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Preclinical cardiovascular abnormalities in patients
in early stages of renal disease without
nephrotic syndrome
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Cardiovascular morbidity and mortality are
elevated in patients with chronic kidney dis-
ease (CKD).1 Most of the studies evaluating
the correlations between chronic renal dys-
function and cardiovascular disease (CVD)
have been performed in patients with end-
stage renal failure, whereas few data are
available regarding cardiovascular abnormal-
ities in patients with early-stage renal disease.2

Recently, Andoh et al.3 showed that, in non-
diabetic patients with nephrotic syndrome
(NS) in the early stages of CKD, there is an
impairment of the circadian rhythm of blood
pressure (BP), leading to a high percentage of
non-dipper subjects, who have been reported
to be at an increased risk of CVD.4 These
alterations were significantly correlated with
the degree of proteinuria and serum albumin
levels. By contrast, the study did not find any
significant differences in power spectral ana-
lysis of the heart rate between patients and
healthy controls.
Here, we report the results of an observa-

tional study, which could be considered to be
complementary to the study by Andoh et al.
We evaluated the prevalence of inflammation
and pre-clinical cardiovascular abnormali-
ties in non-diabetic patients with primary
glomerulonephritis, in the early phases of
CKD without NS. We enrolled 41 subjects:
21 patients who had primary glomerulone-
phritis and were clinically normotensive
(group GN) and 20 sex- and age-matched
healthy control subjects (group C). The diag-
nosis of primary glomerulonephritis was
based on renal biopsies. Only patients with
a glomerular filtration rate 460mlmin�1

were enrolled, corresponding to the Kidney-
Dialysis Outcomes Quality Initiative stage
I or II.5 Exclusion criteria were diabetes,
obesity and NS. The histological diagnosis

was immunoglobulin A nephropathy in 13
patients and focal segmental glomerulos-
clerosis in 8 patients. Clinical and cardiovas-
cular evaluations were performed after the
renal biopsy, before the beginning of any drug
therapy. After the histological diagnosis, 14
patients underwent therapy with angiotensin
I-converting enzyme inhibitors (ACEis), 5
with angiotensin II receptor blockers and
2 with ACEis associated with oral predni-
sone. The study protocol was approved by
an independent ethics committee, and all
subjects gave written informed consent.
Inflammation was assessed by measure-

ment of fibrinogen plasma levels and high-
sensitivity C-reactive protein (hsCRP) serum
levels by Cardiophase-hsCRP, Dade Behring
(Newark, NJ, USA). Table 1 shows the char-
acteristics of the two groups. There were no
significant differences in age, gender, body
mass index, cardiovascular risk factors and

creatinine clearance. The mean urinary pro-
tein excretion in group GN was 1.21±0.50 g
every 24h. Levels of serum inflammatory
markers were significantly higher in group
GN than in group C: fibrinogen 359.9±59.4
vs 239.4±35.5mgdl�1, Po0.05; hsCRP
4.62±4.26 vs 1.08±0.64mg l�1, Po0.05.
Ambulatory BP was measured by 24-h mon-
itoring. We also evaluated the circadian
rhythm of BP patterns to investigate the per-
centage of non-dipper subjects (that is,
(nighttime BP�daytime BP)/daytime BP4
�10%). Left ventricular (LV) mass indexed
for body surface area (LVM/BSA) and systolic
function (ejection fraction (EF)) were
assessed by 2D/M-mode echocardiography.
Endothelial function was investigated by quan-
tification of flow-mediated dilation (FMD) of
the brachial artery. FMD was evaluated by
ultrasonographic imaging of the brachial
artery at 1min post-ischemia, that is,

Table 1 Characteristics of the patients

Glomerulonephritis Controls

N 21 20

Age (years) 36.7±9.7 31.4±5.9

Gender (male/female) 11/10 11/9

BMI (kg m�2) 24±4.2 23.9 ±3.6

Familiar cardiovascular history (%) 6 (29%) 6 (30%)

Current smokers (%) 5 (21%) 4 (20%)

Blood glucose (mg dl�1) 91.5±8.4 89.4±7.6

Total cholesterol (mg dl�1) 209.4±40.6 164.25±12.4

HDL-cholesterol (mg dl�1) 56.1±16.0 43.1±8.4

Fibrinogen plasma levels (mg dl�1) 359.9±59.4* 239.4±35.5

hsCRP (mg l�1) 4.62±4.26* 1.08±0.64

Homocysteine plasma levels (mmol l�1) 13.6±3.9 13.1±1.7

Creatinine clearance (mlmin�1) 101.3±22.0 104.4±9.4

Abbreviations: BMI, body mass index; HDL-cholesterol, high-density lipoprotein cholesterol; hsCRP: high-sensitivity C-reactive
protein.
Data were expressed as mean±s.d. Comparisons between patients and controls were evaluated by Mann-Whitney test.
*Po0.05 vs. control.
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100�(Diameter(1min)�Diameter(basal))/Dia
meter(basal). Compared with the basal value,
FMDo10% was considered pathological.6

