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Abstract

Background: Genetic factors related to hypertension may affect the course of IgA nephropathy (IgAN) and partially explain its clinical variability. Aim of the study
was to evaluate the role of hypertension and positive family history for hypertension on progression in a large number of IgAN patients with normal renal function
or mild chronic renal insufficiency (CRI) at the time of renal biopsy.

Methods: From 411 IgAN patients, we selected 238 subjects with serum creatinine < 1.4 mg/dl at the time of diagnosis classified as progressors (progressive renal
failure or end-stage renal disease) or non-progressors (normal renal function after at least a 8-year-follow-up from onset).

Results: The number of 1st degree hypertensive relatives was associated with negative outcome (y* = 7.17, p = 0.028) and with a faster progression rate (computed as
the slope of creatinine clearance calculated according to Cockroft and Gault formula with time, F=5.14, p = 0.006). Logistic regression analysis showed that IgAN
outcome was independently affected by serum creatinine at the time of biopsy, proteinuria and the number of 1st degree hypertensive relatives. Multiple regression
analysis confirmed the independent role of the number of 1st degree hypertensive relatives and urinary protein excretion at the time of biopsy alone on progression
rate.

Conclusions: Genetic load for hypertension is an independent risk factor for progression in IgAN.

Aim of this study was to evaluate the role of genetic predisposition
to hypertension on the progression of IgAN in a large number of
patients with normal renal function or mild/initial CRF at the time of

Introduction

IgA Nephropathy (IgAN) has a variable outcome, with end-stage
renal disease (ESRD) occurring in 5-25% of cases within ten years [1-

renal biopsy.
6]. A number of clinical and histological prognostic factors, which
could predict the evolution of the disease, have been identified [1-9]. Methods
However, it remains difficult to predict the long-term renal Subjects

outcome in individual patients.

) ) ) . o From a cohort of 411 biopsy-proven primary IgAN patients, we
Genetic factors may partially explain this clinical variability.

Previous studies have disclosed a role of inherited predisposition to
hypertension in the susceptibility to diabetic nephropathy [10,11] and
in influencing its progression towards chronic renal failure (CRF) [12].
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An increased frequency of parental hypertension has been reported
also in patients with glomerulonephritis, with respect to the general
population. Some, [6,13,14], but not all [15] have reported that,
besides hypertension, positive family history for hypertension affects
renal outcome. Such studies were performed on a small number of
individuals [13,14] or in heterogeneous cohorts including patients with
advanced renal failure at presentation [6].
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studied retrospectively 238 subjects (166 males and 72 females) with
normal or slightly reduced renal function at the time of renal biopsy
(serum creatinine < 1.4 mg/dl). Patients whit serum creatinine
increasing < 0.2 mg/dl during observation were included if they had
a follow-up > 8 years. Caucasian patients of Italian origin and biopsy-
proven idiopathic IgAN were selected between 1993 and 2003 from
several Nephrology Departments of North Italy and regularly followed
up (at least once a year). The average follow-up after clinical evidence
of disease was 12.15 + 6.20 years, ranging from 1 to 37 years, while that
after renal biopsy was 9.35 + 5.31 years, ranging from 0 to 27 years.

Hypertension was defined as blood pressure >140/90 mmHg or
taking antihypertensive therapy. Family history for hypertension was
obtained by direct interview and defined as positive in the presence
of one or more first degree hypertensive relatives with onset of
hypertension before 60 years of age. A score was computed (0 = no 1*
degree hypertensive relatives, 1 = one 1 degree hypertensive relative; 2
= two or more than two 1% degree hypertensive relatives).

The rate of progression towards CRF was estimated by the slope of
yearly values of creatinine clearance (CrCl) calculated with Cockroft
and Gault formula against time [16].

Statistical analyses

Given the extreme variability of IgAN course, with some patients
remaining stable for decades, others progressing very slowly but
eventually reaching ESRD and others displaying very fast progression
rates, we decided to clearly separate outcome (qualitative variable)
from progression rate (quantitative variable).

Differences in frequencies in patient groups were tested using the >
test. Continuous data were analyzed with Student’s t-test for unpaired
data, with one-way ANOVA and with multiple regression. Logistic
regression analysis was performed using the outcome (progressors vs.
non-progressors) as dependent variable.

