptotically 

approaches it for small probabilities We could also chose logistic regression method but 

logistic regression gives the odds ratio and there is no longer any good justification for 

fitting logistic regression models and estimating odds ratios when the odds ratio is not a 

good approximation of the risk or prevalence ratio (Wacholder, 1986). 

3.2 Log binomial regression 
 
A log binomial regression model is a special case of a generalized linear model.  

Using log-linear binomial regression, we estimated risk ratios comparing the risks of 

preeclampsia in women with various preeclampsia histories (personal and family, with 

varying timing of preeclampsia onset) with those in women with no such histories with the 

specified onset. We tested for differences in the effects of given family histories (e.g. the 

effect of a history of preeclampsia among a woman’s female relatives vs. the effect of the 

same history among the female partners of her male relatives) using likelihood ratio test. 

 

 
 



4 Results  

4.1 Familial aggregation of PE 
 

 During follow up time 49,766 children born with PE among 17,96,928. The recurrence risk 

with same vs. different partner is shown in table 1. Third column of table shows that how 

many women were exposed to PE in their previous pregnancy and forth column showing 

how many of them suffered from PE in their later pregnancy as well. RR along with 95% 

confidence limit is shown in last column of table. 

 

Table1:  woman and male partner’s personal history 
History of PE in: Abbreviation 

of Relatives 
No of Exp Exposed 

cases 
RR (95% CI) 

Woman’s personal history     
Same male partner Sos 28123 3961 12.4 (11.9,12.8) 
Different male partner Msos 4954 634 8.67 (7.96,9.45) 

Male partner’s personal history     
Same female partner Sos 28123 3961 12.4 (11.9,12.8) 
Different female partner  Fsos 5150 169 1.25 (1.07,1.46) 

 

Here woman’s personal history with same male partner is 12.4 which means that, If a 

woman who suffered from preeclampsia previously, and she does not change her partner 

then the recurrence risk of getting preeclampsia again in her subsequent pregnancy would 

be 12.4(11.9,12.8) times more than the woman who did not suffered from preeclampsia 

before. But when she changes her partner, than the recurrence risk would become 8.67(7.96, 

9.45) but the recurrence risk in the Male personal’s history is decreases and approaches to 

1.25(1.07, 1.46). This is very low but still it is significant. It is clear from the graph that 

woman is playing most significant role in having PE. 

 



 
Fig 1: Male female personal history same vs. different partner 
 
The Fig.1 shows the Risk ratio on the y axis and male and female relatives on the x-axis. 

Red color shows the risk ratio with different partner and blue color shows the risk ratio with 

the same partner. The vertical black line are showing the confidence limits and the green 

horizontal line which is crossing from 1 is just for checking that whether the confidence 

limits are crossing from 1 or not. Graph shows steep decrease in man reoccurrence risk of 

PE when he changes his partner compared to women whose risk diminishes only slightly 

when she changes her partner. It shows strong maternal genetic affect compared to paternal. 

Table 2 shows the female and male family history. First column shows relationship 

information and in last column significant risks are shown bold, while insignificant or not.  

 

Table2: Woman’s and Male partner’s family history. 
History of PE in: Abbreviation of 

Relatives 
No of Exp Exposed 

cases 
RR (95% CI) 

Woman’s family history     
Female relatives     

Mother, woman’s own birth  Mor 3340 180 1.74 (1.50,2.01) 
Mother, full sibling’s birth  Mfonk 5327 222 1.47 (1.29,1.68) 
Mother, half-sibling’s birth   Mmhonk 2134 76 1.39 (1.11,1.74) 
Full sister  Mfskus 21779 1102 2.05 (1.93,2.18) 
Maternal half-sister  Mmhskus 2490 103 1.55 (1.27,1.89) 
Paternal half-sister  Mphskus 2228 83 1.42 (1.14,1.77) 

Female partners of male relatives     



Father’s partner, half-sibling’s birth  Mphonk 2842 99 1.36 (1.12,1.66) 
Full brother’s partner  Mfbkus 18002 551 1.19 (1.09,1.29) 
Maternal half-brother’s partner  mmhbkus 1828 61 1.19 (0.92,1.53) 
Paternal half-brother’s partner  Mphbkus 1643 53 1.23 (0.93,1.62) 
     