Finally, sympathetic balance was studied by
evaluating the heart rate variability (HRV),
which was calculated from 24-h electrocar-
diographic monitoring, by analyzing time
domain measures. Each QRS complex was
detected, and the normal-to-normal (NN)
intervals (intervals between adjacent QRS
complexes resulting from sinus node depolar-
ization) were determined. Next, we calculated
the s.d. of the NN intervals (SDNN), the s.d.
of the average NN intervals (SDANN) calcu-
lated over short periods, the square root of
the mean squared differences of successive
NN intervals and the percentage of NN
intervals 450ms.7 Table 2 reports the results
of the cardiovascular evaluations. LVM and
EF showed differences between groups GN
and C that were not statistically significant.
Both clinical and ambulatory BP evaluations
showed values in the normal range that were
not dissimilar between groups GN and C
(average 24-h systolic BP 120.4±5.3 vs.
114.3±8.8mmHg; average 24-h diastolic
BP 77.4±8.7 vs. 74.4±5.7mmHg, respec-
tively). There were no significant differences
in the percentage of non-dippers between the
two groups. Furthermore, compared with
group C, group GN showed a significantly
higher prevalence of pathological FMD (33
vs. 0%, Po0.05) and a lower percentage of
post-ischemic vasodilation that did not reach
statistical significance (12.9±7.2 vs. 15.3±

2.1%). Lower values of HRV were also

observed in GN, SDANN (105.3±26.9 vs.
147.7±22.6ms, Po0.01) and SDNN
(124.4±26.5 vs. 158.6±23.6ms, Po0.05),
suggesting an impairment of autonomic fun-
ction with a sympathetic overdrive. In this
study, in agreement with previous reports,8

we demonstrated the presence of chronic
inflammation in patients with primary glomer-
ulonephritis in the early stages of CKD without
NS, as shown by elevated levels of fibrinogen
and hsCRP. In addition, we also showed that
these patients presented an endothelial dys-
function and a sympathovagal imbalance
when compared with healthy subjects, even if
they were young and in good clinical condi-
tion, without hypertension or echocardiogra-
phically overt abnormalities of LV structure
and systolic function. Coexistence of inflam-
mation, endothelial dysfunction and auto-
nomic dysfunction could indicate that these
patients, although free from cardiovascular
symptomatology, are at a high risk of develop-
ing atherosclerosis, independently of BP.9 Inter-
estingly, our patients showed a different
cardiovascular profile than those reported by
Andoh et al., as we did not find an impairment
of circadian BP rhythm, but we did detect
significant alterations in sympathovagal activ-
ity. These findings could be explained by the
different characteristics of the patients evalu-
ated—in particular, the presence or absence of
NS could have a crucial role. Thus, it can be
assumed that patients with CKD, even in the
early stages of renal disease, present different
patterns of cardiovascular abnormalities and
risk, depending on the underlying renal dis-

order and its clinical expression. For these
reasons, we suggest that evaluation of cardi-
ovascular risk in CKD patients should be
done on an individual basis, taking into con-
sideration several factors, such as protei-
nuria, inflammatory markers, BP control,
sympathetic activity, etc. However, larger
and longitudinal studies are required to
investigate the real clinical impact of the
early pre-clinical alterations on long-term
cardiovascular risk in CKD patients.
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Table 2 Cardiovascular evaluations

Methods Parameters Glomerulonephritis Controls

N 21 20

Echocardiography LVM/BSA (gm�2) 65.0±11.2 75.8±17.4

EF (%) 59.2±4.7 60.9±4.6

Endothelial function assessment (FMD) FMD (% 1 min) 12.9±7.2 15.3±2.1

FMD o10 (%) 7 (33%)* 0

Autonomic function assessment SDANN24H (ms) 105.3±26.9** 147.7±22.6

SDNN24H (ms) 124.4±26.5* 158.6±23.6

(HRV-time domain) RMSSD24H (ms) 57.6±26.7 43.4±10.3

PNN50 (%) 15.9±8.5 14.6±5.6

Clinical BP Systolic BP (mm Hg) 123.4±9.9 118.7±12.0

Diastolic BP (mm Hg) 72.0±10.5 77.9±5.6

ABPM 24-h Systolic BP (mm Hg) 120.4±5.3 114.3±8.8

24-h Diastolic BP (mm Hg) 77.4±8.7 74.4±5.7

Non-dipper subjects (%) 4 (19%) 3 (15%)

Abbreviations: ABPM, 24h-ambulatory blood pressure monitoring; BP, blood pressure; EF, ejection fraction; FMD: flow-mediated
dilation; HRV, heart rate variability; LVM/BSA, left ventricular mass indexed for body surface area; pNN50, percentage of NN
intervals greater than 50ms; RMSSD, square root of the mean squared differences of successive NN intervals; SDANN, the s.d.
of the average NN intervals calculated over short periods; SDNN, s.d. of the normal-to-normal QRS complex intervals.
Data were expressed as mean±s.d. Comparisons between patients and controls were evaluated using Mann–Whitney test.
Prevalence of endothelial dysfunction between groups was analyzed using Fisher’s exact test. P values o0.05 were considered to
indicate statistical significance.
*Po0.05
**Po0.01 vs control.
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