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CLINICAL STUDY

Carotid intima media thickness is independently associated with urinary
sodium excretion in patients with chronic kidney disease
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Abstract

Atherosclerosis-induced premature vascular diseases are the leading cause of mortality among
patients with chronic kidney disease (CKD). The pathogenetic mechanism of atherosclerosis in
patients with CKD has not been fully explained. Experimental studies have demonstrated that
high dietary sodium intake not only increases circulatory volume and blood pressure, but also
facilitates development of atherosclerosis by reducing production-bioavailability of nitric oxide
due to oxidative stress and accordingly by enhancing endothelial and arterial stiffness. In this
study, we investigated the relationship between sodium consumption and carotid artery
intima-media thickness, which is the indicator of atherosclerosis, by determining daily urinary
sodium excretion, which is a reliable indicator of sodium consumption, in our patient group.
Our patient group included 193 patients with stage 2–4 non-diabetic CKD and without a history
of atherosclerotic disease. We determined that 77% of our patients have been consuming more
than 2 g of sodium per day, which is the upper limit of sodium consumption recommended for
patients with CKD. We determined a positive linear correlation between carotid artery intima-
media thickness and patient age (p50.001), C-reactive protein (p50.001), urinary sodium
excretion (p50.001), body mass index (p¼ 0.002), systolic blood pressure (p¼ 0.002),
hemoglobin (p¼ 0.030), triglycerides (p¼ 0.043), and diastolic blood pressure (p¼ 0.049). We
also found a negative linear correlation between carotid artery intima-media thickness and
glomerular filtration rate (p¼ 0.008). We found that urinary sodium excretion is the determinant
of intima-media thickness even if all factors associated with intima-media thickness are
adjusted, and that intima-media thickness increases by 0.031 (0.004–0.059) mm per 2 g increase
in daily sodium excretion, independent from overall factors (p¼ 0.025). Our results reveal a
relation between urinary sodium excretion and carotid artery intima-media thickness and
suggest that excessive sodium consumption predisposes development of atherosclerosis in
patients with CKD.
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Introduction

Chronic kidney disease (CKD) is a common worldwide public

health problem with high morbidity and mortality.1,2

Atherosclerosis-induced premature vascular diseases are the

leading cause of mortality among patients with CKD.2 An

increase in mortality appears in the early stages of the disease

in patients with CKD and the mortality rate gradually

increases in association with the degree of renal dysfunction.

It has been reported that the 5-year mortality rate in stage 2

CKD cases is 20%, and even after stratification by gender,

age, and diabetes, and that cardiovascular mortality in patients

with end-stage renal disease is 10–20 times higher as

compared to the general population.3,4 Traditional athero-

sclerotic risk factors, such as advanced age, increased blood

pressure, diabetes mellitus (DM), lipid disorders, obesity, and

tobacco consumption have failed to fully explain early-rapid

development of atherosclerosis and the related high morbidity

and mortality rates in CKD patients.5 Determining the factors

that influence the development of atherosclerosis in CKD

cases could substantially reduce the risk of cardio-cerebro-

vascular disease and mortality rates in CKD patients.5,6

Experimental studies have demonstrated that excessive

dietary sodium intake not only increases circulatory volume

and blood pressure,7,8 but also facilitates development of

atherosclerosis by reducing production-bioavailability of

nitric oxide (NO) due to oxidative stress and by enhancing

endothelial and arterial stiffness.9,10–14 Despite conflicting

data,15 it has been reported that excessive sodium consump-

tion enhances the development of atherosclerotic events, such

as ischemic heart disease and stroke.16–19

To our knowledge, there have been no previous studies

investigating the relationship between daily sodium consump-

tion and carotid artery intima-media thickness (IMT), which
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is the non-invasive marker of atherosclerosis and measured

via ultrasonographic method, in CKD patients. The amount of

dietary sodium intake and daily urinary sodium excretion

has been shown to be equal to each other in a steady state.

A determination of the amount of 24-h urinary sodium

excretion, therefore, is the best method for determining daily

dietary sodium intake.20,21 We investigated the relationship

between sodium consumption and atherosclerosis by deter-

mining daily urinary sodium excretion in our patient group.

This group consisted of patients with stage 2–4 non-DM

chronic kidney disease and no history of atherosclerotic

disease or salt-losing nephropathy.

