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Abstract

Background: Cardiovascular (CV) morbidity and mortality are higher in chronic kidney disease (CKD) than in the
general population. Reduced heart rate recovery (HRR) is an independent risk factor for CV disease. The aim of the
study was to determine the prognostic role of HRR in a homogenous group of CKD patients.

Methods: One hundred and twenty-five IgA nephropathy patients (82 male, 43 female, age 54.7 + 13 years) with CKD
stage 1-4 were investigated and followed for average 70 months. We performed a graded exercise treadmill stress
test. HRR was derived from the difference of the peak heart rate and the heart rate at 1 min after exercise. Patients
were divided into two groups by the mean HRR value (22.9 beats/min). The composite (CV and renal) endpoints
included all-cause mortality and any CV event such as stroke, myocardial infarction, revascularisation (CV) and end-
stage renal disease, renal replacement therapy (renal).

Results: Patients with reduced HRR (< 23 bpm) had significantly more end point events (22/62 patients vs. 9/53
patients, p=0.013) compared to the higher HRR (>23 bpm). Of the secondary the endpoints (CV or renal separately)
rate of the renal endpoint was significantly higher in the lower HRR group (p=0.029), while there was no significant
difference in the CV endpoint between the two HRR groups (p=0.285). Independent predictors of survival were eGFR
and diabetes mellitus by using Cox regression analysis. Kaplan-Meier curves showed significant differences in meta-
bolic syndrome and non-metabolic syndrome when examined at the combined endpoints (cardiovascular and renal)
or at each endpoint separately. The primary endpoint rate was increased significantly with the increased number of
metabolic syndrome component (Met.sy. comp. 0 vs. Met. sy. comp. 2+, primary endpoints, p=0.012).

Conclusion: Our results showed that reduced HRR measured by treadmill exercise test has a predictive value for the
prognosis of IgA nephropathy. The presence of metabolic syndrome may worsen the prognosis of IgA nephropathy.
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Introduction electrocardiogram or the walking test [1, 2]. Physical

For predicting cardiovascular (CV) risk, the treadmill
exercise test seems to be a more suitable non-invasive
tool than routinely assessing the functional capacity by
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exercise is associated with decrease in parasympathetic
tone and increase in sympathetic activity resulting in
heart rate elevation. The rate of post-exercise cardiode-
celeration is used as an index of cardiac vagal reactiva-
tion. Heart rate recovery (HRR) may be a predictor of
cardiovascular risk associated with the sympathetic and
parasympathetic tone balance [3—-5]. HRR is evaluated in
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the first or second minutes after the peak exercise at the
end of the stress test which is a validated method [6].

The prevalence of chronic kidney disease (CKD) is high
all over the world [7]. On the basis of the meta-analyses
it is well known that significant number of patients with
CKD die from cardiovascular events before the develop-
ment of end-stage renal disease (ESRD). IgA nephropa-
thy (IgAN) is the most common primary glomerular
disease all over the world [8]. Patients with IgAN are a
relatively homogenous group compared with the whole
CKD population.

Previous studies had demonstrated the prognostic role
of HRR in patients with various heart diseases. Reduced
HRR has been defined as an indicator of mortality and
sudden cardiac death in coronary artery disease, in heart
failure, in left ventricular dysfunction and after coronary
artery revascularisation [9-13]. In addition, renal func-
tion declines at any degree, increases the risk of CV mor-
bidity and mortality [14, 15]. In a cross-sectional study,
we have earlier shown that inverse relationship exists
between HRR and renal function and this study was
conducted in patients with IgA nephropathy [16]. The
development of insulin resistance, dyslipidemia, hyper-
tension and metabolic syndrome could be frequently
observed in CKD was previously shown to be associated
with decreased HRR [17, 18]. Therefore, the aim of the
present study was to investigate the prognostic role of
HRR on major CV (myocardial infarction, stroke, revas-
cularisation, cardiac death) and renal outcomes (ESRD)
in patients with IgA nephropathy with longer follow-up.

