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Abstract
Background: Cardiovascular diseases are a major cause of morbidity and mortality in Brazil and
worldwide. Strati cation of the risk of these diseases in asymptomatic patients using biomarkers can
lead to early detection of patients at high risk of cardiovascular disease and promote the prevention of
relevant events. The intrarenal resistivity index (IRI) is an imaging test that assesses renal perfusion,
systemic hemodynamics, and atherosclerosis. It has been reported that changes in IRI are associated
with morbidity and mortality in a population of patients with hypertension, diabetes, and chronic kidney
disease. The present study tested a hypothesis that IRI is associated with imaging biomarkers of
cardiovascular risk in a population of Afro-descendants.
Methods: A total of 313 Afro-descendants with high cardiovascular risk were assessed using kidney
ultrasound, Doppler echocardiography, carotid Doppler, and computed tomography to assess the calcium
score. The individuals were divided into Group 1 with normal IRI and Group 2 with high IRI.
Results: The mean intrarenal resistivity index was 0.61 in group 1 and 0.71 in group 2, and the mean age
was 56.9 years, with 53% being female. Group 2 had signi cantly greater left ventricular mass, larger left
atrium, and a higher prevalence of diastolic dysfunction (34.5% vs. 66.7%, p<0.0001). Group 2 also had a
signi cantly higher frequency of carotid plaque (31% vs. 64%, p<0.001) as well as total coronary artery
calcium score and higher frequency of high coronary artery calcium score (56.37 vs. 212.03, p<0.0001
and 24% vs. 50%, p<0.001, respectively). The presence of diastolic dysfunction with high left atrial
pressure, coronary artery calcium score >0, and carotid plaque was independently associated with the
intrarenal resistivity index.
Conclusions: The intrarenal resistivity index is associated with imaging biomarkers of cardiovascular risk,
mainly with the coronary artery calcium score, diastolic dysfunction, and atherosclerotic carotid plaque in
people of African descent, with high cardiovascular risk.

Background
Cardiovascular diseases (CVD) are a major cause of morbidity and mortality in Brazil, and worldwide,1
and the increase in its incidence and prevalence in the developing countries has potentially enormous
epidemiological implications. Approximately 80% of all CVD-related deaths occur in low- and middleincome countries and affect younger individuals, leading to a substantial economic impact due to the
loss of years of productive life2. Hence, clinical strategies aimed at early detection of patients at high risk
of CVD and identifying asymptomatic individuals with a higher predisposition to CVD are crucial for the
effective prevention and planning of individual therapeutic goals3. New markers have been used for
cardiovascular risk strati cation and include serum and urinary biomarkers, such as ultrasensitive C
Reactive Protein (us-CRP), glomerular ltration rate (GFR), and microalbuminuria; tissue biomarkers or
imaging biomarkers assessed by Doppler ultrasound, such as left ventricular hypertrophy, left ventricular
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systodiastolic dysfunction, and carotid artery disease; or biomarkers such as coronary artery calcium
(CAC), arterial stiffness, and ankle-brachial index assessed using other imaging technologies 4.
Epidemiological evidence shows that arterial stiffness is also an important marker in the assessment of
cardiovascular risk and an independent predictor of total mortality, cardiovascular mortality, fatal and
non-fatal coronary events, and fatal stroke5. Renal hemodynamics, assessed using the intrarenal
resistivity index (IRI), strongly correlate with the parameters of assessment of arterial stiffness, such as
aortic pulse pressure, aortic incident pressure wave, aortic augmented pressure, and pulse wave velocity.
This correlation remains highly signi cant after considering confounders including, age, cholesterol,
glycosylated hemoglobin, and GFR6.
The evaluation of microvascular ow in different regions of the renal parenchyma allows the calculation
of the intrarenal resistivity index. The IRI was introduced in 1950 and was initially proposed as a
semiquantitative assessment of intrarenal vascular resistance. In 1974, Pourcelot7 described the
resistance index or Pourcelot index that re ected the vascular resistance distal to the evaluation point.
Normal IRI values in adults vary from 0.47 to 0.70, with a small difference of 5 to 8% between the
kidneys. The IRI varies between the sexes, being higher in women, and increases progressively with age,
even in healthy individuals8.
Recent data indicate that the IRI not only re ects changes in renal perfusion, but is also associated with
systemic hemodynamic changes and atherosclerosis. Hence, in the last two decades, interest in the study
of renal hemodynamics in the context of cardiovascular risk has increased. Studies have shown a
signi cant association between IRI and arterial stiffness in hypertensive patients and the general
population9–13, as well as an association between IRI and target organ damage in hypertensive
individuals14–16. In patients with Diabetes Mellitus (DM), a change in IRI is associated with worsening
renal function and increased risk of macroalbuminuria17–18, in addition to an increased risk of
microvascular complications such as nephropathy, retinopathy, and neuropathy19.
Furthermore, in patients with chronic kidney disease (CKD), IRI is associated with increased
cardiovascular risk. Heine et al.20 evaluated a group of patients with CKD and demonstrated a signi cant
association of IRI with Framingham risk score and atherosclerosis, which could potentially explain the
greater morbidity and mortality in this population. A recent study has shown that in individuals with nondialysis CKD, elevated IRI is positively associated with the presence of DM and high LDL cholesterol and
negatively associated with the glomerular ltration rate and with the use of angiotensin-converting
enzyme inhibitors. In this study, the authors suggest that the use of these drugs might suppress the
elevation of IRI.
The prevalence of cardiovascular disease varies by ethnicity. For example, stroke, heart failure, and renal
failure are more common in the Afro-descendant population and occur earlier in the natural course of the
disease22–23. Hypertensive nephropathy is an important health concern among the Afro-descendant
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population; however, studies evaluating the importance of IRI as a marker of cardiovascular risk in this
population are scarce.
The main hypothesis of the present study is that the IRI is an imaging biomarker of cardiovascular risk in
the Afro-descendant population. Thus, the objective of this study was to evaluate the association of IRI
with imaging biomarkers of cardiovascular risk in isolated communities of Brazilian Afro-descendants
with high cardiovascular risk.

