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Variation in Sodium Intake and
Intra-individual Change in Blood Pressure
in Chronic Kidney Disease
Chetna M. Pathak, MS,* Joachim H. Ix, MD, MAS,*†‡§ Cheryl A. M. Anderson, PhD,*†‡

Tyler B. Woodell, MD,{ Gerard Smits, PhD,** Martha S. Persky, RN,** Geoffrey A. Block, MD,**

and Dena E. Rifkin, MD, MS*†‡§

Objective: In the kidney disease clinic setting, higher-than-usual blood pressure is often ascribed to recent dietary sodium indiscre-

tion. While clinical trials demonstrate a clear relationship between salt intake and blood pressure on the population level, it is uncertain

whether real-world variation in sodium intake within individual chronic kidney disease (CKD) patients is associated with fluctuations in

blood pressure.

Methods: We analyzed data from the Phosphorus Normalization Trial, in which participants with CKD eating their usual diets

completed at least three 24-hour urine collections over 9 months, from which we measured sodium. Blood pressure was measured

at the time of 24-hour urine collections. For each individual participant, we assessed the slope of the relationship between sodium intake

and mean arterial blood pressure (MAP).

Results: Among 119 participants (mean age 67 years andmean estimated glomerular filtration rate 31 mL/minute/1.73 m2), there was

substantial variation in sodium intake as measured by 24-hour urine collections (mean intake 3,903 mg/day, standard deviation

1037 mg/day). Individual participants had highly variable associations between their sodium intake and their MAP; 47% (n 5 56) had

inverse associations between sodium and MAP, whereas the remainder had positive (salt-sensitive) associations.

Conclusions: Among CKD patients, there is substantial variation in sodium intake but no predictable relationship between dietary

sodium and blood pressure in individuals. The frequent dismissal of elevated blood pressure readings as related to recent sodium intake

in clinic may be a misapplication of large-scale population data to explain individual variability and may contribute to clinical inertia

regarding high blood pressure treatment.
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Introduction

AT THE POPULATION level, higher dietary sodium
intake is associated with higher blood pressure1 and

adverse renal outcomes2 and hence the 2012 Kidney Dis-
ease Improving Global Outcomes guidelines recommend
sodium intake ,87 mmol (,2 g)/day in patients with
CKD.3 Furthermore, marked reductions in dietary sodium
intake from 250mmol/day (5750mg/day) to 50mmol/day
(1150 mg/day) over short periods of time in patients with
CKD have demonstrated clinically relevant decreases in
blood pressure (mean systolic blood pressure [SBP] reduc-
tion of 10 mm Hg).4

In clinical practice, higher-than-usual blood pressure
readings are often ascribed to recent dietary sodium indis-
cretion by both physicians and patients. However, sodium
intake in a group of CKD participants outside the trial
setting is virtually always higher than the 1150 mg/day pre-
scribed in a clinical trial, and usually higher than the
2000 mg/day suggested by Kidney Disease Improving
Global Outcomes. Moreover, the magnitude of the real-
world, day-to-day variation in sodium intake is very un-
likely to be as extreme as the magnitude achieved in the
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research setting. Thus, the generalizability of these
population-based data to individuals with less extreme vari-
ation in sodium intake is unknown; to our knowledge,
there is no evidence that real-world day-to-day variation
in dietary sodium intake is positively associated with blood
pressure in individuals with CKD.

To that end, we evaluated repeated 24-hour urine so-
dium and blood pressure measurements over 9 months
among individuals with Stages 3 to 4 CKD to examine
whether, on the individual level, higher sodium intake
was associated with higher blood pressure.