Patients and methods

We examined 125 patients with histologically confirmed
IgA nephropathy by renal biopsy, who had no known
heart disease, although controlled coronary artery dis-
ease (CAD) was allowed for enrolment. Patients with
left Tawara-branch block on the ECG were excluded. All
patients were in eligible condition to perform the stress
test. There were 82 male and 43 female patients enrolled
in the cohort, with a mean age of 54.7 £+ 13 years. During
the first visit, traditional risk factors were also evaluated,
such as hypertension, carbohydrate metabolism disor-
der, obesity, lipid abnormalities, smoking. The CKD-EPI
formula (eGFR, ml / min / 1.73m?) was used to esti-
mate kidney function. Exclusion criteria were: severe
heart failure (NYHA Stage III-IV or low ejection fraction
<35%,), stroke within 3 months, myocardial infarction,
uncontrolled arrhythmia, malignancy with active treat-
ment, severe hypertension (>180 / 110 mmHg). Patients
with ESRD (CKD stage 5), renal replacement therapy, or
kidney transplantation in the history were also excluded.
Participant patients were then examined every 3 to
6 months (more often as needed). At these patient visits,
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any adverse events since the last visit were interviewed,
physical status was taken, detailed laboratory tests were
performed. When it was required, in view of the com-
plaints, further CV examinations (echocardiography,
ergometry, coronarography, etc.) were also completed.
On the follow-up period, 10 patients did not attend on
the visits, thus their data were not analysed. Our patients
did not receive any steroid therapy either parenterally or
orally, before the study, or during follow-up. Beta block-
ers and RAAS inhibitors usage did not change during
follow-up. None of the patients had to stop taking these
medications. Patients were tested for glucose tolerance.
Prediabetic or diabetic state were set up out the basis
of international criteria. The 24-h ambulatory blood
pressure measurement was measured oscillometrically
(ABPM, Meditech, Hungary). Body mass index (BMI)
was calculated by the standard method [19]. Definition
of metabolic syndrome (MS) was stated by the World
Health Organization (WHO) criteria.

Echocardiography was performed prior to the stress
test in all patients to assess the left ventricular sys-
tolic function. The left ventricular systolic function was
characterized by ejection fraction (LVEF), which was
determined by using the Quinones formula. Patients
completed asymptomatic, progressive treadmill test
by the standard Bruce protocol to achieve the maxi-
mal predicted heart rate (220 minus age) [20]. The tests
were performed by the same professional staff. All tests
were conducted in the mornings, and patients were not
allowed to smoke, or take the regular medications at least
two hours before the test. Beta-blockers and nitrates were
stopped at least 48 h before the test. Continuous 12-lead
electrocardiographic (ECG) monitoring was performed
during the test, and recorded ECG results of every sin-
gle minute, including the recovery phase, were printed
out. Exercise capacities were measured from the first step
to the peak results and were expressed in seconds as the
unit. After the peak of the exercise, there was a minimal
of 1-min reduction time, the treadmill speed was 1.6 km
per hour. HRR was calculated from the difference of the
heart rate at the peak exercise and 1min later. Results
were analyzed off-line in the printed forms. The diagnosis
of CAD was established when horizontal or descending
ST segment depressions (> 1 mm) could be observed in
two or more coherent leads. For all patients, the indica-
tion of stress test was to determine the maximal exercise
capacity, and the diagnosis of suspected CAD. Written
informed consent was obtained in all participants after
the University ethical committee had approved the study.

Statistical analysis
Patients were divided into two groups by the mean HRR
value (23 / bpm). The composite primary endpoint of the
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study composed of the CV endpoint of acute myocardial
infarction, intervention due to acute coronary syndrome,
stroke or death for any cause, and the renal endpoint of
end-stage renal failure (eGFR <15ml/min/1,73m?), or
renal replacement therapy. The CV and renal endpoints
were also analysed separately as secondary endpoints.

All values are expressed as mean &= SD unless otherwise
indicated. Survival rates of the two groups were exam-
ined by Mantel-Cox log-rank test. The effect of HRR on
survival was evaluated by Cox regression analysis. Mul-
tivariate analysis was used to explore the factors that
influence the CV events and impaired renal function. As
the distribution of these parameters was normal, Spear-
man correlation was used to determine the relationship
between renal function and HRR. Independent risk fac-
tors associated with HRR were studied by univariate and
multivariate linear regression analysis.

