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Abstract
Background: 

Studies on the association between hypertensive disorders in pregnancy and end-stage renal disease (ESRD) are limited. This study investigated the ESRD risk after delivery for women with hypertensive disorders in pregnancy. .

Methods: We used insurance claims data of 1998-2009 to identify 26,651 women aged 19-40 years old with hypertensive disorders in pregnancy, without the baseline history of hypertension, diabetes, kidney disease, or lupus. We further randomly selected 213,397 women without the disorders in pregnancy as the comparison cohort, with frequency matched by age and the index year of pregnancy. Incidence rates of ESRD were compared between the two cohorts by the end 2009. Hazard ratios (HRs) were calculated with controlling for demographics and clinical factors. 

Results: The women with hypertensive disorders in pregnancy had a greater risk of chronic kidney disease and ESRD , with adjusted HRs of 9.38 (95% CI 7.09-12.4) and 12.4 (95% CI 8.54-18.0), respectively, after controlling for urbanization, coronary artery disease, congestive heart failure, hyperlipidemia and abruption. The HR for ESRD decreased to 2.72 (95% CI 1.76-4.22) after further controlling for hypertension and diabetes. Women with preeclampsia/eclampsia had a higher adjusted HR of 14.0 (95% CI 9.43-20.7) than those with only gestational hypertension (adjusted HR 9.03, 95% CI 5.20-15.7). 
Interpretation: Women with hypertensive disorders in pregnancy are at a high risk of subsequent ESRD. The risk increase much higher for women with preeclampsia/eclampsia, compared with those with only gestational hypertension.
Keywords: End-stage renal disease, gestational hypertension, preeclampsia, pregnancy. 

Introduction

Hypertensive disorders in pregnancy are major causes of maternal and fetal morbidity and mortality, affecting 5% to 10% of pregnancies.
 ADDIN EN.CITE 
[1,2]
 Both gestational hypertension and preeclampsia are the spectra of hypertensive disorders in pregnancy.3[]
 Gestational hypertension is referred to as the new onset of hypertension (over 140/90 mmHg) without proteinuria after 20-week gestation in pregnant women.3[]
 Preeclampsia characterizes the new onset of hypertension (over 140/90 mmHg) with proteinuria of at least 300 mg in a 24-hour urine sample after 20-week gestation.3[]
 Gestational hypertension may progress into preeclampsia in 10% to 20% of pregnant women.4[]
 The risk factors associated with preeclampsia include family history of preeclampsia, first pregnancy, multiple gestation, old maternal age, obesity, preexisting hypertension, renal disease, and diabetes mellitus.5[]
 Women with a history of hypertensive disorders in pregnancy are at higher risk of encountering hypertension, diabetes mellitus, and cardiovascular disease in later life. Hypertensive disorders in pregnancy and cardiovascular disease share several common risk factors, such as obesity, preexisting hypertension, renal disease, and insulin resistance.
 ADDIN EN.CITE 
[6-14]
 Hypertensive disorders in pregnancy also increases the risk of emerging cardiovascular disease because of long-term metabolic and vascular changes.15[]
 


Hypertensive disorders in pregnancy affects the function and morphology of the kidney.16[]
 Previous studies have reported increased prevalence of microalbuminuria after pregnancy in women with previous hypertensive disorders in pregnancy.
 ADDIN EN.CITE 
[17,18]
 In a case control study, women with biopsy-proven renal disease are associated with a past history of preeclampsia.
 ADDIN EN.CITE 
[19]
 However, studies on whether hypertensive disorders in pregnancy is associated with subsequent end-stage renal disease (ESRD) in later life are limited.20[]
 Only one study from Norway linking birth and renal registries has demonstrated that women with preeclampsia during their first pregnancy is associated with a 3.2-fold increased risk of ESRD.20[]
 The present study investigated the risk of ESRD for Asian women with hypertensive disorders in pregnancy using the universal insurance claim data of Taiwan.

