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Dietary sodium intake is positively associated with large 
elastic artery stiffness, and lowering dietary sodium intake 
reduces arterial stiffness.1–4 Collectively, studies in humans 
and animals also indicate that high dietary sodium intake 
increases serum sodium by 2–4 mmol/L,5–8 and a reduction 
is seen with lowered sodium intake.9 Notably, serum sodium 
levels may be slightly higher levels in hypertensive compared 
with normotensive adults, resulting from a decreased ability 
to excrete sodium.10,11

Recent evidence suggests that a small increase in serum so-
dium may increase systolic blood pressure (SBP) independent 
of extracellular volume expansion11 by promoting a rise in 
intracellular sodium and free calcium levels and increasing 
smooth muscle cell tone.12,13 Cellular evidence supports 
that a small, but physiologically relevant rise in serum so-
dium level can also increase arterial stiffness through blood 
pressure-independent mechanisms, by promoting stiffening 
of vascular endothelium, downregulation of nitric oxide 
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BACKGROUND
High dietary sodium intake may induce a small, yet physiologically 
relevant rise in serum sodium concentration, which associates with 
increased systolic blood pressure. Cellular data suggest that this as-
sociation is mediated by increased endothelial cell stiffness. We 
hypothesized that higher serum sodium levels were associated with 
greater arterial stiffness in participants in the Systolic Blood Pressure 
Intervention Trial (SPRINT).

METHODS
Multivariable linear regression was used to examine the association be-
tween baseline serum sodium level and (i) pulse pressure (PP; n = 8,813; 
a surrogate measure of arterial stiffness) and (ii) carotid–femoral pulse 
wave velocity (CFPWV; n = 591 in an ancillary study to SPRINT).

RESULTS
Baseline mean ± SD age was 68  ± 9  years and serum sodium level 
was 140  ± 2  mmol/L. In the PP analysis, higher serum sodium was 

associated with increased baseline PP in the fully adjusted model (tertile 
3 [≥141 mmol] vs. tertile 2 [139–140 mmol]; β = 0.87, 95% CI = 0.32 to 
1.43). Results were similar in those with and without chronic kidney 
disease. In the ancillary study, higher baseline serum sodium was not 
associated with increased baseline CFPWV in the fully adjusted model 
(β = 0.35, 95% CI = –0.14 to 0.84).

CONCLUSIONS
Among adults at high risk for cardiovascular events but free from dia-
betes, higher serum sodium was independently associated with base-
line arterial stiffness in SPRINT, as measured by PP, but not by CFPWV. 
These results suggest that high serum sodium may be a marker of risk 
for increased PP, a surrogate index of arterial stiffness.
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production, and increased total peripheral resistance.14,15 
However, the association of serum sodium with arterial stiff-
ness has not been assessed previously in a large cohort.

The recently completed Systolic Blood Pressure 
Intervention Trial (SPRINT) provided an opportunity to 
evaluate the association of serum sodium with arterial stiff-
ness in individuals at high risk for cardiovascular events. 
We hypothesized that higher baseline serum sodium levels 
would be associated with greater baseline arterial stiffness, as 
measured in the entire cohort by pulse pressure (PP; a surro-
gate index of arterial stiffness)16 and by carotid–femoral pulse 
wave velocity (CFPWV) in a subgroup who participated in 
an ancillary study. We also explored any differences in these 
associations in individuals with chronic kidney disease 
(CKD), who may be more susceptible to changes in serum 
sodium levels, given that individuals with CKD are more salt 
sensitive and have a reduced ability to excrete sodium.5