P <0.05 was considered to be statistically significant.
The calculations were performed by the SPSS software
version 22.0.

Results

The baseline clinical characteristics of IgA nephropa-
thy patients are shown in Table 1. Of the 125 patients,
82 were male, 43 were female. Blood pressure values
measured by 24-h ABPM were higher in the lower HRR
group (HRR<23 beats / min). Patients were treated with
angiotensin converting enzyme inhibitors (ACEI), angio-
tensin receptor blockers (ARBs), calcium channel block-
ers (CCBs), beta-blockers (BBL), and statins. The resting
heart rate and the stress test exercise capacity showed
significant difference between the two groups. The inci-
dence of CAD was not differed significantly between
the two groups. LVEF had no difference between the
two groups, but there was a significantly higher occur-
rence of diastolic dysfunction in the reduced HRR group
(Table 1).

Fig. 1A shows that the probability of the combined
(CV and renal) endpoint was significantly higher in the
group with reduced HRR (HRR <23 beats / min), com-
pared to the group with increased HRR (HRR >23 beats
/ min) (Chi-square: 6.138; p =0.013). For the secondary
endpoints, the rate of the renal endpoint was also signifi-
cantly higher in the lower HRR group (Chi-square: 4.739;
p =0.029) (Fig. 1B); whereas, there was no significant dif-
ference in the separate CV endpoint between the lower
and the higher HRR group (Chi-square 1.145, p =0.285)
(Fig. 1C).

Clinical factors that could have impact on HRR in IgA
nephropathy patients were analysed in a linear regression
model containing 11 confounding variables (Table 2). By
the univariate test, age, all of the examined parameters
(metabolic syndrome, ABPM, systolic blood pressure,
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ABPM systolic diurnal index, ABPM pulse pressure,
BM]I, dyslipidaemia, carbohydrate metabolic disorder /
IFG, IGT, DM/, eGFR, ACEI/ARB, and statin therapy)
were found to be associated with altered HRR (Table 2).
By multivariate test, only eGFR was found to be inde-
pendently associated with altered HRR (Table 2). Signifi-
cant positive relationship between HRR and eGFR was
observed (corr. Coeft. = 0.37) (Fig. 2).

Significantly more metabolic risk factors, and complete
metabolic syndrome occurred in the lower HRR patient
group (HRR<23 beats / min) (Table 1). The incidence
of complete metabolic syndrome was 23% in the IgA
nephopathy patients studied (Table 1).

In the present study, we allocated patients into two
groups by the presence or absence of metabolic syn-
drome, and we found markedly lower HRR values in
those patients who had metabolic syndrome (18.0 versus
24.5 beats per minute, p <0.001).

The incidence of composite and secondary renal and
CV endpoints was also significantly higher in the meta-
bolic syndrome group (Chi-square: 18.666; p < 0.001, Chi-
square: 10.692; p =0.001, Chi-square: 4.778; p =0.029)
(Fig. 3). With an increasing number of the metabolic
syndrome elements, the HRR values showed significant
reductions, as well as the primary endpoint event rates
had significantly increased (primary endpoint 1 versus 22
in Met Component 0 versus 2+; p =0.012) as shown in
Figs. 4 and 5. When we formed risk groups based on the
presence or absence of metabolic syndrome and main-
tained or attenuated HRR, the occurrence of the primary
combined and secondary renal and CV endpoints was
significantly higher in the reduced HRR with metabolic
syndrome group so their survival was the worst (Fig. 6).
The likelihood of primary combined outcomes increased
in different risk groups with the onset of metabolic syn-
drome and decreasing HRR (OR: 6,4) (Table 3).

