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Abstract

Background and objective Hypertension is not a typical feature of steroid sensitive nephrotic syndrome (SSNS) and the
presence of persistent hypertension is suggestive of significant renal lesion. There is paucity of data regarding occurrence
and severity of hypertension in SSNS in pediatric population during remission and was the main objective of this study. In
addition, correlation with factors like family history, BMI, and lipid profile was studied.

Methods Cross-sectional study conducted at tertiary care center in India including 81 children of infrequent relapsing SSNS
between 1 and 10 years in remission and was off steroids. Grading and severity of hypertension were assessed. Statistical
analysis was done using SPSS version 21.0.

Results Median age of presentation was 5 years, with male:female ratio of 1.3:1. Out of 81 infrequent relapsing SSNS
children, 23.45% (19) had hypertension. Among those children with hypertension (n=19), 73.68% (14) had positive fam-
ily history compared to 32.25% (20) in those without hypertension. Positive correlation was found between BP and serum
cholesterol and LDL. Of the hypertensive patients, 1 (5.26%) had fundus changes, 2 (10.52%) had features of left ventricular
hypertrophy, and 13 (68.42%) had non-nephrotic range proteinuria.

Conclusion There is high incidence of hypertension in NS children during remission. Though significant positive correla-
tion was found with positive family history of hypertension and deranged lipid profile highlighting possibility of essential
hypertension in them, there is need for close active monitoring and management of hypertension in them as untreated cases
may have significant target organ damage.
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Introduction them having histological picture of Minimal Change Dis-

ease (MCD). Depending on response to steroids which is

Nephrotic syndrome (NS) is a common chronic renal disor-
der in children. In countries like US and Europe cumulative
prevalence is reported to be 16 per 100,000 children below
16 years and is relatively higher in the Indian subcontinent
[1, 2]. About 95% cases are idiopathic with majority of
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the mainstay of therapy, children with NS can be categorized
into steroid sensitive nephrotic syndrome (SSNS) which con-
stitutes about 80-85% cases and steroid resistant nephrotic
syndrome (SRNS) [3]. Systemic hypertension is usually not
a feature of MCD, but may be transiently present during
relapse or during high doses of steroid therapy, as has been
reported in most studies to vary from 14% to as high as 95%
[4-10]. Persistent hypertension in NS is usually associated
with significant renal lesion and may be an indication for
renal biopsy [3, 11]. Irrespective of the cause, hypertension
can have both short- and long-term adverse effects on vari-
ous organ systems. However, data regarding hypertension
in childhood SSNS specially in remission phase are much
less. Most of the available studies are in adult population;
moreover, most available data are during relapse phase with
only few studies evaluating hypertension during remission.
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Therefore, this study was done to know the occurrence of
hypertension in SSNS during remission phase along with
assessment of its severity in terms of end organ damage and
also to study its correlation with factors like family history,
BMI, and lipid profile in childhood population.

Materials and methods

This was a cross-sectional study conducted in the depart-
ment of pediatrics at a tertiary care center in India from
September 2015 to March 2017 for duration of 18 months.
Institutional Ethical Review Board approval was obtained.

Sample size

In a study by Gabban et al., the percentage of children of
SSNS with blood pressure higher than the 95th percentile
was 15.15% [9]. Taking this value as reference, the minimum
required sample size with 9% margin of error and 5% level
of significance was 73 patients. To reduce margin of error,
total sample size taken was 81.

Formula used is

N > (p(1 = p))/(ME/Z,)*,

where Z, is value of Z at two-sided alpha error of 5%, ME
is margin of error, and p is prevalence rate.

A total of 90 children of SSNS attending pediatric neph-
rology clinic who were infrequent relapsers in remission
and off steroids in age group of 1-10 years were included
after informed written consent from all individual parents/
guardians. Those requiring prednisolone for remission,
those having frequent relapses, having significant hematu-
ria, possibility of secondary causes of nephrotic syndrome
like systemic lupus erythematosus, hepatitis B, hepatitis C,
etc., those with known congenital anomalies of kidney or
urinary tract were excluded from the study. Remission was
defined as urine dipstick for proteins either nil or trace for
consecutive 3 days. Infrequent relapsing nephrotic syndrome
was defined as <3 relapses in 1 year and frequent relaps-
ing nephrotic syndrome was defined as > 2 relapses within
6 months of the initial episode or > 3 relapses in any 1 year.
Nine children were further excluded (three parents withdrew
consent for study, and in six, both parents were not available
for evaluation). Relevant detailed history and examination
including anthropometry (WHO growth standards) and bio-
chemical investigations including lipid profile was done in
81 children. Blood pressure (BP) was recorded using a clini-
cal sphygmomanometer (aneroid, dial type, Hiene, Gamma
G5) by auscultatory method with appropriate size cuff and
charts from “The fourth report on the diagnosis, evaluation,
and treatment of high blood pressure in children and ado-
lescents” was used to estimate 50th, 90th, 95", and 99th
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percentile BP for that age, sex and height [12]. Normal BP
was defined as systolic blood pressure and diastolic blood
pressure that is <90th percentile for that gender, age and
height. BP between the 90th and 95th percentile was prehy-
pertension. If BP > 90th percentile, BP was repeated twice
in the same office and the average BP was used. Hyperten-
sion was defined as average SBP and/or DBP that is >95th
percentile for gender, age, and height on >3 occasions. In
this study, BP was taken thrice on the same day at gap of
5-10 min. Family history of hypertension was considered to
be present on the basis of history of antihypertensive medi-
cation taken by any parents or grandparents.