MATERIALS AND METHODS

Study design

SPRINT was a multicenter, randomized, controlled trial 
in adults at high risk for cardiovascular events comparing 
standard (target SBP of <140  mm Hg) to intensive (target 
SBP of < 120 mm Hg) blood pressure control, with a primary 
composite endpoint of myocardial infarction, other acute 
coronary syndromes, stroke, heart failure, or death from 
cardiovascular causes, as described previously.17,18 The pro-
tocol for the trial is publically available.19 Briefly, 9,361 adults 
≥50 years of age with SBP of 130–180 mm Hg and increased 
risk of cardiovascular events (but free from diabetes mel-
litus and prior stroke) were recruited from 102 clinical sites 
between November 2010 and March 2013. Detailed inclu-
sion and exclusion criteria have been described previously.17 
For the current analysis, all variables were assessed at base-
line. Of the 9,361 participants randomized, 25 were missing 
serum sodium level, 18 were missing PP, and 505 were 
missing included covariates, leaving a total cohort of 8,813 
for analysis of the association of serum sodium with PP. The 
most frequently missing covariate was urinary albumin to 
creatinine ratio (ACR; n = 448).

A total of 649 SPRINT participants were included in an 
ancillary study that measured CFPWV at 11 of the 102 clin-
ical sites, as described in detail previously.20 Of these 649 
participants, 1 was missing serum sodium level and 57 were 
missing covariates, leaving a total cohort of 591 for the anal-
ysis of the association of serum sodium with CFPWV. The 
most frequently missing covariate was urinary ACR (n = 33).

All participants provided written informed consent, and 
this study was approved by the institutional review boards at 
the participating centers.

Study variables

Exposure variable. Serum sodium was measured in 
fresh fasting baseline samples centrally at the University of 
Minnesota, using an ion-selective electrode on the Roche 
ModP analyzer.18 The interassay coefficient of variation for 
serum sodium was 1%.

Outcome variables. PP was calculated as SBP—diastolic 
blood pressure as a surrogate index of arterial stiffness.16 
There is a significant correlation between PP and CFPWV 
in the SPRINT cohort (R = 0.25, P < 0.0001), thus PP is a 
reasonable surrogate measure for arterial stiffness.20 Blood 
pressure was measured as the mean of 3 office blood pres-
sure measurements obtained in the seated position using an 
automated device (Omron Healthcare, Lake Forest, IL) after 
a 5-minute rest period, as described in detail previously.17–19

CFPWV was measured using the SphygmoCor CPV 
system device with software version 9.0 (AtCor Medical, 
Itasca, IL) following a standard protocol, as described in de-
tail previously.20

Covariates and stratification variable. Confounders re-
lated to serum sodium and arterial stiffness, all measured 
at baseline, were selected a priori as potential covariates for 
this analysis. Baseline questionnaires and interviews were 
administered by trained and certified clinical staff. Race and 
smoking status were determined by self-report. History of 
cardiovascular disease (CVD) and heart failure was deter-
mined by a detailed medical history collected at screening.17,18

Body mass index was calculated as weight in kilograms 
divided by height in meters squared. Estimated glomerular 
filtration rate (eGFR) was calculated using the Modification 
of Diet in Renal Disease equation.21 Urinary ACR was cal-
culated as urinary albumin/urinary creatinine (mg/g), using 
a spot urine. Number of antihypertensive agents at baseline 
was calculated and diuretic use was evaluated, as described 
previously.17 Prevalent CKD was defined as an eGFR of 
20–59 ml/minute/1.73 m2 at baseline.17–19

Statistical analyses

The association of baseline serum sodium with baseline 
arterial stiffness (PP and CFPWV) was analyzed using linear 
regression and performed as complete case analyses, with 
missing data assumed to be missing completely at random. 
Serum sodium levels were evaluated by tertile; the 2nd tertile 
was predefined in the analysis to serve as the reference group 
due to being a mid-normal value and based on previous studies 
demonstrating an adverse association of both higher and lower 
serum sodium levels with clinical outcomes.22–25 We decided a 
priori to use serum sodium tertiles to better explore the rela-
tionship between the exposure and outcomes variables.