Discussion

In the present follow-up study, we demonstrated that
reduced HRR has prognostic significance in patients with
IgAN, a relatively homogeneous group of CKD patients.
We found that IgA nephropathy patients with reduced
HRR values have a significantly increased rate of adverse
primary CV and renal events compared to those who
presented with higher HRR values. Our data confirmed
again the inverse correlation between HRR and eGFR, in
line with our observations in a previous cross-sectional
study [16]. In case of IgA nephropathy with an increase in
metabolic syndrome components and the development
of complete metabolic syndrome which may be associ-
ated with autonomic dysfunction, the first sign of which
may be a decrease in HRR, this phenomenon may war-
rant an increased CV and renal risk in these patients.
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Table 1 Baseline characteristics of IgAN
Clinical data HRR>23 HRR<23 P
Patients (n =125) 60 65
Man/woman (n/%) 36/24 (60/40) 46/19 (71/29) NS
Age (year) 5144125 5474130 NS
Average systolic RR (Hgmm) 120.1£06 126.7+£0.8 0.002
Average diastolic RR (Hgmm) 73+96 757495 NS
24h pulse pressure (Hgmm) 4740+7.96 51.10+8.85 0.012
Diurnal index systolic (%) 10.92£5.08 8364772 0.020
Metabolic parameters
Hypertension (n, %) 41 (68) 53 (81) NS
BMI (kg/m?2) 2517+£38 27.7+48 0.001
Dyslipidaemia (n, %) 24 (40) 34 (52) NS
Carbohydrate metabolic disorder (n, %) 9 (15) 21(32) NS
eGFR (ml/min) 94.6+29.3 7894379 0.005
Duration of kidney disease (year) 10.24+9.7 88+9.1 NS
Smoking (n, %) 7(12) 11(17) NS
Metabolic syndrome (n, %) 13(22) 21(32) NS
Therapy
ACEI/ARB (n, %) 46 (77) 60 (92) NS
BB (n, %) 12 (20) 19 (29) NS
Statin (n, %) 16 (27) 22 (34) NS
CCB (n, %) 9(15) 19 (29) NS
Ergometry
Average heart rate (beat/min) 721488 760109 0.016
Stress test time (s) 6084+178.3 5504186.5 0.039
HRR (bpm) 312474 156+£5.1 <0.001
CAD (Positive stress test) 5(8) 12 (18) NS
Echocardiographic parameters
LV EF (%) 624+69 632+59 NS
LVMI 103.534+15.95 109.214+21.25 NS
LVM (g) 196.8+£41.5 21214385 NS
LVEDD (cm) 6.05£6.29 557+£5.13 NS
DD (n/%) 7(11) 17 (26) <0.001
E/A 1184032 0.93+0.30 <0.001
Laboratory results
Hb (g/dl) 139+£16 136£1.7 NS
MAU (mg/day) 406+578.6 50446423 NS
HUS (umol/I) 303+974 342+849 0.009
Total cholesterol (mmol/I) 50141.28 493+1.06 NS
HDL cholesterol (mmol/l) 1354057 1.20+0.31 0.029
TG (mmol/l) 149+0.88 1.93+1.21 0012

HRR heat rate recovery, RR blood pressure, BMI body mass index, eGFR estimated glomerular filtration rate, ACE/ angiotensin converting enzyme inhibitor, ARB
angiotensin receptor blocker, BB beta blocker, CCB calcium channel blocker, CAD coronary artery disease, LV EF left ventricle ejection fraction, LVMI left ventricle mass
index, LVM left ventricular mass, LVEDD left ventricular end-diastolic diameter, DD diastolic dysfunction, Hb hemoglobin, MAU microalbuminuria, HUS uric acid, HDL

cholesterol: high-density lipoprotein cholesterol, TG triglyceride

Previously, the predictive role of HRR for CV morbidity
and mortality had been studied in many diseases, includ-
ing CKD, heart failure, CAD, DM, Bechet’s disease, and
systemic lupus erythematosus [21-23]. The relationship
between reduced HRR and CV mortality is still not fully

understood. However, increased susceptibility to athero-
sclerosis has been advocated with reduced HRR values.
In addition, reduced HRR values pointed to the presence
of autonomic dysfunction in the Framingham study [24],
indicating a prognostic role as well.
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Fig. 1 Primary combined and secondary (renal and cardiovascular) endpoints Kaplan-Meier curves based on HRR

