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Abstract. – OBJECTIVE: Coronary artery dis-
ease is one of the first causes of death in the 
Western world; for this reason, it is essen-
tial to identify new, systemic, non-invasive and 
low-cost cardiovascular risk markers. The acute 
coronary syndrome includes ST-Elevation Myo-
cardial Infarction (STEMI) and Non-ST-Elevation 
Myocardial Infarction (NSTEMI), based on ECG 
findings. We aimed to evaluate Renal Resistive 
Index (RRI) as a marker of cardiovascular risk 
and assess the associations with other cardio-
vascular risk factors (metabolic indexes, min-
eral metabolism disorders and endothelial dys-
function and atherosclerosis markers) in STEMI 
and NSTEMI patients.

PATIENTS AND METHODS: Clinical, labora-
tory and instrumental examinations as meta-
bolic and inflammation indexes, markers of ath-
erosclerosis and endothelial dysfunction (renal 
function, mineral metabolism disorders, inflam-
mation indexes, Intima Media Thickness (IMT), 
Ankle Brachial Pressure Index, Left Ventricular 
Mass Index, Relative Wall Thickness) were per-
formed.

RESULTS: Eighty-one patients with STEMI 
and NSTEMI were enrolled. We showed a signif-
icant positive correlation between RRI and age 
(p<0.01), intact parathyroid hormone (p<0.01) 
and IMT (p<0.01), as well as a significant neg-
ative correlation between RRI and body sur-
face area (BSA) (p=0.02), estimated Glomeru-
lar Filtration Rate (eGFR) (p<0.01), serum calci-

um (p<0.01) and 25-hydroxy-vitamin D (p=0.03). 
Moreover, we found a significant correlation be-
tween RRI and male patients (p<0.01), coronary 
artery disease history (CAD) (p=0.049), hyper-
tension (p=0.025) and left ventricular eccentric 
hypertrophy (LVEH) (p=0.047).

CONCLUSIONS: Our study showed an associ-
ation between RRI and the main traditional and 
non-traditional cardiovascular risk factors in-
volved in atherosclerosis pathogenesis, such as 
age, BSA, hypertension, male sex, CAD history, 
mineral metabolism disorders and LVEH, in pa-
tients with preserved renal function. Moreover, 
we found a significant correlation between RRI 
and eGFR, suggesting that RRI could be useful 
in the evaluation of both renal function and pro-
gression of renal damage, even in an early stage 
with a conserved or only slightly reduced kidney 
function. We also showed a significant correla-
tion with some markers of systemic atheroscle-
rosis such as IMT and LVEH. For a more precise 
assessment of prognosis and cardiovascular 
risk in patients with high cardiovascular mor-
tality, we suggest performing a systematic RRI 
evaluation, considering the non-invasive nature 
of the procedure, its reproducibility, easy execu-
tion, and low costs.
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Introduction

Cardiovascular disease (CVD) is still the first 
cause of death worldwide, with 17.7 million 
deaths, most of them are due to heart attack 
and stroke1. Therefore, it is essential to identify 
new, systemic, non-invasive and low-cost car-
diovascular risk markers2,3. The prognosis after 
an acute coronary syndrome (ACS) depends not 
only on the extension of the myocardial damage, 
but also on the cardiovascular risk factors and 
patients’ comorbidity4,5. Renal resistive index 
(RRI) measured using Doppler ultrasonography 
may be considered a marker of systemic ath-
erosclerosis. It has been described a correlation 
between increased value of RRI and cardio-
vascular events and mortality, even if only in 
patients with renal failure6. Originally, Resistive 
Index (RI) has been proposed by Pourcelot as 
stated by Rivers et al7 to define the resistance of 
blood flow in peripheral arteries, but right now, 
RRI is widely considered as a marker of both a 
renal and systemic vascular damage8-10. More-
over, RRI appears to increase in many systemic 
diseases, such as diabetes, essential hyperten-
sion, obesity and hyperparathyroidism11,12. Many 
studies showed that patients with disorders of 
mineral metabolism have an increase in cardio-
vascular disease13. Many reports14-16 showed that 
hyperparathyroidism and vitamin D deficiency 
may induce endothelial dysfunction and vascu-
lar calcifications with an increased cardiovascu-
lar risk. However, no study has shown an asso-
ciation between mineral metabolism disorders, 
RRI and cardiovascular risk in patients with 
preserved kidney function.

The aim is to evaluate RRI as a novel cardio-
vascular risk marker associated with traditional 
and non-traditional risk factors, as metabolic 
indexes, mineral metabolism disorders and ath-
erosclerosis, and endothelial dysfunction markers 
in ST-Elevation Myocardial Infarction (STEMI) 
and Non-STEMI (NSTEMI) patients.

Patients and Methods

The protocol of our study was approved by the 
Ethics Committee of the Sapienza University of 
Rome, Italy. We obtained written consent from 
all enrolled patients and the study complies with 
the principles of the Helsinki Declaration. In this 
observational study, from October 2016 and June 
2018, we enrolled 81 patients, 61 males and 20 

females from 40 to 80 years (mean age 62 ± 7.6 
years), with ACS. According to ACS diagnosis, 
the patients have been divided into two sub-
groups, STEMI and NSTEMI. All patients were 
followed for 6 months after the acute ischemic 
event.