In each analysis, the initial model was unadjusted. Then 
multivariable-adjusted models were performed to include age, 
sex, race, and randomized treatment arm (model 1); model 
1 plus CVD, heart failure, smoking, body mass index, eGFR, 
and urinary ACR (model 2); and model 2 plus number of 
antihypertensive agents and diuretic use at baseline (model 3). 
We separately considered all diuretics and thiazide diuretics. 
Finally, mean arterial pressure (MAP) was added to the final 
model (model 4), which may serve as an overcorrection, or a 
possible mediator of the association, along with heart rate. We 
also tested for an interaction between serum sodium and treat-
ment arm in the fully adjusted model (model 4). As there was 
no significant interaction in either of the analyses (P ≥ 0.23 for 
both), stratified analyses were not performed. We also evaluated 
the 2-way interactions of serum sodium with both sex and race.
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As a sensitivity analysis, we also categorized serum sodium 
level based on clinical cutoffs (hyponatremia: <136 mmol/L; 
normonatremia: 136–145  mmol/L, and hypernatremia: 
>145 mmol/L). Also, we decided a priori to perform strat-
ified analyses according to CKD and non-CKD groups re-
gardless of the interaction term, as individuals with CKD 
may be more susceptible to changes in serum sodium levels, 
given that individuals with CKD are more salt sensitive and 
have a reduced ability to excrete sodium, which contributes 
to a small rise in serum sodium levels.5

Indices of arterial stiffness and covariates at baseline were 
summarized by serum sodium tertiles and presented as 
mean (SD) or median (interquartile range) for continuous 
variables and n (%) for categorical variables. Comparisons 
across tertiles were made using a chi-square test for catego-
rical data and analysis of variance for continuous variables. 
Two-tailed values of P  <  0.05 were considered statistically 
significant for all analyses. All statistical analyses were 
performed using SAS, version 9.4.

RESULTS

Participant characteristics at baseline with PP as the 
outcome variable

A total of 8,813 adults who participated in the SPRINT 
study were included in the analysis with PP as the de-
pendent variable. Of note, due to serum sodium being a 
whole number, the distribution did not divide into an equal 
n across tertiles. Among included participants, the mean age 
was 68 ± 9 years and 57% (n = 5,048) were white. The mean 
fasting serum sodium level was 140 ± 2 mmol/L. The mean 
PP was 62 ± 14 mm Hg. Individuals with the highest tertile 
of serum sodium levels were less likely to be white and use 
diuretics, and more likely to be female, have prevalent CVD, 
heart failure and CKD, have never smoked, have higher 
MAP, and have a lower eGFR (Table 1).

Relationship between serum sodium and PP at baseline

In both unadjusted and adjusted analyses, higher serum 
sodium level (tertile 3; ≥141  mmol/L) was associated with 
greater arterial stiffness, as measured by PP, compared to the 
reference group (tertile 2; 139–140 mmol/L; model 4: tertile 
3: β-estimate = 0.87, 95% confidence interval [CI] = 0.32 to 
1.43 vs. tertile 2; Table 2; Figure 1). Results were similar when 
thiazide diuretic use was included in model 4 instead of any 
diuretic use (tertile 3: β-estimate = 0.84, 95% CI = 0.28 to 
1.40 vs. tertile 2).

Participant characteristics at baseline with CFPWV as the 
outcome variable

A total of 591 adults who participated in the SPRINT 
PWV ancillary study were included in the cross-sectional 
analysis with CFPWV as the dependent variable. Among 
these participants, the mean age was 72 ± 10 years and 67% 
(n = 395) were white. The mean fasting serum sodium level 
was 140 ± 3 mmol/L and the mean CFPWV 10.8 ± 2.7 m/s. 

Individuals with higher serum sodium levels were less likely 
to be white and less diuretic use (Table 3).

Relationship between serum sodium and CFPWV at 
baseline

In unadjusted analysis, higher serum sodium level (tertile 
3; ≥ 141 mmol/L) was associated with greater arterial stiff-
ness, as measured by CFPWV, compared to the reference 
group (tertile 2; 139–140  mmol/L). However, in the fully 
adjusted model, there was no longer an association of serum 
sodium with CFPWV (Table 2). Results were nearly iden-
tical when thiazide diuretics were included in the model in-
stead of all diuretics (model 4: tertile 3: β-estimate = 0.33. 
95% CI = –0.32 to 0.97 vs. tertile 2).