Table 2 Factors associated with HRR analysed in the univariate
and multivariate linear regression models

Univariate Multivariate

analysis analysis
Variable R2 p B P
Age 0071 0.006 —0023 0827
Metabolic syndrome 0.080 0.004 —0.181 0411
Systolic blood pressure 0.074 0.006 0.061 0.707
Systolic diurnal index 0.049 0027 0114 0252
Pulse pressure 0.054 0.021 —0.086 0559
BMI 0092 0.002 —0.177 0.109
Dyslipidemia 0.071  0.007 —0.110 0.264
Carbohydrate metabolic disorder 0056 0016 0.1 0.607
eGFR 0.138 <0.001 0.237 0.031
ACEi/ARB treatment 0.090 0.002 —0.156 0.129
Statin treatment 0.046 0.030 —0.064 0523

BMI body mass index, eGFR estimated glomerular filtration rate, ACEI/ARB
angiotensin converting enzyme inhibitor / angiotensin receptor blocker

Increased parasympathetic activity associated with
reduced heart rate and blood pressure may be protec-
tive against the ischemia-induced dysrhythmias [25].
Cole et al. involving 2428 patients with no diagnosis of
CAD, found that the reduced 1-min heart rate recovery
after stress test indicated reduced vagal activity, and was
proven as a strong predictor of all-cause mortality, inde-
pendent of the resting heart rate or heart rate changes
upon the test [26].

In the Lipid Research Clinics Prevalence study 2994
women, negative for CV disease were subjected to
exercise test, and this long-term follow-up trial had

established that reduced HRR was associated with all-
cause and CV mortality [27]. Data published earlier by
Cheng et al. demonstrated that reduced HRR increases
the risk of mortality in diabetic patients by 1.5 to 2-fold
compared to patients with the maximum level of HRR,
even after corrected for several variables, including age
and resting heart rate [28]. In a study of 12.712 asymp-
tomatic, angina-free male patients Jae et al. found that
the reduced HRR correlated well with the increased
intima-media thickness of the carotid arteries [29]. The
relationship between reduced HRR and atherosclerosis
is not entirely clarified, however, it has been implicated
that impaired HRR may be associated with endothelial
dysfunction leading to vascular inflammation and accel-
erating the progression of atherosclerosis. Consequently,
HRR is an independent predictor of endothelial dys-
function [30]. The autonomic dysfunction, endothelial
dysfunction, and advanced atherosclerosis may be key
factors in our patients with IgAN as well.

Previous studies have shown that proteinuria is asso-
ciated with endothelial dysfunction [31]. Therefore,
proteinuria occurring during nephrotic syndrome (NS)
may also be associated with endothelial dysfunction
and atherosclerosis. A Turkish research team reported
reduced HRR in patients with primary NS, indicating
higher CV risk in these patients [32]. A recent meta-anal-
ysis by Qiu et al. provided several putative elucidations
for the adverse effects of reduced HRR on CV events
and all-cause mortality, but the precise mechanism
remains unknown [33]. Our results are consistent, since
we showed that there was poorer functional capacity
and worse exercise time in patients with reduced HRR,
and also found increased number of adverse primary
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endpoints events in the same group of patients with
reduced HRR.

Moreover, it has been recognized that intact auto-
nomic nerve function is essential in the regulation of
glucose homeostasis, as the parasympathetic fibers
stimulate beta cells to release insulin in response to
elevated glucose levels, in contrast, the sympathetic
activity inhibits insulin secretion [34]. Autonomic dys-
function, reflected by reduced HRR, also reduces insu-
lin secretion and increases glucose levels, leading to

the development of diabetes mellitus and other long-
term disorders, such as CAD via various mechanisms,
including glucose toxicity, chronic inflammation, and
endothelial dysfunction [35-37]. Our results suggest
that high prevalence of MS in IgAN may support this
hypothesis.