As the distribution of progression rate was not normal, the
presence of commingling distributions was assessed with the Liliefors
test and the method of Day [17,18]. In order to provide a graphical
representation of the distribution, we used probit analysis. With probit
analysis, each observed value is paired with its expected value from
the normal distribution, which is based on the number of cases in the
sample and the rank order of the case in the sample. If the sample is
from a normal distribution, the points are expected to fall more or less
on a straight line. Visually it is more practical to look at the detrended
plot, which expresses the difference between observed and expected
values. This plot is constructed in the same way as the standard normal
probability plot, except that before the plot is generated, the linear
trend is removed. This often “spreads out” the plot, thereby allowing
the user to detect patterns of deviations more easily.

A p value < 0.05 was considered as significant. SPSS (ver.11)
statistical software on an Apple Macintosh G5 personal computer was
used for the analysis.

Results

Among 411 patients, 173 were excluded because of inadequate
follow-up (n = 11), CRF at the time of renal biopsy (n = 116), or
incomplete data set (n = 46); 238 patients satisfied the inclusion
criteria. Patients had been submitted to renal biopsy between 1970 and
1999 because of one or more of the following: microscopic hematuria
and proteinuria (n = 110, 46.2%), gross hematuria (n = 104, 43.6%),
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isolated microscopic hematuria (n = 11, 4.6%), nephrotic syndrome (n
=4, 1.7%), nephritic syndrome (n = 4, 1.7%), unknown (n = 5, 2.2%).

Seventy-four (31%) patients were hypertensive at the time of renal
biopsy.

A positive family history of hypertension was highly prevalent
since 115 out of 238 (48%) had one or more first-degree hypertensive
relatives.

Distribution of progression rate

Figure 1 depicts the normal probability plot (A) and the detrended
normal probability plot (B) of the distribution of the slope of CrCl
over time. Visual inspection of the normal probability plot (Figure
1A) indicates that the distribution of the slope of CrCl with time is
not normal. Figure 1B, which contains the detrended plot, shows the
existence of two different sub-populations. This was confirmed by the
Lilliefors test, which was highly significant for the non-normality of
the distribution (p= 1 x 10-). The method of Day [17] showed that the
data were better described by two commingling than by one individual
distribution (x> with one degree of freedom = 172.07, p < 0.0001; first
mode at -0.56 + 1.18 ml min™ year’; second mode at -8.18 + 8.53 ml
min year') and that the point of minimum of the two commingling
distributions coincided with the break point of the detrended plot at
around -3 ml/min/year.

Outcome definitions

Outcome was defined arbitrarily on the basis of the distribution of
progression rate. As the point of intersection of the two commingling
distributions was at 3 ml min™! year' we defined as non progressors
those falling in the first mode (n = 155) and as progressors the others
(n = 83) (Figure 1B).

Patient characteristics according to progression

Anthropometric, clinical and laboratory data at the time of renal
biopsy according to progression are summarized in Table 1.

The onset of the nephropathy with gross hematuria was more
frequent in non-progressors (x> = 5.8, p = 0.016). Conversely,
progressors had significantly higher proteinuria, higher serum
creatinine and larger prevalence of hypertension at the time of renal
biopsy. Blood pressure and triglycerides were also significantly higher.

The percentage of patients treated with ACE inhibitors was
significantly lower in non-progressors than in progressors (62 out of
111 vs. 37 out of 47, respectively; x> = 7.38, p = 0.007). Similar findings
were obtained about steroids (29 out of 111 vs. 24 out of 47, respectively;
x> =9.21, p = 0.002). Unfortunately, this information was available only
in 158 patients.

Inherited predisposition for hypertension and outcome

The number of first-degree hypertensive relatives was associated
with poorer outcome (x* = 7.17, p = 0.028). The percentage of
progressors increased in the presence of one or more than one
hypertensive relatives, while non-progressors behaved in the opposite
way (Figure 2).

A positive family history for hypertension was also related with the
presence of hypertension at the time of renal biopsy (x*= 3.85; p = 0.05).

Inherited predisposition to hypertension and progression rate

Patients without hypertensive relatives had a significantly lower rate
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Normal Q-Q Plot of the slope of creatinine clearance vs. time
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Detrended Normal Q-Q Plot of the slope of creatinine clearance vs. time
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Figure 1. A) In this plot, each observed value is paired with its expected value from the
normal distribution, which is based on the number of cases and their rank order in the
sample. If the sample comes from a population with a normal distribution, the points fall
more or less on a straight line; this plot clearly shows that data deviate from the line and
thus are not normally distributed.