Materials and methods

The study protocol was approved by the Trakya University

Local Ethics Committee. Ambulatory patients between 18

and 65 years old with a glomerular filtration rate (GFR) of

15–90 mL/min 1.73 m2 (patients with stage 2–4 CKD) and a

body mass index (BMI) of 18.5–35.0 kg/m2, who were being

followed in our polyclinic and developed CKD independent

of non-diabetes mellitus, had no salt-losing nephropathy or

history of malignancy or cardio-cerebrovascular disease or

any acute disease, were invited to participate in the study. All

patients were informed about the study verbally and in writing

and the patients who gave written consent were included

in the study.

Daily urine volume, height without shoes, and weight of

the patients were recorded at the beginning of the study.

The patients’ BMI values were calculated using the formula

weight (kg)/height (m)2. Body surface area was calculated

using the formula 0.007184� height (cm)0.725�weight

(kg)0.425. Blood pressure was measured using a calibrated

aneroid sphygmomanometer that had a cuff width and balloon

diameter suitable for each patient, in accordance with the

World Health Organization’s (WHO) measurement criteria.22

A detailed anamnesis was taken for each patient and smoking

status, status of renin-angiotensin-aldosterone system (RAS)

inhibitors, and statins, and acetylsalicylic acid use were

recorded.

The study group consisted of a total of 193 CKD patients:

109 females and 84 males. Twelve (6.2%) of the patients were

active smokers. Ninety (46.6%) of the patients had been

receiving renin-angiotensin-aldosterone system (RAS) inhibi-

tors, 33 (17.1%) had been receiving statin, and 28 (14.5%) had

been receiving acetylsalicylic acid. The causes of CKD in this

group varied as follows: 60 patients (31.1%) developed CKD

as the result of chronic glomerulonephritis, 58 (30%) had

chronic tubulointerstitial nephritis that progressed to CKD,

50 patients (25.9%) developed CKD as a complication of

hypertension, 22 (11.4%) had autosomal dominant polycystic

kidney disease that progressed to CKD, and 3 patients (1.5%)

developed CKD as the result of amyloidosis.

We divided our patients according to the recommendations

of the Kidney Disease: Improving Global Outcomes (KDIGO)

Blood Pressure Guideline.23 One group was comprised

of those with a daily dietary sodium intake of a maximum

of 2 g (Normal Sodium Group, urinary sodium excretion

585 mEq/day), and the other group was comprised of those

consuming more than 2 g of sodium per day (Excessive

Sodium Group, urinary sodium excretion �85 mEq/day). The

Normal Sodium Group consisted of 44 CKD patients (29

females and 15 males). In this group, three patients (6.8%)

were active smokers. Twenty-one patients (47.7%) had been

receiving RAS inhibitors, 11 patients (25%) had been

receiving statin, and six patients (13.6%) had been receiving

acetylsalicylic acid. In this group, CKD had developed due to

chronic glomerulonephritis in 11 patients (25.0%), chronic

tubulointerstitial nephritis in 17 patients (30.1%), hyperten-

sion in 13 patients (29.5%), autosomal dominant polycystic

kidney disease in 2 patients (4.5%), and amyloidosis in

1 patient (2.3%). The Excessive Sodium Group consisted of

149 CKD patients (80 females and 69 males). Nine of these

patients (6%) were active smokers. Sixty-nine patients

(46.3%) had been receiving RAS inhibitors, 22 patients

(14.8%) has been receiving statin, and 22 patients (14.8%) had

been receiving acetylsalicylic acid. In this group, CKD had

developed due to chronic glomerulonephritis in 49 patients

(32.9%), chronic tubulointerstitial nephritis in 41 patients

(27.5%), hypertension in 37 patients (24.8%), autosomal

dominant polycystic kidney disease in 20 patients (13.4%),

and amyloidosis in 2 patients (1.3%).

We also divided the patients into groups according to the

presence of subclinical atherosclerosis.24 The group without

subclinical atherosclerosis had carotid artery IMT5750 mm,

and the group with subclinical atherosclerosis had carotid

artery IMT� 750 mm. The group without subclinical athero-

sclerosis consisted of 88 CKD patients (55 females and 33

males). Three patients (3.4%) in this group were active

smokers. Forty-six patients (52.3%) had been receiving RAS

inhibitors, 12 patients (13.6%) had been receiving statin, and

11 patients (12.5%) had been receiving acetylsalicylic acid. In

this group, CKD had developed due to chronic glomerulo-

nephritis in 31 patients (35.2%), chronic tubulointerstitial

nephritis in 26 patients (29.5%), hypertension in 22 patients

(25%), autosomal dominant polycystic kidney disease in 7

patients (8.0%), and amyloidosis in 2 patients (2.3%). The

group with subclinical atherosclerosis consisted of 105 CKD

patients (54 females and 51 males). Nine of the patients in this

group (8.6%) were active smokers. Forty-four patients

(41.9%) had been receiving RAS inhibitors, 21 patients

(20.0%) had been receiving statin, and 17 patients (16.2%)