The inclusion criteria were age from 18 to 80 
years and ACS STEMI or NSTEMI. 

The exclusion criteria were history of py-
elonephritis, renal artery stenosis, obstructive 
renal failure, intra-abdominal hypertension, ar-
rhythmia, nephroangiosclerosis and estimated 
glomerular filtration rate (eGFR) < 50 ml/min, 
calculated with the Chronic Kidney Disease-Epi-
demiology formula (CKD-EPI)17. 

Renal Resistive Index (RRI)
All patients carried out RRI assessment. Par-

ticipants were studied with the ultrasound ma-
chine Toshiba Aplio xV (Toshiba Aplio xV, Toshi-
ba American Medical Systems, Inc., Tustin, CA, 
USA) with a 3-3.5 MHz convex transducer18. All 
measurements were made by a single, blinded, 
experienced ultrasonographer. We used an anteri-
or approach, in the prone position, and an oblique 
approach, in a lateral position to detect and to 
sample the renal arteries and intra-parenchymal 
vessels in both kidneys19. Transverse and longi-
tudinal scans were obtained to study the renal 
parenchyma. The interlobular, interlobar or ar-
cuate arteries in both kidneys were identified by 
color-flow imaging and blood-flow profile in the 
artery was monitored by spectral analysis. The 
average RRI value for each patient was calculat-
ed by the mean of RRI in both kidneys. In each 
patient, we determined the peak systolic velocity 
and end-diastolic velocity (centimeters/second) to 
calculate the renal resistive index (RRI) as  =  (1 – 
[end-diastolic velocity ÷ maximal systolic veloci-
ty]) × 100. RRI values were determined with the 
mean of 3 separate measurements in the superior 
renal pole, interpolar regional, and inferior pole 
in both kidneys. Three to five reproducible and 
consecutive waveforms with similar aspects from 
each kidney are obtained. These measurements 
were used to calculate the average RRI value for 
each kidney, and then the average RRI value for 
each patient was calculated as the mean of the 
RRI in the left and right kidneys. 

Laboratory 
Venous blood sampling was performed after 

a 12-hour fast. In all patients hemoglobin (g/dl), 
serum glucose (mg/dl), serum insulin (μU/ml), to-
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tal serum cholesterol (mg/dl), serum triglycerides 
(mg/dl), high-density lipoprotein (HDL) (mg/dl), 
low-density lipoprotein (LDL) (mg/dl), serum 
creatinine (mg/dl), serum nitrogen (mg/dl), serum 
uric acid (SUA) (mg/dl), serum calcium (mg/dl), 
serum phosphorus (mg/dl), serum electrolytes 
(mEq/l), homocysteinemia (mmol/l), C-reactive 
protein (CRP) (mg/dl), erythrocyte sedimentation 
rate (ESR) (mm), were measured by standard 
techniques. 25-hydroxy-vitamin D (25-OH-Vit D) 
(ng/ml), intact parathyroid hormone (iPTH) (pg/
ml) was measured by radioimmunoassay. N-ter-
minal pro-B-type natriuretic peptide (NT-proB-
NP) (pg/dl) was measured using automated an-
alyzer Elecsys®2010 (Roche Elecsys 2010 chem-
istry analyzer, Cobas Integra 400 PlusAnalyzer, 
Geislingen, Germany). Insulin resistance was as-
sessed using the homeostasis model assessment 
(HOMA-IR)20. 

Anthropometric Assessment
Body weight was determined to the nearest 0.1 

kg using a calibrated digital scale. Body mass in-
dex (BMI) was calculated from a person’s weight 
and height (weight (kg)/height (m)2). 

Blood Pressure Measurements 
Clinic Blood Pressure (BP) measurements 

were performed three times after 10 minutes of 
rest in a seated position using a standard sphyg-
momanometer and cuffs adapted to the arm’s cir-
cumference, as per British Hypertension Society 
guidelines. The systolic and diastolic BP levels 
were assessed using the appearance and disap-
pearance of Korotkoff sounds. Hypertension was 
defined as systolic BP ≥ 140 mmHg or diastol-
ic BP ≥ 85 mmHg on repeated measurements. 
We determined the ankle/brachial pressure in-
dex (ABPI), the measurement of the ratio of the 
Systolic BP in the ankle and in the arm (normal 
values 0.9-1).

Carotid Intima-Media 
Thickness Assessment

Common carotid artery imaging was per-
formed with B-mode ultrasound machine Toshi-
ba Aplio xV (Toshiba Aplio xV; Toshiba Amer-
ican Medical Systems, Inc., Tustin, CA, USA) 
equipped with a 5- to 12-MHz linear transducer 
with a 0.01-mm resolution, following a standard-
ized vascular protocol. Intima-media thickness 
(IMT) was sampled in three sites, right and left 
side: internal carotid artery, carotid bulb and 
common carotid artery. Images were captured 

in end-diastole triggered by electrocardiographic 
recording. The mean value was calculated and 
considered normal between 0.55 and 0.9 mm.