In addition, as higher HRR reflects parasympathetic
activity and increased parasympathetic tone affords anti-
arrhythmic effects [38], it is likely that reduced HRR may
predict mortality due to the increased risk of arrhythmia.
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Fig. 3 Primary combined and secondary endpoints in IgAN with or without metabolic syndrome
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In the present study, we noticed considerably more
primary adverse endpoints in the presence of metabolic
syndrome, supporting the clinical relevance of complex
metabolic risk reduction in patients with IgA nephropa-
thy, which could draw medical attention to high-risk
patients. Our results confirm that decreased HRR may
be a clinical sign of metabolic imbalance caused by

autonomic dysfunction (or vice versa) and all of these
alterations may play a role in the progression of CKD.
According to Carreira et al., significantly lower HRR
could be observed in every minute of the recovery phase
in hemodialysis (HD) patients compared to the control
group of nonrenal patients [39]. Slow recovery of heart
rate reflects to inadequate recovery of cardiac vagal
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Fig. 6 Primary combined and secondary endpoints Kaplan-Meier curves based on metabolic syndrome and HRR in different risk groups

Table 3 The primary combined and secondary renal and cardiovascular outcomes probability in a different risk groups (presence or
absence of metabolic syndrome and maintained or attenuated heart rate recovery)

Primary combined endpoints

Secondary renal endpoints

Secondary cardiovascular

endpoints
Risk groups Odds Ratio (conf. Int.) P 0Odds Ratio (conf. Int.) p 0Odds Ratio (conf. Int.) P
Met sy—/HRR > 23 1.0 - 1.0 - 1.0 -
Met sy—/HRR <23 1.6 (0.565-4.321) 0.390 1.9(0.527-4.821) 0.332 14(0.229-3.112) 0.687
Met sy-+/HRR > 23 2.8(0.722-10.982) 0.136 3.1(0.577-11.456) 0.185 2.2(0.279-8.987) 0494
Met sy+/HRR <23 6.4 (2.550-16.149) <0.0001 6.5(1.969-16.321) 0.002 5.1(1.129-14.867) 0.034

Met sy - without metabolic syndrome, Met sy + with metabolic syndrome, HRR heart rate recovery

activity, hence, it could be a useful indicator of CV events
both in patients with heart disease and in healthy indi-
viduals [40—42], and also a predictor of mortality, regard-
less of the severity of CAD described by angiography
[10]. But in our study, the necessity of renal replacement
therapy was defined as a renal endpoint, we investigated
only CKD1-4 stage patients, and we have found similar
tendency. It can be assumed that all of these factors may
become increasingly important in the early declines of
renal function.

Autonomous dysfunction, characterized by reduced
HRR is one of the most important CV risks mark-
ers, and also an independent predictor of cardiac death
in patients with CV disease. This may be indicated by
decreased HRR in early CKD and may predict that
patients with CKD may die in a CV event before reaching
ESRD. Of note, the prognostic value of autonomic dys-
function seems as important as overt CAD per se for CV
outcomes in patients with heart disease [10, 11].

McManus et al. had examined renal function and HRR
in the population of patients with heart disease. They
found that increased circulating cystatin C levels that

indicates reduced renal function had almost a linear rela-
tionship with decreased functional capacity and HRR
[43]. Our results in patients with CKD supported these
findings (see Fig. 4). Increased sympathetic activity, as
well as decreased parasympathetic activity could contrib-
ute to autonomous imbalance. Sympathetic hyperactivity
evidently exists in CKD patients; increased sympathetic
activity could be observed in patients with end-stage
renal disease, and also in patients with partially preserved
renal function in polycystic kidney disease, or after renal
transplant [44—46], as we demonstrated earlier in a cross-
sectional study and these changes could be followed by
HRR [16].

Our data show that in some of the patients with IgA
nephropathy with impaired renal function (CKD stage
2-4) has autonomic dysfunction, which may be indi-
cated by HRR reduction. Additionally, we assume that
the effect of kidney damage on the increased sympathetic
activity may be more important than other standard CV
risk factors.

We examined several factors that could affect the
CV status in patients with IgA nephropathy. We
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demonstrated that traditional metabolic risk factors (i.e.
hypertension, carbohydrate metabolic disorders, lipidae-
mia and obesity) had effects on HRR, but the closest rela-
tionship is between HRR and eGFR.

