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Background 

Preeclampsia (PE) is a pregnancy related syndrome of variable severity, that has 

been differently defined, pointing to hypertension, to foetal growth or to kidney 

involvement (1-3). While the presence of proteinuria, that was classically a part of 

the syndrome, is no more considered as a condition sine qua non for diagnosis, an 

increase in serum creatinine is presently been considered an alternative diagnostic 

element, thus further pointing out to the central role of the kidney in this syndrome 

(1-12). Indeed, PE has been defined as a transitory and reversible kidney disease, 

ultimately cured by delivery. In the classical definition of PE, hypertension 

proteinuria and serum creatinine increase are reversible within 1-3 months, 

regardless of their severity in pregnancy; however, this may not be the case and the 

relationship with chronic kidney disease (CKD) remains a crucial, not completely 

unraveled issue (13-18).      

The prevalence of PE has been variously estimated; the range most frequently 

reported is 3 to 5%, but may decrease to 1-2% in “low risk pregnancies” or increase 

up to 10% if related disorders, such as pregnancy induced hypertension (PIH) and 

HELLP syndrome (haemolysis, increase in liver enzyme, low platelets) are included, 

within the broad definition of  “hypertensive disorders of pregnancy” ; the non-

univocal definition of superimposed preeclampsia, identifying cases in which the 

clinical syndrome of hypertension, proteinuria with or without fetal growth 

impairment develops on the basis of preexisting hypertension, proteinuria or kidney 

disease add to the difficulty in definition (1-4, 18-23).  

While the discussion on whether PE is a single disease, a syndrome, or a spectrum of 

alterations is still open, the new molecular approaches may offer some interesting 

insights into its pathogenesis (1-4, 21-30).   
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The long term effects of PE are likewise increasingly studied: PE has been associated 

with a vast array of chronic cardiovascular and renal diseases, of which the 

pregnancy related affection may be a herald, a cause or a consequence (31-36).  

Since hypertension is the most frequent long term health problem so-far associated 

with previous PE, most of the systematic reviews available are performed in the 

context of the analysis of the long-term cardiovascular effects of PE. Most of the 

studies and virtually all reviews show that patients who experienced PE in one or 

more pregnancies are at increased risk of developing cardiovascular and metabolic 

diseases (31-41). However, the entity of the risk, the timing of development of overt 

cardiovascular problems and the control strategies are not fully clear, and large 

prospective cohort studies are still lacking.   

This issue is shared by the analysis of the risks of kidney diseases (including end-

stage kidney disease, ESRD), which may become clinically evident only in the long 

run, and whose absolute prevalence remains low, possibly too low to justify specific 

follow-up programs. A comprehensive systematic review, focused on kidney disease, 

was performed in 2000 and highlighted the association between microalbuminuria 

(but not GFR) and a previous episode of PE (42). The inclusion criteria encompassed 

studies reporting on outcomes recorded at least 6 months post-partum (7 studies, and 

about 300 PE patients and controls); the outcome of ESRD was not considered. 

Several large studies were published after the review, and information is 

accumulating also on hard outcomes, such as ESRD. 

In this context, we decided to undertake a systematic review to try to gather updated 

information from large, recent observational and cohort studies focused on the long-

term occurrence of ESRD, CKD (defined on the basis of glomerular filtration rate 

and on the presence of proteinuria), and morbidity for kidney-related causes, after an 
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episode of PE, as a guide for defining long-term control and CKD-prevention 

strategies.  

 

 

Results 

Characteristics of the studies. 

After removal for duplicates, 8366 titles and abstracts were screened in duplicate and 

159 papers were assessed in full texts, leading to a final agreed selection of 21 papers 

for qualitative synthesis and 11 included in the different metanalyses (Figure 1) 

(http://prisma-statement.org/prismastatement/CitingAndUsingPRISMA.aspx ).(43-

63).  

Overall, qualitative data provided information on 110803 cases and 2680929 

controls, with partial overlap between studies on the same databases (Table 1) 

Selected studies were heterogeneous as for number of cases (30 to 26651), setting of 

study (14 from different European Countries and 1 international; 2 from Taiwan, and 

the others from different Countries), period of pregnancy, duration of follow-up 

(Table 1).  

None of the study was prospective; the interval between pregnancy and analysis 

ranged from 4.4 to over 30 years.  

The study design was of two main types: cross sectional evaluation of a cohort of 

patients retrospectively identified undertaking various kidney function parameters (8 

studies) and linkage between different databases (11 studies). Furthermore other 

designs were identified (2 studies): one cohort study registry linked and one cohort 

study based on registry data. Two of the studies analysed select patients by 

questionnaires administered in the setting of an RCT. 

http://prisma-statement.org/prismastatement/CitingAndUsingPRISMA.aspx
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Even if we excluded the duplicate publications, we kept for the general description 

the studies employing the same databases, albeit in different periods (6 from 

Norway, that employed the Medical Birth Registry of Norway, 2 from Taiwan, that 

employed Taiwan’s National Health Insurance Database and 2 from Scotland, that 

employed Aberdeen Maternity and Neonatal Databank); taking into account these 

characteristics, only one database was analysed for each outcome. 

Four main outcomes were examined, alone or in combination: development of ESRD 

(7 papers); GFR level or presence of CKD, that we considered together (13 papers); 

development of proteinuria or microalbuminuria (9 papers), hospitalisations for 

causes related to CKD (4 papers). Four studies examined, alone or in combination, 

different original renal outcomes (2 examined vascular outcomes, 1 mortality for 

CKD, 1 risk of kidney biopsy) and were not included in the metanalyses. 

The definition of exposure (PE alone or combined with other hypertensive disorders 

of pregnancy) (Table 2), and the definitions of the outcomes and their measures were 

likewise non homogeneous (Table 3).  

While ESRD and hospitalisation were obviously dichotomous in all papers, kidney 

function was analysed either as a dichotomous variable (CKD versus normal kidney 

function, employing the classical cut point at 60 mL/min in all studies) (7 papers) or 

a continuous e-GFR values (MDRD and CKD-EPI were used in two and four studies 

respectively; one study employed both) (7 papers), all of these esteemed the 

creatinineeGFR, except for one, which used the creatinine-cystatin equation; 

likewise, the presence of albuminuria was analysed differently: as a continuous 

covariate (4 papers), according to a threshold (7 papers), in both ways (2 papers). 

Four studies used 24 hour urine collections, dosing the urinary albumin excretion (2 

papers) or the albumin-creatinine ratio (2 papers); four studies dosed the albumin-
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creatinine ratio in the morning urine sample. The method was not specified in one 

study, which measured the protein-creatinine ratio. 

The studies selected reported on a consistent proportion of the population; 

completeness of  selection was, according to the study design, higher in linkage 

databases and in the case of studies based upon questionnaires administered to 

patients enrolled in RCTs; completeness was consistently lower in cross sectional 

analysis of populations selected on the basis of pregnancy data recorded 4-30 years 

previously, the range being 20-100% (selection criteria, supplementary tables 1 a-

c). 
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Results: descriptive analysis 

Table 4a,b,c report the main results for the different outcomes: ESRD (Table 4a), 

CKD and e-GFR, albuminuria and proteinuria (Table 4b) and hospitalisations and 

other outcomes (Table 4c). The outcomes of ESRD, kidney function/CKD, 

albuminuria/proteinuria and hospitalisation were analysed in at least two non 

overlapping studies, and were therefore meta-analysed.  

Definition of outcomes was homogeneous only for ESRD, a hard outcome, whose 

incidence was recorded over time, leading to the construction of specific curves, 

albeit differently built: event-free analysis in the papers from Taiwan and incidence 

analysis in the papers from Norway (tables). Of note, for further discussion, the 

curves of patients with or without PE start differentiating from the 4th year of 

observation in Norway and from the beginning of the observation in Taiwan; in both 

cases, with different duration of follow-up, the differences are statistically 

significant. 

None of the studies adjusts for pre-dialysis mortality. 

The development of CKD was analysed in different ways (dichotomised at e-GFR of 

60 mL/min or e-GFR as a continuous variable), employing different formulas 

(MDRD and CKD-EPI) and different tests, as reported in Table 3. Differences in 

eGFR was observed, while the difference between the risk of developing CKD after 

PE or after a normal pregnancy are non significantly increased in the case of 

dichotomous analysis (Table 4b). 

A similar heterogeneity is observed in the case of protein excretion, more frequently 

expressed as microalbuinuria, but also as protein/creatinine ratio (Table 4b). 

Correction for dialysis start was attempted in 1 paper (no case recorded), while none 

reported adjustment for mortality, possibly because of the rarity of this event in 

young women. 
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Hospitalisations for kidney related causes were assessed in four papers; in all cases 

the studies were performed by database linkage, a valid method, unable however to 

give information on patients who have moved away, are treated at home, or have 

died (one paper only integrates the analysis of hospitalisation with the analysis of 

mortality, which is non significant different in the two cohorts). Once more the 

definition of hospitalisations considered is different (Table 4c)  

Different outcomes were analysed in four studies examined, alone or in combination, 

different original renal outcomes (2 examined vascular outcomes, 1 mortality for 

CKD, 1 risk of kidney biopsy) and were not included in the meta-analyses. 

 

Results: quality of the studies, heterogeneity and publication bias. 

Quality of the studies was evaluated independently by BC and EV, according to the 

National Heart, Lung and Blood Institute quality assessment tool for observational 

cohort and cross-sectional studies (supplementary table). 

No study was fully unbiased, in keeping with the retrospective nature of the analyses 

and, for this reason, we had originally planned to select only the studies of fair to 

good quality. However, all studies were rated as of good or fair quality (Table 6). 

Clinical heterogeneity was high. Due to the heterogeneity in study designs, 

assessment methods, duration of follow-up and stratification for these items, initially 

foreseen, was not performed (none or one study for strata).  

Statistical heterogeneity was likewise high. For the outcome ESRD the study from 

Wang 2013 accounted for most of the heterogeneity with I2 decreasing from 94% to 

23%. For the outcome CKD the studies from Wang 2013 and Ayansina 2016 

contributed to most of heterogeneity with I2 decreasing from 98% to 60%. For the 

outcome eGFR the study from Paauw 2017 contributed to most of heterogeneity with 

I2 decreasing from 83% to 73%. For the outcome albuminuria the study from Mc 
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Donald 2012 contributed to virtually all of heterogeneity. For the outcome 

hospitalisation for kidney related causes the study from Kessous 2015 contributed to 

most of heterogeneity with I2 decreasing from 85% to 44%.On the basis of the high 

heterogeneity, therefore, a random effect model was chosen for meta-analysis. 