Echocardiography
All patients underwent an echocardiographic 

examination to assess the morphology and func-
tionality of the heart. We used a Philips model 
iE33 equipped with the S5-1 transducer. We 
evaluated the interventricular septal thickness as 
well as the posterior wall thickness at end-dias-
tole (n.r. male 0.6-1 cm; female 0.6-0.9 cm,) and 
the end-diastolic left ventricular (LV) dimension 
in M-mode and in the parasternal long axis (n.r. 
42-58.4 mm for male and 37.8-52.2 mm for fe-
male). The following parameters were assessed: 
left ventricular mass index and the relative wall 
thickness, the presence of concentric or eccentric 
hypertrophy and the presence of diastolic dys-
function. In addition, we evaluated the end-sys-
tolic and diastolic volume (63-150 ml and 21-61 
ml for male, 46-106 ml and 14-42 ml for female), 
using Simpson’s biplane method to estimate the 
ejection fraction (52-72% for male and 54-74% 
for female). We also calculated the tricuspidal 
annular plane systolic excursion to estimate the 
systolic function of the right ventricle (abnormal-
ity threshold <17 mm).

Statistical Analysis
Data’s statistical analysis was performed us-

ing STATA version 13.1. software. We used 
“Skewness and Kurtosis test for normality” for 
the continuous variable to evaluate the range of 
normality and apply proper test. Variables are 
expressed as median and range; “Spearman’s 
ρ test” was used to assess all correlations. 
Categorical variables are expressed as abso-
lute frequency and percentage; we used “Mann 
Whitney U test” for all correlations with them. 
A probability value of p<0.05 was considered to 
be statistically significant. We also used “Bon-
ferroni adjusted p-value” to consider multiple 
comparisons.

Results

Patients’ characteristics are shown in Table 
I and Table II. In summary, we enrolled 81 pa-
tients (20 females) with a mean age of 62 (40; 
92) years, of which 22 patients (27.2% of our 
cohort) had an ACS-STEMI, while 59 patients 
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(72.8%) had a ACS-NSTEMI. All the partici-
pants showed preserved or slightly reduced renal 
function (Table I) with median eGFR values 
(based on Modification Diet of Renal Disease 
(MDRD) and CKD-EPI) (ml/min/1.73 m2) of 
85 (53; 137) and 83 (47; 130) and with a BMI 
(kg/m2) of 26.0 (16.6; 39.8) (Table I) and Body 
Surface Area (BSA) (m2) of 1.85 (1.33; 2.24). 
Twenty-seven patients (33.3% of our cohort) 

were affected by diabetes, 55 (67.9%) by arterial 
hypertension, 39 (48.2%) by dyslipidemia; 58 
patients (71.6%) were smokers and 20 patients 
(24.7%) were obese; 27 patients had in anamne-
sis a familiarity for CVD (33.3%) and only 10 
patients had a Coronary artery disease history 
(CAD) (12.4%) (Table II). Moreover, 33 patients 
(54.1% of our cohort) showed LV normal ge-
ometry, while 5 patients (8.2%) presented a LV 

Table I. Patients’ characteristics: quantitative parameters.

	 Parameter	 Median	 Range (min-max)

AGE	 62	 40-92
BMI	 26.0	 16.6-39.8
BSA	 1.85	 1.33-2.24
PTCA 	 1	 0-9
Creatinine	 0.9	 0.6-1.5
eGFR (CKD-EPI) 	 83	 51-130
eGFR (MDRD) 	 85	 53-137
Serum uric acid	 5.55	 3.19-10.8
Serum calcium	 8.8	 2.3-10.22
Serum phosphorus	 3.3	 0.6-5.8
Serum sodium	 140	 109-148
Serum potassium	 4.12	 3.14-5.2
CRP	 17000	 1000-252000
25-OH-Vit D	 13	 3-70
iPTH	 56	 15.2-270.6
IMT	 1.05	 0.66-1.5
RRI	 0.71	 0.56-1.00

Abbreviations: BMI, Body mass Index; BSA, Body Surface Area; CRP, C Reactive Protein; eGFR, estimated Glomerular 
Filtration rate, 25-OH-Vit D, 25-hydroxy-vitamin D; iPTH, intact parathyroid hormone; IMT, Intima Media Thickness; RRI, 
Renal Resistive Index.

Table II. Patients’ characteristics: qualitative parameters. 

	 Parameter	 N. 	 Total	 %

Sex – Male	 61	 81	 75.3
Sex – Female	 20	 81	 24.7
Diabetes	 27	 81	 33.3
Hypertension	 55 	 81	 67.9
Dyslipidemia	 39 	 81	 48.2
Smoker	 58	 81	 71.6
Familiarity with CVD	 27	 81	 33.3
Obesity	 20	 81	 24.7
CAD history	 10	 81	 12.4
Death	   3	 81	 3.7
LV normal geometry	 33	 61	 54.1
LV concentric hypertrophy	   5	 61	 8.2
LV concentric remodelling	 13	 61	 21.3
LV eccentric hypertrophy	 10	 61	 16.4
STEMI	 22	 81	 27.2
NSTEMI	 59	 81	 72.8
CRP (>5000)	 65	 81	 80.3

