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Association between pre hemodialysis serum sodium
concentration and blood pressure: results from a retrospective
analysis from the international monitoring dialysis outcomes
(MONDO) initiative
JG Raimann1, B Canaud2, M Etter3, JP Kooman4, NW Levin1, D Marcelli2, C Marelli5, A Power6, N Duncan6, FM van der Sande4, P Carioni2,
S Thijssen1, X Xu3, LA Usvyat1,7, Y Wang8, P Kotanko1,9 the MONDO Initiative

A recent study from the United Kingdom indicates an association between pre hemodialysis (HD) serum sodium (SNa+) and systolic
and diastolic blood pressure (SBP and DBP) in chronic HD patients. We extend this analysis to an international cohort of incident HD
patients. The Monitoring Dialysis Outcomes initiative encompasses patients from 41 countries. Over 2 years monthly pre-HD SNa+

levels were used as predictors of pre-HD SBP and DBP in a linear mixed model (LMM) adjusted for age, gender, interdialytic weight
gain, diabetes, serum albumin and calcium. Similar models were constructed with DBP as outcome. Analyses were carried out
stratified by continent (North and South America; Europe and Asia). LMMs were also constructed for the entire observation period
of 2 years, and separately the first and the second year after HD initiation. We studied 17 050 incident patients and found SNa+ to
have a significant slope estimate in the LMM predicting pre-HD SBP and DBP (ranging from 0.22 to 0.29 and 0.10 to 0.21 mmHg per
mEq l− 1, respectively, between the continents). The findings were similar in subsets of SBP and SNa+ tertiles, and separately
analyzed for the first and second year. Our analysis shows an independent association between SNa, SBP and DBP in a large
intercontinental database, indicating that this relation is a profound biological phenomenon in incident and prevalent HD patients,
generalizable to an international level and independent of SBP and DBP magnitude.
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INTRODUCTION
‘Hence if too much salt is used in food, the pulse hardens, tears
make their appearance and the complexion changes.’ is written in
the ‘Huangdi Neijing’ (The Yellow Emperor’s Classics of Internal
Medicine), considered to be one of the first medical books, which
was firstly mentioned in 111 AD. Often quoted since by
researchers in the field of sodium research, this mentioning
reflects how well established the association between sodium
intake and blood pressure (BP) is. In current days, this association
has been confirmed in various epidemiologic studies in the
general population1–3 and the pathophysiologic mechanisms of
these associations are better understood. The classical theorem by
Guyton suggests that short-term control of arterial BP is primarily
a nervous function, whereas the long-term arterial pressure is
principally a function of the fluid balance system.4 Although this is
in principle true, sodium has also been determined to affect the
cardiovascular system in a fluid-independent manner. Not only
does sodium intake (and subsequently higher serum sodium
concentrations (SNa+)) increase arterial stiffness and wall
thickness, it also increases blood and pulse pressure5 over a short
observation period,6 but also over a longer period of time.7,8

Similar volume-independent effects on the endothelium and the
vessel tone have also been reported for glucose.9,10

On an epidemiologic level, a recent publication by He et al.11

showed that SNa+ in 651 chronic hemodialysis (HD) patients was a
significant predictor of systolic and diastolic BP (SBP, DBP), which
remained true even after adjustment for several relevant
parameters with possible effect on the levels of BP.
In the current analysis we extend the findings of He et al.11 to

incident and prevalent HD patients in an international database
and hypothesize that SNa+ will be a predictor of both SBP and DBP
in incident and prevalent HD patients on an international level.

MATERIALS AND METHODS
The Monitoring Dialysis Outcomes initiative is a database initiated and
developed by a consortium consisting of several key persons of
international dialysis providers and academic institutions. At the time of
writing of this manuscript the database has encompassed HD patients
from 26 countries who started HD between 2000 and 2010.12 Baseline
characteristics of the included subjects have been published recently.13 For
this analysis data of incident patients who started HD between 1 January
2001 and 30 July 2008 was included. The data source were three databases
from different continents (Renal Research Institute for North America,
Fresenius Europe, Fresenius Asia-Pacific and Fresenius South America) and
included patients were followed for an observation period of 12 months
and a follow-up period of 6 further months. Database development and all
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subsequent analyses were conducted in compliance with local rules and
regulations to protect data privacy and patients’ rights.