Male partner’s family history     
Female relatives     

Mother, man’s own birth  Far 1876 74 1.23 (0.98,1.55) 
Mother, full sibling’s birth  Ffonk 3821 117 1.06 (0.89,1.27) 
Mother, half-sibling’s birth   Fmhonk 1467 47 1.17 (0.88,1.56) 
Full sister  Ffskus 22461 714 1.19 (1.10,1.28) 
Maternal half-sister  Fmhskus 2264 74 1.21 (0.96,1.52) 
Paternal half-sister  Fphskus 1966 65 1.26 (0.98,1.61) 

Female partners of male relatives     
Father’s partner, half-sibling’s birth  Fphonk 2067 59 1.09 (0.84,1.40) 
Full brother’s partner  Ffbkus 20661 619 1.13 (1.04,1.22) 
Maternal half-brother’s partner  Fmhbkus 1740 41 0.89 (0.65,1.21) 
Paternal half-brother’s partner  Fphbkus 1546 51 1.24 (0.94,1.64) 

 
 
It is evident from table that maternal history contributes more than paternal history. Male 

only have high risk of fathering a pregnancy with PE if their full sister or their brothers 

partner have went through this condition. if woman’s own birhtais with PE then her risk is 

1.74 (1.50,2.01) which means that if a woman born with preeclampsia, then her chances of 

getting preeclampsia in her own pregnancy would 74% more as compare to the woman who 

did not born with preeclampsia. In comparison with it the chances of man’s own birth 1.23 

(0.98,1.55) are low and insignificant.  

 
 
 
 
 



 
Fig2: Woman’s and Male partner’s family history 

 
Comparison between maternal and paternal history can be well seen in the above figure two.  

The risk ratios are shown on Y-axis and  relatives (shown in abbrivation, as it was not 

possible to show full relationhsip in fig.) of the s on the X-axis. Red and blue colors in the 

bars of the graph shows the paternal and maternal relatives respectively. Black vertical bars 

shows the confidence limits.  Women with their own birth and full sibling birth can be seen 

at higher riskin the above fig.  Generally it can be seen that women with history of PE are at 

higher risk, while women with male partner history of PE are mostly not at such a high risk. 

 

4.2 History of PE depending on timing of onset  
 

Whether history of timing of onset has any impact on PE timing of onset is divided into 

three groups, namely, early onset (before 34 complete gestational weeks), late (between 34 

to 36 gestational weeks) and very late (after 36 gestational weeks). In following section they 

are described one by one. The risk ratios for a given interval were estimated among women 

at risk, that is, among women with a gestational length in the interval or in a later interval. 

 

 

 

 



4.2.2 Early onset 
 

Familial aggregation of very early onset or severe PE is described in this section. Out of 

49799 cases of PE 6639 were observed before 34 gestational weeks. Our outcome are cases 

of preeclampsia less than 34 gestational age, while exposure are relatives who born in less 

than 34 gestational weeks of their mothers’ preeclamptic pregnancy. 

Table3:  woman and male partner’s early onset personal history  
History of PE in: Abbreviation of 

Relatives 
No of Exp Exposed 

cases 
RR (95% CI) 

Woman’s personal history     
Same male partner  sos1 3259 196 25.2 (21.8,29.1) 
Different male partner  msos1 554 41 21.7 (15.9,29.5) 

Male partner’s personal history     
Same female partner  sos1 3259 196 25.2 (21.8,29.1) 
Different female partner  fsos1 540 4 1.46 (0.55,3.88) 

 
 If a woman who suffered from preeclampsia in before 34 gestational weeks, and she does 

not change her partner then the recurrence risk of getting preeclampsia again in her 

subsequent pregnancy would be 25.2 times more than the woman who did not suffered from 

preeclampsia before. But when she changes her partner, than the recurrence risk is become 

21,7. Therefore, recurrence risk for severe PE is very high in female and it does not 

diminish even if she changes her male partner.  

 
 

 



Fig 3: Male female early onset personal history same vs. different partner 
 
Fig 3 is graphical representatin of table3 and shows that male risk decreases a lot if he 

changes his female partern but it is not true for female. Confidence limits are very wide here 

as there are few cases of severe PE especailly for males. 