Abbreviations: CAD, Coronary artery disease; CRP, C Reactive Protein; CVD, Cardiovascular disease; LV, Left Ventricular; 
STEMI, ST-Elevation Myocardial Infarction; NSTEMI, Non-ST-Elevation Myocardial Infarction.
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concentric hypertrophy, 13 patients (21.3%) a 
LV concentric remodeling and 10 (16.4%) a LV 
eccentric hypertrophy (Table II). In our study, 
we found significant positive correlations be-
tween RRI and age (r=0.584, p<0.001); more-
over, we found an increased value of RRI in 
patients with high levels of iPTH (r=0.451, p 
<0.001) and IMT (r=0.351, p<0.001) (Figure 1, 
Figure 2). On the contrary, a significant nega-
tive correlations was found between RRI and 
eGFR (CKD-EPI: r= -0.522, p<0.001, MDRD: 
r= -0.453, p<0.001) (Table III) and also between 
RRI and serum calcium (r= -0.370, p<0.001) as 
well as 25-OH-Vit D (r= -0.259, p=0.03) and 
BSA (r= -0.270, p=0.016) (Table III, Figure 3). 
Moreover, we found a significant correlation 
between RRI and male patients (p<0.001), CAD 

history (p=0.049), hypertension (p=0.02) and 
left ventricular eccentric hypertrophy (LVEH) 
(p=0.047) (Table IV, Figure 4). We did not ob-
serve significant differences between the STEMI 
and NSTEMI subgroups.

Discussion

This study showed a significant correlation 
between RRI and some important traditional 
and non-traditional cardiovascular risk factors, 
such as age, BSA, CAD history, hypertension, 
LVEH and mineral metabolism disorders. RRI 
is used to evaluate vascular and parenchymal 
renal abnormalities, but according to many stud-
ies21,22, it is now considered a systemic vascular 

Figure 2. Significant positive correlation between RRI 
and IMT (r= 0.3516; p<0.001). Abbreviations: IMT, Intima 
Media Thickness; RRI, renal resistive index.

Figure 1. Significant positive correlation between RRI 
and iPTH (r= 0.4514; p<0.001). Abbreviations: iPTH, intact 
parathyroid hormone; RRI, renal resistive index. 

Table III. Correlations between RRI and quantitative parameters. 

	 Parameter	 Median	 Range (min-max)

Age	 0.584	 < 0.001
BMI	 -0.091	 0.426
BSA	 -0.270	 0.016
PTCA 	 0.028	 0.806
Creatinine	 0.260	 0.021
eGFR CKD-EPI	 -0.522	 < 0.001
eGFR MDRD	 -0.453	 < 0.001
Serum uric acid	 0.044	 0.706
Serum calcium	 -0.370	 < 0.001
Serum phosphorus	 0.014	 0.900
Serum sodium	 0.043	 0.706
Serum potassium	 0.117	 0.304
CRP	 0.172	 0.130
25-OH-Vit D	 -0.259	 0.025
iPTH	 0.451	 < 0.001
IMT	 0.351	 < 0.001

Abbreviations: BMI, Body Mass Index; BSA, Body surface area, PTCA, percutaneous transluminal coronary angioplasty, eGFR, 
estimated Glomerular Filtration rate; CRP, C Reactive Protein; 25-OH-Vit D, 25-hydroxy-vitamin D; iPTH, intact parathyroid 
hormone; IMT, Intima Media Thickness.
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marker. RRI is influenced by renal and extra-re-
nal factors, such as renal vascular resistance 
and compliance, renal interstitial and venous 
pressure, heart rate, tachy-brady arrhythmias, 
aortic and vascular rigidity, severe hypotension, 
pulse pressure and perirenal or subcapsular flu-
id. Hence RRI should not be considered only as 
a marker of renal disease. As assessed in our 
study, Boddi et al21 showed a correlation between 
RRI and hypertension, suggesting that a higher 
RRI could detect renal organ damage, due to 
hypertension and diabetes, precociously when 
renal function is yet preserved. The association 

between RRI and eGFR is a discussed topic in 
literature, also because both values can be influ-
enced by age. Despite the presence of an elderly 
population in our sample, the eGFR remained 
within a normal range, such as RRI. Therefore, 
our data seem to confirm this association and 
the predictive value with a better evaluation 
of renal damage of RRI, in particular in early 
stage in patients with preserved renal function. 
As a matter of fact, RRI reflects the impairment 
of intrarenal hemodynamics that cannot be ad-
equately elucidated by eGFR alone. Therefore, 
the assessment of RRI could be useful in prog-
nostic evaluation of patients with CVD22,23. Doi 
et al11 showed a correlation between RRI and re-
nal function in hypertensive patients, reporting 
that a high RRI is associated with an increased 
risk of cardiovascular and renal outcomes, and 
the combination of high RRI and low eGFR is a 
powerful predictor of these diseases in essential 
hypertension. As previously explained, in CKD 
patients with hypertension, RRI evaluation 
could integrate predictors of cardiovascular and 
renal outcomes. Bigé et al24 reported that a high 
RRI is associated with severe interstitial fibro-
sis, arteriosclerosis and renal function decline, 
suggesting that RRI could contribute to identify 
patients at high risk of progression of renal dam-
age and who may benefit from nephroprotective 
treatments. This association between RRI and 
cardiovascular and renal risk is not completely 
clear but some pathogenetic hypotheses exist. 
Previous histological studies25-27 have demon-
strated that RRI correlates with renal function 
and with renal atherosclerosis or tubule-inter-
stitial damage. In renal allograft patients, RRI 
in transplanted kidneys significantly correlates 

Figure 3. Significant negative correlation between RRI and 
25-OH-Vit D (r= -0.259; p=0.03). Abbreviations: 25-OH-Vit 
D, 25-hydroxy-vitamin D; RRI, renal resistive index.

