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Ab s t r ac t
Background: Postpartum persistent proteinuria and hypertension (HT) is associated with development of chronic kidney disease and 
cardiovascular disease in later life. AIMS & OBJECTIVES: To evaluate blood pressure, proteinuria and serum NT-pro-BNP in proteinuric preeclamptic 
(PE) women and study their postpartum resolution till 3 months and determine the associated risk factors.
Material and methods: 100 PE women enrolled included 66 women with mild (group A) and 34 with severe PE (group B). BP, urinary 
protein:creatinine(P/C) ratio, S.NT-pro-BNP were evaluated at labor room admission, postpartum day 1, 6 weeks and 3 months.
Results: Group B women had significant higher baseline BP, urine P/C ratio and S. NT-pro-BNP compared to group A. Resolution of BP, proteinuria 
and S. NT-pro-BNP was complete in group A women at 6 weeks postpartum. Persistent hypertension was observed in 25 and 4 women at 
postpartum 6 weeks and 3 months respectively. Proteinuria persisted in 25 and 10 women at postpartum 6 weeks and 3 months respectively. 
Resolution of NT-pro-BNP was complete at 3 months. In logistic regression model persisting hypertension and proteinuria at 3 months was 
correlated with increasing age, higher BMI and lower gestational age at delivery. Negative predictive value of 100% was observed with baseline 
P/C ratio <5, BP <120 mm Hg diastolic and S.NT-pro-BNP <1000 pg/mL for development of persistent proteinuria and hypertension.
Conclusion: Women with severe PE should be followed up for persistent proteinuria and hypertension. These women require evaluation for 
chronic kidney disease and preventive strategies for cardiovascular disease.
Keywords: Cardiovascular disease, Chronic kidney disease, Postpartum, Preeclampsia, Resolution of hypertension, Resolution of proteinuria, 
Serum NT-pro-BNP.
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In t r o d u c t i o n
Preeclampsia (PE), is a pregnancy specific hypertensive disease with 
adverse feto-maternal outcome. It complicates about 5-8% of all 
pregnancies.1 Although delivery is the cure for PE, resolution is not 
immediate . These women have increased risk of cardiovascular 
disease, chronic hypertension, cerebrovascular and renal disease. 

It is well established that pregnancy is essentially a stress test2 
and the development of pregnancy complications (preeclampsia 
or gestational hypertension,3-5 gestational diabetes or gestational 
impaired glucose intolerance,6,7 clinically significant placental 
abruption8 preterm birth, delivery of a growth restricted or low 
birth weight baby5) are some of the earliest clinically identifiable 
markers for increased risk of premature cardiovascular and renal 
disease. It has been reported that PE is associated with a 4-fold 
higher risk for developing remote chronic hypertension.9 Women 
with preeclampsia have a greater than 2-fold risk for fatal and 
nonfatal ischemic heart disease (RR, 2.26; 95% CI, 1.86–2.52), as 
well as fatal and nonfatal stroke (RR, 1.81; 95% CI, 1.45–2.27)10. 
The American Heart Association’s 2011 update to their evidence-
based guidelines for the prevention of CVD in women now identifies 
these complications of pregnancy as relevant in the determination 
of CVD risk in women.11

As majority of pregnant women access the health care system 
on a regular basis, pregnancy is an ideal starting point to determine 
which women should enter into CVD and renal disease risk 
screening programs, to identify them to initiate health preservation 
and disease prevention strategies. As approximately 80% of 
cardiovascular disease is largely preventable through lifestyle 
modification and/or pharmacotherapy; pregnancy and postpartum 
period provides a window of opportunity for early identification of 
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women at risk, and subsequent screening, which would go a long 
way to improve their long-term health.12

For most women, hypertension will resolve within the 
1st week postpartum. Hypertension that persists more than  
6 weeks postpartum usually represents a pathology not directly 
associated with pregnancy such as essential hypertension or 
underlying endocrine, neurological, or renal disease. These women 
should have their hypertension confirmed with ambulatory 
monitoring and referred for investigation for a secondary cause 
for their hypertension. Proteinuria that persists beyond 6–12 weeks 
postpartum may also warrant further investigation, particularly in 
early onset preeclampsia, the group of women most likely to have 
underlying renal disease.13

Pro-BNP is secreted by myocytes as a result of myocardial 
stretch and modulates the cardiovascular system by limiting 
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myocardial hypertrophy, causing peripheral vasodilatation and 
increasing endothelial permeability.14,15 It is further broken down 
to active hormone BNP and a biologically inactive product NT-pro-
BNP. NT-pro-BNP is a surrogate marker of BNP and has a wider 
detection rate. Serum NT-pro-BNP levels are higher in pregnant than 
non pregnant women as a result of myocardial stretch mediated 
by volume overload.16,17 This level is even higher in pregnancy 
complicated with PE because of increased after-load, superimposed 
over the pre-existing volume overload and reduced metabolic 
clearance of NT-pro-BNP due to renal impairment.18 It is a better 
biomarker for predicting mortality, morbidity and hospitalization 
for cardiac failure, left ventricular dysfunction and coronary artery 
disease.15

Therefore, in this study we have evaluated resolution of 
hypertension, NT-pro-BNP and proteinuria in pre-eclamptic 
postpartum women so that affected women would be eligible for 
preventive therapies at an earlier age.