Methods

Data source

We obtained a dataset consisting of health care reimbursement claims established for the 1996-2009 period by the National Health Research Institutes for the Taiwan National Health Insurance program. Taiwan National Health Insurance program was reformed from 13 insurance systems in March 1995 with a coverage rate of 93.1% for the 23 million residents in 1996 and rising to 99% in 1999. Patient identifications that were used for linking files had been scrambled before the data set was released to secure patient privacy. The present study was approved by the Research Ethic Committee of China Medical University Hospital. The International Classification of Disease Revision 9th Clinical Modification (ICD-9-CM) in databases of National Health Research Institutes was used to define diseases.

Study subjects

We identified 28,724 women with hypertensive disorders in pregnancy (ICD-9-CM: 642.3, 642.4–642.6, 642.9) in the first pregnancy who were 19 to 40 years old during 1998 to 2009. This pregnancy was defined as the index pregnancy. The date when the hypertensive disorder in pregnancy was diagnosed was used as the index date for estimating the follow-up time. We excluded women with the history of hypertension (N = 447), diabetes (N = 1194), renal disease (N = 396), and systemic lupus erythematous (N = 36) before the index date. We selected the remaining 26,651 women with hypertensive disorders in pregnancy as the study cohort of hypertensive disorders in pregnancy.

For each woman with hypertensive disorders in pregnancy, 8 women without hypertensive disorders in pregnancy were randomly selected, as the comparison cohort, from women with the first normal pregnancy and with frequency matched by age and the index year. Aside from the similar exclusion criteria as the cohort of hypertensive disorders in pregnancy, women with any history of hypertensive disorders in pregnancy before the development of ESRD or by the end of 2009 were illegible in the comparison cohort.

All subjects were followed up until December 31, 2009 to identify the incident chronic kidney disease and ESRD. Subjects who died or withdrew from the National Health Insurance program were censored. The ESRD patients were defined from the registry for catastrophic illness patients who required long-term renal replacement therapy, such as dialysis or renal transplantation.
Covariables 

The demographic data used included age at the index pregnancy (19 to 24, 25 to 29, 30 to 34, and 35 to 40 years old) and urbanization level. The baseline disorders, including coronary artery disease, congestive heart failure, and hyperlipidemia were identified before the index date. The postpartum coronary artery disease, congestive heart failure, hypertension, hyperlipidemia and diabetes were also identified before the end-point or December 31, 2009. Preterm delivery and abruption were referred to the outcome of index pregnancy. These disorders were considered as comorbidities that were potentially associated with the development of ESRD. The Taiwan National Health Research Institutes has divided the urbanization of Taiwan into 7 levels, with the level 1 reflected the highest urban areas and the level 7 reflected the lowest urban areas. We combined the level 5 to 7 as the level 5 because of the low population in those areas. The subtypes of hypertensive disorders in pregnancy were classified into gestational hypertension only and preeclampsia.

Statistical analysis


Data analyses first compared the demographic data and comorbidities between cohorts with and without hypertensive disorders and examined using Chi-square test for categorical variables and t-test for continuous variables. The incidence rates of ESRD were estimated for both cohorts. Cox proportional hazards regression analysis was used to estimate the hazard ratios (HRs) and 95% confidence intervals (CIs) of chronic kidney disease and ESRD for the cohort with hypertensive disorders in pregnancy compared with the cohort without hypertensive disorders in pregnancy. The Cox proportional hazards assumption was examined using the likelihood test. The assumption was not violated (p = 0.18). We performed four models to estimate crude HRs and adjusted HRs for evaluating the ESRD risk. We used univariate analysis for model 1. Model 2 controlled for urbanization, coronary artery disease, congestive heart failure, hyperlipidemia, and abruption. We further added hypertension and diabetes to model 3 for the adjustment. Model 4 was a time-dependent Cox proportional hazards regression with hypertension and diabetes as time-dependent variables, also adjusted for variables in model 3. We also examined how postpartum hypertension and diabetes altered the chronic kidney disease and ESRD risk. Kaplan-Meier analysis was used to assess the ESRD-free proportion for both cohorts. The SAS software (version 9.1 for windows; SAS Institute Inc., Cary, NC, USA) was used for all statistical analyses.
Results 