Subset analyses
Analyses were carried out in the whole data set and after stratification by
continent (North America; South America, Europe and Asia-Pacific).
Furthermore analyses for all included regions were carried out for the
entire observation period, the first year, and the second year to analyze the
association for incident and prevalent patients separately.
To confirm our results the analyses were repeated in subsets of SNa+

concentration tertiles of SNa+ (Tertile 1: ⩽ 136.8mEq l− 1, Tertile 2: 136.8 to
139.1mEq l− 1 and Tertile 3: ⩾ 139.2 mEq l− 1), of interdialytic weight gain
(IDWG) (Tertile 1: ⩽ 2.26mmHg, Tertile 2: 2.27 to 3.28 mmHg and Tertile 3:
⩾ 3.29% of postdialysis body weight), of SBP (Tertile 1: ⩽ 133.2 mmHg,
Tertile 2: 133.2–149.4 mmHg and Tertile 3: ⩾ 149.4 mmHg) and of DBP
(Tertile 1: ⩽ 70.0 mmHg, Tertile 2: 70.0 to 79.0 mmHg and Tertile 3:
⩾ 79mmHg).

Sensitivity analysis
Because glucose levels affect both SNa+ concentration and may have
direct vasoactive effects,9,10 we have conducted a sensitivity analysis in
patients whose glucose levels were available. This was the case only in HD
patients from North America. We have developed a separate linear mixed
model (LMM) including serum glucose concentration into the initial model
as an additional fixed effect.

Statistical analysis
Continuous data are reported as mean± s.d. and categorical data as
fractions of the analyzed population. Monthly pre-HD SNa+ levels were
used as fixed effects of pre-HD SBP and DBP prediction in a LMM with
either random intercepts or random intercepts and random slopes, as
determined by Likelihood Ratio Test with two degrees of freedom for LMM
comparison. According to the parameters included in the analyses of
He et al.11 all LMMs were constructed including age, gender, IDWG (in % of
post HD body weight), diabetes, serum albumin, potassium and calcium as
fixed effects. Similar models were constructed with DBP as the dependent
variable. All analyses were repeated in the subsets outlined above.
A P-value below 0.05 was considered significant. Analyses were conducted
with R version 3.0.3 (codename ‘Warm Puppy’; R Foundation for Statistical
Computing; Vienna, Austria)14 additionally using the packages nlme,
multcomp and plyr.

RESULTS
Patient population
For the current analysis 218 313 HD treatments with available
SNa+ measurements of 17 050 incident HD patients were included,
with 4106 from the Renal Research Institute database, 1656 from
Asia, 9562 from Europe and 1726 from South America (Table 1).
It is of note that there were differences in the reported parameters
between the continents (Table 1). Histograms of SBP, DBP and
SNa+ are shown in Supplementary Figures 1 and 2. Figure 1 shows
SBP, DBP, SNa+ and IDWG over the course of the observation
period.

SNa+ concentration as a predictor of BP
Comparison of LMM with (a) random intercept and (b) with
random intercept and slope using a likelihood ratio test showed
the random slope to be significant and the slope was thus
included in the models. Based on the results of the developed
models it appears that there is a significant increase of pre-HD SBP
and DBP with increasing SNa+ based on the data of the entire
24-month observation period. Estimates of the SNa+ slopes in the
LMM predicting SBP and DBP are shown in Table 2. The estimate
of the slope in the entire population implies that for example in
North America with every mEq l− 1 SNa+ increase there was an
increase of 0.22 mmHg for SBP and 0.10 mmHg for DBP.
Slope estimates of SNa+ for the other analyzed continents are
shown in Table 2. The association between SNa+ and BP remained
consistent for the LMM developed with DBP as the dependent
variable. Full models are shown in Supplementary Tables 1 and 2.