B) The detrended plot also expresses the difference between observed and expected values
from the normal distribution, but allows a more easy detection of patterns of deviations.
If the sample is from a normal population, the data points are expected to cluster around a
horizontal line through 0. This plot clearly indicates a non-normal distribution. The point
of minimum of the two commingling distributions coincides with the break point of the
detrended plot at around 3 ml/min year loss of GFR (calculated by the method of Day (17).

of progression than patients with one or more than one hypertensive
relative (-3.32 £ 6.85, -3.70 + 5.78 and -7.5 + 11.64 ml min'year™,
respectively; F = 5.14, p = 0.006) (Figure 3).

Multiple and logistic regression analyses

Clinical variables known to be associated with IgAN outcome
and the number of 1% degree hypertensive relatives were entered as
independent variables in a multiple regression model, with progression
rate as the dependent one. The number of 1% degree hypertensive
relatives, together with proteinuria at the time of renal biopsy,

Nephrol Renal Dis, 2017 doi: 10.15761/NRD.1000119

100 .
Number of hypertensive
relatives

807

4]

3’&‘ 60 7
n z2
c
-2 407
©
o

209

0

Mon - Progressors Progressors

1gAN outcome
Figure 2. IgAN outcome (non-progressors vs. progressors) and the number of 1 degree of
hypertensive relatives. The relative frequency of progressors increased in the presence of

one or more than one hypertensive relatives, while the relative frequency of non-progressors
behaved in the opposite way (y* = 7.17, p = 0.028).
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Figure 3. Rate of progression towards CRF (calculated as the slope of CrCl against time)
and the number of 1 degree hypertensive relatives. The lines crossing the boxes indicate
median values; boxes show the interquartile range containing 50% of the values. The
whiskers at the ends of the boxes show the distance from the end of the box to the largest
and smallest observed values that are less than 1.5 box lengths from either end. Patients
without any 1 degree hypertensive relative had a significantly lower rate of progression
than that of patients with one or more than one hypertensive relatives (F = 5.14, p = 0.006).

Table 1. Clinical parameters and laboratory data at the time of renal biopsy. Significances

are computed as exact value (0.0001 is p = 0.0001 or less).

Variable Non-Progressors | Progressors | Significance
Gender (M/F) 106/49 60/23 NS
Age at onset (years)* 30.42+13.7 29.7+12.7 NS
Age at biopsy (years) 33.7+£139 31.8+13.4 NS
BMI (kg/m?)* 248+3.6 24.0+3.9 NS
SBP (mmHg)** 1309+ 153 136.1+17.4 <0.05
DBP (mmHg)** 82.7+10.5 86.5+12.1 <0.05
Hypertension 34/155 (22%) 40/83 (48%) | <0.0001
Antihypertensive therapy (N) 27 (18%) 17 (38%) NS
Onset: gross haematuria (N) 79 (51%) 25 (30%) <0.05
Onset: microhaematuria/proteinuria (N) 67 (43.2 %) 43 (52%) <0.05
Years after onset* 13.63 £ 6.09 9.01£5.01 <0.0001
Serum creatinine (mg/dl) 1.01£0.17 1.11+£0.18 <0.0001
CrCl (ml/min) 98.34+26.54 | 86.59+21.78  <0.0001
Slope of CrCl vs. time (ml min'year!)* -0.16 +2.64 -11.39+£8.67 | <0.0001
Proteinuria (g/24h)* 0.88 +0.84 2.00 +1.37 <0.0001
Serum cholesterol (mg/dl)* 206.6 +50.3 213.2+£52.2 NS
Serum triglycerides (mg/dl)* 119.0 £ 68.4 150.7+125.5 <0.05
Serum IgA (mg/dl)* 358.0 + 140.1 391.7 +£123.1 NS

"Values are expressed as means + SD; *SBP, systolic blood pressure; °DBP, diastolic blood
pressure; ‘CrCl, creatinine clearance measured with Cockroft-Gault formula
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contributed independently to progression rate while hypertension,
triglycerides, serum creatinine at the time of renal biopsy, and onset
with gross hematuria did not (Table 2).