Compared with the cohort without hypertensive disorders in pregnancy (N = 213 397), the cohort with hypertensive disorders in pregnancy (N = 26651) had less urbanized residents but was more prevalent with congestive heart failure and hyperlipidemia before the index date and comorbidities after the index date (Table 1). 
The incidence of chronic kidney disease was 10.8-fold higher in the cohort with hypertensive disorders in pregnancy than in the cohort without the disorders in pregnancy, with an adjusted HR of 9.38 (Table 2). Among women without hypertension during follow-up, women with hypertensive disorders in pregnancy had 4.37-fold higher hazard of chronic kidney disease compared with those without the disorders. 
The incidence of ESRD was 14.1-fold higher in the cohort with hypertensive disorders in pregnancy than the cohort without hypertensive disorders in pregnancy, with a crude HR of 14.1 (Table 3). The HR decreased slightly after controlling for urbanization, coronary disease, congestive heart failure, hyperlipidemia, and abruption (model 2), and decreased further to 2.72 after adding hypertension and diabetes to model 3. In the time-dependent model 4, the adjusted HR was 1.91. With a mean follow-up time of approximately 6.3 years for both cohorts, Kaplan-Meier analysis showed that the overall proportion of subjects free of ESRD was lower for the cohort with hypertensive disorders in pregnancy compared with the cohort without hypertensive disorders in pregnancy (Figure 1). 

Women with preeclampsia or eclampsia were at higher risk of ESRD than those had gestational hypertension only (Table 3). In order to reduce the immediate effect of pregnancy complications on the risk of adverse outcome, an additional analysis excluded the first year postpartum events. The HRs for ESRD were 12.7 (95% CI= 8.65-18.6), 11.2 (95% CI=7.56-16.5), 2.11 (95% CI=1.34-3.30) and 1.44 (95% CI=0.90-2.32) in model 1 through model 4 (data not shown). The interaction between preterm delivery and hypertensive disorders in pregnancy was not significant (p = 0.78).
The ESRD incidence increased much greater for women developed postpartum hypertension than for those develop postpartum diabetes (Table 4). However, among women without postpartum hypertension or without postpartum diabetes, women with hypertensive disorders in pregnancy had much greater hazards of ESRD than women without hypertensive disorders in pregnancy. 
Interpretation
Main Findings
The present study demonstrated an elevated risk of subsequent ESRD associated with hypertensive disorders in pregnancy, which included preeclampsia/eclampsia and gestational hypertension for the Asian women. In addition, women with preeclampsia/eclampsia are at higher risk than those with only gestational hypertension.  
Explanation and comparison with other studies

The pathogenesis of hypertensive disorders in pregnancy includes uteroplacental hypoperfusion and fetal ischemia.21[]
 The hypoperfused placenta subsequently elaborated anti-angiogenic factors into maternal circulation, leading to systemic endothelial cell dysfunction, hypertension, and proteinuria.22[]
 Karumanchi et al. reported that glomerular endotheliosis characterizes glomerular lesion in women with hypertensive disorders in pregnancy.5[]
 Depletion of VEGF through anti-angiogenic factors may be responsible for glomerular endotheliosis.
 ADDIN EN.CITE 
[23]
 Endotheliosis apparently contributes to proteinuria and decreases glomerular filtration rate. Glomerular endotheliosis usually disappears within 8-week after delivery, concurring with the resolutions of proteinuria and hypertension.5[]
 However, hypertensive disorders in pregnancy may damage the kidney with incomplete healing or scarring.24[]

Previous studies have reported that the increased prevalence of microalbuminuria lasts for 5 to 7 years after the delivery of women with hypertensive disorders in pregnancy.
 ADDIN EN.CITE 
[17,25]
 A systemic meta-analysis demonstrated that women with preeclampsia have a 4-fold increased risk of subsequent microalbuminuria, 18[]
 which increases the risk of both cardiovascular disease and ESRD.
 ADDIN EN.CITE 
[26,27]
 Vikse et al. analyzed the Norwegian registry data and found that women with preeclampsia in the first pregnancy are at risk of having a later kidney biopsy.
 ADDIN EN.CITE 
[28]
 They also showed that women with preeclampsia in one pregnancy have 3.2-fold (95% CI 2.2–4.5) higher adjusted relative risk of ESRD.20[]
 The risk is even higher for women with a recurrent preeclampsia. In addition, women with preeclampsia and low-birth-weight infant or preterm delivery also have further increase in risk. These conditions suggest a more severe type of preeclampsia. On the contrary, the serum creatinine level and estimated glomerular filtration rate during the follow-up period are not significantly different between women with and without a history of preeclampsia in the meta-analysis of McDonald.18[]