Subset analyses
Analysis in tertiles of pre-HD SBP and DBP, respectively, showed a
comparable magnitude of the slope estimates for SNa+ included
as fixed effects in the model in all three tertiles of SBP and DBP,
respectively (Figure 2; Supplementary Table 3). Repetition of the
analysis in tertiles of pre-HD SNa+ and IDWG also showed
comparable slope estimates for pre-HD SNa+ included as a fixed
effect in the prediction of pre-HD SBP (Figures 3 and 4,
Supplementary Tables 4 and 5) and DBP (data not shown),
both of which increased with an increasing range of SNa+.
The estimation of the slope for SNa+ showed an increasing trend

Table 1. Demographics in all studied patients and stratified by continents at HD initiation

All subjects North America Asia Europe South America

Subjects (count) 17 050 4106 1656 9562 1726
Treatments (count) 218 313 74 680 25 203 115 003 3427
Age (years)a 62.1± 14.7 60.3± 14.9 59± 13.6 64± 14.4 57.7± 16.5
Male gender (%)b 57 55.2 54.3 58.7 57.3
IDWG (% of post HD body weight)c 2.8± 1.3 3.2± 1 4.1± 1.7 2.5± 1.2 3± 2
Serum potassium (mEq l− 1)c 4.8± 0.7 4.6± 0.6 4.8± 0.8 4.9± 0.7 4.7± 0.8
Serum albumin (g dl− 1)c 3.8± 0.4 3.7± 0.4 3.9± 0.3 3.7± 0.5 3.8± 0.5
Diabetes (%)c 41.7 56 33.2 34.8 23.9
Serum calcium (mg dl− 1)c 8.8± 0.7 8.9± 0.6 9.2± 0.8 8.7± 0.7 8.8± 0.7
Serum sodium (mEq l− 1)d 137.8± 2.8 138.3± 2.4 137.9± 2.6 137.6± 2.9 136.4± 3.6
Dialysate sodium (mEq l− 1)c 138.7± 3.2 140.0± 1.5 139.6± 0.8 138.7± 3.5 136.5± 5.0
Dialysate potassium (mEq l− 1) n/a 2.2± 0.4 n/a 2.2± 0.4 n/a
Dialysate calcium (mEq l− 1) n/a 2.5± 0.2 n/a n/a n/a
pre-HD SBP (mmHg)c 142± 18.8 151.2± 18 141.5± 18 138.4± 17.6 132.2± 19.6
pre-HD DBP (mmHg)e 74.5± 11 79.1± 10.8 77.6± 9.5 72.1± 10.4 72.6± 11
HD treatment time (mins)a 231± 29 212± 23 238± 12 235± 35 238± 13

Abbreviations: DBP, diastolic blood pressure; HD, hemodialysis; IDWG, interdialytic weight gain; SBP, systolic blood pressure. Analysis of Variance (ANOVA)
adjusted for multiple comparisons (North America versus Asia, North America versus Europe, North America versus South America, Asia versus South America
and Europe versus South America) was conducted. Categorical comparisons were conducted using χ2-test. aComparison significant for all comparison except
for Asia versus South America. bComparison significant for all comparison except for North America versus Asia, North America versus South America and
Europe versus South America. cComparison significant for all comparisons. dComparison significant for all continents except for North America versus Europe
and Europe versus Asia. eComparison significant for all continents except for North America versus Asia and Europe versus South America.
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with an increasing range of SNa+ for the prediction of SBP and
DBP (Figure 4 and Supplementary Table 4).
Furthermore analyses of the study population stratified into

incident and prevalent HD patients in Year 1 and Year 2,
respectively, showed virtually identical results (Table 3,
Supplementary Table 2a and 2b).

Sensitivity analysis
Inclusion of the serum glucose concentration as an additional
fixed effect showed glucose to have a significant slope estimate

for pre-HD SBP and DBP (Table 4a and b) and the association
between SNa+ and BP consistent irrespective of the inclusion of
serum glucose in the model. Its inclusion also accentuated the
effect of SNa+ on SBP (0.69 (95% confidence interval 0.6–0.78)
mmHg per mEq l− 1 SNa+ change) and DBP (0.29 (95% confidence
interval 0.24–0.34) mmHg per mEq l− 1 SNa+ change; Table 4a
and b) as reflected by the slope estimates in comparison with the
initial model (Table 2 and Supplementary Table 2).