Those with hypertension were further graded as stage
I (95th percentile up to 99th percentile plus 5 mmHg) or
stage I hypertension (>99th percentile plus 5 mmHg). In all
cases with hypertension, fundus examination for evidence of
hypertensive retinopathy was done and classified [13]. Left
ventricular mass indexed to body surface area was estimated
by LV cavity dimension and wall thickness at end-diastole
by 2-D echocardiography was done to assess LV hypertro-
phy (LVH defined as LVMI > 95th percentile compared to
age and sex). Standard charts by Khoury et al. were used to
classify left ventricular hypertrophy as LVMI > 95th percen-
tile compared to age and sex [14]. Spot urine protein/creati-
nine ratio was done to quantify proteinuria in hypertensive
children [15, 16]. Figure 1 depicts the flow of study.

Statistical analysis

Categorical variables were presented in number and per-
centage (%) and continuous variables were presented as
mean + SD and median. Normality of data was tested by
Kolmogorov—Smirnov test. Quantitative variables were
compared using unpaired ¢ test/Mann—Whitney test (when
the data sets were not normally distributed) between the two
groups and ANOVA/Kruskal-Wallis test (for non-paramet-
ric data) was used for comparison between more than two
groups. Qualitative variables were correlated using Chi-
square test/Fisher’s exact test. Spearman rank correlation
coefficient was used to assess the association of grading of
BP with various parameters. A p value of <0.05 was con-
sidered statistically significant. The data were entered in MS
EXCEL spreadsheet and analysis was done using Statistical
Package for Social Sciences (SPSS) version 21.0.

Results

In this study, the median age of SSNS was 5 years, with
slightly male predominance (male:female ratio of 1.3:1).
The mean age of patients at the time of study was
5.57+2.11 years, the median being 5 years. The mean age
of onset of nephrotic syndrome was 4.61 + 1.62 years, with
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Fig.1 Chart to show flow of study

Table 1 Baseline characteristics of cases with SSNS

median being 4.5 years. The mean duration of nephrotic syn-
drome in this study was 11.91 4+ 8.56 months with a median
of 10 months (Table 1).

Out of 81 nephrotic children, 23.45% (19) showed hyper-
tension. Of the 19 hypertensive children, 22.22% (18) had
stage I hypertension and rest 1.23% (1) had stage II hyper-
tension. Of the 62 normotensive children, 59.26% (48) had
blood pressure < 90th percentile and rest 17.28% (14) had
prehypertension (Table 2).

There was no significant difference in blood pressure
between males and females. Among children with hyper-
tension (n=19), 73.68% (14) had family history of hyperten-
sion, whereas in those without hypertension, about 32.26%
(20) had family history of hypertension and the difference
was statistically significant. In addition, significant positive
correlation was found between blood pressure and serum
cholesterol as well as LDL. However, no significant differ-
ence in occurrence of hypertension was observed with BMI
of the children (Table 3).

While evaluating for end organ damage, of 19 patients,
5.26% (1) showed fundus changes of hypertensive retin-
opathy having grade 2 retinopathy, 10.52% (2) patients had
features of left ventricular hypertrophy (LVMI > 95th per-
centile); however, it did not correlate with the severity of
hypertension. About 68.42% (13) patients were observed to
have non-nephrotic proteinuria, but did not correlate with
severity of hypertension (Table 4).