Methods

Study Design
The sample population of the present study comprised individuals above 18 years of age, selected by
probabilistic sampling to participate in the PREVRENAL population study between August 2012 and April
2013, to estimate the prevalence of CKD in Brazilian Afro-descendants from isolated communities. The
study design has been previously described24. Thus, 1,539 people from the 32 remaining quilombo
communities were selected for the study. People under 18 years of age, pregnant women, patients with a
chronic consumptive disease (cancer in treatment or acquired immunode ciency syndrome),
hematological disease (lymphoproliferative), autoimmune disease, infection (systemic, genitourinary
tract), chronic and/or acute kidney disease undergoing dialysis, taking immunosuppressants, and having
thyroid disorders.
A sample of 398 individuals diagnosed with systemic arterial hypertension, diabetes mellitus type 2,
albuminuria, or GFR less than 60 mL/min/1.73m² was subjected to cardiovascular imaging tests. The
cardiovascular imaging tests performed were transthoracic echocardiography, carotid duplex scan, chest
computed tomography, and renal Doppler ultrasound. Among the individuals selected for imaging exams,
313 underwent and completed the renal Doppler ultrasound and thus made up the nal sample of this
study. Carotid duplex scan was performed in 307 individuals, 304 underwent a Doppler echocardiography,
and 245 underwent a chest multidetector computed tomography (Fig. 1).