Women with preeclampsia also have a higher risk compared with women with gestational hypertension only. Consistent with the study of Vikse et al. in defining ESRD,18[]
 the present study demonstrates that women with hypertensive disorders in pregnancy have a near 14-fold higher incidence of ESRD than women without hypertensive disorders in pregnancy after excluding preexisting hypertension, diabetes, renal disease, and SLE. The adjusted HR decreased remarkably when hypertension and diabetes are adjusted, indicating that these 2 factors greatly account for the risk attributed to hypertensive disorders in pregnancy as intermediate steps in the development of ESRD. There was no statistically significant interaction between hypertensive disorders in pregnancy and preterm delivery in our study. We also have an important finding that women with only gestational hypertension may even have a 10-fold higher incidence of ESRD than non-HDP women (3.40 vs. 0.34 per 10,000 person-years). 
Diabetes and hypertension are also the major risk factors for chronic kidney diseases.
 ADDIN EN.CITE 
[29]
 During the follow-up period, women may develop postpartum hypertension and postpartum diabetes. Among women with hypertension or diabetes in later life, the cohort with hypertensive disorders in pregnancy had a much higher incidence of ESRD than the cohort without hypertensive disorders in pregnancy had. But relative risk between the cohort with and without hypertensive disorders in pregnancy was much greater in women with postpartum diabetes (adjusted HR = 10.6) than in those with postpartum hypertension (adjusted HR = 1.51). Among women with postpartum hypertension, the adjusted HR for ESRD in the cohort with hypertensive disorders in pregnancy was not significant after controlling for covariates compared to the cohort without hypertensive disorders in pregnancy. Therefore, hypertension appearing after pregnancy in HDP women may mediate the association between hypertensive disorders in pregnancy and ESRD. 
Limitations

The incidence and prevalence of ESRD in Taiwan have recently been the highest in the world.
 ADDIN EN.CITE 
[29]
 This large national cohort study has disclosed hypertensive disorders in pregnancy as a risk factor of ESRD for women. However, the present study has several limitations. First, information on marital status, educational level, smoking habit, body-mass index, and laboratory measures on glomerular filtration rate and proteinuria are unavailable from the claims file. These variables could not be adjusted in the data analysis. However, the smoking prevalence among general women has been low in Taiwan, and less than 2.5% of pregnant women smoke.
 ADDIN EN.CITE 
[30]
  Second, we excluded patients with preexisting renal disease, hypertension and diabetes. The mild kidney disease may have been unreported or undetected in some women. The Norwegian cohort study has the similar limitation.
 ADDIN EN.CITE 
[20]
31[ Third, our study represents a part of Asian maternal population, and it is possible that they have different risks. The estimated ESRD risk in this population with hypertensive disorders in pregnancy is higher than the Norwegian women with preeclampsia. The follow-up time after pregnancy is relatively short for the measure of the life time subsequent ESRD and comorbidities in our study. Whether the preexisting renal disease causes hypertensive disorders in pregnancy and followed by deterioration of renal function remains unclear. Furthermore, hypertensive disorders in pregnancy and other comorbidities were identified using ICD-9-CM codes. In Taiwan, the prenatal care has been very well preformed for women since the implementation of National Health Insurance.]
 In addition, auditors of the insurance system may review and validate claims in random to ensure the accuracy of the claims. Although we could not calculate the validity of diagnostic codes for hypertensive disorders in pregnancy, the high validity of the diagnostic codes of the NHRI database has been reported.
 ADDIN EN.CITE 
[32,33]
 Finally, the index pregnancy was the first pregnancy identified during the study period. A small portion of women with a second pregnancy might be misclassified as the first pregnancy.  
Conclusions and implications for further research 