Publication bias was assessed by funnel plot analysis (supplementary data: Figures 

1a-5a); the visual analysis reveals that for ESRD there is a substantial symmetry of 

the funnel plot, suggesting the absence of publication bias. For the outcome CKD we 

observe a gap in the two bottom corners of the graph; in this case small non 

significant studies have been probably been omitted in both directions, balancing the 

effect estimate. For eGFR there is a substantial symmetry of the funnel plot, 

suggesting the absence of publication bias.For albuminuria, a gap in the left bottom 

corner of the graph is observed; in this case small non significant studies showing a 

protective effect of PE have been probably been omitted, suggesting a mild 

overestimation of the effect of PE. For hospitalisation for CKD we can observe a gap 

in the two bottom corners of the graph; in this case small non significant studies have 

been probably been omitted for both the directions of the effect measure, balancing 

the effect estimate. 

 

Results: Meta-analysis  

The only outcome that resulted significant at the meta-analysis was the risk of ESRD 

(Figure 4a); due to the fact that the databases are partially overlapping in the two 

studies from Taiwan and in the four studies from Norway, we included only the 

largest cohorts in the analysis (Vikse 2012, two different cohorts and Wang 2013). 

The meta-analytic risk of ESRD is 6.35 (95% CIs: 2.73-14.79). 
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The relative risk of hospitalization is borderline significant (meta-analytic RR 1.69; 

95% CIs: 0.98-2.92), as well as the risk of having positive albuminuria, however 

defined (Figures 4b-4c), (meta-analytic RR 4.31; 95% CIs: 0.95-19.58). 

Interestingly, there is a discrepancy between the analysis of e-GFR and CKD, in 

relation to the study of kidney function as continuous versus dichotomous variable 

(Figures 4b). No difference emerges from the meta-analysis employing e-GFR as a 

continuous variable, while the analysis considering presence-absence of CKD as a 

dichotomized outcome suggest a higher, albeit not significant, risk after a PE 

pregnancy.  

 

Results: number of cases to follow-up over time needed to identify an adverse 

long-term event. 

With the aim of calculating how many women we needed to follow-up over time to 

detect the analysed outcome, as a guide to hypothesize a follow-up strategy, we 

assessed the number needed to treat (NNT), that have here the meaning of “number 

needed to detect”. In the case of ESRD, this cumulative estimate resulted of 1: 310  

(95% CIs: 120-959). The follow-up in the analysed cases spanned from 4.4 to 39.4 

years. 

We tested two hypotheses of CKD, one based upon the dichotomous data analysed in 

the meta-analysis, and the other one based upon the hypothesis that the relationship 

between the ESRD cases and the cases with stage 3-4 ESRD was the same as 

reported in the overall population (employing the classic US CKD data), that is a 

prevalence of ESRD of 0.1 %, versus a rounded prevalence of 5% in CKD stages 3-5 

(64). The two calculations gave different results, being 7 patients in the case of NNT 

calculated upon the hypothesis that the cohort post PE had a stratification for CKD 

stages corresponding to the overall population, while the calculation based upon 
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prevalence of CKD observed in the various studies was as high as 157. However this 

crude prevalence (0.64%) is remarkably lower than the prevalence of CKD in the 

overall population. 
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Discussion 

Preeclampsia is a complex protean disease, whose long-term effects on future 

cardiovascular and kidney health have only recently been acknowledged (1-4, 13-23, 

31-41). 

There are several reasons why the results of the analyses of the long-term health 

effects of PE are not clear: the pathogenesis of PE is only partially understood and 

the recent trend towards stratification of PE into different categories, including, 

among others, maternal versus placental, severe versus mild and related versus 

unrelated to a derangement into angiogenic-anti angiogenic balance underlines the 

heterogeneity of the disease (17-22, 65-66). Furthermore, the relationship between 

PE and other hypertensive disorders of pregnancy, that may also be seen as a 

continuum of different severity, is complex and one disease may merge into the 

other, thus adding to the complexity (65-68). Due to the changes in definitions and 

recent acquisitions in the pathogenesis of PE, none of these subtle differences can be 

fully captured in retrospective studies, and even the simplest definitions of PE in 

itself and of severe or mild disease differ among studies (Table 2).  

The relationship between CKD and PE is likewise complex and non univocal: while 

the recent literature points towards PE as a cause of future cardiovascular or kidney 

problems or as a marker of a predisposition to develop a renal or cardiovascular 

disease, PE is often reported as increased in CKD patients and many predisposing 

factors, such as diabetes, obesity, metabolic syndrome and hypertension are shared 

by PE and CKD (34-42). 

The issue of follow-up is crucial: actually, taking into account the important 

functional reserve of the kidneys, if PE represents a substantial, but not immediately 

evident hit (affecting less than half of the kidney tissue), it is conceivable that CKD 

becomes clinically detectable only after a long interval. At difference with the 
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previously published systematic review, that analyzed comprehensively all studies 

that reported on kidney-related outcomes, starting from 6 months after delivery, we 

decided to focus on longer term data, in the hypothesis that the studies that report on 

earlier outcomes may include a higher number of patients in which PE was the 

occasion for discovery a previously undiagnosed kidney disease, or an episode of 

AKI, linked to other causes, was recorded under the umbrella term of PE (42). In this 

regard, our review may be seen as a partial update of the previous one, and, not 

surprisingly, the consistency of the data is higher for the most robust outcome of 

ESRD; interestingly the results meta-analysed come from one country with medium-

low ESRD incidence (Norway) and one with the highest (Taiwan).  

The clinical heterogeneity of the studies gathered in our review is high and regards 

study design, recruitment, exposure, outcomes, period of study and duration of 

follow-up; this is also the basis of the high statistical heterogeneity observed, whose 

presence lead us undertake the meta-analysis with a least robust model (random 

effect) (43-63).  

Probably because of the high heterogeneity, our study leads to results that may be 

seen as paradox at the first sight: a significant association is confirmed with the first 

and the last phases of CKD, namely albuminuria and ESRD, and is stricter with this 

second, robust but rare outcome, but fails to identify a significant relationship with 

the intermediate phase of disease, i.e. CKD dichotomously identified on the basis of 

a e-GFR cut at 60 mL/min (Figures 1-4). 

Furthermore, the meta-analysis levels off any difference in e-GFR in women with or 

without PE (Figure 3). The reason why the effect of PE on the “central” phase of 

CKD is not evident is difficult to explain: the heterogeneity of the data may be one of 

the reasons; ESRD may be easier to detect and its definition is univocal; furthermore, 

ESRD registries are usually complete and, even if none of the studies was able to 
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control for pre-dialysis excess mortality, this is probably more relevant in elderly 

patients than in a relatively young female population. Conversely, the studies 

addressed at detecting CKD weremainly designed with a cross sectional analysis or 

an historical cohort, and failed to include a relevant number of cases, that, for 

obvious reasons (transferred, not reached, not available etc) accounted for one fourth, 

half of the cases. Patients with CKD may therefore have been missed, while the 

overall follow-up may be too short in some study to capture this outcome.  

Microalbuminuria is more consistently defined in a dichotomous way, and may 

precede reduction of the kidney function: follow-up may be too shortto evidence a 

decrease in glomerular filtration rate, but long enough to allow discovering 

microalbuminuria. However extreme heterogeneity did not allow stratification for 

duration of follow-up, and suggeststesting this hypothesis in prospective analyses.  

The interest in this review resides in the updated analysis of the rapidly accumulating 

evidence on the role of PE on the development of kidney disease, and in the 

pragmatic evaluation on the organization of further follow-up. 

This review has some limitations, due to the limits of the retrieved literature, and to 

the methodology chosen for the analysis. Our review was undertaken with a rapid 

review methodology, analyzing the three classic databases only (Pubmed-Medline, 

Embase and the Cochrane Collaboration) and focusing on studies with a minimum 

number of 30 PE cases and a follow-up of at least 4 years, reported in papers 

published in the new millennium; the hand searching was limited to the references of 

the review studies and no search for unpublished data was performed (69-75). These 

choices were made to limit heterogeneity, which we expected to be very high, and to 

focus on studies that were likely to be informative for establishing follow-up 

policies. Conversely, all steps were performed in duplicate and analysis was 

undertaken in conformity with the Cochrane Collaboration methodology, choosing 
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also a random effect model and analyzing one paper per database, not to enhance the 

observed effects (76). 

Concerning the limits of the literature, none of the studies we retrieved was 

prospective, and populations and follow-up were diverse. Further limits are intrinsic 

to the study designs: the best population coverage is attained in database linkage 

studies, whose limits are those of the original databases; no correction for pre-

dialysis mortality was undertaken. The studies of incidence and prevalence of 

proteinuria and kidney function reduction, are more heterogeneous, and the 

recruitment of the cases for cross sectional study is incomplete. A further limit, of 

relevance in a wider context, is that evidence mostly comes from Europe (14 papers) 

and, even if different parts of the world are represented, none of the retrieved studies 

comes form low income countries, where the incidence of both CKD and PE is 

significantly higher.  

These limits stress the need for undertaking prospective large cohort studies, that 

probably represent the only way to clearly define kidney-related risks and to 

distinguish between the effects of different facets of preeclampsia: revealer of an 

underlining kidney disease or hit in the context of a single or multiple hit 

pathogenesis.  

While this aim could and should be pursued in high income countries, it may be 

overambitious in emerging countries, where at least short-medium term studies are 

highly needed to assess the entity of the risk association and to disentangle the role of 

undiagnosed CKD and PE. 
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Methods 

We followed the MOOSE (meta-analysis of observational studies in epidemiology) 

consensus statement for reporting of meta-analysis of observational studies 

(Supplementary item 1) (77). 

We chose the methodology of a rapid review (more focused, essentially exploring the 

published papers limiting to 3 main databases and with arbitrary, but clinically 

sound, limits as for period of study (2000-2018), minimum number of cases (at least 

30 PE) and minimum follow-up (at least 4 years), to try to obtain timely pragmatic 

responses to the question whether the evidence of a negative effect of preeclampsia 

on kidney health is strong enough to lead us to change our clinical practice and to 

organize structured follow-up programs after a PE episode, or if it is still time to 

reflect and to organize long-term studies.  