had been receiving acetylsalicylic acid. In this group, 29

patients (27.6%) developed CKD due to chronic glomerulo-

nephritis, 32 patients (30.5%) developed it due to chronic

tubulointerstitial nephritis, 28 patients (26.7%) due to hyper-

tension, 15 patients (14.3%) due to autosomal dominant

polycystic kidney disease, and 1 patient (1%) developed CKD

due to amyloidosis.

Biochemical analysis

Serum fasting blood glucose (FBG), urea, creatinine, uric acid,

albumin, total cholesterol (TC), high-density lipoprotein

cholesterol (HDL), low-density lipoprotein cholesterol

(LDL), triglycerides (TG), sodium, potassium, calcium, and

phosphate concentrations were measured using the Siemens

Advia 1800 device (Munich, Germany). Urinary albumin

excretion (UAE), urinary protein excretion (UPE), and urinary

sodium excretion (UNaE) in 24-h urine samples were
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determined using the spectrophotometric method. GFR was

calculated using the following formula: 175� serum creatin-

ine�1.154� age�0.203� serum urea�0.170� serum albu-

min�0.318� 0.762 (for women). A complete blood count was

performed using the Siemens Advia 2120i device (Munich,

Germany). Patients’ intact parathyroid hormone (iPTH) con-

centration was determined using the chemical immunoassay

method performed on the Siemens Immulite 2000 device

(Munich, Germany).

Blood samples drawn from the antecubital vein between

8:00 and 10:00 in the morning after 10 h of fasting were put

into plain biochemistry tubes. They were immediately

centrifuged at 5000 rpm for 5 min. Serums were derived and

put into polypropylene tubes and stored at �80 �C. These

samples were used to measure high sensitive C-reactive

protein (hs-CRP) by the micro ELISA method in the Bio-Tek

Instruments (Winooski, VT) Microplate EL 309 auto reader

device using the EIA test kit (Lot no: RN-45504, DRG

Diagnostics, Marburg, Germany).

Measurement of carotid artery intima-media thickness

Carotid artery IMT measurements were performed in the

Trakya University Faculty of Medicine, Department of

Radiology using the B mode of the EsoatMyLab60 Xvision

device (Genoa, Italy). Patients were in the supine position and

their heads were placed in the extension position while two

different measurements were performed on the left main carotid

artery and the right main carotid artery (1 cm proximal of the

bulb). The mean value of these two measurements was

calculated. The measurement was not performed in the places

where atheroma plaque was observed. The space between the

two echogenic lines observed between the intima–lumen

interface and the media-adventitia interface was considered to

be the carotid artery IMT. The mean carotid artery intima-

media thickness was calculated by dividing the total value of the

right and left carotid artery intima-media thicknesses by two.

Statistical analyses

The study data were transferred to a computer and a statistical

analysis was performed using STATISTICA AXA 7.1 (Tulsa,

OK) (License No: AXA507C775506FAN3) in the Trakya

University Faculty of Medicine Deanship, Data Processing

Center. First, the Kolmogorov–Smirnov test was performed in

all groups and for all data collected. The suitability of data for

normal distribution was assessed. The difference between the

parametric data of the two independent groups was analyzed

using Student’s t-test in case the data were distributed

normally, and using the Mann–Whitney U test in case the

data were not distributed normally. The difference between

the categorical data of the two independent groups was

analyzed using a chi-square test. The relationship between

carotid artery IMT and other parametric data was analyzed

using the Pearson Correlation test in case both groups of data

were distributed normally and using the Spearman

Correlation test in case at least one of the groups of data

was not distributed normally or was categorical. A linear

regression test (method: stepwise) was used to analyze

causality between IMT and other data. In statistical analyses,

values of p50.05 were considered significant.