Data collection
Clinical data were collected through a questionnaire given to each household to obtain demographic
information: gender, age, and ethnicity; lifestyle habits (smoking and drinking); and medical history
(diabetes mellitus and systemic arterial hypertension). Weight was measured on an electronic scale with
a capacity of up to 150 kg and a variation of 50 g. The height was measured in duplicate, using a
portable anthropometer with a variation of 0.1 cm (allowing a maximum variation of 0.5 cm between two
measurements and calculating the average). The Body Mass Index (BMI) was de ned as the weight (kg)
divided by the square of the height in meters. The blood pressure assessment was performed following
the VII Brazilian Guidelines for Hypertension, using the average of two measurements, measured on the
right arm, with a 3-minute interval, using the oscillometric method with the Omron 705-IT device already
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validated. Individuals who reported being hypertensive or who had systolic pressure ≥ 140 mmHg or
diastolic pressure ≥ 90 mmHg were considered hypertensive.
Blood and urine samples were collected after a 12-hour fast. Serum creatinine, cystatin C, glycemia,
triglycerides, albumin, total cholesterol and fractions, creatinine, and albumin were measured in an
isolated urine sample. The albumin/creatinine ratio was calculated. Creatinine clearance was estimated
using the CKD-EPI (Chronic Kidney Disease Epidemiology Collaboration) equation that includes age, sex,
and race25.
Individuals with known diabetes mellitus or with glycemia more than 126 mg/dL in two samples were
considered to have diabetes mellitus. Chronic kidney disease was de ned as a creatinine clearance below
60 mL/min/1,73m².
Doppler echocardiography was performed with the patient in the left lateral position, using the Vingmed
GE ultrasound device, model VIVID i (Horten, Norway), with second harmonic and sectoral electronic
transducer 2 to 4 MHz. The cardiac evaluation included cardiac dimensions, ventricular geometry, and
ejection fraction by the Teicholz method. Presence of diastolic dysfunction was considered in individuals
with reduced ejection fraction, myocardial disease, or clinical evidence of diastolic dysfunction26. The
mean left atrial pressure (LAP) was estimated and considered high when at least 2 out of the following 3
criteria were present: Average E/e’ ratio > 14, tricuspid regurgitation velocity > 2.8 m/s, and left atrium (LA)
volume index > 34 mL/m².
Duplex scan of the carotid arteries was performed with a Vingmed GE ultrasound device, model logiq p6,
with a linear transducer from 7 to 10 MHz. With the patient in a supine position and the head slightly
extended and tilted to the opposite side, the common carotid artery, carotid bifurcation, and internal and
external carotid arteries were evaluated on both sides. Atheromatous carotid plaque was de ned as a
focal structure extending at least 0.5 mm into the vessel lumen, and/or measuring more than 50% of the
value of the adjacent carotid intima–media thickness (CIMT), and/or an CIMT greater than 1.5 mm in any
of the analyzed arteries (common, bifurcation, and internal)27.
The CAC score was evaluated using chest multidetector computed tomography (64 channels) with 3 mm
serial cuts across the heart synchronized with the electrocardiogram. Coronary calci cation was
calculated from the weighted sum of densities above 130 HU (Agatston score)28. Individuals with CAC
scores above 0 (zero) Agatston units were considered to have coronary calci cation.
Renal Doppler ultrasound was performed with a Vingmed GE ultrasound device, model logiq p6, with a 3
to 4 MHz convex transducer. The patient was placed in a supine position, and the size of the right and left
kidneys, as well as the velocity of ow in the renal arteries, were evaluated to detect morphological
abnormalities and/or stenosis of the renal arteries. The intrarenal arteries were identi ed by color ow
mapping, and analysis was performed with pulsed Doppler to obtain the peak systolic (Vmax) and
diastolic (Vmin) velocity, and the index was calculated using the formula: (Vmax–Vmin)/Vmax. The IRI
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was calculated in three different segments of each kidney, and the overall IRI was calculated as the
average of the measurements performed in the upper, middle, and lower segments of both kidneys29.

Statistical analysis
After data collection, the study population was divided into 2 groups according to the IRI value and sex,
since females have higher IRI values in the general population and healthy individuals, which may be
attributed to hormonal differences10. Group 1: individuals with normal IRI values (less than the median
according to the sex) and Group 2: individuals with altered IRI (greater than the median according to the
sex). Clinical and laboratory variables, presence of plaque in the carotid arteries, CAC score, and Doppler
echocardiography parameters were compared between these two groups.
For comparisons between the two groups, the unpaired t-test and Mann-Whitney test were used when
appropriate for numerical variables, and the chi-square test was used for categorical variables. The
Shapiro Wilk test was used to assess the normality of the distribution of the numerical variables.
Imaging biomarkers that showed p < 0.20 in the univariate analysis were considered in the stepwise
logistic regression model. Only variables with a p-value < 0.05 remained in the nal model. Data were
analyzed using the STATA 12.0 statistical program.

Considerations on ethical aspects
This study is being conducted in accordance with the principles established by the 18th World Medical
Assembly (Helsinki, 1964) and all subsequent amendments. The study was approved by the Research
Ethics Committee of the University Hospital of the Federal University of Maranhão (n° 41,492/2012).
Written informed consent for participation in the study was obtained from all participants.