Compared to the minimum requirement of the rapid reviews, all steps of data 

selection, extraction and quality assessment were performed in duplicate, by a team 

of two nephrologists (GBP and BC), one of which with a master in systematic 

reviews, and one gynaecologist (AEV) as further specified; controversies were 

solved by discussion (EV and GC) (69-76).  

The review was prospectively registered in the PROSPERO database 

(nregistrationCRD42016043386, date 22/07/2016).  

 

Eligibility criteria and PICOS criteria 

P (patients): women who experienced one or more episodes of preeclampsia (PE) 

during one or more pregnancies 

I (intervention – exposure): exposure to PE 

C (controls): women who have experienced at least one uncomplicated pregnancy, in 

the same setting and period of time 
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O (outcomes): long term (at least 4 years of follow-up) development of CKD 

(reduction of kidney function, proteinuria), renal-related hospitalisation, ESRD  

S (studies): observational studies with a control population available, displaying at 

least 30 cases of PE, with a mean follow-up of at least 4 years, published in 2000-

2018. No selection as for language and quality was performed (see below).  

 

Search strategy for identification of studies 

The following databases were searched in duplicate by GBP and BC: MEDLINE, 

EMBASE and Cochrane database of systematic reviews. 

The following terms were employed: preeclampsia OR gestosis OR eclampsia OR 

"hypertensive disorder of pregnancy" OR "hypertensive disorders of pregnancy" OR 

"pregnancy induced hypertension" OR "pregnancy induced hypertensive disorder" 

OR "pregnancy induced hypertensive disorders" OR PIH OR HELLP; they were 

combined with : CKD OR "chronic kidney disease" OR dialysis OR hemodialysis 

OR ESRD OR “end stage kidney disease” OR “end stage renal disease” OR 

proteinuria OR renal outcome OR renal disease OR kidney disease, OR albuminuria 

OR microalbuminuria. 

Period: January 1, 2000 - May 31, 2018.  

No language limit was posed, the authors being independent for the assessment of 

the main European languages, and disposing of facilities if needed for other 

languages, (this did not occur in this review). We reviewed reference lists of all 

studies retrieved in full text; in keeping with the rapid review methods, we limited 

the search of abstracts to those published on the selected databases; all authors were 

contacted by BC by e-mail (twice in case of no response) in case of missing or 

incomplete data to allow meta-analysis. 
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Duplicate publications 

In the case of duplicate publications or of partially duplicate publications (ie, on the 

same databases in the case of linkage analysis) we followed the following criteria: 

for duplicate series, all papers are included if they deal with different outcomes (but, 

in case of more than one outcome, only one can be included in each meta-analysis); 

otherwise, either the full paper (in the case of abstract and full paper) or the most 

recent paper is chosen. 

For partially duplicate publications (same databases, overlapping even if non 

identical selections), the largest cohort and, in case of similar numerosity, the most 

recent one are selected for meta-analysis; all are included in the descriptive analysis 

and different outcomes are analyzed as previously described.  

 

Data collection and analysis 

We extracted the following information from each study (BC and GBP): 

Population (characteristics of the population, including age, parity, ethnicity, 

presence-absence of predisposing diseases, such as diabetes or hypertension; 

inclusion or exclusion of twin pregnancies and all other relevant information as 

reported in the papers); N cases and N controls; type of study design; aims (as 

reported in the paper); country(s) of study; period of pregnancy; period of study; 

follow up after pregnancy (as reported in the paper); type of exposure (PE, 

hypertensive disorders of pregnancy and their definitions whenever available); type 

of outcomes (definition of all outcomes, including laboratory assessment, if 

available); type of data analysis; health outcomes (however defined in the papers; the 

definitions were also extracted): ESRD, CKD, albuminuria, proteinuria, 

hospitalisation for kidney related causes, other relevant outcomes related to CKD (as 

reported in the papers).  
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Quality assessment 

Quality was assessed by BC and EV according to the NHI criteria (78); the choice 

was based upon simplicity, reproducibility and the possibility of giving an overall 

quality score, individually weighted from the different qualitative characteristics of 

the studies  (Supplementary item 2).   

No selection of the study was performed for quality of the studies. All studies were 

of fair or good quality.  

 

Assessment of reporting biases 

We assessed publication bias through the funnel plot method for each outcome 

measure (79). Significance was tested using tests recommended by Higgins 2011 

(80). Publication bias was not significant for each outcome except that for ESRD. 

 

Assessment of heterogeneity 

We performed a test of heterogeneity when two or more studies were included in the 

meta-analysis. We assessed statistically significant heterogeneity among primary 

outcome studies with the χ² test and I² statistic (80). We considered a significant χ² (P 

value < 0.01) and an I² value of at least 50% as statistical heterogeneity. We 

identified studies contributing to most of heterogeneity and performed sensitivity 

analysis omitting these studies (80).  

 

Subgroup analysis   

We planned a subgroup analysis, according to: duration of follow-up, considering the 

hypothesis that only the longest follow-up would allow detecting robust outcomes, 

such as ESRD; severity and timing of PE (severe and early PE could be associated 
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with worse health outcomes); age at pregnancy (older women may have higher risk 

of both PE and CKD – ESRD). However, because the number of studies making 

these analyses in each type of comparison was too small, we performed no subgroup 

analyses.  

 

Data synthesis 

We combined the outcome measures from the individual studies through meta-

analysis, when possible; we planned to use a fixed effect model in the case of low 

heterogeneity and random-effects model in the case of high heterogeneity.  

The random-effects method incorporates an assumption that the different studies are 

estimating different, yet related, intervention effects(81). The method is based on the 

inverse-variance approach, making an adjustment to the study weights according to 

the extent of variation, or heterogeneity, among the varying intervention effects. The 

random-effects method and the fixed-effect method will give identical results when 

there is no heterogeneity among the studies. Where there is heterogeneity, confidence 

intervals for the average effect will be wider if the random-effects method is used 

rather than a fixed-effect method, and corresponding claims of statistical significance 

will be more conservative. It is also possible that the central estimate of the 

intervention effect will change if there are relationships between observed 

intervention effects and sample sizes. 

For meta-analysis we used Review Manager (RevMan 5.3) (82). Results were 

synthesized through Forest plot. We included in the analysis studies answering to our 

PICOS, partly or completely, and using homogeneous measures of effect. 

Sensitivity analyses were performed using different effect size measures (e.g Odds 

Ratios, Standardised mean differences) and results were comparable for each 

outcome, suggesting that our estimates are robust.  
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Results of the studies not providing data suitable for meta-analysis are supplied in the 

different tables to provide a comprehensive summary. We integrated results from the 

meta-analysis and summary tables into the discussion. 

 

Measures of health effect 

For dichotomous outcomes we calculated risk ratios (RRs) and 95% confidence 

intervals.   

For continuous outcomes we calculated mean difference (MD) between groups and 

95% confidence intervals to summarize results across studies.  

Basing on meta-analityc RRs we estimated the frequency of event in the PE group 

and consequently the number of patients with PE to follow up in order to identify an 

adverse health outcome (corresponding to number needed to treat - NNT) and 95% 

confidence intervals, using the formulas for NNT. 

We performed scenario analysis (80), testing two hypotheses of CKD, one based 

upon the dichotomous data analysed in the meta-analysis and the other one based 

upon the hypothesis that the relationship between the ESRD cases and the cases with 

stage 3-4 ESRD was the same as reported in the overall population, with a rounded 

prevalence of ESRD of 0.1 %, versus 5% in CKD stages 3-5 (64).  

In the case of non-significant results, 95% confidence intervals were omitted, 

according to Altman (83). 
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Tables and figures 

Table 1 . Characteristics of the studies 
 

Author 
Years 

Country Period of 
pregnancy 

Period of 
study   

Design Exposed/Not 
exposed 

Aim of the study (as reported in the paper) Follow up after 
pregnancy (y) 

Renal Outcome(s) 
(others outcomes) 

Paauw  
2017 

NL 1997-1998 1997-2012 Cohort study 
(PREVEND); 
linkage with ESRD 
registry  

977/1805 To evaluate the incidence of CKD and ESRD and the 
course of kidney function after hypertensive disorders of 
pregnancy in a longitudinal setting 

11 CKD, ESRD, albuminuria 

Lopes van 
Balen  
2017 

NL NA Until 2011 Retrospective 
cohort, cross 
sectional evaluation 

79/49 To test the hypothesis that in women with a history of PE, 
kidney function correlates with endothelial dependent 
flow mediated vasodilation  

4.4 CKD, microalbuminuria, 
(FMD) 

Tooher 
2017 

AU 1980-1989 NA Retrospective record 
linkage  

1158 (1364 
pregn.)/27262 

To examine whether hypertensive disorders of 
pregnancy impacted on the women’s future 
cardiovascular health  

20 (3-29) 
 

Hospitalization  for CKD 
(hospitalization for 
HT,CVD, stroke) 

Bokslag  
2017 

NL 1998-2005 
 

2014-2016 Retrospective 
cohort, cross 
sectional evaluation 

131/56 To assess cardiovascular risk factors and established 
cardiovascular disease in women after early-onset PE, in 
the fifth decade of life 

13.1 ± 2.2 
 

CKD, microalbuminuria  
 

Paauw  
2016 

NL 1991-2007 2009-2010 Cohort study 
(PREVFEM); cross 
sectional evaluation 

339/332 To study renal function in a large cohort at 10 years 
postpartum of well-characterized former early-onset PE 
women 

9.1 ± 3.7 
 

CKD, proteinuria 

Ayansina  
2016 

GB-SCT 1950- 2008  2009 Retrospective record 
linkage  

811 *1/10457 To assess the long term effects of hypertensive disorders 
of pregnancy on kidney function, using a population 
based cohort, adjusting for confounders  

> 15 
 

CKD, hospitalization for 
CKD 

Kessous 
2015 

IL 1988-2012 2012 Retrospective record 
linkage  

7824/88546  To investigate whether severe and recurrent PE  
increase the risk for long-term atherosclerotic morbidity 
(cardiovascular and renal) 

11.2   Hospitalization for CKD  
(hospitalization for CVD) 

Wu  
2014 

TW 1998-2002 NC Retrospective cohort 
(registry data) 

13633/930841  To determine the long-term postpartum risk of ESRD in 
women with hypertensive disorders in pregnancy 

9 (7.79 – 10.02) ESRD 

Sandvik 
2013 

NO 1998-2000 2009-2010 Retrospective 
cohort, cross 
sectional evaluation 

89/69 To investigate the occurrence of early stages of chronic 
kidney disease after a single PE pregnancy. 