Results

Comparison of data of the CKD patients with daily
sodium excretion585 mEq (Normal Sodium Group)
and the patients with daily sodium excretion �85 mEq
(Excessive Sodium Group)

The demographic, clinical, and laboratory data for the

patients who received sodium more or less than 85 mEq/day

(approximately 2 g/day), which is the upper limit recom-

mended by the WHO for healthy adults and by the KDIGO

guideline for CKD patients, are demonstrated in Table 1. We

determined that daily sodium intake was over 2 g in 77% of

the patients. Mean sodium excretion in 24-h urine samples

was 63 mmol (1.5 g) in the patients whose sodium consump-

tion was within the normal ranges and 158 mmol (3.6 g) in the

patients who were consuming excessive sodium (p50.001,

Figure 1). The distribution of the etiological factors that lead

to CKD, the rates of statin, acetylsalicylic acid, and RAS

inhibitors use, mean age, gender distribution, and rate of

smoking were statistically similar in both groups. The mean

carotid artery IMT was 0.066 mm (9%) higher in the group

consuming excessive sodium as compared to the group

consuming sodium within the normal ranges (p¼ 0.029).

In addition, SBP (p¼ 0.007), DBP (p¼ 0.006), MAP

(p¼ 0.006), and creatinine (p¼ 0.009) values were higher in

the group with excessive sodium consumption as compared to

the group with normal sodium consumption. Both groups

have similar serum FBG, uric acid, urea, lipid, sodium,

potassium, calcium, phosphate, and iPTH values as well as

urinary protein and albumin excretion, leucocytes, platelets,

hemoglobin, and mean GFR values.

Comparison of data for the CKD patients with carotid
artery IMT5750 mm and �750 mm

Demographic, clinical, and laboratory data for the patients

with an IMT value5750 mm (the group without subclinical

atherosclerosis) and the patients with an IMT value� 750

mm (the group with subclinical atherosclerosis) is given in

Table 1. Fifty-four percent of the patients developed

subclinical atherosclerosis. The mean IMT was 0.627 mm

in the patients without subclinical atherosclerosis and

0.902 mm in the patients with subclinical atherosclerosis

(p50.001, Figure 2). The distribution of the etiological

factors that lead to CKD, the rates of statin, acetylsalicylic

acid, and RAS inhibitors use, gender distribution, and rate of

smoking were statistically similar in both groups. The mean

sodium excretion in 24-h urine samples was 26 mEq (0.6 g)

higher in the patients with subclinical atherosclerosis as

compared to the patients without subclinical atherosclerosis

(p¼ 0.005). In addition, patient age (p50.001), BMI

(p¼ 0.009), SBP (p¼ 0.008), MAP (p¼ 0.019), urea

(p¼ 0.042), and serum hs-CRP (p50.001) were also

higher in the patients with subclinical atherosclerosis as

compared to the patients without subclinical atherosclerosis.

The mean GFR value was lower in the patients with

subclinical atherosclerosis as compared to the patients

without subclinical atherosclerosis (p¼ 0.016). Both groups

had similar serum FBG, uric acid, creatinine, lipid, sodium,

potassium, calcium, phosphate, and PTH values as well as

DOI: 10.3109/0886022X.2015.1073526 Sodium and atherosclerosis in kidney failure 1287



Table 1. Demographic, clinical, and laboratory parameters of the patients.

Sodium excretion (mmol/day) Mean IMT (mm)