Results
Clinical characteristics and intrarenal resistance index.
The mean IRI was 0.66, being 0.61 in group 1 and 0.71 in group 2 (p < 0.0001). The clinical and
demographic characteristics of the study participants and the corresponding relationships with their IRI
are shown in Table 1. In the total study population, the mean age was 56.9 years, 53% were female, and
the mean BMI was 25.78 kg/m². Hypertension was present in 71.25% of individuals, diabetes mellitus in
15.57%, 11.5% were smokers, and 80% declared themselves as Afro-descendant (black or mulato).
In the univariate analysis, age, body mass index, systolic blood pressure, pulse pressure, cystatin C, and
LDL cholesterol were signi cantly higher in group 2. However, the mean values of us-CRP and GFR were
lower in group 2 (p < 0.05). Prevalence of hypertension and diabetes mellitus and the albumin/creatinine
ratio were not signi cantly associated with IRI.
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Table 1
Clinical characteristics and IRI of the study subjects.
Total (n =
313)

Group 1 (n =
170)

Group 2 (n =
143)

p-value*

Intrarenal resistivity index (IRI)

0.66 ± 0.06

0.61 ± 0.03

0.71 ± 0.04

<
0.0001

Age (years)

56.98 ± 15.71

49.82 ± 14.47

65.48 ± 12.61

<
0.0001

Female (%)

53.04

50.59

55.94

0.34

Black/mulatto ethnicity (%)

87.22

85.29

89.51

0.26

Body mass index (kg/m²)

25.78 ± 4.82

26.42 ± 4.36

25.02 ± 5.22

0.0037

Arterial hypertension (%)

71.25

68.24

74.83

0.199

Diabetes Mellitus (%)

17.57

15.29

20.28

0.24

Systolic blood pressure
(mmHg)

144.69 ±
26.27

137.71 ± 22.41

152.99 ± 28.12

<
0.0001

Diastolic blood pressure
(mmHg)

82.90 ± 13.29

84.40 ± 13.40

81.12 ± 12.99

0.052

Pulse pressure (mmHg)

61.79 ± 19.60

53.31 ± 13.17

71.86 ± 21.19

<
0.0001

Smoking (%)

11.50

10.00

13.29

0.31

Cystatin C (mg/L)

0.94 ± 0.20

0.89 ± 0.18

1.00 ± 0.20

<
0.0001

Fasting glycemia (mg/dL)

118.67 ±
51.76

116.94 ± 50.75

120.73 ± 53.03

0.17

HDL cholesterol (mg/dL)

48.29 ± 14.06

47.60 ± 13.85

49.11 ± 14.31

0.28

LDL cholesterol (mg/dL)

132.26 ±
44.36

127.65 ± 45.81

137.70 ± 42.11

0.016

Triglycerides (mg/dL)

150.76 ±
97.27

153.20 ± 107.45

147.86 ± 83.86

0.69

us-CRP mg/L)

0.74 ± 3.58

0.80 ± 4.63

0.67 ± 1.62

0.033

Albuminuria/creatinine (mg/g)

56.77 ±
371.17

40.08 ± 132.52

76.52 ± 373.66

0.08

Albuminuria/creatinine > 30(%)

20.65

19.64

21.83

0.635

Creatinine clearance (ml/min)

95.65 ± 22.28

100.30 ± 23.72

90.13 ± 19.08

0.0003

us-CRP = ultra-sensitive C-reactive protein Group 1 = intrarenal resistance index ≤ than the average for the
sex. Group 2 = intrarenal resistance index > than the average for the sex. * p-value between groups 1 and
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2.

Relationship between imaging biomarkers and IRI.
The relationship between the Doppler echocardiographic parameters and the IRI in the univariate analysis
is shown in Table 2. Group 2 showed signi cantly greater LV mass, larger left atrium, and a higher
frequency of LV hypertrophy. On the tissue Doppler, the wave e’ in the lateral mitral ring and the septal ring
was signi cantly lower in group 2, while the mean E/e’ ratio was higher in group 2. The frequency of
diastolic dysfunction was also higher in group 2 (34.5% vs. 66.7%, p < 0.0001).
Table 2
Doppler echocardiographic parameters and intrarenal resistance index.
Doppler echocardiography
parameters

Total (n =
304)

Group 1 (n =
200)

Group 2 (n =
104)

pvalue*

Heart rate (bpm)

63.17 ±
12.19

63.61 ± 12.24

62.63 ± 12.16

0.17

LV diastolic diameter (mm)

48.51 ± 5.12

48.59 ± 4.97

48.41 ± 5.31

0.76

LA diameter (mm)

37.25 ± 5.45

36.56 ± 5.09

38.08 ± 5.77

0.012

Ejection fraction (%)

67.61 ± 8.15

67.05 ± 8.70

68.28 ± 7.38

0.51

LV mass index (g/m²)

99.62 ±
25.80

95.97 ± 25.98

104.06 ± 24.95

0.0006

LV hypertrophy (%)