10.9 ± 1 CKD, microalbuminuria 

Mannisto 
2013 

FI 1966 1967- 2008 
§§ 

Retrospective record 
linkage  

242/6552 To evaluate the long-termrisk to women for subsequent 
cardiovascular, cerebrovascular, and CKD, as well as 
CVD mortality associated with a full spectrum of 
hypertension during pregnancy 

39.4  
(3-43.6) 

CKD 
(CVD, cerebrovascular 
disease, diabetes, HT) 

Wang  
2013 

TW 1996-2009 
or 
1998-2009 

2009 Retrospective record 
linkage  

17998*2/213397 To investigate the risk of end-stage renal disease among 
Taiwanese women who had a hypertensive disorder 
during pregnancy 

6.3  
 

CKD, ESRD 

Vikse  
2012 

NO 1967-2008 2009 Retrospective record 
linkage  

1st: 25821/544854  
2nd: 8977/277233  

To assess the role of genetic or environmental 
contributions to the association between PE and ESRD, 
investigating risk of ESRD in relatives of women with PE 
in first pregnancy 

19.6 ± 10.4 ESRD 
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Mc Donald 
2012 

Internatio
nal 

NA  2003-2005 Recall 
questionnairescross 
sectional evaluation 
in RCT (ORIGIN) 

467*3/3613  To explore the relationship between PE (severe and non 
severe) and CVD after accounting for albuminuria and 
other known cardiovascular risk factors 

NA*6 CKD, microalbuminuria 
(CVD) 

Bhattacharya  
2011 

GB-SCT Database 
started in 
1950 

2007 Retrospective record 
linkage  

2026 *4/23937 To examine the relationship between hypertensive 
disorders of pregnancy and future hospital discharges for 
selected condition, cancer, death 

>30  Mortality and  
hospitalization for CKD  

Shahbazian   
2011 

IR 2001-2003 NA Retrospective 
cohort, cross 
sectional evaluation 

35/35 To assess if women with a history of PE had higher rates 
of hypertension and microalbuminuria compared with 
women with uneventful pregnancy 

5.7  
(5.2-7.3) 

CKD, microalbuminuria 
(HT) 

Vikse   
2010 

NO 1988-2005 2005 Retrospective record 
linkage  

60/522 To investigate whether PE and other adverse pregnancy 
outcomes were associated with late renaldamage, and 
increased risk of progression of established CKD 

0.08 - 16  ESRD 

Sandvik  
2010 

NO 1967-1994 2004 or 
2005 §§ 

Retrospective record 
linkage  

216/1265  To assess to which extent adverse pregnancy outcomes 
were associated with later development of ESRD or 
premature death in women with diabetes 

Up to 37  ESRD 
(death) 

Vikse   
2006 

NO 1967-1991 2004 Retrospective record 
linkage  

20918/549515  To assess the association between PE in one or more 
pregnancies and the development of ESRD 

26.5±7.5  
after the 1st 
pregnancy  

ESRD  

Lampinen   
2006 

FI 1996-1998 NA Retrospective cohort 
cross sectional 
evaluation 

30/21 To assess whether the degree of proteinuria in severePE is 
related to impairment of vascular dilatation and/or kidney 
function years after pregnancy 

5-6   CKD, microalbuminuria 
(FBF) 

Vikse   
2006 

NO 1967-1998 2002 Retrospective record 
linkage  

29317/727103 To assess whether perinatal outcomes are associated with 
later clinical CKD as diagnosed by kidney biopsy 

15.9 ± 9.4 Kidney biopsy  

Shammas 
2000 

JO 1988 10 y later Retrospective 
cohort, cross 
sectional evaluation 

47*5/46  
 

To assess the development of hypertension and its relation 
to renal function 10 years after pregnancy complicated by 
PE and PIH 

10  CKD, microalbuminuria 
(HT) 

 
NOTES: 
*1 Ayansina, 2016: women with gestational hypertension are not considered in our study (women with GH: 3583) 
*2 Wang, 2013: women with HDP other than PE are not considered in our study (women  with HDP: 26651) 
*3 Mc Donald, 2012: 108 severe preeclampsia, 359 non severe preeclampsia 
*4 Bhattacharya,  2011:women with gestational hypertension are not considered in our study (women with GH: 8891) 
*5Shammas,  2000: women with gestational hypertension are not considered in our study (women with GH: 54) 
*6 Mc Donald, 2012: follow up > 20 years on the basis of study design (waiting for authors’ resply) 
§§ different databases 
 
Abbreviations and definitions: NL, Netherlands; PREVEND, Prevention of Renal and Vascular End-stage Disease Study; CKD, Chronic Kidney Disease; ESRD, End Stage Renal Disease; eGFR, estimated Glomerular 
Filtration Rate; NA, not available; PE, preeclampsia; ACR, albumin-creatinine ratio; FMD, flow mediated dilatation; AU, Australia ; HT, hypertension; CVD, cardiovascular disease; PREVFEM, Preeclampsia Risk 
EValuation in FEMales study ; PCR, protein-creatinine ratio; GB-SCT, Great Britain-Scotland; IL, Israel ; TW, Taiwan; NC, not clear; NO, Norway; FI, Finland; RCT, randomized controlled trial; ORIGIN, Outcome 
Reduction with an Initial Glargine Intervention trial; IR, Iran; FBF, forearm blood flow; JO, Jordan. 
 
Note: all cases; for metaanalysis only one per data e (largest or last) is used. 

 



34 
 

Table 2. Definitions of exposure in the different papers, and source of PE diagnosis 
Author  
Year 

Exposure PE definition, or source of criteria PE assessment/PE database 

Paauw  
2017 PIH, PE International Society for the Study of Hypertension in Pregnancy, 20141 Patient report validated by linking data to the registry of 

obstetric departments from 2 hospitals, Netherlands 
Lopes van 
Balen 2017 PE National High Blood Pressure Education Program Working Group on High Blood Pressure in Pregnancy, 2000(2) Hospital Database  

Radboud University, Netherands 
Tooher 
2017 

PIH, PE, chronic 
HT, s-PE Society of Obstetric Medicine of Australia and New Zealand, 20083 Hospital Database  

Metropolitan tertiary hospital, Sidney, Australia 
Bokslag 
2017 

Early onset PE 

American College of Obstetricians and Gynecologists Task Force on Hypertension in Pregnancy, 20134

Severe PE: presence of one or more of the following: proteinuria ≥ 5g/24 h, HELLP syndrome, eclamptic seizure, 
pulmonary edema 
Early onset PE : International Society for the Study of Hypertensionin Pregnancy (ISSHP), 20015 

Hospital databases  
Two tertiary medical centers in the Netherlands 

Paauw 
2016 Early onset PE Early onset PE : InternationalSociety for the Study of Hypertension in Pregnancy (ISSHP)6 Hospital database 

IsalaKlinieken, Zwolle, Netherlands 
Ayansina 
2016 PE, E, (PIH) The classification and definition of the hypertensive disorders of pregnancy (Davey, MacGillivray), 19887 Aberdeen Maternity and Neonatal Databank 

Kessous 
2015 PE NA Hospital database 

Perinatal Soroka University Medical Centre, Negev, Israel 
Wu 
2013 

PE, E, PIH, 
superimposed PE 

Blood pressure ≥ 140 mmHg systolic or ≥ 90 mm Hg diastolic, or both and daily urine protein ≥ 0.3 g or ≥ 1+ on a urinary 
dipstick reading in a random urine sample that arises at > 20 weeks of gestation Taiwan’s National Health Insurance Research Database 

Sandvik 
2013 PE NationalHigh Blood Pressure Education Program Working Group Reporton High Blood Pressure in Pregnancy, 

19908 Medical Birth Registry of Norway 

Mannisto 
2013 

PE, E, PIH, 
superimposed PE Guidelines of the National Heart, Lung, and Blood Institute, 20009 Northern Finland Birth Cohort (NFBC) 

Wang 
2013 PE, E, PIH Canadian Hypertension Society Consensus Conference, 199710 Taiwan’s National Health Insurance Research Database 

Vikse 
2012 PE American College of Obstetricians and Gynecologists, 199011 Medical Birth Registry of Norway 

McDonald 
2012 PE (severe and 

non severe) 

National High Blood Pressure Education Program Working Group, 199012 
Severe PE:Spectrum of organ dysfunction,including seizures (eclampsia) 
Non severe PE:Hypertensionand proteinuria developing in the last half of pregnancy 

Patient report (questionnaire) 

Bhattacharya 
2011 PE, E, PIH Diastolic pressure > 90 mmHg on two occasions at least four hours apart or a single reading of >110 mmHg from 20 

weeks gestation onwards in a previously normotensive woman plus at least one episode of proteinuria of 0.3 g/24 h. Aberdeen Maternity and Neonatal Databank 

Shahbazian 
2011 PE, E Blood pressure ≥ 140/90 mm Hg and urinary protein excretion of 300 mg/24 h and greater after 20 weeks of gestation. Hospital database 

Razi Hospital and Emam Khomeini Hospital, Ahvaz, Iran 
Vikse 
2010 PE American College of Obstetrics and Gynecologists, 199011 Medical Birth Registry of Norway 

Sandvik 
2010 PE American College of Obstetrics and Gynecologists, 199011 Medical Birth Registry of Norway 

Vikse 
2008 PE American College of Obstetrics and Gynecologists, 199011 Medical Birth Registry of Norway 

Lampinen 
2006 PE NA Hospital database 

Helsinki University Central , Finland 
Vikse 
2006 PE American College of Obstetrics and Gynecologists, 199011 Medical Birth Registry of Norway 

Shammas 
2000 PE NA Hospital database 

King Hussein Medical Centre, Amman, Jordan 
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Note  

1 New onset of hypertension (>140 mmHg systolicor >90 mmHg diastolic) after 20 weeks gestationand the coexistence ofone or more of the following new-onset conditions: proteinuria (spot urine protein/creatinine >30 
mg/mmol [0.3 mg/mg] or >300 mg/day or at least 1 g/L[‘2 + ’] on dipstick testing). other maternal organ dysfunction (renal insufficiency (creatinine >90 umol/L; 1.02 mg/dL);  liver involvement (elevated transaminases 
– at leasttwice upper limit of normal ± right upper quadrantor epigastric abdominal pain); neurological complications (examples includeeclampsia, altered mental status, blindness, stroke,or more commonly hyperreflexia 
when accompaniedby clonus, severe headaches when accompaniedby hyperreflexia, persistent visual scotomata); haematological complications (thrombocytopenia –platelet count below 150,000/dL, DIC, haemolysis) 