585 �85 50.750 �0.750

n 44 149 88 105
Age years 47.7 ± 10.6 49.7 ± 11.0 45.1 ± 12.2 52.3 ± 8.3###
Gender F n (%) 29 (66) 80 (54) 55 (63) 54 (51)
Smoke n (%) 3 (6.8) 9 (6.0) 3 (3.4) 9 (8.6)
SBP (mmHg) 121 ± 17 130 ± 19* 124 ± 17 131 ± 20#
DBP (mmHg) 75 ± 10 80 ± 14* 77 ± 13 80 ± 14#
MAP (mmHg) 89 ± 11 100 ± 15* 93 ± 13 97 ± 15#
BMI (kg/m2) 26.0 ± 3.43 27.1 ± 4.1 26.1 ± 4.2 27.6 ± 3.7#
IMT (mm) 0.726 ± 0.149 0.792 ± 0.182* .627 ± 0.090 0.902 ± 0.128###
FBS (mg/dL) 88.3 ± 8.0 90.4 ± 9.4 89.1 ± 8.9 90.6 ± 9.4
Uric acid (mg/dL) 6.6 ± 1.7 6.9 ± 1.4 6.6 ± 1.3 6.9 ± 1.6
Triglycerides (mg/dL) 177 ± 142 162 ± 100 154 ± 107 174 ± 114
TC (mg/dL) 205 ± 58 195 ± 54 201 ± 62 194 ± 49
LDL (mg/dL) 122 ± 44 121 ± 45 124 ± 50 119 ± 39
HDL (mg/dL) 46.5 ± 11.1 45.6 ± 11.1 46.9 ± 11.1 44.9 ± 11.0
Sodium (mmol/L) 140 ± 3 140 ± 3 140 ± 2 140 ± 3
Calcium (mg/dL) 9.1 ± 0.5 9.1 ± 0.5 9.1 ± 0.5 9.1 ± 0.5
Phoshate (mg/dL) 3.7 ± 0.7 3.5 ± 0.9 3.5 ± 0.8 3.6 ± 0.9
iPTH (pg/mL) 130 ± 170 130 ± 87 125 ± 90 133 ± 126
Urea (mg/dL) 64 ± 23 79 ± 27 65 ± 25 72 ± 26#
Creatinine (mg/dL) 1.80 ± 0.8 2.13 ± 0.9* 1.97 ± 0.9 2.13 ± 0.8
GFR mL/min 1.73m2 38.8 ± 15.5 34.9 ± 16.2 38.8 ± 17.2 33.2 ± 14.8#
UNaE (mmol/day) 63 ± 16 158 ± 58** 122 ± 60 148 ± 66#
UAE (mg/day) 642 ± 936 709 ± 945 629 ± 879 749 ± 990
UPE (g/day) 1.02 ± 1.43 1.24 ± 1.90 1.09 ± 1.43 1.28 ± 1.86
hs-CRP (mg/dL) 1.20 ± 1.19 1.37 ± 2.06 0.84 ± 0.84 1.74 ± 2.38##
Leucocytes� 103 mL 7.07 ± 2.06 7.66 ± 2.03 7.29 ± 1.89 7.72 ± 2.19
Platelets X103 mL 225 ± 50 245 ± 73 240 ± 79 242 ± 70
Hemoglobin (g/dL) 12.5 ± 1.72 12.6 ± 1.63 12.4 ± 1.7 12.7 ± 1.6

Notes: SBP, systolic blood pressure; DBP, diastolic blood pressure; MBP, mean blood pressure; TC, total cholesterol, LDL,
low-density lipoprotein cholesterol; HDL, high-density lipoprotein cholesterol; iPTH, intact parathormone; GFR,
glomerular filtration rate; UNaE, urinary sodium excretion; UAE, urinary albumin excretion; UPE, urinary protein
excretion; hs-CRP, high sensitive C-reactive protein.

*p50.05 and **p50.005 are the constraints in comparing between the patients with normal urinary sodium excretion and
patients with high urinary sodium excretion; #p50.05, ##p50.005 and ###p50.0005 are the constraints in comparing
between the patients with normal intima-media thickness and patients with elevated intima-media thickness.

Figure 1. Carotid artery intima-media thickness (in mm) of the normal
sodium group (urinary sodium excretion 585 mmol/day) and the
excessive sodium group (urinary sodium excretion �85 mmol/day).
Note: Data are mean with 95% confidence interval.

Figure 2. Urinary sodium excretion (in mmol/day) of the group without
subclinic atherosclerosis (intima-media thickness 50.750 mm) and the
group with subclinic atherosclerosis (intima-media thickness
�0.750 mm). Note: Data are mean with 95% confidence interval.
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urinary protein and albumin excretion and leucocytes,

platelets, and hemoglobin values.

Evaluation of multiple correlations between carotid
artery intima-media thickness and other data

There was a positive linear correlation between carotid artery

IMT and patient age, hs-CRP, amount of sodium excretion in

24-h urine samples, BMI, SBP, MAP, hemoglobin, triglycer-

ides, and DBP. Moreover, there was a negative linear

correlation between mean IMT and GFR. The data that

have a statistically significant correlation with the mean

carotid artery IMT are shown in Table 2. In addition to those

correlations, a positive linear correlation was determined

between IMT and smoking (r¼ 0.137, p¼ 0.057) and a

negative linear correlation was determined between IMT and

using RAS inhibitors (r¼�0.127, p¼ 0.079), even though

neither of these correlations were statistically significant. The

relationship between carotid artery IMT and UNaE is

illustrated in Figure 3.