Discussion

Nephrotic syndrome is a common renal disease in children
and is mostly idiopathic due to MCD. It often shows good
response to steroids with many children completely off
steroids. Hypertension is not a common association with
SSNS particularly in remission. This was a cross-sectional

N=281 Frequency Percentage (%)
Sex
Male 46 56.79
Female 35 43.21
Family history of hypertension
Yes 34 41.97
No 47 58.02
Mean + SD (median) Minimum-maxi-
mum (interquartile
range)
Age of onset of nephrotic syndrome (years) 4.61+1.62 (4.5) 1-8 (3.5-6)
Age at the time of study (years) 5.57+2.11(5) 1.5-10 (4-7)
Duration of nephrotic syndrome (months) 11.91+£8.56 (10) 3-36 (5-17)
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Table 2 Categorisation of

SSNS children in remission Frequency Percentage Frequency Percentage
according to their BP records No hypertension 62 76.54 BP <90th centile 48 59.26
Prehypertension 14 17.28
Hypertension 19 23.45 Stage I hypertension 18 22.22
Stage II hypertension 1 1.23
Total 81 100 81 100

Table 3 Correlation of hypertension with gender, family history,
serum lipid profile and BMI in children with SSNS in remission

N=38l1 BP <95th BP>95th Total p value
percentile percentile
(n=62) (n=19)
Sex
Male 35 (56.45%) 11(57.89%) 46 0.912
Female 27 (43.55%) 8 (42.11%) 35
Family history of hypertension
Yes 20 (32.26%) 14 (73.68%) 34 0.001
No 42 (67.74%)  5(26.32%) 47
BMI for age
< -3SD 1(1.61%) 0 (0.00%) 1 0.072
-3t0-2SD 4 (6.45%) 0 (0.00%) 4
—-2to—1SD 12 (19.35%) 3 (15.79%) 15
—1SDto 14 (22.58%) 7 (36.84%) 21
median
Medianto 1 SD 14 (22.58%) 6 (31.57%) 20
1-2SD 16 (25.80%) 1 (5.26%) 17
2-3SD 0 (0.00%) 2 (10.52%) 2
>3 SD 1(1.61%) 0 (0.00%) 1
Cholesterol (mg/  153.34+12.31 182.4+23.3 <0.0001
dn
Cholesterol
<200 mg/dl 62 (100.00%) 16 (84.21%) 78 0.010
>200 mg/dl 0 (0.00%) 3 (15.78%) 3
HDL (mg/dl) 43.86+3.74  43.48+2.83 0.893
HDL >35mg/dl 63 (100.00%) 18 (100.00%)
LDL (mg/dl) 89.05+9.81 111.74£26.98 0.0001
LDH
<130 mg/dl 62 (100.00%) 17 (89.47%) 719 0.047
> 130 mg/dl 0 (0.00%) 2 (10.52%) 2
Triglycerides (mg/ 101.36+18.44 106.7+21.93 0.075
dl
VLDL (mg/dl) 24294393  26.08+5.46 0.175

observational study conducted at a tertiary care center of
north India to find occurrence of hypertension in nephrotic
children in remission who are off steroids. 90 consecutive
children in age group 1-10 years attending pediatric neph-
rology clinic and meeting inclusion criteria were reviewed,
out of which 81 children were finally included (9 excluded
due to reasons mentioned above). Median age of children
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Table 4 Effect of hypertension on end organ damage, i.e., hyperten-
sive retinopathy, left ventricular mass index (LVMI), and urine pro-
tein-to-creatinine ratio (Up/Uc ratio)

N=19 Stage I Stage 11 Total (%) p value
hypertension  hypertension
(n=18) (n=1)
Hypertensive retinopathy
Present 0 1 1(5.26) 0.053
Absent 18 0 18 (94.73)
LVMI
<95th Per- 17 0 17 (89.47) 0.105
centile
>95th Per- 1 1 2 (10.52)
centile
Up/Uc ratio
<0.2 6 0 6 (31.57) 1.000
>0.2 12 1 13 (68.42)

was 5 years (minimum age of 2 years and maximum age
of 10 years) with 60% of patients being less than or equal
to 5 years. SSNS in children is mostly idiopathic and most
commonly involves age group of 1-8 years [3]. There was
slightly male predominance (1.31:1). Most studies have doc-
umented a higher male:female ratio as in our study ranging
from 1.3:1 to 2.05:1 [4-10] (Table 1).

In study population (n=281), 23.45% (19) of the children
with SSNS had hypertension in remission period, out of
which 22.22% (18) had stage I hypertension, and 1.23% (1)
had stage II hypertension (Table 2). Of 76.54% (62) chil-
dren without hypertension, 59.26% (48) had blood pressure
less than 90th percentile and rest 17.28% (14) had prehyper-
tension. It shows that about a quarter of children of SSNS
continue to be hypertensive even in remission state and,
therefore, does not appear to be transient. There are similar
studies in patients of SSNS showing prevalence of hyperten-
sion ranging from 15 to 34%. Whereas other studies reported
a much higher prevalence of hypertension ranging up to 95%
[4-10]. However, most of these studies observed high preva-
lence during relapse which significantly decreased during
remission. Xu et al. measured ABP (ambulatory blood pres-
sure) in 114 children of primary nephrotic syndrome and
reported a very high percentage (88.6%) to be hypertensive.
Majority of them showed increased BP during sleep and
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large number of children (39.5%) and masked hypertension
[4]. ABP is the ideal instrument to diagnose nocturnal hyper-
tension, non-dipper hypertension, and masked hypertension
which are often missed by office BP measurement, but is not
routinely used for measuring BP in clinic setting.Kontchou
et al. observed BP > 90th percentile (prehypertension and
hypertension) in 65% out of 49 children of SSNS during
relapse which decreased to 34% at the end of 4 weeks of
steroid therapy. They reported high BP in SSNS is related to
relapse state with edema which decreased during remission,
but effect of high dose of steroids in these children was not
assessed and it may have accounted for higher prevalence of
hypertension as compared to this study [6]. Similarly, Kuster
et al. studied 57 children and reported hypertension in as
high as 95% children which significantly reduced to 19%
after steroid therapy and Zsuzsanna et al. reported hyperten-
sion in 75% children in relapse state which decreased to 25%
in remission out of 69 nephrotic patients, although theirs
was a mixed cohort having SSNS, SDNS, and SRNS [7, 10].