DISCUSSION
Statement of principal findings
This longitudinal 2-year study in patients with end-stage renal
disease treated with HD indicates that there exists an association
between SNa+ and SBP measured before the actual HD treatment.
These associations were found to be independent of relevant
covariates (age, gender, IDWG, diabetes, serum albumin,
potassium and calcium). In addition, we confirmed the association
in analyses conducted in different continents, which, in our
opinion, renders this association a pathophysiologic finding
somewhat independent of race, ethnicity, laboratory techniques
or treatment practices in the respective continents. Furthermore,
the analyses were repeated for the periods from HD initiation to
Month 12 and for the period from Month 13–24, which is
consistent with analyses in incident and prevalent patients. Subset
analyses in tertiles of SBP and DBP confirmed the association
independent of the magnitude of these potentially relevant
parameters and was significant at all studied ranges of SBP and
DBP. The analysis in tertiles of SNa+ showed a clearly increasing
slope estimate at higher SNa+ levels. A sensitivity analysis in
patients from North America with serum glucose levels available
in the medical records showed that the association between SNa+

and BP was also independent of serum glucose concentrations.

Figure 1. Average values (95% CI indicated) of (a) systolic and (b) diastolic blood pressure, (c) serum sodium and (d) interdialytic weight gain
for every month during the course of the observation period of 24 months.

Table 2. Slope estimate of serum sodium in a Linear Mixed Effects
Model predicting pre HD (a) SBP and (b) DBP over the entire
observation period (24 months), based on sodium concentrations and
other parameters of relevance

Continent SNa+ slope estimate for Pre
HD SBP (mmHg change
per m Eq l− 1 change)

SNa+ slope estimate for
Pre HD DBP (mmHg
change per mEq l− 1

change)

All subjectsa 0.22 (0.19–0.25) 0.09 (0.08–0.11)
NorthAmericab 0.22 (0.17–0.28) 0.1 (0.07–0.13)
Asiab 0.29 (0.17–0.41) 0.13 (0.06–0.19)
Europeb 0.19 (0.15–0.22) 0.07 (0.05–0.09)
South Americac 0.25 (0.05–0.45) 0.21 (0.11–0.32)

Abbreviations: DBP, diastolic blood pressure; HD, hemodialysis; SBP, systolic
blood pressure; SNa+, serum sodium. Additional fixed effects in the model
were interdialytic weight gain, age at hemodialysis initiation, male gender,
serum potassium, serum albumin, diabetes serum calcium and hemodia-
lysis vintage. aIncludes continents with longitudinal data available (that is,
North America, Asia and Europe). In South America only cross-sectional
data were available. bPo0.05 (comparison of individual slope estimates
between North America, Asia and Europe, using analysis of variance).
cEstimates of a linear model constructed based on cross-sectional data.
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Comparison with other studies
Our study corroborates the findings by He et al., who were the first
to report a positive association between SNa+ levels and SBP in HD
patients. Notably, we found a smaller effect size, but a never-
theless consistent association in a substantially larger sample size
as compared with He’s double-center study in the United
Kingdom (651 prevalent HD patients over 7445 observations).11

The current data carries these previous findings a step further by
choosing incident and prevalent patients as subsets. To allow this
analysis, patients’ data were stratified into months 0–12 (incident
patients) and months 13–24 (prevalent patients) and the results
showed a consistent association between SNa+ and BP indepen-
dent of HD vintage (Table 3). Furthermore, we extended the
findings to several continents and were able to establish this
association in four different continents. We also conducted subset

analyses in tertiles of SNa+, SBP and DBP, which confirm that the
magnitude of these parameters, which may be considered to have
potential influences on the association between SNa+ and BP. It is
of note that, despite significant difference in the slope estimates,
an effect size comparable between continents and all analyzed
subsets was found in the constructed models. A difference in the
effect size between the model constructed by He et al. (0.65
(95% confidence interval 0.46–0.84) mmHg SBP per mEq l− 1 SNa+

change and 0.36 (95% confidence interval 0.25–0.46) mmHg DBP
per mEq l− 1 SNa+ change, respectively, per mEq l− 1 SNa+) may be
noted in comparison with our models (Table 2). The reasons for
these differences are not clear and remain speculative at this
point. Interestingly, inclusion of serum glucose increased the slope
estimate of SNa+ as a fixed effect to a magnitude comparable to

SBP
Tertile 1

SBP
Tertile 2

SBP
Tertile 3

DBP
Tertile 1

DBP
Tertile 2

DBP
Tertile 3

a b

Figure 2. Forest Plot of the slope estimate of serum sodium (SNa+) in a Linear Mixed Model predicting pre hemodialysis (HD) systolic blood
pressure (SBP) after stratification into tertiles of (a) SBP and (b) DBP. Additional fixed effects in the model were interdialytic weight gain, age at
hemodialysis initiation, male gender, serum potassium, serum albumin, diabetes, serum calcium and hemodialysis vintage.