Ai m s a n d Ob j e c t i v e s
1.	 To evaluate blood pressure and estimate proteinuria and serum 

NT-pro-BNP in proteinuric preeclamptic women and study their 
resolution till 3 months postpartum.

2.	 To determine the risk factors associated with persistence 
of blood pressure, proteinuria and NT-pro-BNP at 3 months 
postpartum.

Mat e r ia  l s a n d Me t h o d s
This is a prospective cohort study, conducted in the Department 
of Obstetrics and Gynaecology of a tertiary hospital and Medical 
College between May 2015 and May 2017. Approval from ethical 
committee was obtained. Sample size was calculated as
Sample size (n) = z2 P (1-P)/d2

For α = 0.05 and 95% confidence interval, Z = 1.96
P = Prevalence of preeclampsia is 8% approximately in hospital 
setting (taken as 0.08); d = allowable error, taken as 0.05(5%) 
Sample size = 1.96 × 1.96 × 0.08 × [1-0.08/ (0.05)2] = 113
A convenient sample size of 100 women was taken.

In c lu s i o n Cr i t e r ia
Preeclamptic women with proteinuria (urine protein:creatinine 
ratio >0.3) and willing to participate in the study

Exc lu s i o n Cr i t e r ia
Women having chronic hypertension, renal disease, severe 
anaemia, diabetes, thyroid disease, autoimmune disease, cardiac 
disease, multiple pregnancy, placenta previa

Preeclampsia was defined as BP>140/90 mm Hg after 20 weeks 
on two occasions 6 hours apart or a single reading of >160/110 mm 
of Hg, in previously normotensive women. Significant proteinuria 
was defined as urine protein: creatinine (P/C) ratio > 0.3. and was a 
reasonable “rule-out test” for proteinuria above 0.3 g/day.19

One hundred pregnant women in early labor, for induction 
of labor or scheduled for elective LSCS were enrolled for the 
study who fulfilled the inclusion and exclusion criteria. Informed 
consent was taken. All these women were booked cases and were 
normotensive before 20 weeks of pregnancy. A detailed history, 
general physical examination, obstetric examination was done at 
the time of enrollment. 

 Serum NT-pro-BNP level and proteinuria by spot urine test 
were estimated in these women. Urinary protein-creatinine 

ratio and serum NT-pro-BNP levels were again repeated on day 
1 postpartum, after 6 weeks and 3 months. BP was recorded at 
the time of enrollment and was repeated at day 1, 6 weeks and 3 
months postpartum. 

Plasma NT-pro-BNP measurement was done using Roche 
CARDIAC pro-BNP kit using cobas h 232 instrument in heparinized 
venous blood.24 It is an immunoassay test using gold-labeled 
antibodies against NT-pro-BNP which form a sandwich complex 
with it, in the blood. The sandwich complexes thus formed, gives 
a visual signal as a red line, the intensity of which is converted to a 
quantitative result which is read in the display.20

Urinary protein: creatinine ratio was estimated in random urine 
sample specimen (both in mg/dL). Urine protein was estimated by 
Pyrogallol Red method and urine creatinine by Modified Jaffe’s 
method using automated analyser (Erba EM 360 Autoanalyzer).

Baseline investigations; LFT, KFT, and platelet count were 
done at the time of enrollment and were repeated at 6weeks and 
3 months. Women were divided into 2 groups. Group A with mild 
PE and group B with severe PE.21

Women in whom proteinuria and NT-pro-BNP resolved at day 
1 postpartum, did not have repeat proteinuria and NT-pro-BNP 
estimation done at 6 weeks and 3 months. Similarly those who 
resolved at 6 weeks repeat proteinuria and NT-pro-BNP estimation 
was not done at 3 months. All the data was recorded in a pre-
designed proforma. 

Stat i s t i c a l Me t h o d s
Statistical analysis was done using statistical package for the 
social science system version SPSS 20.0. The data was presented 
in terms of number/percentage for categorical variables like age, 
parity, period of gestation. The various baseline investigations for 
the two groups was presented as mean+SD. The statistical analysis 
of quantitative variables between the two groups was carried 
out by Student t test (parametric test) for data following normal 
distribution or Mann–Whitney wilcoxan test (non-parametric test) 
in case data does not follow normal distribution. The significance 
was tested using Chi- square test/Fischer exact test. Logistic 
regression models were used to calculate adjusted odds ratio/risk. 
P value less than 0.05 was considered significant.