Sensitivity and stratified analyses

Using clinical cutoffs, 336 participants were classified 
as hyponatremic (serum sodium level <136  mmol/L), 
8,417 as normonatremic (serum sodium level 136–
145  mmol/L), and 60 as hypernatremic (serum sodium 
level >145 mmol/L) at baseline for the cross-sectional, PP 
analyses. Consistent with the tertile analysis, there was 
an association with increased PP in the hypernatremic 
group compared to the normonatremic group in the un-
adjusted and adjusted models (Table 4). A sensitivity anal-
ysis according to clinical cutoffs was not performed with 
CFPWV as the predictor, due to a limited sample size for 
such analyses.

Stratified analyses were performed, as planned a priori, by 
CKD status. The association of serum sodium level with PP 
was significant in both the CKD and the non-CKD group 
for tertile 3 vs. tertile 2 in all models (Supplementary Table 
1; Figure 1). Lower serum sodium (tertile 1) was associated 
with greater CFPWV in the CKD but not the non-CKD 
group (Supplementary Table 1).

Results for sensitivity and stratified analyses were very 
similar when thiazide diuretic use was included in the 
models instead of any diuretic use. The interaction terms for 
serum sodium with both race and sex were nonsignificant.

DISCUSSION

We have demonstrated for the first time to our knowledge 
that higher serum sodium level is associated with increased 
arterial stiffness, as measured by a surrogate index of PP, in 
individuals at high risk for cardiovascular events free from 
diabetes. This association was similar in those with and 
without CKD. We failed to demonstrate this association 
in adjusted models with the gold-standard measurement 
of CFPWV as the index of arterial stiffness; however, the 
sample size was much smaller in this ancillary study. Results 
were similar when using clinical cutoffs of serum sodium 
levels in the PP analyses.

The relationship between serum sodium and arterial 
stiffness has not been examined in a large study previously, 
including the association with PP. However, reducing die-
tary sodium is known to reduce arterial stiffness,1,2,4,26 and a 
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decrease in dietary sodium intake modestly reduces serum 
sodium levels.9 In addition, reductions in serum sodium in 
response to changes in dialysate sodium concentrations in 
chronic hemodialysis patients induce reductions in blood 
pressure27,28 as well as CFPWV.29 This suggests that serum 
sodium may directly influence arterial stiffness.

This hypothesis is consistent with cellular evidence that 
increases in serum sodium promote arterial stiffness. In human 
endothelial cell culture models, endothelial cell stiffness, 
as measured by atomic force microscopy, rises steeply with 
increasing concentrations of sodium in the culture medium.14 
In addition, a high sodium media reduces deformation of endo-
thelial cells in response to shear stress, leading to downregulation 
of nitric oxide production and attenuated nitric oxide-mediated 
vasodilation.15 Decreased endothelial-derived nitric oxide also 
contributes to reduced arterial elasticity.30 Similarly, in bovine 
aortic endothelial cells, increasing salt concentrations pro-
gressively decrease endothelial nitric oxide synthase activity.31 

Sodium can also stimulate asymmetric dimethylarginine, an 
endogenous inhibitor of nitric oxide synthase, promoting the 
production of reactive oxygen species by NADPH oxidase and 
further contributing to arterial stiffening.32

The association of serum sodium with arterial stiffness may 
be mediated in part by increased MAP; however, the associ-
ation remained significant even after adjustment for baseline 
MAP. Individuals who are salt sensitive, such as older adults or 
individuals with kidney disease, have a reduced ability to excrete 
sodium, which promotes a small rise in serum sodium, expands 
extracellular volume, and increases blood pressure.5 Given that 
individuals with CKD are more salt sensitive, we expected to 
see a stronger association between serum sodium and arterial 
stiffness in this group. Contrary to our hypothesis, in the CKD 
group, lower serum sodium level associated with greater PWV.