Abbreviations: CVD, Cardiovascular Disease; CAD, Cor-
onary artery disease; LV, Left Ventricular; STEMI, ST-Ele-
vation Myocardial Infarction; NSTEMI, Non-ST-Elevation 
Myocardial Infarction; CRP, C Reactive Protein.

Table IV. Correlations between RRI and qualitative param-
eters.

		  Mann-Whitney 
	 Parameters	 p-value

Sex	 0.008
Diabetes mellitus	 0.493
Hypertension	 0.025
Dyslipidemia	 0.415
Smoker	 0.110
Familiarity with CVD	 0.636
Obesity	 0.814
CAD history	 0.049
Death	 0.420
LV normal geometry	 0.130
LV concentric hypertrophy	 0.926
LV concentric remodelling	 0.915
LV eccentric hypertrophy	 0.046
STEMI	 0.567
PCR (> 5000)	 0.555

Figure 4. Significant correlation between RRI and LVEH 
(Mann-Whitney p =0.047). Abbreviations: LVEH, Left Ven-
tricular Eccentric Hypertrophy; RRI, renal resistive index.
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with the recipient’s age but not with the age of 
the kidney itself, suggesting that extra-renal 
factors, such as vascular stiffness, could have a 
major effect on renal Doppler indexes28. Vascu-
lar resistance and compliance, which represent 
the ability of a blood vessel wall to expand and 
contract passively with changes in pressure, 
are the main predictors of RRI. Other studies 
showed the association between RRI and CVD 
parameters with a significant correlation be-
tween RRI and ABPI and carotid-femoral pulse 
wave velocity29. Other studies showed an associ-
ation between RRI and arterial/aortic stiffness 
index and central pulse pressure in hypertensive 
patients30. Therefore, RRI could be considered 
a marker of systemic atherosclerotic rather than 
a specific marker of renal damage30. In our re-
search, we did not find an association between 
RRI and ABPI, but we showed a significant 
correlation with IMT, as previously reported by 
Geraci et al31, whose study showed a clear asso-
ciation between RRI and the severity of carotid 
atherosclerosis, suggesting RRI as a possible 
marker of systemic vascular changes. Moreover, 
we found a significant correlation between RRI 
and previous CAD, as already reported by Quisi 
et al32. Their study showed a clear association 
between the severity of CAD, in NSTEMI pa-
tients, and LVEH, as previously reported by 
Alterini et al33, suggesting that RRI could be 
a possible surrogate marker and a predictive 
index of all-cause mortality. Recently cardiac 
remodelling has been used to better define car-
diac function. Eccentric hypertrophy, caused by 
the addition of sarcomeres in series, leads to a 
large, dilated ventricle with partial wall thin-
ning. Cardiac remodelling is commonly defined 
as a pathological state that may occur after myo-
cardial infarction, pressure or volume overload 
and idiopathic dilated cardiomyopathy; it is also 
known that training excessively may lead the 
heart to develop several myocardial adaptations 
causing a physiological state of cardiac remodel-
ling. These morphological changes are clinically 
characterized by cardiac size and shape modifi-
cations due to increased load34. A new classifi-
cation of left ventricular geometry based on left 
ventricular dilatation and concentricity has been 
recently developed. This classification identifies 
different subgroups based on systemic hemo-
dynamics, left ventricular function and cardio-
vascular prognosis. Left ventricular dilatation 
is associated with subclinical renal damage in 
hypertension, as reported by Ratto et al35. These 

findings provide a pathophysiological rationale 
for the unfavorable prognosis in patients with 
left ventricular dilatation. Ganau et al36 reported 
back in 1992 that there is an association between 
hypertension and cardiac geometric adaptation 
and it may depend on systemic hemodynamics 
and ventricular load; in fact, eccentric hypertro-
phy is associated to both pressure and volume 
overload. The innovative aspect of our study 
is the significant correlation between RRI and 
mineral metabolism disorders, in particular with 
serum calcium, iPTH and 25-OH-Vit D. Accord-
ing to Adami et al37, the prevalence of Vitamin 
D deficiency (<30 ng/ml) in the general popu-
lation is 65% and it increases (86%) in women 
over 70. This condition increases not only the 
risk of osteoporosis but especially of cardiovas-
cular events. Hyperparathyroidism and Vitamin 
D deficiency are directly involved in LVH. Vita-
min D receptors (VDRs) are expressed not only 
in the classical target organs (bone, parathyroid 
glands, kidneys and intestine) but also in other 
non-classical targets, including the arteries, the 
immune system, endocrine organs, the nervous 
system and heart, causing an up-regulation of 
the renin-angiotensin-aldosterone system38. Ma-
ny studies showed that Vitamin D deficiency in-
duces endothelial dysfunction. A meta-analysis 
conducted by Lupoli et al39 showed that Vitamin 
D deficiency may be related to subclinical mark-
ers of atherosclerosis, in particular IMT40 and 
calcium metabolism, and that it induces artery 
calcifications41, a novel risk factor for cardio-
vascular events42,43. Moreover, Trovato el al44 
showed an association between LVH, inflam-
mation, iPTH and RRI, even if we did not find 
a significant correlation with CRP. Therefore, 
we found a significant correlation between RRI 
and the main traditional and non-traditional car-
diovascular risk factors that suggest using this 
parameter for the stratification of cardiovascular 
risk in a population with high mortality.