Re s u lts
For results refer to Tables 1 to 9 and Figures 1 and 2.

Di s c u s s i o n
A prospective observational study to analyze resolution of 
proteinuria in 100 proteinuric preeclamptic women, a was done. 
Women were divided into 2 groups mild PE (group A, n=66) and 
severe PE (groupB n=34). Baseline blood pressure, proteinuria 
(urine P/C ratio) and serum NT-pro-BNP and their resolution was 
observed, during follow up at postpartum day 1, 6 weeks and 
3months in both the groups. Determinant factors for persisting 
hypertension, blood pressure and NT-pro-BNP at 6 weeks and 3 
months postpartum were evaluated through logistic regression 
models.

In our study mean age, parity and BMI in women was 
comparable in both the groups, (p value 0.123, 0.206 and 0.476 
respectively). However, mean period of gestation, S creatinine, 
blood urea, S bilirubin and platelet count were significantly lower 
for women with severe PE compared to women with mild PE (p 
value <0.05). 
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Table 1: Demographic details and baseline investigations
S. No. Parameter Mild PE (N = 66) Severe PE (N = 34) P value (test)
1. Age (mean years) 26.34 ± 2.61 27.26±3.10 0.123 (student t)
2. Parity 

Nullipara (n = 60)
Parous (>1) (n = 40)

42
24

18
16

0.206
(Chi square)

3. BMI (kg/m2) 24.97 ± 2.37 27.26 + 3.11 0.478 (student t)
4. POG (weeks) 37.6 ± 1.88 35.6 + 2.93 0.001 (student t)
5. S. Bilirubin (mg/dL) 0.88 ± 0.17 0.77 ± 0.22 0.005 (student t)
6. SGOT (IU/mL) 27.49 ± 4.07 27.50 ± 4.07 0.98 (student t)
7. SGPT (IU/mL) 24.47 ± 2.96 24.56 ± 3.23 0.89 (student t)
8. S. creatinine (mg/dL) 0.86 ± 0.161 0.85 ± 0.165 0.001 (student t)
9. Blood urea (mg/dL) 28.15 ± 3.60 32.21 ± 9.63 0.003 (student t)
10. Platelets (lacs / mm3) 1.815 ± 2.199 1.032 ± 3.433.64 0.001 (student t)

Table 2: Baseline blood pressure, urinary protein: creatinine ratio and NT-pro-BNP
S. No. Parameter Mild PE (n = 66) Severe PE (n = 34) p value
1. Urinary mean P/C ratio 2.55±0.73 6.25±2.64 0.001

2. NT-pro-BNP pg/mL Negative* (N = 30)
Positive (N = 70) -mean 

<60 (n = 30)
88.77 ± 36.19 (n = 36)

<60 (n = 0)
734.53 ± 395.62 (n = 34)

0.002 (Mann–Whitney)

3. BP systolic mm Hg 145.81 ± 4.88 169.76 ± 9.21 0.001 (student t)
4. BP diastolic mm Hg 96.60 + 4.76 122.06 + 10.88 0.001 (student t)
*NT-pro-BNP levels < 60 pg/mL was considered negative as it was the maximum upper limit of detection range of NT-pro-BNP.

Table 3: Resolution of postpartum proteinuria, NT-pro-BNP and BP in both the groups

Parameter
Group A Mild PE group (n = 66) Group B Severe PE group n = 34

Resolved  Persistent Resolved Persistent
Blood pressure Baseline
  Day 1
  6 weeks
  3 months

– 
62
66 (100%)
66 (100%) 

66 (100%)
4 
0
0 (0%)

 –
 6
 9 (26.5%)
 30 (88.2%)

34 (100%)
28
25 (73.5%)
4 (11.8%)

Urinary P/C ratio >0.3 baseline
  Day 1 
  6 weeks 
  3 months 

–
0
66 (100%)
66 (100%)

66 (100%)
66
0 (0%)
0 (0%)

–
0
9 (26.5%)
24 (70.6%)

34 (100%)
34
25 (73.5%)
10 (29.4%)

Serum NT-pro-BP baseline
  Day 1
  6 weeks
  3 months

29 -ve
23-ve
66-ve (100%)
66-ve (100%)

37+ve
43+ve
0 (0%)
0 (0%)

1-ve
8-ve
26-ve (75.8%)
34-ve (100%)

33 +ve (100%)
26 +ve
8 +ve (24.2%)
0 (0%)

Table 4: Characteristic of women with persistent proteinuria at 3 months postpartum

Characteristics Baseline
Women with persistent proteinuria at  
3 months (n = 10)

Women without proteinuria at  
3 months (n = 90) p value

Age mean years + SD 25.90 +1.19 26.74+2.92 0.37
Parity nulliparous [N = 60]
Parous (>1) [N = 40]