36.10

30.00

43.36

0.014

LA volume index (ml/m²)

32.40 ±
10.10

30.81 ± 9.77

34.34 ± 10.19

0.0005

Septal ring e’ wave (cm/s)

7.16 ± 3.05

8.17 ± 3.28

5.93 ± 2.21

<
0.0001

Lateral ring e’ wave (cm/s)

9.72 ± 4.08

11.22 ± 4.07

7.89 ± 3.27

<
0.0001

Mean E/e’ ratio

9.07 ± 3.83

8.03 ± 3.61

10.34 ± 3.73

<
0.0001

Diastolic dysfunction (%)

49.32

34.50

66.67

<
0.0001

High LAP (%)

17.65

10.00

28.57

0.001

LA = left atrium LV = left ventricle. LAP = left atrial pressure. Group 1 = intrarenal resistance index ≤ than
the average for gender. Group 2 = intrarenal resistance index > than the average for the sex.. * p-value
between groups 1 and 2.
Carotid duplex scan was performed on all 307 individuals in the study. The frequency of carotid plaque
was 46.33% in the total group, with 31.18% (n = 53) in group 1 and 64.34% (n = 92) in group 2 (p <
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0.0001).
Table 3 presents the data of the CAC score and IRI. The total CAC score and the frequency of high CAC
score was signi cantly higher in group 2 (56.85 ± 283.37 vs. 212.03 ± 522, p < 0.0001 and 24.06% vs.
50.00%, p < 0.0001, respectively).
Table 3
Coronary calcium score and intrarenal resistance index.
CAC score

Total (n = 245)

Group 1 (n = 157)

Group 2 (n = 88)

p-value*

Total CAC score (U Agatston)

127.79 ± 416.69

56.85 ± 283.37

212.03 ± 522

< 0.0001

High CAC score (%)

35.92

24.06

50.00

< 0.0001

CAC = coronary artery calcium. Group 2 = intrarenal resistance index > than the average for the sex. *
p-value between groups 1 and 2.
The stepwise multivariate logistic regression analysis was performed using the following parameters: LV
mass index, LV hypertrophy, high LAP, carotid plaque, CAC score (total value), and CAC score > 0 and is
demonstrated in Table 4. The presence of high LAP, CAC score > 0, and a carotid plaque was
independently associated with a change in IRI.
Table 4
Cardiovascular risk imaging biomarkers associated with altered IRI by stepwise logistic
regression analysis
Variables

Odds Ratio

Z statistics

p-value

Con dence interval (95%)