Evaluation of the causal relationship between
daily urinary sodium excretion and carotid artery
intima-media thickness

We performed a linear regression analysis to investigate the

independent effect of the amount of daily urinary sodium

excretion on the increase in carotid artery IMT. Patient age,

hs-CRP, 24-h urinary sodium excretion, BMI, SBP, GFR,

hemoglobin, and triglycerides, which we determined to be

associated with carotid artery IMT (a dependent variable),

were determined to be independent variables. In the model,

we created (adjusted R2¼ 0.339, p50.000001), we found that

the amount of daily urinary sodium excretion is an independ-

ent determinant of IMT and that IMT is increased by 0.031

(0.004–0.059) mm per 2 g (85 mmol) increase in daily urinary

sodium excretion even after all the above-mentioned factors

have been adjusted (p¼ 0.025). Again in this model, we

observed that patient age, hs-CRP, hemoglobin, GFR, and

SBP values are independent determinants of carotid artery

IMT in addition to urinary sodium excretion. The results of

the Multivariate Linear Regression analyses for carotid artery

intima-media thickness are demonstrated in Table 3.

Discussion

In this study, we found a positive linear correlation between

urinary sodium excretion and carotid artery IMT in the

patients whose CKD was not the result of DM and did not

have known atherosclerotic disease or salt-losing nephro-

pathy. Moreover, we determined that urinary sodium excre-

tion is the independent determinant of IMT, even when

adjusting for patient age, hs-CRP, BMI, SBP, GFR, hemo-

globin, and triglycerides, which we determined to be

associated with IMT. To our knowledge, this is the first

study to determine that urinary sodium excretion, which is a

reliable indicator of daily dietary sodium intake, associated to

Table 3. Multivariate linear regression analyses for carotid artery intima-media thickness in patients.

Factor Increase in IMT (95% CI) p

per 10 years increase in age 0.055 (0.035–0.074) 50.001
per 1 mg/dL increase in hs-CRP 0.023 (0.012–0.034) 50.001
per 2 g/day increase in urinary Na+ excretion 0.031 (0.004–0.059) 0.025
per 1 g/dL increase in hemoglobin 0.025 (0.012–0.039) 0.001
per 10 mL/min 1.73 m2 decrease in GFR 0.020 80.035–0.057) 0.007
per 10 mm Hg increase in systolic BP 0.012 (0.001–0.023) 0.038

Notes: Linear Regression Analysis, Method: Stepwise (Adjusted R2¼ 0.339; p50.000001).
Dependent Variable: Carotid artery intima-media thickness.
Independent Variables: Age, high selective C-reactive protein (hs-CRP), daily urinary sodium (Na+) excretion, systolic

blood pressure (BP), glomerular filtration rate (GFR), hemoglobin, triglycerides.

Figure 3. Relationship between carotid artery intima-media thickness
and urinary sodium excretion. Scattergram, showing the relation between
carotid artery intima-media thickness (in mm) and urinary sodium
excretion (in mmol/day) in patient with chronic kidney disease.

Table 2. Univariate associations of covariates with carotid intima-media
thickness.

r p

Age (years) 0.421 50.001
High selective C-reactive protein (mg/dL) 0.266 50.001
Urinary sodium excretion (mmol/day) 0.250 50.001
Body mass index (kg/m2) 0.221 0.002
Systolic blood pressure (mm Hg) 0.220 0.002
Mean arterial pressure (mm Hg) 0.190 0.008
Glomerular filtration rate (mL/min 1.73 m2) �0.190 0.008
Hemoglobin (g/dL) 0.156 0.030
Triglycerides (mg/dL) 0.146 0.043
Diastolic blood pressure (mm Hg) 0.141 0.049

DOI: 10.3109/0886022X.2015.1073526 Sodium and atherosclerosis in kidney failure 1289



an increase in IMT, which is a non-invasive indicator of

atherosclerosis, in CKD patients.