6
4

54
36

0.12

POG at delivery Mean + SD (days) 224.00 + 12.68 262.07 + 13.9 0.001

SBP Mean + SD (mm of Hg) 178.8 +12.08 151.11 + 9.99 0.001
DBP Mean + SD (mm of Hg) 135.80 + 6.14 101.86 +10.17 0.001
BMI Mean + SD (m/kg2) 24.22 +0.64 24.92 +2.42 0.375
S. NT-pro-BNP Mean + SD (pg/mL) 1217.4 +166.69 187.32 +254.78 0.001
Urine P/C ratio Mean + SD 4.58 +1.18 1.80 +0.73 0.001
S. Bil T Mean + SD (mg/dL) 1.32 + 0.67 0.77 + 0.16 0.001
SGOT Mean + SD (IU/mL) 59.80 +6. 25 29. + 6.83 0.001
SGPT Mean + SD (IU/mL) 54.20 + 6.16 26.44 + 8.26 0.001
Blood Urea Mean + SD (mg/dL) 45.60 + 5.33 27.74 + 3.59 0.001
S.Creatinine Mean + SD (mg/dL) 1.16 + 0.17 0.73 + 0.12 0.001
Platelet Mean + SD (per mm3) 67400 + 12411.46 164633.33 + 36913.64 0.001
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Table 5: Characteristics of women with persistent NT-pro-BNP at 6 weeks postpartum
Characteristics baseline Persistent NT-pro-BNP at 6 weeks (N = 8) Negative NT-pro-BNP (N = 92) p value
Age mean (years+SD) 26+1.51 26.71 + 2.9 0.492
Parity nulliparous [N = 60]
 Parous (>1) [N=40]

6
2

54
38 0.376

POG at delivery mean + SD (days) 225 + 14.8 261.16 + 40.28 0.001
SBP mean + SD (mm of Hg) 177 + 14.14 151.86 + 11.02 0.001
DBP mean + SD (mm of Hg) 136.25 + 6.79 102.56 + 11.11 0.001
BMI mean + SD (kg/m2) 24.86 + 2.34 24.85 + 2.32 0.992
NT-pro-BNP mean + SD (pg/mL) 1204.5 + 213.16 210.83 + 296.35 0.001
Urine P/C ratio mean + SD 4.13 + 1.64 1.90 + 0.90 0.001
Bil T mean + SD (mg/dL) 1.38 + 0.74 0.77 + 0.17 0.001
SGOT mean + SD (IU/mL) 57.62 + 8.83 30.14 + 8.63 0.001
SGPT mean + SD (IU/mL) 54.87 + 6.17 26.98 + 8.99 0.001
Blood urea mean + SD (mg/dL) 41.87 + 9.84 28.45 + 4.99 0.001
Sr. Creatinine mean + SD (mg/dL) 1.10 + 0.22 0.74 + 0.15 0.001
Platelets mean + SD (per mm3) 69375 + 18133.92 162347.82 + 39478.31 0.001

Table 6: Characteristics of women with postpartum persistent hypertension at 3months
Characteristics baseline Persistent BP at 3 months(N=4) Normal BP at 3 months (N=96) p value
Age mean (years+SD) 25.250+.50 26.718+2.85326 0.002
Parity Nulliparous [N = 60]
Parous (>1) [N = 40]

4
0

56
40

0.096

POG mmean + SD (days) 216.25 + 17.44276 260.02 + 15.03 0.001
SBP mm Hg mean + SD 184.5 + 17.69 152.6 + 11.36 0.001
DBP mm Hg mean + SD 142.0 + 4.32 103.73 + 12.21 0.001
BMI mmean + SD (kg/m2) 23.9125 + 0.36262 24.89 + 2.35 0.004
NT-pro-BNP mean + SD (pg/mL) 1371.5 + 143.03729 245.28 + 334.74 0.001
Urine P:C ratio mean + SD 10.36 + 1.88 3.54 + 2.1 0.001
Bil T mean + SD (mg/dL) 1.957 + 0.61 0.78 + 0.17 0.001
SGOT mean + SD (IU/mL) 65 + 4.32 30.97 + 9.39 0.001
SGPT mmean + SD (IU/mL) 54.5 + 8.38 28.16 + 10.50 0.001
Blood urea Mean + SD (mg/dL) 49.75 + 1.70 28.68 + 5.19 0.001
S.creatinine mean + SD (mg/dL) 1.27 + 0.05 0.75 + 0.15 0.001
Platelet mean + SD (per mm3) 54000 + 599.01 159114.58 + 41705.95 0.001