2 Blood pressure >140 mm Hg systolic or >90mm Hg diastolic in a woman who was normotensive before 20 weeks’ gestation (gestational blood pressure elevation) accompanied by proteinuria.  In the absence of 
proteinuria the disease is highly suspected when increased blood pressure appears accompanied by the following symptoms: headache, blurred vision, and abdominal pain, or by abnormal laboratory test results, 
specifically low platelet counts and abnormal liver enzyme values 

3 Increase in blood pressure ≥ 140 mm Hg or diastolic blood pressure ≥ 90 mm Hg, or both, after 20 weeks of gestation associated with the involvement of at least one other organ manifestation 
4 Hypertension with 1 or more of the following new-onset conditions: new-onset proteinuria, thrombocytopenia, impaired liver function, new onsetrenal insufficiency, pulmonary edema, or new-onset cerebral or visual 

disturbances  
5 Delivery before 34 weeks’ gestation, blood pressure > 140/90 mm Hg, and proteinuria >300 mg/24   
6 Diastolic blood pressure ≥ 90 mm Hg with proteinuria (≥ 0.3 g/24hours) diagnosed between the 20th and 32nd week of gestation 
7 Diastolic pressure greater than 90 mmHg ontwo occasions at least four hours apart or a single reading of>110 mmHg; from 20 weeks gestation onwards in a previously normotensive woman plus at least one episode of 

proteinuria of 0.3 g/24 h 
8 Increased BP after 20 weeks’gestation (>140/90 mmHg) and proteinuria (>0.3 g in a 24-hour urine specimen or +1 or greater on urinary dipstick). 
9 Women normotensive before the 20th gestational week but hypertensive (≥145 mm Hg systolic and ≥95 mm Hg diastolic) after the 20th gestational week with proteinuria in ≥1 sample 
10 New-onset hypertension (blood pressure> 140/90 mm Hg) with proteinuria of at least 300 mg in a 24-hour urine sample after 20 weeks’gestation 
11 Increased blood pressure after 20 weeks of gestation (BP ≥ 140/90mmHg, or an increase in systolic BP of ≥30 mmHg or in diastolic BP of ≥15 mmHg, from measurements before 20 weeks of gestation) and proteinuria 

(≥0.3 g in a 24-hour urine specimen or ≥1 on urinary dipstick) 
12 Pregnancy-induced hypertension with albuminuria which arises after 20 weeks gestation  

 

Abbreviations and definitions: PE, preeclampsia; PIH, pregnancy induced hypertension; HT, hypertension; s-PE, superimposed preeclampsia; NA, not available; E, eclampsia;   
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Table 3. Definitions  and detailed assessment of biochemical data included  in outcomes in studies 
reporting on these outcomes 

Author  
Year 

Renal Outcome(s)  CKD - eGFR C/D Microalbuminuria C/D 

Paauw  
2017 

CKD, 
microalbuminuria 

Crs:enzymatic method  
CysC: turbidometric assay 
eGFR: CKD-EPI creatinine–
cystatin C.  
Threshold: eGFR < 60 
mL/min/1.73 m2  

D Method: nephelometry  (UAE in 24-hours 
urine collection)    
Threshold:> 30 mg/day 
 

D 

Lopes van 
Balen 2017 

CKD, 
microalbuminuria 

Crs: colorirmetric enzymatic 
method 
eGFR: CKD-EPI  
Threshold:none 

C Method: immunofelometry(ACR in 24-hours 
urine collection)  
Threshold:none 

C 

Bokslag 
2017 

CKD, 
microalbuminuria 

Crs: NA  
eGFR: NA 
Threshold:none 

C Method: NA (ACR in a morning urine 
sample) 
Threshold:none 

C 

Paauw 
2016 

CKD, proteinuria 
 

Crs: colorirmetric enzymatic 
method 
eGFR: CKD-EPI and MDRD  
Threshold: eGFR <60 
mL/min/1.73 m2 

C-D Method: turbidemetricmethod 
(protein:creatinine ratio) 
Threshold:>30 mg/ mmol 

D 

Ayansina 
2016 

CKD Crs: colorirmetric method 
eGFR: MDRD. 
Threshold:<60 mL/min/1.73 m2 (≥ 
90 days) 

D   

Mannisto 
2013 

CKD Crs: NA  
eGFR: NA 
Threshold:NA (probably at 60 
mL/min/1.73 m2)  

D   

Wang 
2013 

CKD Crs: NA  
eGFR: NA 
Threshold:NA (probably at 60 
mL/min/1.73 m2) 

D   

McDonald 
2012 

CKD, 
microalbuminuria 

Crs: colorirmetric method 
eGFR:  MDRD 
Threshold:NA (probably at 60 
mL/min/1.73 m2) 

C-D Method: turbidimetricmethod (ACR in a 
morning urine sample) 
Threshold:microalbuminuria ifrange between 
3.4–34.9 mg/mmol 

C-D 

Shahbazian 
2011 

CKD, 
microalbuminuria 

Method: NA 
mGFR:creatinine clearance 
Threshold:none 

C Method: NA (ACR in morning midstream 
urine sample) 
Threshold: ≥ 30 mg/mmol 

D 

Lampinen 
2006 

CKD, 
microalbuminuria 

Crs:colorirmetric enzymatic 
method 
eGFR: NA 
Threshold:none 

C Method: immunoturbidimetric method (UAE 
in 24-hours urine collection)    
Threshold:> 30 mg/24h 

C-D 

Shammas 
2000 

CKD, 
microalbuminuria 

Crs: NA 
eGFR: NA 
Threshold: none 

C Method:NA (UAE in 24-hours urine 
collection) 
Threshold:excretion of 20-200 mg/24h 

D 

Sandvik 
2013 

CKD, 
microalbuminuria 

Crs: enzymatic method
eGFR:CKD-EPI 
Threshold for high normal eGFR: 
> 114.3 ml/min/1.73 m2 

D Method: nephelometry (ACR in three morning 
urine sample) 
Threshold:> 2.5 mg/mmol  
 

D 

 
Abbreviations and definitions: CKD, Chronic Kidney Disease ; eGFR, estimated Glomerular Filtration Rate ; C, continuous; D, dichotomous; 
ESRD, End Stage Renal Disease ; Crs, serum creatinine; CysC, cystatin C;CKD-EPI,  Chronic Kidney Disease Epidemiology Collaboration; 
UAE, urinary albumin excretion;  NA, not available ; ACR, albumin-creatinine ratio; MDRD,modification of diet in renal disease. 
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Table 4a. Risk of ESRD, as reported in the papers 

Author  
Year 

Population Cumulative incidence Main Results as reported in the papers 

Paauw 
2017 

Women aged 28-75 with microalbuminuria 
who answered on hypertension in pregnancy 

No case None developed ESRD during follow-
up 

Wu 
2013 

Women in the data set of Taiwan’s National 
Health Insurance Research Database, who had 
deliveries between 1998 and 2000  

Exposed 46/13633 
Not-exposed 212/930841 

HR 15.23 (11.07-20.95) 
p < 0.001 

Wang 
2013 

Women in the data set of Taiwan’s health care 
reimbursement claims in 1996–2009 period, 
with hypertensive disorders in pregnancy  in 
1st pregnancy who were 19–40 years of age 
between 1998 and 2009  

Exposed 61/17998 
Not-exposed 45/213397 

HR 15.9 (95% CI, 10.8-23.3) p < 0.0011 
 

Vikse 
2012 

All women registered in the Medical Birth 
Registry of Norway with a first birth in the in 
the period from 1967 to 2008  

1st:  
Exposed 52/258212 

Not-exposed 222/503583 
2nd: without children with 
PE 
Exposed39/89772 

Not-exposed 340/277233 

1st: without siblings with PE 
RR 5.95 (95% CI, 4.37-8.11) 
with siblings with PE 
RR 2.76 (95% CI, 0.88-8.63) 
2nd: without children with PE 
RR 3.81 (95% CI, 2.67-5.43) 
with children with PE 
RR 2.97 (95% CI, 1.11-7.98) 

Vikse 
2010 

All women registered in the Norwegian 
Kidney Biopsy Registry and Medical Birth 
Registry of Norway who, after their last 
recorded birth, had a representative kidney 
biopsy in 1988–2005   

Exposed  10/60  
Not-exposed NR 

First pregnancy 
RR 1.2 (95% CI, 0.63-2.4) 
p = 0.5 
First or second pregnancy 
RR 1.4 (95% CI, 0.77-2.5) 
p = 0.3 

Sandvik 
2010 

Women registered in the Medical Birth 
Registry of Norway with a first singleton 
delivery from 1967 to 1994 with/without 
preeclampsia and diabetes diagnosed before 
first pregnancy 

Exposed 11/216 
Not-exposed 37/1265 

Term birth 
RR 1.3 (95% CI, 0.41-4.4) 
Preterm birth 
RR 2.8 (95% CI, 1.3-6.0) 

Vikse 
2008 

Women registered in the Medical Birth 
Registry of Norway with a 1st singleton 
delivery from 1967 to 1991 with/without PE 

Exposed 67/20918 
Not-exposed 410/549515 

After 1st pregnancy 
RR 4.7 (95% CI, 3.6-6.1)3 

 

1 Cox proportional Hazards method 
2 Vikse 2012: Cumulative incidence of ESRD in Exposed and not-exposed women.   
Incidence of ESRD according to familial factors: exposed women without siblings with PE 49/22814, exposed women with siblings with PE 
3/3007; exposed women without children with PE 35/7876, exposed women with children with PE 4/1101. 