The limitations of our study are the limited 
sample size and the cross-sectional, single-center 
study. Additional prospective follow-up studies 
with a larger number of patients are necessary to 
confirm our results.

Conclusions

This study showed that RRI could be a useful 
marker for the evaluation of cardiovascular risk, 
considering the associations with traditional and 
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non-traditional risk factors and with important 
atherosclerosis markers, such as IMT and LVEH. 
Furthermore, the correlation between RRI and 
eGFR suggests that RRI could be used for a 
more accurate evaluation of renal function and 
the progression of renal damage, even in pa-
tients with preserved renal function. Considering 
the non-invasive nature of the procedure, its re-
producibility, easy execution and low costs, we 
suggest a systematic RRI evaluation for a more 
precise assessment of prognosis and cardiovascu-
lar risk in patients with high cardiovascular mor-
bidity and mortality. This study is the first study 
to show a correlation between RRI and mineral 
metabolism disorders in patients with preserved 
kidney function.

Conflict of Interest
The Authors declare that they have no conflict of interests.

Declaration of Interests
The authors alone are responsible for the content and writ-
ing of the paper. The authors report no conflicts of inter-
est. The manuscript has been seen and approved by all au-
thors. The manuscript is not under consideration for publi-
cation elsewhere. The authors declare to make available all 
the data of the study. No funding is declared for this article

Authors’ Contribution
Study design: Silvia Lai, Adolfo Marco Perrotta, Frances-
co Barillà, Anna Paola Mittherofer, Riccardo Iorio, Ama-
lia Mariotti. Data collection: Adolfo Maria Perrotta, Ric-
cardo Iorio, Marco Mangiulli. Statistical analysis: Luigina 
Ferrigno, Adolfo Maria Perrotta, Marco Mangiulli. Data in-
terpretation: Bledian Asllanaj, Silvia Lai, Marco Mangiul-
li, Amalia Mariotti, Anna Paola Mittherofer. Final revision 
of the manuscript: Silvia Lai, Adolfo Maria Perrotta, Viola 
D’Ambrosio, Francesco Barillà.

References

  1)	 Islam SM, Purnat TD, Phuong NT, Mwingira U, 
Schacht K, Fröschl G. Non‐Communicable Diseas-
es (NCDs) in developing countries: a symposium 
report. Global Health 2014; 10: 81.

  2)	 Lorenz MW, Markus HS, Bots ML, Rosvall M, Sitzer 
M. Prediction of clinical cardiovascular events 
with carotid intima-media thickness: a systematic 
review and meta-analysis. Circulation 2007; 115: 
459-467.

  3)	 Amrock SM, Abraham CZ, Jung E, Morris PB, Shap-
iro MD. Risk factors for mortality among individu-

als with peripheral arterial disease. Am J Cardiol 
2017; 120: 862-867.

  4)	 Joshi PH, Patel B, Blaha MJ, Berry JD, Blankstein R, 
Budoff MJ, Wong N, Agatston A, Blumenthal RS, 
Nasir K. Coronary artery calcium predicts cardio-
vascular events in participants with a low lifetime 
risk of cardiovascular disease: the Multi-Ethnic 
Study of Atherosclerosis (MESA). Atherosclero-
sis 2016; 246: 367-373.

  5)	 Wang A, Liu J, Li C, Gao J, Li X, Chen S, Wu S, Ding 
H, Fan H, Hou S. Cumulative exposure to high-sen-
sitivity C-reactive protein predicts the risk of cardio-
vascular disease. J Am Heart Assoc 2017, 24: 6-10.

  6)	 Toledo C, Thomas G, Schold JD, Arrigain S, Gornik 
HL, Nally JV, Navaneethan SD. Renal resistive in-
dex and mortality in chronic kidney disease. Hy-
pertension 2015; 66: 382-388.

  7)	 Rivers BJ, Walter PA, O’Brien TD, Polzin DJ. Duplex 
Doppler estimation of Pourcelot resistive index in-
arcuate arteries of sedated normal cats. J Vet In-
tern Med 1996;10: 28-33.

  8)	 Lubas A, Kade G, Niemczyk S. Renal resistive index 
as a marker of vascular damage in cardiovascu-
lar diseases. Int Urol Nephrol 2014; 46: 395-402.

  9)	 Ennezat PV, Maréchaux S, Six-Carpentier M,Pinçon C, 
Sediri I, Delsart P, Gras M, Mounier-Véhier C, Gauti-
er C, Montaigne D, B Jude, Asseman P, Le Jemtel TH. 
Renal resistance index and its prognostic signifi-
cance in patients with heart failure with preserved 
ejection fraction. Nephrol Dial Transplant 2011; 
26: 3908-3913.