We found that women with hypertensive disorders in pregnancy are at markedly higher risk of ESRD, compared with those without complicated pregnancy. Postpartum hypertension and diabetes also increase the ESRD risk further. The risk for the Asian population is likely higher than that for the Western population. Close surveillance for microalbuminuria, blood pressure, and diabetes should be considered for women with a history of hypertensive disorders in pregnancy. Preventive strategies, such as pharmacological or lifestyle interventions, should also be considered for these high-risk women. Further prospective study is needed for investigating the relationship between hypertensive disorders in pregnancy and subsequent ESRD. 
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Legends
Figure 1: The estimated ESRD-free proportions for cohorts with and without hypertensive disorders in pregnancy.
	Table 1: Demographic characteristics and comorbidity in cohorts with and without hypertensive disorders in pregnancy.

	
	Hypertensive disorders 
	in pregnancy
	p-value

	
	No

N = 213,397
	Yes

N = 26,651 
	

	Age, year
	n
	%
	n
	%
	1.00

	19 to 24
	28,164
	13.2
	3,515
	13.2
	

	25 to 29
	68,695
	32.2
	8,580
	32.2
	

	30 to 34
	74,148
	34.8
	9,259
	34.7
	

	35 to 40
	42,390
	19.9
	5,297
	19.9
	

	Mean (SD)
	29.5
	(4.75)
	29.6
	(4.80)
	

	Urbanization level n
	213359
	
	26648
	
	< 0.001

	1
	68,310
	32.0
	8,412
	31.6
	

	2
	69,253
	32.5
	8,493
	31.9
	

	3
	36,961
	17.3
	4,586
	17.2
	

	4
	25,023
	11.7
	3,215
	12.1
	

	5
	13,812
	6.5
	1,942
	7.3
	

	Baseline comorbidity
	
	
	

	Coronary artery disease
	88
	0.04
	11
	0.04
	1.00

	Congestive heart failure
	45
	0.02
	12
	0.05
	0.02

	Hyperlipidemia
	119
	0.06
	37
	0.14
	< 0.001

	After index pregnancy
	
	
	
	
	

	Coronary artery disease
	148
	0.07
	97
	0.36
	<0.001

	Congestive heart failure
	131
	0.06
	130
	0.49
	<0.001

	Hypertension 
	549
	0.26
	973
	3.65
	< 0.001

	Preterm delivery
	14,091
	6.60
	6,551
	24.6
	< 0.001

	Abruption 
	1,264
	0.59
	632
	2.37
	< 0.001

	Diabetes 
	2,719
	1.27
	1,181
	4.43
	< 0.001


	Table 2: Crude and adjusted hazard ratios for chronic kidney disease among women with and without postpartum hypertension and diabetes during follow-up.

	
	ESRD
	Incidence rate per 
10 000 person-years
	
	Crude HR
	(95% CI)
	Adjusted HR
	(95% CI)

	No hypertensive disorders in pregnancy
	90
	0.67
	
	1.00
	
	1.00
	

	Hypertensive disorders in pregnancy
	121
	7.24
	
	10.8
	(8.20-14.2)
	9.38
	(7.09-12.4)

	Hypertension during follow-up
	
	
	
	
	
	
	

	No hypertensive disorders in pregnancy
	43
	86.6
	
	1.00
	
	1.00
	

	Hypertensive disorders in pregnancy
	94
	121
	
	1.39
	(0.97-2.00)
	1.35
	(0.94-1.94)

	No hypertension during follow-up
	
	
	
	
	
	
	

	No hypertensive disorders in pregnancy
	47
	0.35
	
	1.00
	
	1.00
	

	Hypertensive disorders in pregnancy
	27
	1.69
	
	4.81
	(3.00-7.72)
	4.37
	(2.71-7.07)

	Diabetes during follow-up
	
	
	
	
	
	
	

	No hypertensive disorders in pregnancy
	5
	2.12
	
	1.00
	
	1.00
	

	Hypertensive disorders in pregnancy
	19
	19.4
	
	9.20
	(3.43-24.6)
	7.62
	(2.80-20.8)

	No diabetes during follow-up
	
	
	
	
	
	
	

	No hypertensive disorders in pregnancy
	85
	0.64
	
	1.00
	
	1.00
	

	Hypertensive disorders in pregnancy
	102
	6.47
	
	10.0
	(7.53-13.4)
	8.92
	(6.65-12.0)

	Note: HR = hazard ratio, CI = confidence interval.
Adjusted for urbanization, coronary artery disease, congestive heart failure, hyperlipidemia and abruption. 