Table 7: Factors associated with persistent NT-pro-BNP, HT and proteinuria at 6 week postpartum
Characteristics baseline Persisting BNP (>60) odds ratio (95% CI) Persisting hypertension odds ratio (95% CI) Persisting proteinuria odds (95% CI)
Age (years) 1.109 (.827-1.48) 1.13 (.863–1.48) 0.843(0.719–843)
BMI (kg/m2) 0.998 (.730–1.366) 1.15 (.841–1.59) 1.07(.805–1.18)
Parity 0.453 (.087–2.36) 0.955 (.252–3.62) 0.645(.259–1.60)
SBP (mm of Hg) 0.836 (.745–0.939) 0.442 (.178–1.10) 0.749(.656–.854)
DBP (mm of Hg) 0.727 (.560–0.942) 0 0
 Urine P/C ratio 0.392 (.231–0.664) 0 0.068(.014–326)
NT-pro-BNP (pg/mL) 0.992 (.985–998) 0.602 (0–343) 0.826(0–6228)
Sr. bil T (mg/dL) 0.056 (.009–0.352) 0.034 (.005–.225) 0.213(.047–.973)
Blood Urea (mg/dL) 0.807 (.727–0.896) 0.229 (.034–1.54) 0.872(.806–.943)
Creatinine (mg/dL) 0 0 0.0019(.00– .027)
SGOT (IU/mL) .827(.749–0.914) 0 0.546(.378–.788)
Platelets (per mm3) 1(1-1) 0 0
SGPT (IU/mL) .769 (.635–0.931) .763 (.634–.917) 0.4269(.219– .827)
POG at delivery 1.18 (1.06–1.32) 1.65 (1.05–2.58) 1.095(1.053–1.130)
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Table 8: Factors associated with postpartum persistent hypertension and proteinuria at 3 months

Characteristic baseline
Persistent Proteinuria
Odds (95% confidence interval)

Persistent hypertension
Odds (95% confidence interval)

Age (years) 1.13(.863–1.48) 1.29 (0.792–2.10)
BMI (m/kg2) 1.15(.841–1.59) 1.25 (0.736–2.12)
Parity 0.636(.172–2.35) 0.655 (.08–4.85)
SBP (mm of Hg) 0.442 (.178–1.10) 0.789 (.641–.970)
DBP(mm of Hg) 0.002(.00–1.98) 0
Urine P/C ratio  0.453(.033–1.52) 0.205 (.037–1.14)
S.NT-pro-BNP (pg/mL) 0.602(.00–4913) 0.611 (00–9480)
Sr. bil T (IU/mL) .034 (.005–0.225) 0.011 (.001–.136)
Blood Urea (mg/dL) 0 0
Sr. Creatinine 
(mg/dL) 

0 0

SGOT (IU/mL) 0 0.648 (.402–1.04)
Platelet (per mm3) 1 (1-1) 1.003 (.844–1.19)
SGPT (IU/mL) 0.763 (.634 -.917) 0.814 (.574–1.15)
Gestational age at delivery (weeks) 1.65 (1.05-2.58) 1.21 (1.03–1.41)

Table 9: Predictive values for postpartum persistent proteinuria and persistent HT at 3 months

 Parameters
Persistent proteinuria at 3 months Persistent HT at 3 months

*PPV *NPV PPV NPV
Baseline NT-pro-BNP cut off level, 1000 pg/mL 100% 100% 40% 100%
Persistent NT-pro-BNP at 6weeks 75% 93.5% 30% 100%
Baseline urinary P/C ratio, cutoff level 5 43.4% 100%  - -
Baseline diastolic BP cutoff 120 mm Hg - - 26.66% 100%

PPV, positive predictive value; *NPV, negative predictive value

Fig. 2: Resolution of postpartum serum NT-pro-BNP levels Fig. 1: Resolution of postpartum proteinuria 

Base line mean systolic and diastolic BP in group A were 
145.81 ± 4.88 and 96.60+4.76 mm Hg respectively and in group 
B systolic and diastolic BP were 169.76 ± 9.21 and 122.06+10.88 
mmHg respectively. The difference of systolic and diastolic BP 
between the 2 groups was statistically significant (p value 0.001). 
The overall resolution of hypertension was 96% at the end of 
3 months, only 4% women had persistent hypertension. At 6 weeks 
follow up resolution of hypertension was complete in group A 
and in only 26.5% women in group B. At 3 months resolution of 
hypertension in group B occurred in 88.2% women. Extrapolating 
these observations it can be said that women with mild PE does 

not require follow up for persistent hypertension. However, women 
with severe PE should be followed up for persistent hypertension, 
a risk factor for cardiovascular disease. 