Methods

We included participants from the Phosphorus Normal-
ization Trial, a randomized controlled trial conducted in
2009 to 2010 designed to test the effect of phosphate
binders on serum phosphate levels.5 Trial eligibility
required a baseline estimated glomerular filtration rate
(eGFR) between 20 and 45 mL/minute/1.73 m2, a serum
phosphate level between 3.6 and 6.0 mg/dL and a willing-
ness to avoid intentional changes in diet. No recommenda-
tions regarding sodium intake were provided through the
study protocol. Study participants were evaluated in clinic
7 times over a 9-month study period. Atmultiple visits, par-
ticipants were asked to provide 24-hour urine samples, and
their blood pressure was measured twice per visit. The
average of the 2 blood pressure measurements were used
in data analysis. A maximum of four 24-hour urine samples
were collected from each patient, and urine sodium (Na)
and creatinine (Cr) were measured (Litholink Corp, Chi-
cago, IL). We used measured body weight and height to
calculate BMI. eGFR was calculated using the Modifica-
tion of Diet in Renal Disease equation.

As our focus was on intra-individual variability in so-
dium intake, we excluded 29 trial participants with 2 or
fewer 24-hour urine samples resulting in an analytic sample
of 119 participants. Among these, 18 provided three and
111 provided four 24-hour urine collections during the
9-month study. To minimize bias from over- or under-
collected 24-hour urine samples, we normalized each
24-hour urine sodium measurement to the participant’s
creatinine excretion by calculating urine sodium/creati-
nine ratios (UNa/Cr). This minimizes over- or under-
collection bias by taking advantage of the likelihood that
muscle mass, and hence creatinine production, remained
stable in any given individual over the 9-month study.

Using these values,weplotted sodium intake (asUNa/Cr)
versus MAP for each of the 119 individual participants. We
then calculated the slope of the relationship between blood
pressure and sodium intake for each participant, reported
as the difference in blood pressure (in mm Hg) for each
unit difference in UNa/Cr. Thus, a positive slope for any
given individual would suggest that higher sodium intake
was associated with higher blood pressure. Mean arterial

pressure (MAP) served as the primarymeasure of blood pres-
sure and SBP was used as a secondary analysis.We examined
the distribution of these slopes and examined clinical charac-
teristics associated with positive (‘‘salt-sensitive’’) versus
negative slopes.
All analyses were conducted using SAS version 9.0. Insti-

tutional review board approval for the parent study was ob-
tained by G.A.B. et al. at Denver Nephrology.

Results

The mean 6 standard deviation for participant age was
66.9 6 11.2 years, 51% were female, and mean eGFR
was 31 6 8 mL/minute/1.73 m2. Diuretics were used by
66% of participants; 50% used angiotensin-converting
enzyme inhibitors, 29% used angiotensin II receptor
blockers, and 6% used both. The number of antihyperten-
sive medications used was 1.8 6 0.9. Mean 24-hour urine
sodium excretion at baseline was 3,903 mg/day and the
mean within-individual standard deviation of 24-hour
urine sodium excretion was 1037 mg/day. The
mean 6 standard deviation for MAP at baseline was
87.86 11.1 mmHg, and the mean within-individual stan-
dard deviation of MAP over the 9 months was 6.5 mmHg.
In the 119 participants, the relationship of urineUNa/Cr

withMAPwas highly variable. Figure 1 shows the relation-
ship between UNa/Cr and MAP in each participant, and
the average slope is shown in red. Of the participants,
47% (n 5 56) had negative slopes between UNa/Cr and
MAP, whereas the remainder had positive slopes. Across
the study population, the slope had amedian of 0.26 and in-
terquartile range of (22.8, 4.7) mm Hg per unit change in
UNa/Cr. Results were similar when we evaluated SBP
(data not shown).
We divided participants into those with positive and

negative slopes to determine if clinical factors might help
identify those that were apparently more likely to have
higher blood pressure with higher sodium intake (i.e., salt
sensitive). We found no difference in age, race, gender, or
CKD severity between those with positive versus negative
slopes (Table 1). Results were the same for SBP (data not
shown).

Conclusions

In our analytic sample of individuals with Stage 3 to 4
CKD eating their usual dietary intake, there was high over-
all sodium intake, and substantial variation in sodium intake
within individuals, but no consistent relationship between
dietary sodium intake and blood pressure within individ-
uals; nearly half of all participants did not exhibit a slope
consistent with salt sensitivity.
Our findings in patients with real-world dietary intake

stand in contrast to those of controlled trials where marked
reductions in dietary sodium intake lead to �10 mm Hg
decreases in blood pressure in patients with CKD. Our
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