	Table 3: Multivariable Cox proportional hazards regression analysis for risk of end-stage renal disease in women.

	
	
	
	Incidence rate per 
10 000 person-years
	Model 1
	Model 2
	Model 3
	Model 4

	Variable
	N
	ESRD 
	
	HR
	(95% CI)
	HR
	(95% CI)
	HR
	(95% CI)
	HR
	(95% CI)

	No hypertensive disorders in pregnancy
	213,397
	45
	0.34
	1.00
	
	1.00
	
	1.00
	
	1.00
	

	Hypertensive disorders in pregnancy
	26,651
	79
	4.72
	14.1
	(9.76-10.3)
	12.4
	(8.54-18.0)
	2.72
	(1.76-4.22)
	1.91
	(1.20-3.07)

	Type of hypertensive disorders in pregnancy
	
	
	
	
	
	
	
	
	
	
	

	Gestational hypertension 
	8,653
	18
	3.40
	10.2
	(5.89-17.6)
	9.03
	(5.20-15.7)
	1.81
	(0.99-3.30)
	1.38
	(0.74-2.57)

	Preeclampsia/eclampsia
	17,998
	61
	5.33
	15.9
	(10.8-23.3)
	14.0
	(9.43-20.7)
	3.19
	(2.02-5.02)
	2.17
	(1.33-3.54)

	p for trend
	
	
	< 0.0011
	< 0.0012
	< 0.0012
	< 0.0012
	0.001

	Note: HR = hazard ratio, CI = confidence interval.

Model 1: crude hazard ratio. 
Mode 2: adjusted for urbanization, coronary artery disease, congestive heart failure, hyperlipidemia and abruption.
Mode 3: adjusted for the variables in model 2, plus hypertension and diabetes during follow-up. .

Model 4: time-depended model, adjusted for the variables in model 3.
1 Poisson regression; 2 Cox proportional hazards regression


	Table 4: Crude and adjusted hazard ratios for end-stage renal disease for study cohort by women with and without hypertension and diabetes during postpartum follow-up

	
	ESRD
	Incidence rate per 
10 000 person-years
	
	Crude HR
	(95% CI)
	Adjusted HR
	(95% CI)

	Hypertension during follow-up
	
	
	
	
	
	
	

	No hypertensive disorders in pregnancy
	25
	49.7
	
	1.00
	
	1.00
	

	Hypertensive disorders in pregnancy
	61
	76.8
	
	1.56
	(0.98-2.48)
	1.51
	(0.95-2.41)

	No hypertension during follow-up
	
	
	
	
	
	
	

	No hypertensive disorders in pregnancy
	20
	0.15
	
	1.00
	
	1.00
	

	Hypertensive disorders in pregnancy
	18
	1.13
	
	7.56
	(4.00-14.3)
	6.67
	(3.48-12.8)

	Diabetes during follow-up
	
	
	
	
	
	
	

	No hypertensive disorders in pregnancy
	2
	0.85
	
	1.00
	
	1.00
	

	Hypertensive disorders in pregnancy
	9
	9.14
	
	11.3
	(2.44-52.4)
	10.6
	(2.31-51.0)

	No diabetes during follow-up
	
	
	
	
	
	
	

	No hypertensive disorders in pregnancy
	43
	0.33
	
	1.00
	
	1.00
	

	Hypertensive disorders in pregnancy
	70
	4.44
	
	13.6
	(9.33-19.9)
	11.9
	(8.09-17.6)

	Note: HR = hazard ratio, CI = confidence interval.
Adjusted for urbanization, coronary artery disease, congestive heart failure, hyperlipidemia and abruption. 
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