The positive predictive value at a cut off at 120 mm Hg baseline 
diastolic blood pressure for development of persistent hypertension 
at 3 months was found to be only 26.66% in our study. However, 
negative predictive value at a cut off at 120 mm Hg baseline diastolic 
blood pressure for development of persistent hypertension at 3 
months was found to be 100%. This is a very important observation 
of our study obviating the need of followup of women with baseline 
diastolic BP of less than 120 mm Hg. 
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In a study by Berks D et al, 39% of women had persistent 
hypertension at 3 months postpartum; which decreased to 18% at 
2 years postpartum. He showed that resolution time increased by 
60% (P<.001) for every 10 mm Hg increase in maximal systolic blood 
pressure, 40% (P= .044) for every 10-mm Hg increase in maximal 
diastolic blood pressure, and 3.6% (P= .001) for every 1-day increase 
in the diagnosis-to-delivery interval.22

Contrary to postpartum resolution of blood pressure, Sibai 
has reported postpartum development of hypertension in some 
cases. Cause of this postpartum hypertension has been reported 
to be either benign ie. gestational hypertension or chronic HT or 
life threatening ie. PE or stroke.23

It is observed in our study that age, BMI and gestational age at 
delivery were significantly lower among women who had persistent 
hypertension at 3months after delivery (p value <0.05). While 
mean systolic and diastolic BP, serum NT-pro-BNP levels, urine 
protein:creatinine ratio and the basic blood investigations (Sr. Bil 
T, SGOT, SGPT, blood urea, Sr. creatinine and platelet count) were 
significantly higher in the persistent group (p<0.05).

In logistic regression model persisting hypertension at  
3 months was correlated with increasing age (OR1.29) and higher 
BMI (OR 1.25) and lower gestational age at delivery (OR1.21) where 
as no correlation was found with parity, severity of hypertension, 
urine protein:creatinine ratio and serum NT-pro-BNP levels at 
admission in our study. 

Preeclampsia women have an increased risk of later development 
of cardio-vascular disease. The relative risks for hypertension were 
3.70 after 14.1 years mean follow-up, for ischaemic heart disease 
2.16 after 11.7 years, for stroke 1.81 after 10.4 years.10 

How preeclampsia is related to later development of 
cardiovascular disease? An explanation given by Bellamy et al is 
that angiogenic peptides and their endogenous inhibitors have a 
role in the physiology of preeclampsia and these pathways have 
been implicated in the development of cardiovascular disease as 
well. It is possible therefore, that preeclampsia is the initial point 
of expression of an inherent adverse phenotype associated with 
the early development of cardiovascular disease.10

Changes during healthy pregnancy include insulin resistance, 
hyperlipidaemia, hypercoagulability, inflammation, and a 
hyperdynamic circulation. These are exaggerated in women with 
preeclampsia and some are also “risk factors” for cardiovascular 
disease. It is possible that preeclampsia increases risk of later 
cardiovascular disease, either because of a shared cause or because 
of subclinical vascular damage during preeclampsia. It is possible 
that transient but severe endothelial dysfunction, observed in 
preeclampsia, potentiates a cascade of events that progresses to 
atherosclerosis. Endothelial dysfunction has been observed as 
early as 23 weeks’ gestation in women who develop preeclampsia 
later, during preeclampsia itself, and at least three months after 
preeclampsia has resolved.10

 In our study, the mean NT-pro-BNP levels was found to 
be significantly high in group B women (mean 734.52 pg/mL) 
compared to group A (mean 112.75 pg/mL) (p = 0.002). This 
observation was similar to Murat Bakacak et al, Kumari S et al 
who also found NT-pro-BNP levels significantly higher in severe 
preeclampsia group compared with mild preeclampsia group 
(p < 0.001).24,25

At 3 months postpartum resolution of NT-pro-BNP in both the 
groups was found to be complete. Persistent serum NT-pro-BNP 
was observed in eight women at the end of 6 weeks in group B. 
None had persistent serum NT-pro-BNP in group A at 6 weeks 

postpartum. It was also observed in our study that persistent 
NT-pro-BNP at 6 weeks postpartum had a 100% negative predictive 
value for development of persistent hypertension at 3 months. 
Therefore, NT-pro-BNP is a very important parameter which can be 
estimated at the routine 6 weeks postpartum visit and if found to 
be negative, can obviate the need of postpartum 3 month follow 
up for detection of persistent hypertension, a risk factor for later 
cardiovascular disease.

It was observed in our study that gestational age at delivery was 
significantly lower among women who had persistent NT-pro-BNP 
at 6 weeks (p value <0.05). While the mean systolic and diastolic 
BP, serum NT-pro-BNP levels, urine protein:creatinine ratio and the 
basic blood investigations (S. Bilirubin, SGOT, SGPT, Blood urea, 
S. creatinine and platelet count) were significantly higher in the 
persistent group (p value 0.001).

In logistic regression model persisting high levels of serum 
NT-pro-BNP at 6 weeks was correlated with increasing age (OR 
1.109), lower gestational age at delivery (OR 1.18). Gestational age 
at delivery correlated with persistence of NT-pro-BNP, proteinuria 
and hypertension.

A very important and interesting observation of our study 
was that baseline serum NT-pro-BNP levels at a cutoff of < 1000 
pg/mL had a negative predictive value of 100% for development 
of persistent hypertension at 3 months. Thus serum NT-pro-BNP 
levels at admission can be a useful tool to know which PE women 
do not need follow up for persistent hypertension. We could not 
find any study regarding resolution of NT-pro-BNP in postpartum 
preeclampsia women and its predictive value.