CAC score > 0

2.31

2.09

0.037

1.05–5.10

Carotid plaque

2.57

2.44

0.015

1.20–5.48

High LAP

3.08

2.38

0.037

1.22–7.78

Discussion
The present study evaluated a population of 313 Afro-descendant subjects with high cardiovascular risk,
de ned as the presence of arterial hypertension, diabetes mellitus, albuminuria, and non-dialysis CKD. It
demonstrated that evaluation of IRI in the strati cation of cardiovascular risk could be useful in clinical
practice.
Studies evaluating the importance of IRI as a cardiovascular risk marker in populations of Afrodescendants are scarce in the literature. Recently, a study conducted in an African population
demonstrated that IRI was higher in hypertensive black patients than in hypertensive Caucasian patients,
probably due to the genetic and environmental differences30. The present study showed a signi cant
association between IRI and the imaging biomarkers for cardiovascular risks, such as LV mass index,
frequency of LV hypertrophy, diastolic function parameters assessed by tissue Doppler, CAC score, and
carotid atherosclerotic disease. In multivariable logistic regression analysis, IRI was independently
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associated with atherosclerosis biomarkers such as atherosclerotic carotid plaque and CAC score, and
with high LAP (diastolic dysfunction ≥ moderate).
The association of IRI with atherosclerosis has been reported in the literature. CIMT, a measure of
subclinical atherosclerosis, is independently associated with IRI in individuals with systemic arterial
hypertension12, 14–15,31, and in those with CKD 18. Geraci and colleagues32 evaluated 263 hypertensive
individuals by performing Doppler ultrasound of the carotid and renal arteries. The IRI increased
progressively with the increase in the severity of carotid atherosclerosis, and this association remained
signi cant even after adjusting for confounding variables. IRI was an independent predictor of a
moderate to high SINYAX score in a study evaluating 235 patients with an acute coronary syndrome who
underwent angiography and renal Doppler. Thus, the non-invasive assessment of IRI proved to be
associated with the extension and complexity of CAD (coronary artery disease)33. More recently, it was
demonstrated that elevated IRI and left main coronary artery injury was associated with a worse
prognosis in a patient with CAD referred for an angiography34.
Arterial compliance is the primary determinant of arterial pulsatility. Arterial stiffness associated with age
and other cardiovascular risk factors increases pulsatile stress, causing endothelial injury and damage to
the smooth muscle cells in the arteries of high- ow organs such as the kidneys35. Therefore, arterial
stiffness seems to be the main link between renal hemodynamics and atherosclerosis. In the present
study, the presence of atherosclerosis was de ned as the presence of an atherosclerotic carotid plaque,
which corroborates with previous studies. We observed an association between the presence of carotid
plaque and IRI, regardless of other cardiovascular risk imaging biomarkers.
Regarding diastolic dysfunction, MacIsaac and colleagues36 evaluated 167 patients with type 2 diabetes
mellitus and demonstrated that IRI was associated with markers of diastolic dysfunction. The
association was independent of systolic function, hypertension, presence and severity of renal
dysfunction, and other potentially confounding variables. In the present study, no independent
association was observed between LV mass index or frequency of left ventricular hypertrophy with IRI;
however, an independent association between high LAP and high IRI was seen, indicating a relationship
between the increase in intrarenal vascular resistance and LAP elevated. In addition, the ndings of the
present study and data from previous studies suggest that the development of vascular and myocardial
stiffness are manifestations of a common pathophysiological mechanism, not only present in the
diabetic population.
The CAC score is an independent predictor of cardiovascular disease, including coronary heart disease. A
study that evaluated the new risk markers in the assessment of cardiovascular risk showed that the CAC
score, ankle-brachial index, us-CRP, and family history were independent predictors of cardiovascular
events in individuals at intermediate risk; however, the CAC score had higher risk discrimination and
reclassi cation than other markers37. The present study demonstrated, for the rst time, an independent
association between CAC score and elevated IRI. Recently, a study evaluating hypertensive individuals
demonstrated a strong association between calci cation of the aortic arch and IRI, whose
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pathophysiological mechanism could be potentially common with that of coronary calci cation, which is,
reduced vascular compliance and increased arterial stiffness38.
The evaluation of renal hemodynamics can be performed by Doppler of the intrarenal arteries, obtaining
the IRI using a simple method with the available ultrasound equipment. The IRI is the result of a complex
interaction between the kidney and the systemic vessels. Although not fully understood, IRI is widely
accepted as a useful tool for studying renal microcirculation and can provide diagnostic and prognostic
information in many different settings39. However, a review study concluded that IRI is not speci c for an
individual disease; however, in a selected group of patients, it could be used as a good marker of
cardiovascular-renal changes and a predictor of kidney events and mortality40.
The present study has some limitations: a) it is an observational and cross-sectional study; therefore,
further prospective studies are necessary to assess whether the IRI can predict cardiovascular events in
this population. b) the study included only individuals with high cardiovascular risk; hence, it is not
possible to conclude whether this association also occurs in the population with low cardiovascular risk.
c) the study included a speci c population of people of African descent who live in isolated communities;
hence, this data cannot be extrapolated to the general population of African descent. d) there was no
control group with non-Afro-descendant individuals.

Conclusions
In conclusion, an association was found between IRI and imaging biomarkers of cardiovascular risk,
mainly coronary calcium score, diastolic dysfunction on Doppler echocardiography, and carotid
atherosclerotic plaque, in individuals of Afro-descendant with a high cardiovascular risk. Further
prospective studies are needed to ascertain whether IRI, as a non-invasive, inexpensive, and easy to
perform test, can be used as a biomarker of cardiovascular risk clinical practice.
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A sample of 398 individuals diagnosed with systemic arterial hypertension, diabetes mellitus type 2,
albuminuria, or GFR less than 60 mL/min/1.73m² was subjected to cardiovascular imaging tests. The
cardiovascular imaging tests performed were transthoracic echocardiography, carotid duplex scan, chest
computed tomography, and renal Doppler ultrasound. Among the individuals selected for imaging exams,
313 underwent and completed the renal Doppler ultrasound and thus made up the nal sample of this
study. Carotid duplex scan was performed in 307 individuals, 304 underwent a Doppler echocardiography,
and 245 underwent a chest multidetector computed tomography (Figure 1).
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