 
 
Table4: Woman’s and Male partner’s early onset family history  

History of PE in: Abbreviation of 
Relatives 

No of Exp Exposed 
cases 

RR (95% CI) 

Woman’s family history     
Female relatives     

Mother, woman’s own birth  mor1 175 4 4.05 (1.53,10.7) 
Mother, full sibling’s birth  mfonk1 360 2 1.13 (0.28,4.51) 
Mother, half-sibling’s birth   mmhonk1 186 3 3.56 (1.15,11.0) 
Full sister  mfskus1 2777 33 2.73 (1.94,3.85) 
Maternal half-sister  mmhskus1 309 3 2.09 (0.67,6.50) 
Paternal half-sister  mphskus1 297 3 1.96 (0.63,6.09) 

Female partners of male relatives     
Father’s partner, half-sibling’s birth  mphonk1 274 6 5.20 (2.34,11.6) 
Full brother’s partner  mfbkus1 2189 11 1.12 (0.62,2.02) 
Maternal half-brother’s partner  mmhbkus1 208 0 0.00 (0.00, .  ) 
Paternal half-brother’s partner  mphbkus1 227 5 5.22 (2.16,12.6) 
     

Male partner’s family history     
Female relatives     

Mother, man’s own birth  far1 88 2 3.97 (1.01,15.7) 
Mother, full sibling’s birth  ffonk1 290 0 0.00 (0.00, .  ) 
Mother, half-sibling’s birth   fmhonk1 127 0 0.00 (0.00, .  ) 
Full sister  ffskus1 2784 4 0.32 (0.12,0.86) 
Maternal half-sister  fmhskus1 253 1 0.86 (0.12,6.11) 
Paternal half-sister  fphskus1 300 5 3.70 (1.53,8.94) 

Female partners of male relatives     
Father’s partner, half-sibling’s birth  fphonk1 226 0 0.00 (0.00, .  ) 
Full brother’s partner  ffbkus1 2534 13 1.14 (0.66,1.97) 
Maternal half-brother’s partner  fmhbkus1 244 0 0.00 (0.00, .  ) 
Paternal half-brother’s partner  fphbkus1 191 2 2.17 (0.54,8.70) 

 
According to table 4 woman’s family relatives are playing the most significant role in 

having PE. Here ,if a woman born with PE, in less than 34 gestational age of her mother’s 

pregnancy, then her chances of getting PE in her own pregnancy would 4,05 times more as 

compare to the woman who did not born with PE. In comparison with it the chances of 



man’s own birth 3,97 (1,01,15,7) are also high and in significant but the confidence limits 

are very wide because the exposed cases are only 2. 

 

 
Fig4: Woman’s and Male partner’s early onset family history  
 
 

After analyzing the male partner’s and woman’s family history, woman is most important in 

having preeclampsia but male partner is also cannot be negligible.  Very wide confidence 

intervals are indicator of very few cases in each category of relatives. We can see same kind 

of trend as in Fig. 2 but this time a lot more intense compared to Fig. 2. 

4.2.2 Late onset 
 
This section is fixed for late gestational age i.e. 34 to 36 gestational weeks. Out of 49799 

cases of PE, 7570 were observed with above described gestation age range. Outcome is 

preeclampsia between 34 and 36 gestational weeks and the exposure are relatives born in 

greater than 34 gestational weeks of their mothers’ preeclamptic pregnancy. 

 

Table5:  woman and male partner’s late onset personal history  
History of PE in: Abbreviation of 

Relatives 
No of 
Exp 

Exposed 
cases 

RR (95% CI) 

Woman’s personal history     
Same male partner  sos2 4080 191 19.7 (17.0,22.8) 
Different male partner  msos2 717 36 17.7 (12.7,24.7) 

Male partner’s personal history     



Same female partner  sos2 4080 191 19.7 (17.0,22.8) 
Different female partner  fsos2 796 6 1.66 (0.74,3.69) 

  

Risk ratio decrease little bit for women in comparison with the previous results of less than 

34 gestational age but still woman’s with  personal history are on higher risk. 

 

 
Fig 5: Male female late onset personal history same vs. different 
 
Fig. 5 shows the same trend as Fig. 1 and Fig. 3 reconfirming that woman with personal 

history of PE is at higher risk of having PE in subsequent pregnancy. But intensity of this 

clustering is much more less as compared to severe PE described in above section. 