Serum sodium may also influence blood pressure inde-
pendent of changes in extracellular volume, through effects 
on the hypothalamus, local renin–angiotensin system 

Table 1. Baseline characteristics of study participants by tertile of serum sodium level

Variable

Tertile 1 (≤138 mmol/L) 

(n = 1,777)

Tertile 2 (139–140 mmol/L) 

(n = 2,927)

Tertile 3 (≥141 mmol/L) 

(n = 4,109) P value

Age, years 68 ± 9 67 ± 10 68 ± 9 <0.0001

Sex, n (%) male 1208 (68) 1968 (67) 2527 (62) <0.0001

Race, n (%) white 1131 (64) 1686 (58) 2231 (54) <0.0001

Study randomization group, n (%)  
intensive treatment group 

887 (50) 1460 (50) 2072 (50) 0.88

Prevalent CVD, n (%) 346 (20) 559 (19) 886 (22) 0.025

Prevalent heart failure, n (%) 55 (3) 87 (3) 176 (4) 0.006

Prevalent CKD, n (%) 468 (26) 814 (28) 1249 (30) 0.003

Smoking status, n (%)    0.003

 Never smoked 722 (41) 1294 (44) 1855 (45)  

 Former smoker 776 (44) 1238 (42) 1744 (42)  

 Current smoker 279 (16) 395 (14) 510 (12)  

MAP, mm Hg 98 ± 11 99 ± 11 99 ± 12 0.0025

Heart rate, bpm 69 ± 13 68 ± 12 68 ± 12 0.0002

Body mass index, kg/m2 29.2 ± 5.7 30.3 ± 5.9 29.9 ± 5.7 <0.0001

eGFR, ml/minute/1.73 m2 73.7 ± 21.8 72.5 ± 20.7 70.2 ± 20.1 <0.0001

Urinary albumin to creatinine ratio 9.9 (5.8, 24.3) 9.0 (5.4, 19.3) 9.8 (5.7, 22.6) 0.058

Antihypertensive agents, no./patient, n (%)    0.005

 0 139 (8) 290 (10) 376 (9)  

 1 529 (30) 928 (32) 1317 (32)  

 2 656 (37) 993 (34) 1362 (33)  

 3 357 (20) 595 (20) 816 (20)  

 4 96 (5) 121 (4) 238 (6)  

Diuretic use, n (%) 938 (53) 1361 (47) 1835 (45) <0.0001

Serum sodium, mmol/L 137 ± 2 140 ± 1 142 ± 1 <0.0001

Pulse pressure, mm Hg 61 ± 15 60 ± 14 63 ± 15 <0.0001

Data are mean ± SD, median (interquartile range), or n (%).Comparisons across tertiles were made using a Chi-square test for categorical 
data and analysis of variance for continuous variables. Abbreviations: CKD, chronic kidney disease; CVD, cardiovascular disease; eGFR, 
estimated glomerular filtration rate (Modification of Diet in Renal Disease equation); MAP, mean arterial pressure.
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effects, and direct effects on the heart and vasculature.5,11 
In the vasculature, increased serum sodium concentration 
may increase intracellular sodium and free calcium levels, 
increasing smooth muscle tone,12,13 as well as hypertrophy.33

Notable strengths of this study include a large sample 
size available for the PP analyses, including well-controlled 
measurement of a large number of important covariates 
in the setting of a clinical trial. In addition, serum sodium 
levels were measured fasting, which is important as timing 
of samples in relation to a meal can influence serum sodium 

level.8 Our analysis is also novel as the association between 
serum sodium and indices of arterial stiffness does not ap-
pear to have been evaluated previously in a large cohort.

There are also important limitations of this analysis. 
The results are cross-sectional, associative, and residual 
confounding may exist. Serum sodium level may be a marker 
of underlying pathophysiology rather than an independent 
risk factor for increased arterial stiffness or reflection of die-
tary sodium intake. SPRINT did not include younger adults 
with less CVD burden, nor did it include individuals with 
stroke or prior diabetes, thus these results may not apply to 
these populations. Hypernatremia may reflect inadequate ac-
cess to water or an impaired thirst mechanism.34 In addition, 
many of the covariates were determined from self-report, 
which may have resulted in errors in characterization of po-
tential confounders such as comorbid conditions. Power was 
limited for the CFPWV analyses as this variable was only 
measured in a subgroup who participated in this ancillary 
study. Information regarding dietary sodium intake or uri-
nary sodium excretion was not collected in SPRINT.