3 After 2nd pregnancy (women with ≥ 3 pregnancy): PE in 1st pregnancy only RR 3.2 (95% CI, 2.2-4.9), PE in 2nd pregnancy only RR 6.7 (95% 
CI, 4.3-10.6), PE in both pregnancy 6.4 (95% CI, 3.0-13.5). 
After 3rd pregnancy (women with ≥ 3 pregnancy) : PE in 1 pregnancy only RR 14.4 (95% CI, 9.4-20.5), PE in 2nd pregnancy only RR 7.3 (95% 
CI, 3.0-18.1), E in 3rd pregnancy only RR 14.3 (95% CI, 8.2-24.7), PE in ≥ 2 pregnancy RR 15.5 (95% CI, 7.8-30.8) 

 
Abbreviations and definitions: ESRD, End Stage Renal Disease ; HR, hazard ratio; PE, preeclampsia;  RR, risk ratio; NR, not reported . 
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Table 4b. Risk of CKD and albuminuria, as reported in the papers 

Author  
Year 

Population CKD results  
(eGFR ml/min/1.73 m2) 

Anal
ysis 

Albuminuria results Anal
ysis 

Paauw  
2017 

Women  aged 28-75 with 
microalbuminuria who 
answered on hypertension in 
pregnancy  

Exposed 88.0 ± 16.1 
Not-exposed 91.0 ± 15.3 
HR 1.04 (95% CI, 0.79-1.37) 
p = 0.8 
 

C Exposed 9.0 mg/day (6.2-14.2) 
Not-exposed 8.1 mg/day (6.0-13.7)  
p = NA1 
 

C 

Lopes van 
Balen  
2017 

Women of a single Medical 
Centre, Netherlands  

Exposed 105 ± 16 
Not-exposed 98 ± 14 
p = 0.55 

C Exposed 0.5 g/mmol [0.4-1.1] 
Not-exposed 0.6 g/mmol [0.3-1.3] 
p = 0.92 

C 

Exposed 0/79 
Not-exposed 0/492 

D Exposed 6/79 
Not-exposed 0/492 

D 

Bokslag 
2017 

Women giving birth 1998 to 
2005 from obstetrical 
databases of 2 tertiary 
centers   

Exposed 90 (82-90) 
Not-exposed 90 (82-90) 
p 0.805 

C Exposed 4.4 g/mol (30-7.8) 
Not-exposed 3.0 g/mol (3.0-3.9) 
p 0.015 

C 

Shahbazian 
2011 

Primiparous women 
between 2001 and 2003  

Exposed 108 ± 14 
Not-exposed 110 ± 17 
p 0.59 

C Exposed 7/35 
Not-exposed 0/35 
p  < 0.01 (data from table) 

D 

Lampinen 
2006 

Women who delivered in 
1996–1998, with 24-h 
proteinuria 

dU-prot < 5g  
Exposed  
108 (70-126) 

dU-prot ≥ 5g  
Exposed  
126 (120-132)  

C dU-prot < 5g 
Exposed 
5.5 mg/day (4-10)  

dU-prot ≥ 5g  
Exposed 
7 mg/day (6-13)  

C 

Not-exposed 
126 (120-150)3 

Not-exposed 
6 mg/day (4.5-9)3 

McDonald 
2012 

Women aged 50 years or 
older with dysglycaemia 
who had had a prior CVD 
event with at least one 
delivery and information 
about PE (ORIGIN study) 

Non severe PE 
Exposed  
Continuous  
74.8 ± 22.2 
Dichotomous  
82/359 

Severe PE  
Exposed 
Continuous  
74.1 ± 21.4 
Dichotomous  
24/108 

C-D Non severe PE  
Exposed  
Continuous 
5.8 mg/mmol ± 26.5 
Dichotomous  
35/359 

Severe PE  
Exposed  
Continuous 
5.6 mg/mmol ± 17.5 
Dichotomous  
14/108 

C-D 
 

Not-exposed 
Continuous  74.7 ± 22.2 
Dichotomous  940/36134 

Not-exposed   
Continuous mg/mmol 74.7 ± 22.2 
Dichotomous  940/36134 

Shammas 
2000 

Women who delivered at 
King Hussein Medical 
Centre in 1988 with PE or 
normal pregnancy 

Exposed 76 mmol/l5 
Not-exposed 77 mmol/l5 
p = NA 

C Exposed 23/47 
Not-exposed 3/46 
p < 0.0001(calculated) 

D 

Ayansina 
2016 

Primiparous born on or 
before 30th June 1969 with 
a singleton first delivery 
before 30th June 2008 at 
beyond 20 weeks gestation  
identified from AMIND 

Exposed 61/811 
Not-exposed 405/10457 
OR 2.02 (95% CI, 1.53-2.67) p < 
0.001 
HR 1.70 (95% CI, 1.30-2.23) p < 
0.001 

D   

Mannisto 
2013 

Women of the Northern 
Finland Birth Cohort 
(NFBC) 1966. 
 Deliver at >28 gestational 
weeks, birth weight of ≥600 
g  

Exposed 2/242 
Not-exposed 73/6552 
HR 0.75 (95% CI 0.17-3.38) p > 
0.05 

D   

Wang 
2013 

Women in the data set of 
Taiwan’s health care 
reimbursement claims for 
1996–2009 who were 19–40 
years between 1998 and 
2009 

Exposed 121/26651 
Not-exposed 90/213397 
HR 10.8 (95% CI 8.20-14.2) 
 

D   

Paauw 
2016 

Women who delivered in 
1991 to 2007,  
(PREVFEM study)    

MDRD  
Exposed 95 (86–105)  
Not-exposed 96 (85–110) 
p = 0.33 
CKD-EPI 
Exposed 106 (93–113) 
Not-exposed 105 (94–111) 
p = 0.40 

C-D6 Continuous 
Exposed 8.5 mg/mmol [6.3–13.0]7 
Not-exposed 7.1mg/mmol  [5.5–10.5]7 
p < 0.01 
Dichotomous 
Exposed 3.68%  (12) 
Not exposed 3.70% (12) 
p > 0.05 

C-D 

Sandvik 
2013 

Women living registered in 
the Medical Birth Registry 
of Norway from 1998 to 
2000 (1sr pregnancy) 

Exposed 27/89 
Not-exposed 12/69 
OR 2.07 (CI 0.96-4.46) p 0.06 

D8 Exposed 23/89 
Not-exposed 17/69 
OR 1.06 (95% CI 0.51-2.19) p 0.87 

D6 
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1 Paauw, 2017: as reported in the paper, no significant differences in 24h albuminuria at all visits. 
2  Lopes van Balen, 2017: author’s communication. 
3 Lampinen, 2006: eGFR p = 0.08 (Overall ANOVA); albuminuria p = 0.3 (Overall ANOVA). 
4 McDonald, 2012: continuous eGFR p = 0.9553; dichotomous eGFR p = 0.3002; continuous albuminuria p = 0.7396; dichotomous albuminuria 

p = 0.2954. 
5 Shammas, 2000: creatinine values 
6 Paaw, 2016: analysis considers the outcome of hyperfiltration (eGFR > 110 ml/min/1.73 m2):  MDRD OR 1.59 (95% CI, 1.09-2.33) p = 0.02; 

CKD-EPI OR 1.34 (95% CI, 0.97-1.86) p = 0.08. 
7 Paauw, 2016: protein/creatinine ratio values 
8  Sandvik, 2013: analysis considers the outcome of hyperfiltration eGFR > 75th percentile (114 ml/min/1.73 m2), ACR > 75th percentile (0.70 

mg/mmol) 
 
Abbreviations and definitions: CKD, Chronic Kidney Disease; eGFR, estimated Glomerular Filtration Rate; HR, hazard ratio; C, continuous; D, 
dichotomous; NA, not available; dU-prot, proteins on 24 h urine collection; PE, preeclampsia; OR, odds ratio; MDRD, Modification of Diet in 
Renal Disease equation; CKD-EPI,Chronic Kidney Disease Epidemiology Collaboration equation. 
 
 
 
Table 4c. Risk of other outcomes, as reported in the papers 

Author  
Year 

Outcome(s)  Population Cumulative incidence Results 

Tooher 
2017 

Hospitalisation 
for CKD  

Women of a single hospital, 
delivering between 1980 and  
1989,  

NR 
 

OR 4.74 (95% CI, 2.19-10.20)1

Ayansina 
2016 

Hospitalisation 
for CKD 

Primiparous born on or before 
1969 with a singleton 1st 
delivery before 30th June 2008 
beyond 20 weeks  

Exposed 24/1003 
Not-exposed 213/13989 
 

HR 1.42 (95% CI, 0.93-2.17) p = 
0.101 

Kessous 
2015 

Hospitalisation 
for CKD 

All patients who delivered 
between 1988 and 2012 

Exposed  
23/7824 
Not-exposed  
89/88546 

p = 0.0012 

Bhattacharya 
2011 

Mortality and 
hospitalisation for 
CKD 

All women who were born 
before 1968 stratified 
according to first pregnancy  

Mortality 
Exposed 3/2026 
Not-exposed 21/23937 
Hospitalisation 
Exposed 71/2026 
Not-exposed 741/23937 

Mortality 
IRR 1.73 (95% CI, 0.52 - 5.81) p 
> 0.05 
Hospitalisation 
IRR 1.14 (95% CI, 0.89 – 1.46) p 
> 0.05 

Vikse 
2006 

Kidney biopsy   Women registered in the 
Medical Birth Registry of 
Norway with a 1st singleton 
delivery 1967 to 1998  

Exposed 66/29317 
Not-exposed 
522/727103 
 

Childbirth 1967 to 1998 
RR 3.3 (2.5 to 4.2) p < 0.001 
Childbirth April 1988 to 1998 
RR 6.0 (4.0 to 8.9) p < 0.001*3 

 
1 Tooher, 2017: adjusted OR 
2Kessous, 2015: (Log-rank test) 
3 Vikse 2006: adjusted RR 
 
Abbreviations and definitions: CKD, Chronic Kidney Disease; NR, not reported; OR, odds ratio; HR, hazard ratio; IRR, Incidence rate ratio; 
RR, risk ratio. 
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Table 5.Definition of hospitalisation outcome 

Author  
Year 

Outcome(s)  Outcome definition 

Tooher 
2017 

Hospitalisation for CKD  ICD-9 and 10-AM: hospitalisation for CVD, renal disease, and hypertension 
(no ICD-9 codes specified) 

Ayansina 
2016 

Hospitalisation for CKD ICD- 10-AM: hospitalisation for kidney diseases  
(no ICD-9 codes specified) 

Kessous 
2015 

Hospitalisation for CKD ICD-9-AM: hospitalisation for any cardiovascular and renal indication 
(Z5561, Z5569, Z55690 ,Z55691, 585, 403, 4030, 40300, 40301, 4031, 40310, 
40311, 4039, 40390, 40391, 404, 4040, 40400, 40401, 40402, 40403, 40410, 
40411, 40412, 40413, 4049, 40490, 40491, 40493, 4401, 40400, 40401, 40403, 
40410, 40411, 40413, 40490, 40491, 40493, 44581, 40391, 40300, 40301, 
40310, 40311, 40390, 40400, 40401, 40402 
40403, 40410, 40411, 40412, 40413, 40490, 40491, 40492, 40493, 40301, 
40310, 40311, 40390, 40400, 40401, 40402, 40410, 40412, 40413) 