Progression rate was also considered as a dichotomous factor
(non progressors vs. progressors) and analyzed with binomial logistic
regression (Table 3). Proteinuria and the number of hypertensive
relatives, together with serum creatinine at biopsy, significantly and
independently influenced a negative outcome.

Even if the use of ACE inhibitors and steroids was not systematic
in our sample, we tested the effect of these treatments in the multiple
regression model and in the logistic regression analysis, but no
independent effect was observed (data not shown).

Discussion

Several studies have shown that hypertension is associated with
progression towards renal failure in IgAN [1,3-9]. However, these
studies considered a substantial number of individuals who had already
developed CREF. Since renal failure may cause hypertension and hence
confound the results, we considered only individuals with normal or
only slightly decreased renal function at the time of diagnosis.

We found a positive relationship between an inherited
predisposition to hypertension with poorer outcome and faster
progression rate of IgAN.

It has been proposed that parental hypertension is more prevalent
in patients with glomerulonephritis [13] or IgAN [6] than in the general
population, but its role as predictor of poor outcome, and in particular
of progression rate, has not been clearly elucidated previously. To our
knowledge, only three studies have looked for association between
outcome and family history of hypertension in patients with IgAN
[6,14,15]. One was negative (most likely underpowered) [15]; all
considered smaller and heterogeneous samples. None studied the
association between familial hypertension and progression rate.

The role of positive family history of hypertension (independently
from hypertension) is reinforced by the results of multivariate analysis,
showing that familial hypertension contributes independently to

Table 2. Stepwise multiple regression analysis with the slope of creatinine clearance
against time as the dependent variable.

Variable B SE B T p
Variables in the equation

Proteinuria at biopsy -0.0107 0.004 -2.616 0.010
N° hypertensive relatives -0.0128 0.006 -2.178 0.031
Variables not in the equation

Hypertension at biopsy -0.0097 0.010 -0.969 0.334
Onset with gross hematuria 0.0005 0.010 0.056 0.955
Serum creatinine at biopsy 0.0146 0.019 0.784 0.434
Serum triglycerides at biopsy 0.0000 0.000 -0.708 0.480

Table 3. Logistic regression analysis with IgZAN outcome as the dependent variable.

Variable B SE B Significance
Variables in the equation

Proteinuria at biopsy 0.741 0.192 <0.001
N° hypertensive relatives 0.540 0.252 0.032
Serum creatinine at biopsy 2.926 0.958 0.002
Variables not in the equation

Hypertension at biopsy -0.337 0.433 0.436
Onset with gross hematuria 0.286 0.414 0.489
Serum IgA at biopsy 0.001 0.001 0.197
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progression rate whereas hypertension at the time of biopsy did not.
This suggests a link between genetic factors for hypertension and
progression rate.

The underlying mechanisms by which familial determinants of
hypertension contribute to renal damage remain to be determined.
We may speculate that the pleiotropic effect of some (not necessarily
known) gene, which determines hypertension in healthy individuals,
may increase progression rate in the presence of IgAN even before
hypertension develops. Given the important effects of hypertension
and the renin-angiotensin system (RAS) on progression of chronic
renal disease, in recent years the polymorphism of hypertension
associated genes have been largely studied in patients with IgAN, but
available data do not support a major role of the RAS genes on IgAN
progression [19-21].

As already described by previous studies (1-6,11), we confirm the
important and independent role of proteinuria at the time of renal
biopsy in influencing the rate of progression of the disease towards
renal failure, also when patients are considered at the beginning of
renal function decline. On the contrary, higher serum creatinine levels
at the time of renal biopsy independently influenced the outcome of
the disease, but not its rate of progression. This aspect has been little
investigated previously [1-4,6].

ACE inhibitors or steroids were given more frequently in
progressors. This paradoxical finding islikely due to the fact that patients
with more severe presentation or course of the disease were given these
agents more often to reduce proteinuria and/or hypertension. The
retrospective design of our study, which covered a very long period of
time, large differences among doses and lengths of treatments, and data
incompleteness in a number of patients limit this analysis.

In conclusion, this study strongly suggests a link between genetic
factors possibly related to hypertension and progression of IgAN.
Further studies are needed to elucidate the role of known or newly
discovered genes affecting blood pressure in the progression of IgAN.
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