IDWG
Tertile 1

IDWG
Tertile 2

IDWG
Tertile 3

Figure 3. Forest Plot of the slope estimate of serum sodium (SNa+) in
a Linear Mixed Model predicting pre hemodialysis (HD) systolic
blood pressure (SBP) after stratification into tertiles of IDWG.
Additional fixed effects in the model were interdialytic weight gain,
age at hemodialysis initiation, male gender, serum potassium, serum
albumin, diabetes, serum calcium and hemodialysis vintage.

SNa+

Tertile 1

SNa+

Tertile 2

SNa+

Tertile 3

Figure 4. Forest Plot of the slope estimate of serum sodium (SNa+) in
a Linear Mixed Model predicting pre hemodialysis (HD) systolic
blood pressure (SBP) after stratification into tertiles of SNa+.
Additional fixed effects in the model were interdialytic weight gain,
age at hemodialysis initiation, male gender, serum potassium, serum
albumin, diabetes, serum calcium and hemodialysis vintage.
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the results reported by He et al. (0.69 mmHg in our model;
0.65 mmHg reported by He et al.).11 Although the exact reasons
remain unclear because of the lack of specific information in this
retrospective analysis, it is known that glucose affects vascular
tone via the generation of vasoconstricting prostaglandins,15 an
attenuation of endothelin-1 effects10 or insulin-mediated glucose
uptake affecting cellular calcium influx. To what extent this
explains the current findings remains to be elucidated.
It is intriguing to speculate that our findings may be related to

the clinical phenotype of salt sensitivity in the general population.
In brief, salt sensitivity describes the presence of BP following an
increase in salt intake16–18 and vice versa. To the best of our
knowledge there is no data indicating elevated SNa+ levels in
salt-sensitive subjects, in particular, Skrabal et al.18 reported no
difference in SNa+ between salt-sensitive and salt-resistant
subjects. It is interesting to note through, that acute salt loading
in the form of a soup in 15 healthy subjects resulted in an increase
of both SNa+ and SBP,6 supporting a link between SNa+ and BP.
Although the authors did not perform a formal test (for example,
by giving a high-salt diet over an extended period) to what extent
the subjects were salt sensitive, this finding is intriguing and
deserves further investigation, including healthy subjects and
patients at various stages of chronic kidney disease. However, it is
important to appreciate that sodium excretion is compromised in
chronic kidney disease.
Most remarkably, all our results were consistent across all

continents (Table 2a and b), equally for incident and prevalent
patients (Supplementary Table 1) and also in the subset analyses
(Figure 2; Supplementary Tables 2 and 3). Furthermore, we believe
that the adjustment for IDWG in the models accounts to some
extent for the effects of intradialytic sodium loading and the
ensuing thirst. Keen and Gotch19 have shown that dialysate
sodium concentration (DNa+) does not affect SNa+. Hecking
et al.20 have recently shown that subjects treated in dialysis
facilities with higher DNa+ prescription present with higher IDWG
and predialysis SBP, whereas SNa+ levels did not differ between
the three pre-defined DNa+ groups. Of note, higher DNa+

prescriptions would result in more positive DNa+ to SNa+

gradients and thus diffusive intradialytic sodium transfer into
the patient. Taken together, these findings corroborate the
concept that intradialytic sodium loading results in a transient
increase in SNa+, which results in thirst and subsequent

postdialysis water intake, which causes the SNa+ to return back
to predialysis levels.19 Thus, we believe that inclusion of IDWG
should sufficiently address this effect on BP.
Overall, these data support direct vasoactive effects of

circulating SNa+ on the endothelium. The exact reasons for
these dynamics may only be speculated, however, work by
Oberleithner et al.21–25 suggested direct effects of circulating SNa+