 
Table 6: Woman’s and Male partner’s late onset family history  
 

History of PE in: Abbreviation of 
Relatives 

No of 
Exp 

Exposed 
cases 

RR (95% CI) 

Woman’s family history     
Female relatives     

Mother, woman’s own birth  mor2 382 3 1.59 (0.51,4.92) 
Mother, full sibling’s birth  mfonk2 742 9 2.62 (1.36,5.03) 
Mother, half-sibling’s birth   mmhonk2 312 4 2.89 (1.08,7.71) 
Full sister  mfskus2 3592 44 2.89 (2.15,3.90) 
Maternal half-sister  mmhskus2 404 5 2.77 (1.15,6.70) 
Paternal half-sister  mphskus2 353 2 1.38 (0.34,5.56) 

Female partners of male relatives     
Father’s partner, half-sibling’s birth  mphonk2 456 1 0.54 (0.08,3.80) 



Full brother’s partner  mfbkus2 2810 17 1.40 (0.87,2.25) 
Maternal half-brother’s partner  mmhbkus2 269 3 2.02 (0.65,6.29) 
Paternal half-brother’s partner  mphbkus2 355 0 0 
     

Male partner’s family history     
Female relatives     

Mother, man’s own birth  far2 204 2 2.10 (0.53,8.39) 
Mother, full sibling’s birth  ffonk2 571 4 1.56 (0.59,4.17) 
Mother, half-sibling’s birth   fmhonk2 218 1 1.08 (0.15,7.66) 
Full sister  ffskus2 3684 19 1.23 (0.78,1.93) 
Maternal half-sister  fmhskus2 387 5 2.88 (1.19,6.95) 
Paternal half-sister  fphskus2 306 0 0 

Female partners of male relatives     
Father’s partner, half-sibling’s birth  fphonk2 285 3 2.32 (0.75,7.20) 
Full brother’s partner  ffbkus2 3437 23 1.51 (1.00,2.27) 
Maternal half-brother’s partner  fmhbkus2 266 3 2.34 (0.75,7.28) 
Paternal half-brother’s partner  fphbkus2 331 3 1.41 (0.35,5.67) 

 
 
Family history table shows that female family history is an important risk factor of PE but 

male partner’s family history is not playing important role in having PE. Almost all RR are 

smaller as compared to early onset and moreover some of them are significant. 

 
 
Fig 6: Woman’s and Male partner’s late onset family history  
 



 
 

4.2.3 Very Late onset 
 
This section is dedicated to very late onset. Outcome is late PE i.e. after 36 gestational 

weeks and the exposure are relatives born in greater than 36 gestational weeks of their 

preeclamptic mothers’ pregnancy. More than half PE cases i.e., 33919 are falling in this 

group. 

 
Table7:  woman and male partner’s very late onset personal history  

History of PE in: Abbreviation of 
Relatives 

No of 
Exp 

Exposed 
cases 

RR (95% CI) 

Woman’s personal history     
Same male partner  sos3 20196 1856 10.3 (9.85,10.9) 
Different male partner  msos3 3553 260 7.17 (6.31,8.15) 

Male partner’s personal history     
Same female partner  sos3 20196 1856 10.3 (9.85,10.9) 
Different female partner  fsos3 3668 75 1.22 (0.97,1.53) 

 
Table 7 shows that personal history effect has diminished even more compared to late 
gestational age.  
 

Table 8: Woman’s and Male partner’s very late onset family history  
History of PE in: Abbreviation of 

Relatives 
No of 
Exp 

Exposed 
cases 

RR (95% CI) 

Woman’s family history     
Female relatives     

Mother, woman’s own birth  mor3 2250 81 1.71 (1.37,2.12) 
Mother, full sibling’s birth  mfonk3 3698 97 1.37 (1.12,1.67) 
Mother, half-sibling’s birth   mmhonk3 1507 32 1.29 (0.91,1.83) 
Full sister  mfskus3 15979 525 1.94 (1.77,2.11) 
Maternal half-sister  mmhskus3 1784 56 1.73 (1.32,2.26) 
Paternal half-sister  mphskus3 1643 41 1.42 (1.04,1.94) 

Female partners of male relatives     
Father’s partner, half-sibling’s birth  mphonk3 1969 49 1.41 (1.07,1.87) 
Full brother’s partner  mfbkus3 13152 255 1.12 (0.99,1.26) 
Maternal half-brother’s partner  mmhbkus3 1342 34 1.37 (0.98,1.93) 
Paternal half-brother’s partner  mphbkus3 1096 21 1.05 (0.68,1.61) 
     