Chronic kidney disease unfavorably influences the public

health because of increasing prevalence all over the world as

well as unacceptable high mortality rate.2,3 It was determined

that the most important causes of increased morbi-mortality

in patients with chronic kidney disease are atherosclerosis-

related cardio-cerebrovascular diseases.2,4–6 Determining

carotid artery IMT via ultrasonography is considered a

cheap, easily applicable, and repeatable non-invasive

method for assessing the presence and extensiveness of

atherosclerosis.25,26 O’Leary et al.26 determined that the risk

of developing myocardial infarction and stroke increases by

47% per 0.200 mm increase in IMT in 4476 patients aged 65

years and older. It has been demonstrated that carotid artery

IMT is also an independent marker of cardiovascular

mortality in patients receiving dialysis for the treatment of

end-stage kidney disease.24 Coronary artery disease was

detected in 7% of the patients with carotid artery

IMT50.750 mm and 73% of the patients with carotid artery

IMT� 0.750 mm among CKD patients who underwent a

coronary angiography for the purpose of preparation for renal

transplantation.24 The results of this study revealed that the

specificity and sensitivity of carotid artery IMT40.750 mm

are 90% and 73%, respectively, in determining coronary artery

disease. In this respect, IMT� 0.750 mm was considered

a diagnostic marker of subclinical atherosclerosis.24 In

the present study, the presence of subclinical atherosclerosis

in more than half of the patients with a GFR value of

15–84 mL/min 1.73 m2 suggests that the risk of morbidity-

mortality is substantially higher in patients who had no

history of cardio-cerebrovascular disease or no cardiac

complaint.24,26

Previous studies have failed to clarify the causes of

atherosclerosis, which appears in the very early stages of the

disease and is very common in CKD patients. In addition to

the traditional risk factors (age, increased blood pressure,

DM, dyslipidemia, obesity, smoking habit), which were

identified in the Framingham study as well as other

epidemiological studies, some new uremia-related risk factors

are also thought to be associated with the development of

atherosclerosis in CKD patients.5,6

Although there have been no previous studies investigating

the relationship between sodium consumption and IMT in

CKD patients, three studies have investigated the relationship

between sodium consumption and IMT in non-CKD

cases.13,27,28 Njoroge et al.27 evaluated 258 normotensive

overweight and obese adults and determined that there is a

significant positive correlation between an increase in urinary

sodium excretion and an increase in carotid IMT and this

correlation is independent of blood pressure value, as was

found in the present study.27 Ferreire-Sae et al.13 conducted a

study in 42 hypertensive adult patients and observed that the

relationship between sodium consumption and an increase in

IMT as detected in a univariate analysis was not detectable in

a multivariate analysis. Garcia-Ortiz et al.28 determined a j-

shaped relationship between sodium consumption and IMT,

which is not statistically significant. The patients’ sodium

consumption was measured by 24-h urinary sodium excretion

in the Njoroge et al. study,27 which is the study most similar

to the present study, whereas it was determined by diet

surveys (recall) in the other studies.13,28 It has been

demonstrated that almost the entire daily dietary sodium

intake is absorbed through the gastrointestinal system and that

there is an exact balance between sodium consumption and

urinary sodium excretion in a steady state.29 On the other

hand, it was determined that a personal dietary report-based

assessment is likely to misdetect daily sodium intake by up to

15%.21 Therefore, in the present study, which did not include

patients with salt-losing nephropathy, 24-h urinary sodium

excretion was used as the marker of daily sodium

consumption.

Excessive sodium consumption has been shown to be

associated with the development of hypertension and cardio-

vascular disease in the general population.19 Therefore, the

WHO specified that the maximum acceptable daily sodium

intake for healthy adults is 2 g.19 In the KDIGO guideline, the

maximum amount of daily sodium recommended for CKD

patients was 2 g, which is equal to that recommended for

healthy adults.23 In the present study, finding that IMT was

thicker than 0.066 mm in the patients consuming more than

2 g of sodium in a day and determining that IMT is an

independent determinant of urinary sodium excretion and that

each 2 g (approximately 85 mmol) increase in urinary sodium

excretion increases IMT by 0.031 mm, even after adjusting for

all IMT-related factors, suggests that excessive sodium

consumption is an important factor in the acceleration of

the development of atherosclerosis in CKD patients.

Although the mechanism of vascular injury-generating and

atherosclerosis-accelerating effects of excessive dietary

sodium intake has not been fully explained, it was demon-

strated that shear–stress, which is generated by a blood

pressure-increasing effect, can trigger the development of

atherosclerosis by initiating endothelial damage.30 In the

present study, finding that blood pressure values were

significantly higher in the patients consuming more than 2 g

of sodium as compared to the patients consuming a smaller

amount of sodium and determining that SBP is the independ-

ent determinant of IMT, even after adjusting for all factors,

suggests that shear–stress, which is developed by the hemo-

dynamic effect, played a key role in the development of

atherosclerosis in our patients.