10)	 Pearce JD, Craven TE, Edwards MS, Corriere MA, 
Crutchley TA, Fleming SH, Hansen KJ. Associations 
between renal duplex parameters and adverse 
cardiovascular events in the elderly: a prospective 
cohort study. Am J Kidney Dis 2010; 55: 281-290.

11)	 Doi Y, Iwashima Y, Yoshihara F, Kamide K, Hayashi S, 
Kubota Y, Nakamura S, Horio T, Kawano Y. Renal 
resistive index and cardiovascular and renal out-
comes in essential hypertension. Hypertension 
2012; 60:770-777.

12)	 Trovato GM, Martines GF, Trovato FM, Pirri C, Pace 
P, Catalano D. Renal resistive index and parathy-
roid hormone relationship with renal function in 
nondiabetic patients. Endocr Res 2012; 37: 47-58.

13)	 Fujii H, Joki N. Mineral metabolism and car-
diovascular disease in CKD. Clin Exp Nephrol 
2017; 21: 53-63. 

14)	 Anderson JL, Vanwoerkom RC, Horne BD, Bair TL, 
May HT, Lappé DL, Muhlestein JB. Parathyroid hor-
mone, vitamin D, renal dysfunction, and cardio-
vascular disease: dependent or independent risk 
factors? Am Heart J 2011; 162: 331-339.

15)	 Kaur G, Singh J, Kumar J. Vitamin D and cardiovas-
cular disease in chronic kidney disease. Pediatr 
Nephrol 2019; 34: 2509-2522.

16)	 Lunyera J, Scialla JJ. Update on chronic kidney dis-
ease mineral and bone disorder in cardiovascular 
disease. Semin Nephrol 2018; 38: 542-558. 

17)	 Inker LA, Levey AS. Pro: Estimating GFR using 
the chronic kidney disease epidemiology collab-



S. Lai, C. Gaudio, A.M. Perrotta, R. Iorio, B. Asllanaj, et al

11698

oration (CKD-EPI) 2009 creatinine equation: the 
time for change is now. Nephrol Dial Transplant 
2013; 28: 1390-1396.

18)	 Radermacher J, Chavan A, Bleck J, Vitzthum A, Stoess 
B, Gebel MJ, Galanski M, Koch KM, Haller H. Use 
of Doppler ultrasonography to predict the out-
come of therapy for renal artery stenosis. N Engl 
J Med 2001; 344: 410-417.

19)	 Cianci R. Martina P, Borghesi F, Di Donato D, Po-
lidori L, Lai S, Ascoli G, De Francesco I, Zaccaria A, 
Gigante A, Barbano B. Revascularization versus 
medical therapy for renal artery stenosis: antihy-
pertensive drugs and renal outcome. Angiology 
2011; 62: 92-99. 

20)	 Matthews DR, Hosker JP, Rudenski AS, Naylor BA, 
Treacher DF, Turner RC. Homeostasis model as-
sessment: Insulin resistance and beta-cell func-
tion from fasting plasma glucose and insulin con-
centrations in man. Diabetologia1985; 28: 412-419.

21)	 Boddi M, Natucci F, Ciani E. The internist and the 
renal resistive index: truths and doubts. Intern 
Emerg Med 2015; 10:893-905.

22)	 Komuro K, Yokoyama N, Shibuya M, Soutome K, Hi-
rose M, Yonezawa K, Anzai T. Associations between 
increased renal resistive index and cardiovascu-
lar events. J Med Ultrason (2001) 2016; 43: 263-
270

23)	 Kawai T, Kamide K, Onishi M, Yamamoto-Hanasaki H, 
Baba Y, Hongyo K, Shimaoka I, Tatara Y, Takeya Y, 
Ohishi M, Rakugi H. Usefulness of the resistive in-
dex in renal Doppler ultrasonography as an indi-
cator of vascular damage in patients with risks of 
atherosclerosis. Nephrol Dial Transplant 2011; 26: 
3256-3262.

24)	 Bigé N, Lévy PP, Callard P, Faintuch JM, Chigot 
V, Jousselin V, Ronco P, Boffa JJ. Renal arterial 
resistive index is associated with severe histo-
logical changes and poor renal outcome during 
chronic kidney disease. BMC Nephrol 2012; 25: 
130-139.

25)	 Sugiura T, Nakamori A, Wada A, Fukuhara Y. Eval-
uation of tubulointerstitial injury by Doppler ultra-
sonography in glomerular diseases. Clin Nephrol 
2004; 61: 119-126.

26)	 Radermacher J, Ellis S, Haller H. Renal resistance 
index and progression of renal disease. Hyper-
tension 2002; 39: 699-703.

27)	 Krumme B. Renal Doppler sonography: update in 
clinical nephrology. Nephron Clin Pract 2006; 
103: 24-28.

28)	 Heine GH, Gerhart MK, Ulrich C, Kohler H, Girndt 
M. Renal Doppler resistance indices are asso-
ciated with systemic atherosclerosis in kidney 
transplant recipients. Kidney Int 2005; 68: 878-
885.