In IgA nephropathy patients with metabolic syndrome
exhibited significantly lower HRR and suffered more
endpoints than those without metabolic syndrome. An
increasing number of the metabolic syndrome compo-
nents had led to greater HRR reduction in a longitudinal
study of Kizilbash et al. [47]. We had similar findings,
in addition, we also observed that the incidence of the
primary endpoints was higher with the increased num-
ber of the metabolic syndrome components, indicating
that early therapy and interventions for the correction
of the metabolic parameters may be important in IgA
nephropathy.

According to our multivariate regression analysis
model in patients with IgA nephropathy reduced GFR
may play a more important role in the development of
sympathetic hyperactivity than DM or other risk factors
examined. In the lower HRR group there was higher inci-
dence of primary endpoints and diastolic dysfunction,
suggesting that sympathetic hyperactivity could contrib-
ute to abnormal remodelling in the heart, and possibly
in the kidneys as well, which may be responsible for the
higher rate of CV and renal events. The question is how
this sympathetic hyperactivity can be influenced most?
Theoretically, the use of renin-angiotensin-aldosterone
system inhibitors, and the use of sympathetic adrenergic
blocking agents might be beneficial. Klein et al. reported
that enalapril and losartan could decrease sympathetic
hyperactivity in patients with CKD [48]. In the lower
HRR group of IgA nephropathy patients ACE-inhibitors
and ARBs were administered in higher proportions, thus
RAAS blocker therapy alone could not have prevented
the occurrence of primary and secondary endpoints. The
use of beta blockers was comparable between the two
groups. RAAS blocker and beta blocker therapy did not
change during follow-up period.

The review published by Trimarchi and Coppo this
year highlights the role of the development of microan-
giopathic / thrombotic microangiopathic (MA / TMA)
lesions in the background of deteriorating renal function
in patients with IgA nephropathy [49]. The role of these
microangiopathic lesions may also arises in our patients,
but this has not been investigated in our present study.

Kirkman et al. observed that aerobic exercise improved
microvascular function and maintained conduit artery
function, thus they concluded that it should be con-
sidered as an adjunct therapy to reduce CVD risk and
progression of kidney failure in CKD [50]. Of the non-
pharmacological intervention, regular physical activ-
ity could have a protective effect on both HRR and
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outcomes. Nevertheless, we cannot draw any conclu-
sion regarding the effects of different treatments on the
autonomic dysfunction in CKD patients from our earlier
cross-sectional study or this current follow-up study. In
further, controlled, large scale, randomized studies are
needed to address this question.

Limitation of the study

There were limiting factors in our study. Although the
treadmill stress test is a simple, widely used method
for measuring HRR, there are significant differences in
the HRR threshold values in the literature. Protocols in
the length of the recovery phase could also be different.
Coronary angiography for diagnostic purposes of CAD
was not performed, resulting in decreased sensitivity
and specificity of CAD diagnosis. We could not find sig-
nificant relationship in IgA nephropathy between CAD,
functional capacity and HRR, probably due to the rela-
tively small numbers of patients and shorter follow-up
time. We studied only one type of kidney disease; how-
ever, we believe that this is the strength of the study, as
the patient population was homogeneous.

The renal function was estimated, not measured,
although the use of eGFR is widely accepted in the litera-
ture to describe renal function. Evaluation of the results
may be weakened by the low number of cases. The fol-
low-up time may have not been extended enough to
determine differences in the CV event rate.

Although, it helped to highlight the fact that reduced
HRR in response to treadmill exercise could predicted
CV and renal outcomes in CKD preceding the onset of
target organ damage.

Conclusion

In our study, we showed that impaired renal function is
an independent risk factor for reduced HRR. HRR has
a prognostic value in IgAN for predicting CV morbid-
ity and mortality. Nonetheless, long-term studies are
necessary to confirm our findings, as well as to deter-
mine whether specific drug therapy could alter HRR and
reduce CV risk in these patients.
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