In conclusion, we have demonstrated for the first time to 
our knowledge that higher serum sodium level is associated 
with increased arterial stiffness, as measured by a surrogate 
index of PP, in individuals at high risk for cardiovascular 
events free from diabetes. This was true both in individuals 
with and without CKD. These results suggest that high 
serum sodium may be a marker of risk for increased arterial 
stiffness and suggest a possible mechanism linking high die-
tary sodium intake to increased arterial stiffness, consistent 
with cellular studies. Mildly elevated serum sodium is likely 
to be unnoticed in contemporary clinical practice. Future 
studies should determine whether correction of mildly el-
evated serum sodium, through diet or other means, might 
influence arterial stiffness in older adults. In addition, future 

Table 2. Associations (β-estimates [95% CI]) of tertiles of serum sodium level with arterial stiffness at baseline

Pulse pressure Tertile 1 (≤138 mmol/L) (n = 1,777) Tertile 2 (139–140 mmol/L) (n = 2,927) Tertile 3 (≥141 mmol/L) (n = 4,109)

Unadjusted 0.85 (0.01 to 1.70) Ref 2.25 (1.57 to 2.93)

Model 1 0.60 (–0.15 to 1.34) Ref 1.31 (0.71 to 1.91)

Model 2 0.27 (–0.47 to 1.01) Ref 1.22 (0.63 to 1.82)

Model 3 0.34 (–0.40 to 1.08) Ref 1.16 (0.57 to 1.76)

Model 4 0.75 (0.05 to 1.44) Ref 0.87 (0.32 to 1.43)

CFPWV Tertile 1 (≤138 mmol/L) (n = 134) Tertile 2 (139–140 mmol/L) (n = 184) Tertile 3 (≥141 mmol/L) (n = 273)

Unadjusted 0.35 (–0.25 to 0.96) Ref 0.51 (0.00 to 1.02)

Model 1 0.28 (–0.31 to 0.86) Ref 0.42 (–0.08 to 0.91)

Model 2 0.29 (–0.30 to 0.88) Ref 0.39 (–0.11 to 0.89)

Model 3 0.37 (–0.23 to 0.97) Ref 0.39 (–0.11 to 0.88)

Model 4 0.43 (–0.16 to 1.07) Ref 0.35 (–0.14 to 0.84)

Abbreviations: ACR, albumin to creatinine ratio; CI, confidence interval; CFPWV, carotid–femoral pulse wave velocity; CKD, chronic kidney 
disease; CVD, cardiovascular disease; eGFR, estimated glomerular filtration rate (Modification of Diet in Renal Disease equation); MAP, mean 
arterial pressure.

Model 1: adjusted for age, gender, race, and randomized treatment arm.
Model 2: adjusted for covariates in model 1 plus CVD, heart failure, smoking, body mass index, eGFR, urine ACR.
Model 3: adjusted for covariates in model 2 plus number of antihypertensive medications and diuretic use at baseline.
Model 4: adjusted for covariates in model 3 plus MAP and heart rate.

Figure 1. β-estimates (95% confidence intervals) for the association of 
tertiles of serum sodium (T1 = tertile 1; REF = reference group [tertile 2]; 
T3  =  tertile 3)  with pulse pressure in model 4 (adjusted for age, race, 
randomized treatment arm, history of cardiovascular disease, history 
of heart failure, smoking, body mass index, estimated glomerular filtra-
tion rate, urine albumin to creatinine ratio, number of antihypertensive 
medications, diuretic use, mean arterial pressure, and heart rate).
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Table 3. Baseline characteristics of study participants in the pulse wave velocity ancillary study by tertile of serum sodium level

Variable

Tertile 1 (≤138 mmol/L) 

(n = 134)

Tertile 2 (139–140 mmol/L) 

(n = 184)

Tertile 3 (≥141 mmol/L) 