29)	 Pontremoli R, Viazzi F, Martinoli C, Ravera M, Ni-
colella C, Berruti V, Leoncini G, Ruello N, Zagami P, 
Bezante GP, Derchi LE, Deferrari G. Increased renal 
resistive index in patients with essential hyperten-
sion: a marker of target organ damage. Nephrol 
Dial Transplant 1999; 14: 360-365.

30)	 Tublin ME, Bude RO, Platt JF. Review. The resistive 
index in renal Doppler sonography: where do we 
stand? AJR Am J Roentgenol 2003; 180: 885-892.

31)	 Geraci G, Mulè G, Mogavero M, Geraci C, D’Igno-
ti D, Guglielmo C, Cottone S. Renal haemodynam-
ics and severity of carotid atherosclerosis in hy-
pertensive patients with and without impaired re-
nal function. Nutr Metab Cardiovasc Dis 2015; 
25:160-166.

32)	 Quisi A, Kurt IH, Şahin DY, Kaypaklı O, Söker G, 
Kaya Ö, Allahverdiyev S, Genç Ö, Alıcı G, Koç M. 
Evaluation of the relationship between renal re-
sistive index and extensivity and complexity of 
coronary artery disease in patients with acute 
coronary syndrome. Kardiol Pol 2017; 75: 1199-
1207.

33)	 Alterini B, Mori F, Terzani E, Raineri M, Zuppiroli A, 
De Saint Pierre G, Favilli S, D’Agata A, Fazzini G. Re-
nal resistive index and left ventricular hypertrophy 
in essential hypertension: a close link. Ann Ital 
Med Int 1996; 11: 107-113.

34)	 Mihl C, Dassen WRM, Kuipers H. Cardiac remodel-
ling: concentric versus eccentric hypertrophy in 
strength and endurance athletes. Neth Heart J 
2008; 16: 129-133.

35)	 Ratto E, Viazzi F, Bonino B, Gonnella A, Garneri D, 
Parodi EL, Bezante GP, Derchi LE, Leoncini G, Pon-
tremoli R. Left ventricular dilatation and subclinical 
renal damage in primary hypertension. J Hyper-
tens 2015; 33: 605-611.

36)	 Ganau A, Devereux RB, Roman MJ, De Simone G, 
Pickering TG, Saba PS, Vargiu P, Simongini I, Laragh 
JH. Patterns of left ventricular hypertrophy and 
geometric remodeling in essential hypertension. 
J Am Coll Cardiol 1992; 19: 1550-1558.

37)	 Adami S, Romagnoli E, Carnevale V, Scillitani A, Gi-
usti A, Rossini M, Gatti D, Nuti R, Minisola S. Linee 
guida su prevenzione e trattamento dell’ipovita-
minosi D con colecalciferolo Guidelines on pre-
vention and treatment of vitamin D deficiency. Re-
umatismo 2011; 63: 129-147.

38)	 Testa A, Mallamaci F, Benedetto FA, Pisano A, Tripe-
pi G, Malatino L, Thadhani R, Zoccali C. Vitamin D 
receptor (VDR) gene polymorphism is associat-
ed with left ventricular (LV) mass and predicts left 
ventricular hypertrophy (LVH) progression in end-
stage renal disease (ESRD) patients. J Bone Min-
er Res 2010; 25: 313-319. 

39)	 Lupoli R, Vaccaro A, Ambrosino P, Poggio P, Amato 
M, Di Minno MN. Impact of Vitamin D deficien-
cy on subclinical carotid atherosclerosis: apooled 
analysis of cohort studies. J Clin Endocrinol Me-
tab 2017; 102: 2146-2153.

40)	 Aherrahrou R, Aherrahrou Z, Schunkert H, Erd-
mann J. Coronary artery disease associated gene 
Phactr1 modulates severity of vascular calcifi-
cation in vitro. Biochem Biophys Res Commun 
2017; 491: 396-402.

41)	 Masumoto A, Sonou T, Ohya M, Yashiro M, Nakashi-
ma Y, Okuda K, Iwashita Y, Mima T, Negi S, Shigemat-
su T. Calcium overload accelerates phosphate-in-



Renal resistive index and cardiovascular disease

11699

duced vascular calcification via Pit-1, but not the 
calcium-sensing receptor. J Atheroscler Thromb 
2017; 24: 716-724.

42)	 Krishnasamy R, Tan SJ, Hawley CM, Johnson DW, Stan-
ton T, Lee K, Mudge DW, Campbell S, Elder GJ, Tous-
saint ND, Isbel NM. Progression of arterial stiffness 
is associated with changes in bone mineral markers 
in advanced CKD. BMC Nephrology 2017; 18: 281.

43)	 Kianoush S, Al Rifai M, Cainzos-Achirica M, Umapa-
thi P, Graham G, Blumenthal RS, Nasir K, Blaha MJ. 

An update on the utility of coronary artery calci-
um scoring for coronary heart disease and car-
diovascular disease risk prediction. Curr Athero-
scler Rep 2016; 18: 13.

44)	 Trovato GM, Catalano D, Ragusa A, Martines GF, 
Tonzuso A, Pirri C, Buccheri MA, Di Nora C, Trovato 
FM. Renal insufficiency in non-diabetic subjects: 
relationship of MTHFR C677t gene polymorphism 
and left ventricular hypertrophy. Ren Fail 2013; 
35: 615-623.