Excessive sodium consumption has been shown to lead to

atherosclerosis, independent from the blood pressure-increas-

ing effect, and that it has a facilitating effect on the

development of left ventricle hypertrophy and stroke.16,17

There are evidences suggesting that more than one factor is

responsible for the relationship between excessive sodium

consumption and direct vascular injury.9–15,31–36

Experimental studies demonstrated that excessive sodium

consumption increases the production of reactive oxygen

species (ROS).9 It was determined that ROS decreases the

bioavailability of NO by transforming it into peroxynitrite via

the NO-scavenger effect and decreases production of NO by

enhancing oxidation of tetrahydrobiopterin, a cofactor for

endothelial NO synthase.10 Dupont et al.31 gave a diet

containing 13–15 g/day of sodium to salt-resistant normoten-

sive individuals for seven days and observed remarkable

impairment in flow-mediated dilatation (FMD), despite the

absence of any change in blood pressure. Jablonski et al.10
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determined that a local antioxidant (vitamin C) infusion, in

addition to a high-salt diet improved the impaired FMD in

adult patients with blood pressure changes between 130 and

159 mmHg. Demonstrating that (i) sodium experimentally

enhances angiotensin (ang) converting enzyme activity at

tissue level, (ii) conversion of ang I into ang II is increased

in the people consuming excessive sodium, and moreover,

(iii) cell proliferation-enhancing effect of ang II becomes

strong in the cell cultures containing high concentration of

sodium reveals that activation of RAS plays a key role in

direct relationship between excessive sodium consumption

and atherosclerosis.32–34 On the other hand, demonstrating

that sodium consumption is associated with elevation of hs-

CRP in hypertensive individuals independent from blood

pressure values reveals that inflammation may be another

predisposing factor in the relationship between sodium intake

and atherosclerosis.35 It has also been demonstrated that

excessive sodium consumption accelerates sodium transport

into the endothelial cells by increasing the abundance of

epithelial sodium channels and thereby might cause an

increase in endothelial cell stiffness due to the damage in

endothelial glycocalyx.11,12 It has been determined that

excessive sodium intake leads not only to endothelial

stiffness, but also to the increase in arterial stiffness, by

enhancing endothelial transforming growth factor-b produc-

tion and metalloproteinase-9 activity.13,14 Consuming even a

single cup of soup containing 1.5 g of sodium has been shown

to increase arterial stiffness in normotensive patients without

any change in blood pressure.36 The relationship between

sodium consumption and IMT, found in the present study, is

independent from blood pressure values, and this suggests

that excessive sodium consumption might have made a con-

tribution to the development of atherosclerosis not only by

increasing blood pressure, but also by causing vascular

damage.

Asaria et al.37 suggested that a 15% decrease in sodium

consumption in a population over 10 years would result in an

8.5 million decrease in cardio-vascular deaths. However,

worldwide sodium consumption remains unacceptably high.

Worldwide mean sodium consumption is estimated to be

approximately 4 g per day.38 In the present study, we

determined that 77% of the patients have been consuming

more than 2 g of sodium per day, which is the upper limit of

the recommended daily amount. Other studies of CKD

patients determined that their sodium consumption was

similar to the general population (approximately 3–4.5 g per

day) and that 60–90% of CKD patients have been consuming

excessive sodium.39 The most important reasons for the

patients’ high sodium consumption, despite the fact that

refrigerators and deep freezers have been put into use and

hence the use of sodium as a preservative is no longer

necessary, include an unknown amount of sodium contents of

foods and increased consumption of processed foods. In the

industrialized countries, home-cooked foods or adding salt at

the table (using a salt shaker) accounts for only 12% of the

daily sodium intake, whereas processed foods account for

77%.40 Informing our patients about not having salt shakers

on the table or not adding salt to a meal while cooking does

not result in a salt-free diet at this point. Due to a lack of

awareness on this subject, patients worldwide, unfortunately,

do not understand how much sodium they consume, how they

poison themselves with the sodium content of processed

foods, and that they substantially increase their risk of

atherosclerotic disease. Decreased blood pressure as the

response to sodium restriction has been shown to be two times

higher in hypertensive patients with stage 3–4 CKD as

compared to the hypertensive patients without CKD.41 This

suggests that a decrease in daily sodium consumption in CKD

patients, who are known to be more susceptible to excessive

sodium intake, may lead to a greater decrease in carotid artery

IMT as compared to the healthy population and the patient

groups with other chronic diseases.

While evaluating the results of the present study, its

observational and cross-sectional design, not including black

patients, and most of its univariate correlations being weak

(r50.300) should be taken into account. However, the fact

that the relationships between nutritional parameters and

clinical/laboratory data determined in the previous studies are

similar (r¼ 0.200–0.300) to the present study strengthens

the clinical significance of the relationship determined in the

present study.13,27,42

Our results reveal a relation between urinary sodium

excretion and carotid artery intima-media thickness and

suggest that excessive sodium consumption predisposes

development of atherosclerosis in patients with chronic

kidney disease.
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