 Mean baseline urinary P/C ratio in group A (2.55±0.73) and 
group B (6.25±2.64) had a significant difference (p value 0.001) in 
our study. Proteinuria completely resolved in group A at postpartum 
6 weeks. In group B proteinuria resolved in only in 26.5% (n = 9) 
women at 6 weeks and 70.6% (n = 24) at 3 months. Our results 
signify the need to follow up women with severe PE for persistent 
proteinuria. Our results are comparable with study by Berks, et al. 
(2009) who reported persistent postpartum proteinuria in 21% at 
6 weeks and 14% of women at 3 months.24 They followed patients 
till 2 years and finally at 2 years, 2 % had persistent proteinuria. 
They have reported resolution time increased by 16% (p = .001) 
for every 1-g/d increase in maximal proteinuria. Gestational age at 
onset of preeclampsia was not correlated with resolution time of 
hypertension and proteinuria.22

In a prospective study by Francois Kaze et al (2014) involving 
54 women with severe preeclampsia and eclampsia 26 (48.1%), 
17(31.5%) and 1(1.8%) patient had persisting proteinuria at 6 weeks, 
3 months and 6 months post delivery respectively.26 This was more 
than in our study. 

Persisting proteinuria is a risk factor for development of 
chronic kidney disease and subsequent end stage renal disease 
(ESRD). Prakash J et al reported mean resolution time as 35.8 
days (21-90 days). Two women with persistent proteinuria and 
hypertension beyond 12 weeks were diagnosed as focal segmental 
glomerular sclerosis (FSGS) and MPGN (membano-proliferative 
glomerulonephritis) on renal biopsy and histology.27 Lioufas N, 
has reported FSGS in 4 cases following PE pregnancy; 2 at cases 
16 weeks, 1 case at 6 months and 1 at 10 weeks postpartum.28 
Roberts AL et al studied 9 women having persisting proteinuria 
at 6 months postpartum, 2 were subsequently diagnosed with 
CKD29 Ten of 14 patients (71 %) with persistent proteinuria were 
diagnosed with underlying renal disease in a study by Unverdi etal. 
Four patients (29%) were diagnosed with MPGN, four patients (29)  
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were diagnosed with IgA nephropathy (IgAN), one patient (7 %) was 
diagnosed with FSGS, and one patient (7 %) was diagnosed with 
amyloidosis.30 Thus persistent proteinuria in PE women require 
further investigations and should not be overlooked. 

Though in our study parity was not found to be associated 
with persistent proteinuria but Vikse BE, et al. has reported that PE 
in women who had been pregnant two or more times, PE during 
the first pregnancy was associated with a relative risk of ESRD of 
3.2, PE during the second pregnancy with a relative risk of 6.7, 
and PE during both pregnancies with a relative risk of 6.4. Among 
women who had been pregnant three or more times, PE during 
one pregnancy was associated with a relative risk of ESRD of 6.3, 
and PE during two or three pregnancies was associated with a 
relative risk of 15.5.31

It was observed that gestational age at delivery was significantly 
lower among women who had persistent proteinuria at 3 months 
after delivery (p value <0.05). While the mean systolic and diastolic 
BP, serum NT-pro-BNP levels, urine protein:creatinine ratio and the 
baseline blood investigations (S. Bilirubin , SGOT, SGPT, blood urea, 
Sr. creatinine and platelet count) were significantly higher in the 
persistent group.

In the logistic regression models persisting proteinuria in our 
study was correlated with factors expressed as odds ratio and 95% 
confidence interval. Increasing age [OR-1.13,95%CI-0.863-1.48)], 
higher BMI [1.15(0.841–1.59)], and lower gestational age at delivery 
[OR1.65(1.05-2.58) whereas no correlation was found with parity, 
severity of hypertension, urine protein:creatinine ratio and serum 
NT-pro-BNP levels at admission. 

Similar observations were made by Kaze et al who reported 
that advanced age, high BMI, low gestational age at delivery, low 
fetal birth weight, and proteinuria at delivery were the main risk 
factors for persisting hypertension at 3 months. Also advanced 
age and higher body mass index were the only determinants of 
the composite outcome of persisting hypertension or proteinuria 
at 3 and 6 months.26

Yattinamani BP et al in their study have opined that early 
gestational age at onset of hypertension and earlier gestation at 
delivery was associated with slower recovery from hypertension. 
Time taken for recovery was also associated with age, BMI, severity 
of hypertension, associated complications, and the number of 
antihypertensive medications received . Women who received more 
than 3 antihypertensives in pregnancy, nearly 50% continued to 
have hypertension. BMI and time to blood pressure normalization 
had a strong positive correlation (r = 0.8).32