Male partner’s family history     
Female relatives     

Mother, man’s own birth  far3 1235 29 1.05 (0.73,1.51) 
Mother, full sibling’s birth  ffonk3 2501 51 1.06 (0.81,1.40) 



Mother, half-sibling’s birth   fmhonk3 979 27 1.54 (1.05,2.25) 
Full sister  ffskus3 16383 373 1.23(1.11,1.36) 
Maternal half-sister  fmhskus3 1618 35 1.17 (0.84,1.64) 
Paternal half-sister  fphskus3 1445 30 1.15 (0.80,1.66) 

Female partners of male relatives     
Father’s partner, half-sibling’s birth  fphonk3 1459 27 1.11 (0.76,1.63) 
Full brother’s partner  ffbkus3 14974 299 1.11 (0.99,1.25) 
Maternal half-brother’s partner  fmhbkus3 1226 12 0.55 (0.31,0.96) 
Paternal half-brother’s partner  fphbkus3 1078 18 0.95 (0.60,1.51) 

 
PE history after 36 gestational weeks also plays any important role in subsequent risk of PE 

but its intensity is less than compare to early onset. The pattern of woman’s and male 

partner’s family history is same as compare with early and late onset. Woman and her 

family history are still important in having PE. Graphs are not shown here for the purpose of 

brevity.  

4.2.4 Comparison between history of early, late and very late onset 
 

To compare how risk of PE varies with timing of onset different figures are made separately 

for female and male partner family history. 

 
Fig 7:  Female personal history with different timing of onset 
 



Female personal history graph shows that PE risk is decreasing as the timing is pass in 

woman’s pregnancy also severe PE has higher risk than other two groups. The risk has 

decreased gradually from late to every late onset. One noteworthy point here is that all risks 

are significant in female personal history. Risks are also changing slightly if woman 

changes her male partner. 

 

 
Fig 8:  Male personal history with different timing of onset 
 
Comparison of timing of onset on male personal history shows that risk does not differ 

much in all three onsets groups if a male changes his female partner. Hence its showing that 

paternal genetic effect of PE is not strong. Moreover it is not significant in any of the three 

groups. However, for severe PE risk is comparatively higher than other two groups. We can 

conclude from Fig.7 and Fig 8. That early onset maternal own history is the most import 

risk factor for PE. 



 
Fig 9: Woman’s family history with different timing of onset 
 
Fig 9. Shows comparison of maternal history with different timing of onset. Here it can also 

be seen that severe PE has highest risk. Risk is gradually decreasing with increase of 

gestational age. Risk is highest for those women who are born from preeclamptic 

pregnancy. Moreover risk is higher for the women who are exposed to the preeclamptic 

birth of their paternal half sibling or brother’s partner.  

 



 
Fig 10: Male partner’s family history with different timing of onset 
 
For male history risk ratios are very small and mostly insignificant with wide confidence 

interval showing lack of case in different categories. The only significant risk is if father’s 

full sibling is born by PE.  It can be concluded that risk does not passes through paternal 

line. 

4.2.4 Cross effect of timing of late onset in family on early PE 
 
 
To check if cross effect exists and is significant analysis is done where outcome was the 

relatives of preeclampsia less than 34 gestational age and the exposure was the relatives 

who born in between 34 and 36 gestational weeks of their mothers’ pregnancy.  Results are 

shown in table. 

 
Table 8: woman and male partner’s late onset own history and early PE 

History of PE in: Abbreviation of 
Relatives 

No of 
Exp 

Exposed 
cases 

RR (95% CI) 

Woman’s personal history     
Same male partner  sos2 4080 127 13.5 (11.3,16.1) 
Different male partner  msos2 717 32 12.9 (9.08,18.3) 



Male partner’s personal history     
Same female partner  sos2 4080 127 13.5 (11.3,16.1) 
Different female partner  fsos2 796 4 1.02 (0.38,2.73) 

 
 