(n = 273) P value

Age, years 73 ± 9 71 ± 10 72 ± 10 0.46

Sex, n (%) male 75 (56) 113 (61) 169 (62) 0.49

Race, n (%) white 103 (77) 124 (67) 168 (62) 0.008

Study randomization group, n (%)  
intensive treatment group

69 (52) 97 (53) 129 (47) 0.48

Prevalent CVD, n (%) 16 (12) 23 (13) 41 (15) 0.61

Prevalent CHF, n (%) 4 (3) 2 (1) 5 (2) 0.42

Prevalent CKD, n (%) 46 (34) 71 (39) 94 (34) 0.62

Smoking status, n (%)    0.76

 Never smoked 55 (41) 89 (48) 128 (47)  

 Former smoker 69 (52) 82 (45) 125 (46)  

 Current smoker 10 (8) 13 (7) 20 (7)  

MAP, mm Hg 95 ± 10 97 ± 12 98 ± 12 0.09

Heart rate, bpm 64 ± 11 66 ± 11 67 ± 21 0.28

Body mass index, kg/m2 27.0 ± 4.8 28.5 ± 5.3 28.2 ± 5.0 0.02

eGFR, ml/minute/1.73 m2 69.2 ± 21.0 67.1 ± 19.1 67.1 ± 21.3 0.60

Urinary albumin to creatinine ratio 11.8 (6.6, 25.4) 9.6 (6.1, 22.6) 12.1 (6.3, 39.7) 0.01

Antihypertensive agents, no./patient, n (%)    0.12

 0 6 (5) 19 (10) 24 (9)  

 1 43 (32) 70 (38) 108 (40)  

 2 48 (36) 65 (35) 75 (28)  

 3 24 (18) 20 (11) 44 (16)  

 4 13 (10) 10 (5) 22 (8)  

Diuretic use, n (%) 76 (57) 81 (44) 116 (43) 0.020

Serum sodium, mmol/L 136 ± 2 140 ± 1 142 ± 1 <0.0001

CFPWV, m/s 10.8 ± 2.8 10.4 ± 2.6 11.0± 2.8 0.14

Pulse pressure, mm Hg 67 ±15 64 ± 14 66 ± 14 0.20

Data are mean ± SD, median (interquartile range), or n (%).Comparisons across tertiles were made using a Chi-square test for categorical 
data and ANOVA for continuous variables. Abbreviations: CFPWV, carotid–femoral pulse wave velocity; CKD, chronic kidney disease; CVD, car-
diovascular disease; eGFR, estimated glomerular filtration rate (Modification of Diet in Renal Disease equation); MAP, mean arterial pressure.

Table 4. Associations (β-estimates [95% CI]) of clinical cutoffs of serum sodium level with arterial stiffness at baseline

Pulse pressure

Hyponatermia (<136 mmol/L)  

(n = 336)

Normonatremia (136–145 mmol/L)  

(n = 8,417)

Hypernatremia (>145 mmol/L)  

(n = 60)

Unadjusted 4.81 (3.24 to 6.38) Ref 5.20 (1.55 to 8.85)

Model 1 2.67 (1.28 to 4.05) Ref 4.52 (1.30 to 7.74)

Model 2 1.89 (0.51 to 3.27) Ref 4.60 (1.40 to 7.79)

Model 3 1.85 (0.47 to 3.22) Ref 4.46 (1.27 to 7.64)

Model 4 2.02 (0.73 to 3.31) Ref 3.58 (0.61 to 6.56)

Abbreviations: ACR, albumin to creatinine ratio; CI, confidence interval; CKD, chronic kidney disease; CVD, cardiovascular disease; eGFR, 
estimated glomerular filtration rate (Modification of Diet in Renal Disease equation); MAP, mean arterial pressure.

Model 1: adjusted for age, gender, race, and randomized treatment arm.
Model 2: adjusted for covariates in model 1 plus CVD, heart failure, smoking, body mass index, eGFR, urine ACR.
Model 3: adjusted for covariates in model 2 plus number of antihypertensive medications at baseline.
Model 4: adjusted for covariates in model 3 plus MAP and heart rate.
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research should further evaluate the association of serum so-
dium with CFPWV in a larger cohort.

SUPPLEMENTARY DATA

Supplementary data are available at American Journal of 
Hypertension online.
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