Bhattacharya 
2011 

Mortality and 
hospitalisation for CKD 

ICD-9-AMuntil April 1996, and ICD-10-AM thereafter: 
(ICD-9: 401-4; ICD-10: I10-4; 410-4, 428; I20-5, I50; 430-8; I60-9;580-99; 
N00-39; 390-8,405, 415-27, 440-59; I00-9, I15, I26-8, I30-49, I51-2, I70-99; 
390-459; I00-I99, G45) 

 

Abbreviations and definitions: CKD, Chronic Kidney Disease; ICD-9-AM, International Classification of Diseases, 9th revision,Australian 
Modification; ICD-10-AM, International Classification of Diseases, 10th revision,Australian Modification. 
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Table 6. Quality assessment according to NIH tool 

Author 
Years 

Research 
objective 
clearly 
stated 

Study 
population 
claerly 
specified 

Participation 
rate ≥ 50% 

Homogenous 
population and 
uniform 
elegibility 
criteria 

Sample size 
justification 
provided 

Exposure of 
interest 
assessed 
prior to 
outcome  

Sufficient 
timeframe 
follow up 

Measurement 
of exposure 
levels 

Exposure 
measurement 
and assessment 
clearly defined 

Outcome 
measures 
clearly 
defined 

≤ 20% 
losses at 
follow up 

Statistical 
adjusted 
analysis 1 

Quality 
rating 

Paauw, 2017 Y Y Y Y Y Y Y Y N N Y Y N N N N N N Y Y NA NA N N G-F 
Lopes van 
Balen, 2017 

Y Y Y Y CD Y Y Y N N Y Y N N NA N NA NA Y Y N N N N F 

Tooher, 2017 Y Y Y Y N N Y Y N N Y Y Y Y NA Y NA Y Y Y Y Y N N G 
Bokslag , 
2017 

Y Y Y Y N N Y Y N N Y Y Y Y NA N NA Y Y Y N N N N G-F 

Paauw , 2016 Y Y Y Y Y Y Y Y NA N Y Y Y Y N N Y Y Y Y N N N Y G 
Ayansina , 
2016 

Y Y Y Y N N Y Y N N Y Y Y Y N N Y Y Y Y N N N Y G 

Kessous, 
2015 

Y Y Y Y Y Y Y Y N N Y Y N N Y Y Y Y Y Y N N N Y G 

Wu, 2014 Y Y Y Y Y Y Y Y N N Y Y Y Y N N Y Y Y Y N N N Y G 
Sandvi, 2013 Y Y Y Y N N Y Y N N Y Y Y Y N N Y Y Y Y NA NA N N G 
Mannisto, 
2013 

Y Y Y Y Y Y Y Y Y Y Y Y Y Y N N Y Y Y Y Y Y N Y G 

Wang, 2013 Y Y Y Y Y Y Y Y N N Y Y N N N N Y Y Y Y Y Y N Y G 
Vikse, 2012 Y Y Y Y Y Y Y Y N N Y Y Y Y N N Y Y Y Y Y Y N Y G 
Mc Donald, 
2012 

Y Y Y Y Y Y Y Y N N Y Y Y Y Y Y Y Y Y Y Y Y N Y G 

Bhattacharya, 
2011 

Y Y Y Y Y Y Y Y Y Y Y Y Y Y N N Y Y Y Y N N N Y G-F 

Shahbazian, 
2011 

Y Y Y Y Y Y Y Y N N Y Y Y Y N N Y Y Y Y Y Y N N F 

Vikse, 2010 Y Y Y Y Y Y Y Y Y Y Y Y Y Y N N Y Y Y Y Y Y N Y G 
Sandvik, 2010 Y Y Y Y Y Y Y Y N N Y Y Y Y N N Y Y Y Y Y Y N Y G 
Vikse, 2008 Y Y Y Y Y Y Y Y Y Y Y Y Y Y N N Y Y Y Y Y Y N Y G 
Lampinen, 
2006 

Y Y Y Y N N Y Y N N Y Y N N Y Y Y Y Y Y N N N N G-F 

Vikse, 2006 Y Y Y Y Y Y Y Y N N Y Y Y Y N N Y Y Y Y Y Y N Y G 
Shammas, 
2000 

Y Y Y Y CD CD Y Y N N Y Y Y Y N N Y Y Y Y CD CD N N F 

 
Notes: repeated exposure assessment and blinding of outcome assessors is not applicable for all the studies criteria is not applicable for all the studies 
 

1 First assessor considered adjusted only the studies which correct for renal related variables too (i.e. mortality for, dyalisis start). Second assessor considered adjusted the studies which correct for any variable
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Figure 1.PRISMA flow chart of study selection 
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Figure 2.Forest plot for CKD (dichotomous eGFR) 

 

 

Figure 3.Forest plot for CKD  (continous eGFR) 

 

 

Figure 4.Forest plot for ESRD 
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Figure 5.Forest plot for albuminuria 

 

Figure 6. Forest plot for hospitalisation for renal disease 
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Supplementary table 1a. Inclusion, exclusion criteria and selected cases: linkage studies 

Author, 
year 

Main database  Linked databases Exclusion criteria Examined/Selected

Tooher 
2017 

Metropolitan tertiary hospital 
(not specified), Sidney, Australia 
Women delivering between 
1980‐1989 

AdmittedPatient 
Data Collection 
Database 

7 excluded because unable to be 
linked missed medical records 

100% of the randomly 
selected 

Ayansina 
2016 

Aberdeen Maternity and 
Neonatal Databank (AMND) 
Primiparous mothers born on or 
before 30th June 1969 with a 
singleton first delivery occurring 
before 30th June 2008 at beyond 
20 weeks gestation (including 
still births) 

1. Grampian Renal 
Biochemistry Dataset 
2. Scottish morbidity 
record 
3. The Scottish Renal 
Registry 

AMND Main database: Women 
with pre‐existing chronic 
hypertension, kidney disease. 
Other Multiple pregnancy, 
temporary residents, delivery <20 
w. 

14851 (after linkage with at 
least one database)/81084 
(main database)20% 

Kessous 
2015 

Perinatal Soroka University 
Medical Centre Database 
All patients who delivered 
between 1988‐2012 at the 
Soroka University Medical Centre  

HospitalisationSoroka 
University Medical 
Centre Database 

Patients with multiple 
pregnancies, withknown 
cardiovascular and renal disease 
before or during the index 
pregnancy, with known congenital 
cardiac or renal malformations 

100%  
 

Mannisto 
2013 

Northern Finland Birth Cohort 
(NFBC) 1966 
Mother of all live‐born and 
stillborn infants of >28 
gestational weeks or who had a 
birth weight of ≥600 g  
 

1. Special Refund 
EntitlementRegister 
2. Hospital Discharge 
Register 
3. PopulationRegister 
4. Register of Causes 
of Death 

1554 women from the original 
cohort who could not be classified 
because of missing blood pressure 
measurements, 11 women who 
died within 1 year of pregnancy, 
163 women with multiple 
gestation and 13 women’s second 
pregnancy  

86% 

Wang 
2013 

Taiwan’s National Health 
Insurance Database  
Women, in the data set of health 
care reimbursement claims in 
1996–2009,with hypertensive 
disorders in pregnancy  in their 
first pregnancy 19–40 years of 
age between 1998 and 2009 

Catastrophic Illness 
Patients Database 
 

Cases who had a history of 
hypertension (n: 447), diabetes 
(n: 1194), kidney disease (n: 396) 
or lupus (n: 36) 

100% 
 

Vikse 
2012 

Medical Birth Registry of 
Norway 
All women registered with a first 
birth in the in the period from 
1967 to 2008  
(n: 1007012) 

1. Norwegian Renal 
Registry 
2. Norwegian 
Education Database 

Individuals with >6 siblings and/or 
>4 children, with ESRD before the 
first birth 

100%  

Bhat‐
tacharya  
2011 

Aberdeen Maternity and 
Neonatal Databank 
Women who had pregnancy 
induced hypertension in their 
first pregnancy All women who 
were born before 1968 and who 
were living in Aberdeen City and 
District at the time of their first 
pregnancy leading to delivery 

1.Scottish morbidity 
record 
2.Scottish Cancer 
Registry 
3.General Register 
Office for Scotland 

Women with chronic 
hypertension, multiplegestations, 
date of first cancer registration 
prior to delivery and delivery date 
after the final follow‐ up date for 
the extraction from the cancer 
register (31st January 2007).128 
duplicate cases, 1 woman with 
death prior to delivery  

34855/35103 
99% 
 

Vikse  
2010 

Norwegian Kidney 
BiopsyRegistry and Medical 
Birth Registry 
All women who, after their last 
recorded birth,had had a 
representative kidney biopsy in 
1988–2005 

1. Norwegian Renal 
Registry 
2. Cause of Death 
Registry 
 

51 women excluded because 
delivered after their kidney 
biopsies 

582/582 
100% 

Sandvik  
2010 

Medical Birth Registry of 
Norway 
Women with a first singleton 
delivery in 1967‐1994 

1. Norwegian Renal 
Registry 
2. Cause of Death 
Registry 

Women with multipledeliveries  1481/22041 

67% 

Vikse  
2008 

Medical Birth Registry of 
Norway 
Women with a first singleton 
delivery in 1967‐1991.  