Table 9: Woman’s and Male partner’s late onset family history and early PE 

     
Woman’s family history     
Female relatives     

Mother, woman’s own birth  mor2 382 8 3.73 (1.87,7.44) 
Mother, full sibling’s birth  mfonk2 742 10 2.81 (1.51,5.22) 
Mother, half-sibling’s birth   mmhonk2 312 2 1.33 (0.33,5.31) 
Full sister  mfskus2 3592 39 2.60 (1.90,3.57) 
Maternal half-sister  mmhskus2 404 3 1.61 (0.52,5.01) 
Paternal half-sister  mphskus2 353 3 1.61 (0.52,5.01) 

Female partners of male relatives     
Father’s partner, half-sibling’s birth  mphonk2 456 4 2.10 (0.78,5.59) 
Full brother’s partner  mfbkus2 2810 21 1.72 (1.12,2.65) 
Maternal half-brother’s partner  mmhbkus2 269 3 2.67 (0.86,8.33) 
Paternal half-brother’s partner  mphbkus2 355 4 2.57 (0.95,6.90) 
     

Male partner’s family history     
Female relatives     

Mother, man’s own birth  far2 204 1 0.88 (0.12,6.23) 
Mother, full sibling’s birth  ffonk2 571 3 1.03 (0.33,3.19) 
Mother, half-sibling’s birth   fmhonk2 218 1 0.95 (0.13,6.73) 
Full sister  ffskus2 3684 19 1.21 (0.77,1.89) 
Maternal half-sister  fmhskus2 387 3 1.76 (0.57,5.50) 
Paternal half-sister  fphskus2 306 1 0.70 (0.10,4.99) 

Female partners of male relatives     
Father’s partner, half-sibling’s birth  fphonk2 285 1 0.65 (0.09,4.62) 
Full brother’s partner  ffbkus2 3437 14 0.94 (0.55,1.58) 
Maternal half-brother’s partner  fmhbkus2 266 0 0 
Paternal half-brother’s partner  fphbkus2 331 1 0.65 (0.09,4.64) 

 
If women are exposed to late PE and chances of them to get early PE are less intense as 

compared to the women who are exposed to early PE. It can be observed from both table 8 

and 9 that almost all risks are lower than severe PE but are higher than late PE. 

4.2.5 Cross effect of timing of early onset in family on late PE 
  
To find the cross effects between preeclampsia early history and the late history. Our 

outcome was the relatives of preeclampsia between 34 and 36 gestational age and the 



exposure was the relatives who born less than 34 gestational weeks of their mothers’ 

pregnancy. 

 

 

 
Table 10: woman and male partner’s early onset own history and late PE 

History of PE in: Abbreviation of 
Relatives 

No of Exp Exposed 
cases 

RR (95% CI) 

Woman’s personal history     
Same male partner  sos1 3269 153 19.6 (16.7,23.0) 
Different male partner  msos1 554 24 15.8 (10.6,23.6) 

Male partner’s personal history     
Same female partner  sos1 3269 153 19.6 (16.7,23.0) 
Different female partner  fsos1 540 3 1.19 (0.38,3.69) 

 
Table 11: Woman’s and Male partner’s early onset family history and late PE 

     
Woman’s family history     
Female relatives     

Mother, woman’s own birth  mor1 175 4 4.66 (1.76,12.3) 
Mother, full sibling’s birth  mfonk1 360 5 2.93 (1.22,7.02) 
Mother, half-sibling’s birth   mmhonk1 186 0 0 
Full sister  mfskus1 2777 36 3.09 (2.23,4.30) 
Maternal half-sister  mmhskus1 309 1 0.73 (0.10,5.20) 
Paternal half-sister  mphskus1 297 3 2.55 (0.82,7.94) 

Female partners of male relatives     
Father’s partner, half-sibling’s birth  mphonk1 274 0 0 
Full brother’s partner  mfbkus1 2189 11 1.16 (0.64,2.10) 
Maternal half-brother’s partner  mmhbkus1 208 0 0 
Paternal half-brother’s partner  mphbkus1 227 4 5.21 (1.94,14.0) 
     

Male partner’s family history     
Female relatives     

Mother, man’s own birth  far1 88 0 0 
Mother, full sibling’s birth  ffonk1 290 1 0.75 (0.11,5.29) 
Mother, half-sibling’s birth   fmhonk1 127 1 1.76 (0.25,12.4) 
Full sister  ffskus1 2784 15 1.30 (0.78,2.16) 
Maternal half-sister  fmhskus1 253 1 0.86 (0.12,6.13) 
Paternal half-sister  fphskus1 300 2 1.77 (0.44,7.12) 