In this study, 56.79% (46) were males and about 23.91%
(11) of males and 22.85% (8) females had hypertension and
gender difference in occurrence of hypertension was statisti-
cally not significant (p =0.912) which is similar to studies
done by Kuster et al. and Gabban et al. [7, 9].

A significantly higher percentage of children had posi-
tive family history of hypertension among those who were
hypertensive 73.68% (14), whereas those children without
hypertension had positive family history in about 32% (20)
(p=0.001). Similar observation was made by Kontchou
et al. [6]. Correlation between BMI and hypertension was
not statistically significant. There is paucity of the literature
done in SSNS to correlate hypertension and BMI. However,
in studies done in general population, a positive correlation
has been found between BMI and essential hypertension
[17-21].

Mean serum total cholesterol levels were high in hyper-
tensive children (182.4 vs 153.34 mg/dl). In this study,
serum total cholesterol were mostly in normal range.
Despite remission, all four children who had serum cho-
lesterol level > 200 mg/dl had hypertension. Similarly,
mean values of LDL cholesterol and serum triglycerides
were lower in our cohort in contrast to study by other
authors as they had included patient in relapse as well,;
however, above variables showed higher mean values in
hypertensive children and significant positive correlation
was observed between grade of hypertension with LDL [8]
(Table 3). Above observations suggest strong influence of
factors like positive family history, high serum total cho-
lesterol, and LDL cholesterol highlighting role of essen-
tial or primary hypertension leading to overall increased
prevalence of hypertension in these children. On further
evaluation of those who had hypertension for evidence of

end organ damage, 5.26% (1) had features of hypertensive
retinopathy (grade 2). There is a paucity of literature about
end organ damage in eye due to hypertension in nephrotic
patients. However, studies done in hypertensive children
show prevalence of hypertensive retinopathy in 8.6-18%
[22, 23]. 10.52% (2) patients had evidence of left ventricu-
lar hypertrophy but did not correlate with severity or grade
of hypertension (p =0.105). In the study done by Torres
et al. in patients with NS, 98.1% showed carotid IMT > 97
percentile and 25.4% (14) patients had left ventricular
mass > 110 g [8]. Studies in non-nephrotic children with
hypertension have documented LVH ranging between 8
and 41.1% [24-27]. The presence of such high percentage
of LVH further questions the transient nature of hyper-
tension as considered in SSNS. 68.42% (13) patients in
this study showed non-nephrotic proteinuria (spot urine
protein:creatinine ratio > 0.2 but less than 1), but it did not
correlate to the severity of hypertension. There is a lack
of similar study in nephrotic patients. However, in chil-
dren with hypertension (because of primary/any secondary
cause), non-nephrotic proteinuria done by Up/Uc ratio was
observed in 20-25% of the patients [15, 16].

To conclude, hypertension although not considered as
typical finding in SSNS, appears to be commonly observed
in remission state as well with evidence of significant end
organ damage, particularly cardiovascular. Therefore, all
nephrotic patients who are being followed up in remission
should be routinely monitored for their blood pressure and
pharmacological agents should be started early to prevent
end organ damage.

Limitations

1. By definition, hypertension is defined as blood pressure
on three different occasions. Being a cross-sectional
study, blood pressure was repeated three times on the
same day may have included white-coat hypertension.

2. Family history of hypertension was taken on the basis
of verbal confirmation from parents as parents or grand-
parents taking antihypertensive medication.

3. The children with stage II hypertension were small
which could have been the reason of inability to find
correlation of end organ damage in terms of hyperten-
sive retinopathy, LVH, and proteinuria to the severity of
hypertension.

4. Baseline data about hypertension not included being a
cross-sectional study. Hypertensive nephropathy was
assessed using spot urine protein:creatinine ratio as in
previous studies, but in this study it could be confound-
ing.
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