on endothelial cells in the presence of aldosterone, resulting in
cell swelling and cell stiffening and strongly affecting the
deformability and elasticity of endothelial cells. Although many
aspects are yet unclear, it was shown that increases in extracellular
sodium concentration lead to derangement of the endothelial
glycocalyx, a negatively charged biopolymer surface layer (known
to also act as a sodium buffer), and to an increased abundance
of sodium channels on the endothelial membrane.25 Normal
endothelial function underlies the control of the release of nitric
oxide,26 which acts as a vasodilator and the presence of sodium
channels and entry of sodium into the extracellular space was
shown to influence nitric oxide synthase activity and nitric oxide
production.27,28 This in agreement with further data that showed a
relationship between nitric oxide and BP during salt loading
and restriction, respectively, and an increase in asymmetric
dimethyl-arginine, which is an inhibitor of nitric oxide production,
during periods of higher salt intake29

Implications of this research
The association is of pathophysiologic importance as it sheds
further light on the complex relation between sodium, fluid
overload and BP in dialysis patients. It also shows, for the first time,
this relation at a global level in a large-scale database.

Table 3. Slope estimate of serum sodium in a Linear Mixed Effects
Model predicting pre HD systolic SBP over (a) the first and (b) the
second year of the observation period of 24 months, based on sodium
concentrations and other parameters of relevance

Continent SNa+ slope estimate for Pre
HD SBP (mmHg change
per mEq l− 1 change)

Year 1

SNa+ slope estimate for
Pre HD SBP (mm Hg
change per mEq l− 1

change) Year 2

All continentsa 0.22 (0.19–0.25) 0.2 (0.16–0.24)
North Americab 0.24 (0.17–0.32) 0.2 (0.16–0.24)
Asiab 0.15 (−0.04–0.33) 0.19 (0.12–0.26)
Europeb 0.15 (0.11–0.2) 0.3 (0.14–0.46)
South Americac 0.33 (0.04–0.62) 0.14 (0.09–0.18)

Abbreviations: DBP, diastolic blood pressure; HD, hemodialysis; SBP, systolic
blood pressure; SNa+, serum sodium. Additional fixed effects in the model
were interdialytic weight gain, age at hemodialysis initiation, male gender,
serum potassium, serum albumin, diabetes serum calcium and hemodia-
lysis vintage. aIncludes continents with longitudinal data available (that is,
North America, Asia and Europe). In South America only cross-sectional
data were available. bPo0.05 (comparison of individual slope estimates
between North America, Asia and Europe, using analysis of variance).
cEstimates of a linear model constructed based on cross-sectional data.

Table 4. Slope estimate of serum sodium in a Linear Mixed Effects
Model predicting pre HD systolic blood pressure over the entire
observation period (24 months), based on sodium concentrations and
other parameters of relevance (including serum glucose as a sensitivity
analysis)

North America

Pre HD systolic blood pressure
Intercept 26.24 (12.28–40.21)
Serum sodium (mEq l− 1) 0.69 (0.6–0.78)
IDWG as percent of post-dialytic body
weight (%)

0.42 (0.28–0.56)

Age at HD initiation (years) −0.17 (−0.21 to −0.12)
Male gender (yes) −3.39 (−4.74 to −2.03)
Serum glucose (mg dl− 1) 0.02 (0.02–0.03)
Serum potassium (mEq l− 1) 0.77 (0.39–1.15)
Serum albumin (g dl− 1) 2.89 (2.06–3.72)
Diabetes (yes) 4.56 (3.18–5.94)
Calcium (mg dl− 1) 2.12 (1.74–2.5)
Dialysis vintage (months) − 0.05 (−0.1–0)

Pre HD diastolic blood pressure
Intercept 42.95 (34.86–51.04)
Serum sodium (mEq l− 1) 0.29 (0.24–0.34)
IDWG as percent of post-dialytic body
weight (%)

0.14 (0.05–0.22)

Age at HD initiation (years) −0.38 (−0.4 to −0.35)
Male gender (yes) 1.47 (0.75–2.19)
Serum glucose (mg dl− 1) 0.01 (0–0.01)
Serum potassium (mEq l− 1) 0.46 (0.24–0.68)
Serum albumin (g dl− 1) 1.36 (0.88–1.83) Q3
Diabetes (yes) − 0.14 (−0.87–0.58)
Calcium (mg dl− 1) 0.99 (0.76–1.21)
Dialysis vintage (months) −0.06 (−0.09 to −0.03)