Similar to our study, Berk D, et al. (2009), observed that 
resolution time of proteinuria was not significantly correlated with 
parity. He has concluded that higher age, higher BMI and higher 
baseline urinary protein excretion was associated with increased risk 
of persisting proteinuria at 3 months [OR8.48(1.36-52.79)]. Severity 
of PE and the time interval between diagnosis and delivery were 
associated with postpartum time to resolution of hypertension 
and proteinuria. After preeclampsia, it could take up to 2 years 
for hypertension and proteinuria to resolve and further invasive 
diagnostic tests for underlying renal disease may be postponed 
until 2 years postpartum.22

Nidyambagye, et al. has opined that nearly one of every four 
mothers with preeclampsia/eclampsia are at risk of persistent 
hypertension at the end of the puerperium. Maternal age, serum 
creatinine and serum uric acid levels are predictors of persistent 
hypertension after the puerperium in women with preeclampsia 
and eclampsia.33 However, in our study maternal age, BMI and period 

of gestation at the time of delivery, were the factors associated with 
persistent hypertension. Serum bilirubin, SGOT,SGPT, S. creatinine, 
Blood urea, platelets and NT-pro-BNP were significantly increased 
in women with persistent hypertension.

In our study, baseline urine P/C ratio <5.0 and baseline S. NT-pro-
BNP less than 1000 pg/mL had a negative predictive value of 100% 
for persistent proteinuria at 3 months. This is a very important 
observation of our study. Thus obviating the need for follow up of 
women with baseline P/C ratio <5.0 and NT-pro-BNP <1000 pg/mL.

 Several mechanisms might explain the observed association 
between preeclampsia and subsequent renal disease. One 
possibility is that kidney disease and preeclampsia are caused by 
the same factors. Obesity, hypertension, insulin resistance, and 
endothelial dysfunction, have been linked to both disorders. While 
the definite cause of renal dysfunction in PE remains unclear, one 
possible mechanism might be damage caused by endothelin, 
a potent endogenous vasoconstrictor peptide produced by 
endothelial cells.34 The renal insult secondary to vasospasm might 
be one of several potential factors involved in the pathogenesis 
of chronic hypertension among these women with PE. Likewise, 
chronic hypertension and PE may have similar or related risk 
factors. In women in whom endothelin levels are persistently 
elevated, serum uric acid is increased and creatinine clearance 
is diminished.34 Antiangiogenic factors have been suggested 
to have an important role in the pathogenesis of PE and in the 
progression of chronic renal disorders. It is also possible that 
some women with PE with subsequent persistent albuminuria 
had unrecognized renal disease before pregnancy which may 
have remained undetected or unreported. Hence, PE would be 
an important clinical marker for an increased risk of renal disease 
in these women.35,31

Because women with a PE pregnancy are at risk of cardiovascular 
disease and end-stage renal disease, proper follow-up after delivery 
for resolution of proteinuria and hypertension is required and 
investigations should be conducted to capture and adequately 
treat any underlying cardiovascular or renal disease. However, 
this is not always the case: In 2004, Samwiil et al reported that out 
of 257 former PE women, at 6 weeks postpartum 6% had not got 
blood pressure measured and 68% had not got their urine tested 
for proteinuria.36

Current guidelines for the follow-up of PE woman, recommend 
that women to be initially seen at 6 weeks postpartum, and 
subsequently have annual screening of their blood pressure and 
urinary protein indices. This 6 week postpartum visit is essential to 
ensure the resolution of proteinuria and hypertension, to allow for 
further referral and evaluation.37 These women should be evaluated 
with respect to continuing proteinuria, persistent hematuria, or 
impaired renal function and a percutaneous renal biopsy should 
be performed in women who have positive signs of underlying 
renal disease.30

Limitation of our study—We did not study the diagnosis-to-
delivery interval, but those with early delivery in our group had late 
postpartum recovery, indicating that they had severe/complicated 
preeclampsia that had demanded early termination.

Co n c lu s i o n s
In women with mild PE scheduled follow up for persistant HT 
and proteinuria are not necessary. Women with severe PE are the 
candidates who require scheduled follow up for persistent HT and 
proteinuria. In women with initial S. NT-pro-BNP levels of < 1000pg/
mL, the need for scheduled follow up is not essential. Women with 
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initial urine P/C ratio >5, and baseline BP of >120 mm Hg require 
scheduled follow up for persistent proteinuria and HT. 

However, more studies are required in this regard. We suggest 
an extended follow-up of these women beyond the postpartum 
period, particularly the older, those with high BMI and low 
gestational age at delivery to allow the early detection, investigation 
and treatment of women who will develop renal or cardiovascular 
disease. Persistent proteinuria at 3 months postpartum must 
be investigated and evaluated for a possible underlying renal 
disease by a nephrologist. Also persistant hypertension beyond 
3 months may be evaluated for secondary cause of HT. As they 
have an increased cardiovascular risk, lifestyle modifications and 
pharmacotherapy can be started at an earlier stage. 
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