Female partners of male relatives     
Father’s partner, half-sibling’s birth  fphonk1 226 1 0.97 (0.14,6.88) 
Full brother’s partner  ffbkus1 2534 12 1.07 (0.61,1.88) 



Maternal half-brother’s partner  fmhbkus1 244 0 0.00 (0.00, .  ) 
Paternal half-brother’s partner  fphbkus1 191 2 2.41 (0.60,9.65) 

 
It can be concluded after analyzing table 10 and 11 that risk ratios are quite similar to late 

onset history and late outcome PE. Therefore early onset does not seem to have any 

particular effect on late PE. 

4.2.6 Family history of PE in groups 
Groups are defined according to the Epidemiologist requirement for both women and male 
partners.  
 
Groups A and A* are history of PE in female relatives. Groups B and B* are history of PE 

in male relatives. Group C and D are history of PE in maternal and paternal relatives 

simultaneously. Group E is history of PE in some joint relatives. Relatives included in these 

groups are defined below in detail in column two of table 12 

 

Now results of these groups according to timing of onset are given below in table12. 

Table 12:  Woman and man’s family history in groups for early, late and very late onset of 
PE  

Gr
ou
ps 

History of PE in: <=34 34 to 36 >36 

 Woman’s family history    
A Mother, half-sibling’s birth + Maternal 

half-sister   +  Maternal half-brother’s 
partner  + Maternal half-sister  +  Paternal 
half-sister  + Full sister 

2.51 (1.89,3.35) 2.63(2.06,3.35) 1.73(1.61,1.85) 

A* Maternal half-brother’s partner  + 
Maternal half-sister  +  Paternal half-sister  
+ Full sister  

2.59 (1.91,3.52) 2.77(2.12,3.62) 1.84(1.70,1.99) 

C Mother, half-sibling’s birth + Maternal 
half-sister   +  Maternal half-brother’s 
partner 

1.91 (0.86,4.26) 2.62(1.48,4.63)  

E Mother, woman’s own birth + Mother, full 
sibling’s birth +  Mother, Full sister +  
Mother, Full brother’s partner 

2.00 (1.51,2.64) 2.23(1.77,2.82) 1.52(1.43,1.63) 

B Female’s Mother, woman’s own birth + 
Mother, full sibling’s birth + Father’s 
partner, half-sibling’s birth + Full brother’s 
partner + Maternal half-brother’s partner 

1.78 (1.23,2.58) 1.45(1.02,2.05) 1.24(1.13,1.35) 



+ Paternal half-brother’s partner  
B* Female’s Father’s partner, half-sibling’s 

birth + Full brother’s partner + Maternal 
half-brother’s partner + Paternal half-
brother’s partner      

1.73 (1.14,2.62) 1.25(0.82,1.92) 1.17(1.06,1.30) 

D Woman’s Paternal half-sister + Father’s 
partner, half-sibling’s birth + Paternal half-
brother’s partner  

3.99 (2.36,6.75) 0.65(0.21,2.02) 1.29(1.07,1.57) 

 All women’s partner family where 
gestational age is less than 34 weeks. 

2.15 (1.69,2.73) 2.08(1.68,2.57) 1.49(1.40,1.58) 

 Pe2*allW1 
Interactions between PE between 34 and 
36 weeks and All Women’s partner’s 
family history where gestational age is less 
than 34 weeks. 

1.43 (1.14,1.79) 2.14(1.67,2.73) 1.12(0.52 ,2.39) 

 Pe4*allW1 
Interactions between PE where gestational 
age is not known and All women’s partner 
family history where gestational age is less 
than 34 weeks. 

0 2.42(0.77,7.60)  

 Male partner’s family history   1.19(1.10,1.30) 
A Mother, man’s own birth +  Mother, full 

sibling’s birth +  Mother, half-sibling’s birth 
+  Maternal half-sister +  Paternal half-
sister +  Full sister 

0.67 (0.38,1.19) 1.31(0.92,1.88) 1.23(1.12,1.35) 

A* Mother, half-sibling’s birth +  Maternal 
half-sister +  Paternal half-sister +  Full 
sister  

0.63 (0.34,1.18) 1.29(0.87,1.91) 1.18(0.93,1.49) 

C Mother, half-sibling’s birth  +  Paternal 
half-sister +  Paternal half-brother’s 
partner  