Abbreviations: HD, hemodialysis; IDWG, interdialytic weight gain.
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The clinical importance of the results of this study might be
addressed by interventional study of HD treatment, such as the
dialysate prescription, as well as study of antihypertensive agents,
which might influence this association, with due regard to the
analyses conducted by He et al.11 in subsets with and without a
prescription of antihypertensive. The estimate of the effect size in
the longitudinal analysis conducted by these authors was
comparable between both groups, thus the effects of sodium
may possibly be of importance in BP management.
We would like to emphasize that a close observation of SNa+ is

also of importance given the direct effects of SNa+ on
cardiovascular structures. Previously published findings of left
atrial enlargement associated with SNa+ levels independent of BP
levels in chronic kidney disease patients were explained by the
pro-fibrotic effects of sodium and a proliferative effect on
myocardial tissue.30 The well-established association (independent
of BP) between left ventricular mass, salt intake and urinary
sodium excretion, in the general and the chronic kidney disease
population, has been proposed to be caused by direct effects on
cardiomyocytes, modulation of the neurohumoral system and
effects of the intravascular volume state.31,32

Strengths and weaknesses
A great strength of the current analysis is the large sample size,
the long observation period of 24 months for each patient and we
infer generalizability from high numbers of patients from
international HD populations. The long observation period
particularly allows separate analyses in incident and prevalent
patients, and the separate confirmation of findings in explicit
analyses of data from different continents strengthen the
conclusions drawn from our data. Limitations mainly comprise
as all retrospective analyses, a possible lack of documentation for
some parameters (particularly an objective assessment of volume
status, which may have also affected BP) and the unavoidable
probability of documentation errors. Information on comorbid-
ities, residual renal function and volume status may also be of
additional interest, but have also not been available for the
current analysis. Of note, it is important to appreciate that IDWG is
at best a poor indicator of volume status.33

Because of unavailable documentation of oral drugs, we were
not able to conduct any analyses of antihypertensive medication
effects. This limits the comparability of the current study to the
previous work.11 He et al. identified an association between SNa+

and BP, which was modified by the use of antihypertensive drugs.
Including antihypertensive drug use in their analysis reduced the
slope estimates of the SNa+ to SBP association from 0.82 to
0.65mmHg per mmol SNa+. Based on this observation it is
conceivable that also in our population the magnitude of the SNa+

to SBP relations would be weakened by the inclusion of
antihypertensive medication. Although the observational nature
of He’s and our data precludes statements about causality, we
speculate that mitigation of the SBP to SNa+ slope by the use of
antihypertensive drugs is likely to be related to a more
pronounced BP-lowering efficacy in patients with higher BP and
not to their effect on SNa+.

CONCLUSIONS
In summary our data (in concert with previous data) suggest that
many factors such as SNa+ affect BP. In summary the data of this
study suggest that the longitudinal observation of SNa+ and its
dynamics over time do provide information gain and may be
helpful to aid diagnosis and disease management strategies.
Future research on the exact pathophysiologic mechanisms is
needed whether this association could also be a therapeutic
target.

What is known about the topic?
● Several vasoactive effects of sodium, either direct or indirect, have

been reported over the last decades.
● Evidence suggests that these mechanisms are also effective in

dialysis patients relating the pre hemodialysis serum sodium
concentration to blood pressure in a single-center study from the
United Kingdom.

● In the light of current evidence that serum sodium concentrations
and their dynamics in longitudinal observations (variability and
systematic trends) are of substantial importance in the prediction of
outcomes the association, a more detailed understanding of this
association is necessary, however, consequences of this association
on outcomes and on blood pressure management remain
speculative.

What this study adds?
● In the light of the study from the United Kingdom, which analyzed

data of patients from one dialysis network, the association appears
confirmed; however, the current study provides evidence of the
association between serum sodium and blood pressure in a data
set of substantially larger sample size in patients commencing
treatment in four different continents, thus substantially increases
statistical robustness.

● The numerous subset and sensitivity analyses we have conducted
add to the currently available evidence by confirming the
association to be present in different settings.

● Analysis of data from patients commencing in different continents
and dialysis provider networks does increase the generalizability of
the association between serum sodium concentration and blood
pressure, and does, in particularly, render the finding independent
from dialysis treatment and local blood pressure management
practices.
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