1. Norwegian Renal 
Registry  
2. Cause of Death 
Registry 

Women with multiple deliveries, 
pregnancies occurring after 
thedevelopment of ESRD 

570433/570433
100% 

Vikse  
2006 

Medical Birth Registry of 
Norway 
Women with a first singleton 
deliveries recorded in 1967‐ 1998 

Norwegian Kidney 
Biopsy Registry 

NA 588/588 
100% 

Abbreviations and definitions: NA, not available. 
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Supplementary table 1b. Inclusion, exclusion criteria and selected cases: retrospective and cross‐
sectional studies 

Author 
Year 

Inclusion criteria – Data 
source 

Exclusioncriteria Examined
/ Selected 

Selectioncriteria: controls  Examined / Selected

Lopes van 
Balen  
2017 

Women with hypertension 
(n: 18), diabetes (n: 5)or 
kidney disease prior to 
pregnancy (n: 0) selected 
from Radboud University 
Medical Centre Database, 
Nijmegen, Netherlands  

Women with a history of 
PE 

79/79
100% 

Women with 
uncomplicated 
pregnancy 

49/49 
100% 

Bokslag 
2017 

All women giving birth in 
1998‐2005 from obstetrical 
databases of two tertiary 
medical centers in the 
Netherlands 

Chronic hypertension; 
diabetes or gestational 
diabetes; cardiovascular 
diseases, including renal 
diseases, Raynaud disease; 
multiple pregnancies; 
congenital abnormalities; 
pregnant at, or the last 6 
months before 
assessment; breastfeeding 
at time of assessment 

131/246
53% 
 

Women with 
uncomplicated 
pregnancy matched for 
maternal age and date of 
delivery 

56/231
24% 
115 cases and 175 
controls 
excluded/given no 
response/no show 

Paauw 
2016 

Women selected from the 
obstetric database at the 
IsalaKlinieken, Zwolle, 
Netherlands, by delivery in 
1991‐2007, based on age at 
delivery and date of delivery, 
aiming at an average 
inclusion of 10 
yearspostpartum 
(PREVFEM study) 

Pregnant or lactating 
women 

339/515
66% 

Normotensive women 
with uncomplicated 
pregnancies who gave 
birth in the hospital 

332/810
41% 
654 excluded because 
of not eligible or not 
given consent 

Sandvik 
2013 

Women living in the Bergen 
area registered in the 
Medical Birth Registry of 
Norway in 1998‐2000 
 

Women diagnosed with 
diabetes, rheumatic 
disease, essential 
hypertension, or renal 
disease before first 
pregnancy and women 
who had 
laterpreeclampticpregnanc
ies 

89/182
49% 

Women without 
preeclampsia in their first 
pregnancy matched on 
age, year of first birth, 
and municipality 
randomly selected  
 

69/180
38% 
20 women excluded  
because  moved away 
from the area, were  
pregnant or 
breastfeeding, 
declined  invitation or 
did not respond 

Mc Donald 
2012 

All women aged 50 years or 
older with dysglycaemia who 
had had a prior 
cardiovascular event or with 
additional cardiovascular 
disease risk factors who 
reported at least one 
delivery and provided 
information on PE  or severe 
PE (ORIGIN study) 

NA  467/467
100% 

Women without 
preeclampsia 

3613/3613
100% 

Shahbazian   
2011 

Primiparouswomen 
diagnosed with 
preeclampsia, who delivered 
at Razi Hospital and Emam 
Khomeini Hospital, in Ahvaz, 
Iran in March 2001‐February 
2003 

None of the women had a 
definite diagnosis 
ofchronic hypertension. 
 

35/35
100% 

Volunteer selected from 
the same database, 
matched for year of 
delivery and age, who 
had an uncomplicated 
pregnancy by 
hypertension during the 
same period 

35/35 
100% 
8 excluded because of 
no data,   
4 for lack of consent 

Lampinen 
2006 

Women who delivered at the 
HelsinkiUniversity Central 
Hospital in 1996–1998, with 
a well‐documented 24‐h 
urinary output of protein 

Subjects with concomitant 
disease such as chronic 
hypertension, kidney 
disease, coagulation 
disorders, diabetes or a 
history of gestational 
diabetes were excluded 

30/83
36% 

Subjects selected at 
random from women 
with a record of 
normal,uncomplicated 
pregnancy 

21/21 
100% 
21 cases refused to 
participate, 32 cases 
not reached 

Shammas 
2000 

All patients  delivered at King 
Hussein Medical Centre, 
Amman, Jordan in 1988 

NA  101/101
100% 

Women who had 
uneventful singleton 
vaginal deliveries  

46/46 
100% 

 
Abbreviations and definitions: NA, not available. 



47 
 

Supplementary table 1c. Inclusion, exclusion criteria and selected cases: others study designs 

Autore 
anno 

Inclusion criteria – 
Data source 

Exclusion criteria  Selection 
criteria: cases 

Recruted / 
examined 

Selection criteria: 
controls 

Recruted / 
examined 

Paauw 
2017 

Women of city of 
Groningen, the 
Netherlands, aged 
28‐75 years with 
microalbuminuria 
(PREVEND study 
database) 

Women who answered 
“never been pregnant” (n = 
1,096) and “don’t know” to 
the questionnaire. 
Women who reported 
dialysis excluded from the 
longitudinalanalysis. 
Pregnant women (defined 
by self‐report) and persons 
with type 1 diabetes 
(defined as requiring 
insulin) excluded from the 
original study 

Women who 
answered “Yes” 
to the question 
regarding 
hypertension 
during 
pregnancy 

977/977
100% 

Women who 
answered “No” to 
the question 
regarding 
hypertension 
during pregnancy 

1805/1805
100% 

Wu 
2014 

Women who had 
deliveries between 
1998 and 2000, 
included in 
Taiwan’s National 
Health Insurance 
Database 
 

Womenwhodelivered after 
being diagnosed withESRD, 
with multiple HDPs or 
other possible causes of 
ESRD (diabetes mellitus, 
thrombotic 
microangiopathy, 
hemolytic uremia 
syndrome, obstructive 
uropathy, systemic lupus 
erythematosus, 
glomerulopathy, other 
nephritis or nephropathy, 
and hypertension 
secondaryto renal disease 
that complicated 
pregnancy, childbirth, and 
the puerperium) 

Women with 
hypertensive 
disorders in 
pregnancies 

13633/13633
100% 

Women who had 
not ahistory of 
hypertensive 
disorders in 
pregnancies 

930841/930841
100% 
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Supplementary Figure 1a. Funnel plot of comparison: 1 Preeclampsia Y vs Preeclampsia N, outcome: 1.1 
CKD (dichotomous) 

 

Supplementary Figure 2a. Funnel plot of comparison: 1 Preeclampsia Y vs Preeclampsia N, outcome: 1.2 
CKD (continous; eGFR) 
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Supplementary Figure 3a. Funnel plot of comparison: 1 Preeclampsia Y vs Preeclampsia N, outcome: 1.3 
ESRD 

   

 

Supplementary Figure 4a. Funnel plot of comparison: 1 Preeclampsia Y vs Preeclampsia N, outcome: 1.4 
Albuminuria (dichotomous) 
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Supplementary Figure 5a. Funnel plot of comparison: 1 Preeclampsia Y vs Preeclampsia N, outcome: 1.5 
Hospitalization 
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Supplementary item 1. MOOSE Checklist for Meta‐analyses of Observational Studies 

 

 

Item No Recommendation Reported on 
Page No 

Reporting of background should include 
1 Problem definition  
2 Hypothesis statement  
3 Description of study outcome(s)  
4 Type of exposure or intervention used  
5 Type of study designs used  
6 Study population  

Reporting of search strategy should include 
7 Qualifications of searchers (eg, librarians and investigators)  
8 Search strategy, including time period included in the synthesis and key words  
9 Effort to include all available studies, including contact with authors  

10 Databases and registries searched  
11 Search software used, name and version, including special features used (eg, explosion)  
12 Use of hand searching (eg, reference lists of obtained articles)  
13 List of citations located and those excluded, including justification  
14 Method of addressing articles published in languages other than English  
15 Method of handling abstracts and unpublished studies  
16 Description of any contact with authors  

Reporting of methods should include 

17 Description of relevance or appropriateness of studies assembled for assessing the hypothesis 
to be tested  

18 Rationale for the selection and coding of data (eg, sound clinical principles or convenience)  

19 Documentation of how data were classified and coded (eg, multiple raters, blinding and 
interrater reliability)  

20 Assessment of confounding (eg, comparability of cases and controls in studies where 
appropriate)  

21 Assessment of study quality, including blinding of quality assessors, stratification or 
regression on possible predictors of study results  

22 Assessment of heterogeneity  

23 
Description of statistical methods (eg, complete description of fixed or random effects models, 
justification of whether the chosen models account for predictors of study results, dose-
response models, or cumulative meta-analysis) in sufficient detail to be replicated 

 

24 Provision of appropriate tables and graphics  
Reporting of results should include 

25 Graphic summarizing individual study estimates and overall estimate  
26 Table giving descriptive information for each study included  
27 Results of sensitivity testing (eg, subgroup analysis)  
28 Indication of statistical uncertainty of findings  

Item No Recommendation Reported on 
Page No 

Reporting of discussion should include 
29 Quantitative assessment of bias (eg, publication bias)  
30 Justification for exclusion (eg, exclusion of non-English language citations)  
31 Assessment of quality of included studies  

Reporting of conclusions should include 
32 Consideration of alternative explanations for observed results  

33 Generalization of the conclusions (ie, appropriate for the data presented and within the domain 
of the literature review)  

34 Guidelines for future research  
35 Disclosure of funding source  
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Supplementary item 2. NIH Quality assessment tool for observational cohort and cross-sectional studies 

Criteria Yes No 
Other 
(CD,NR,NA)* 

1. Was there search question or objective in this paper clearly stated?    

2. Was the study population clearly specified and defined?    

3. Was the participation rate of eligible persons at least 50%?    

4. Were all the subjects selected or recruited from the same or similar populations 
(including the same time period)? Were inclusion and exclusion criteria for being in 
the study prespecified and applied uniformly to all participants?

   

5. Was a sample size justification, power description, or variance and effect estimates 
provided?    

6. For the analyses in this paper,were the exposure(s) of interest measured prior to the 
outcome(s) being measured?    

7. Was the time frame sufficient so that one could reasonably expect to see an 
association between exposure and outcome if it existed?    

8. For exposures that can vary in amount or level, did the study examine different 
levels    

9. Were the exposure measures (independen tvariables) clearly defined, valid, reliable, 
and implemented consistently across all study participants?    

10. Was the exposure(s) assessed more than once overtime?    

11. Were the outcome measures (dependent variables) clearly defined, valid, reliable, 
and implemented consistently across all study participants?    

12. Were the outcome assess or sblinded to the exposure status of participants?    

13. Was loss to follow-up after baseline 20% or less?    

14. Were key potential confounding variables measured and adjusted statistically for 
their impact on the relationship between exposure(s) and outcome(s)?    

 

Quality Rating (Good,Fair,orPoor) (see guidance) 

Rater#1 initials: 
Rater#2 initials: 
Additional Comments (If POOR,please state why):
*CD, cannot determine; NA, not applicable; NR, not reported 