2.04 (0.92,4.56) 0.85(0.27,2.63) 1.05(0.96,1.16) 

B Father’s Mother, man’s own birth + 
Mother, full sibling’s birth  + Father’s 
partner, half-sibling’s birth + Full brother’s 
partner + Maternal half-brother’s partner 
+ Paternal half-brother’s partner      

1.03 (0.64,1.65) 1.63(1.18,2.25) 1.06(0.96,1.18) 

B* Father’s partner, half-sibling’s birth + Full 
brother’s partner + Maternal half-
brother’s partner + Paternal half-brother’s 
partner 

1.03 (0.62,1.71) 1.62(1.14,2.31) 1.08(0.85,1.36) 

D Father’s Paternal half-sister + Father’s 
partner, half-sibling’s birth + Paternal half-
brother’s partner   

1.67 (0.75,3.72) 1.26(0.52,3.03) 1.12(1.04,1.19) 

 All Male partners’ family history where 
gestational age is less than 34 weeks. 

0.80 (0.55,1.18) 1.45(1.12,1.86) 1.73(1.61,1.85) 

 Pe2*allM1  
Interactions between PE between 34 to 36 

1.05 (0.76,1.44) 1.02 (0.76,1.37) 1.84(1.70,1.99) 



weeks and All male partner’s family history 
where gestational age is less than 34 
weeks. 
 

 
Highest risk is for maternal groups for severe onset. Risk is decreasing as timing of onset is 

increasing. Furthermore risk for paternal groups is mostly lower than maternal groups. We 

have also founded many significant risks for maternal and paternal groups can be seen for 

late and very late onset. 

 

5 Discussions 
 

PE have strong genetics component but Early-onset PE aggregates stronger in families, 

compared to later PE (PE with onset at 34-36 weeks’ gestation and 37+ weeks’ gestation). 

Women and men from families with PE contribute equally to risk of PE in pregnancies 

they’re involved in – this isn’t exactly true, based on our results, the woman’s family history 

is still more important, although there’s a case to be made for increased risk in pregnancies 

fathered by men who were born to preeclamptic mothers. 

The strength of the study is the size of the cohort makes it possible to divide exposure 

categories very finely. Furthermore, The Danish Family Relations Database allows for 

categorization of exposure by specific types of relatives, where the Swedes and Norwegians 

are limited to first-degree relatives. Moreover, we are now able to consider family history as 

a totality, rather than looking at pairs of individuals (mother-daughter, mother-son, sibling 

pairs). In addition to it, our ability to look at timing of PE onset is also good strength of this 

project. Finally, the very good validity of PE diagnoses in the hospital register. 

We are also some limitations in this project. In the first place, we included mild, moderate 

and severe PE diagnoses in our definition of PE, relying instead on timing to give an 

indicator of severity. So we could still have a mixture of different types of PE. Secondly, we 

really stretch our numbers when looking at history by specific relative types, so in some 

cases we couldn't see differences (even if they really are there) between the contributions of 

a history of PE among specific groups of relatives. But since this is the largest study of its 

kind, it's not as though this really can be improved upon. Finally, there is underreporting of 



PE to the hospital register, although one would expect this to decrease with more severe 

cases of PE. 

The contributions of this study are strong genetic contribution to PE but this appears to be 

limited to early-onset PE (this is the most important contribution of our study). Moreover, 

maternal and paternal contribution to PE, with the maternal contribution appearing is more 

substantial. Finally, an extension of the effect of family history on individual risk of PE is 

beyond the effect of a history of PE in a mother or a sibling. 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

 

 

6 Conclusions  
 

PE has strong genetic pattern the recurrence risk is very high in women. Men also have an 

elevated recurrence risk for preeclampsia for severe PE. Early-onset preeclampsia but not 

later-onset varieties have a clear genetic component. There are both maternal and paternal 

genetic contributions to early-onset preeclampsia; with the maternal ones seeming to be 

stronger (this possibly reflects the fact that maternal genes are expressed in both the mother 

and the fetus, whereas paternal genes are only expressed in the fetus). Early-onset PE 

aggregates strongly in families, whereas later PE (PE with onset at 34-36 weeks’ gestation 

and 37+ weeks’ gestation) does not, suggesting that genetics have the greatest influence on 

early PE. 
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