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abstract
Background: Sodium homeostasis is significantly altered in patients with End Stage Renal Disease (ESRD). 
Higher inter-dialytic weight gain, larger volume of ultrafiltration during hemodialysis, presence of heart failure 
and associated diabetes mellitus increase the risk of hyponatremia in these patients. Severity of hyponatremia 
can predict morbidity and mortality in ESRD.
Objectives: To study the impact of average weight gain, average ultrafiltrate removed per dialysis, associated 
heart failure and diabetes mellitus on serum sodium levels in ESRD patients.
Methods: We studied 60 patients of ESRD undergoing hemodialysis. History of co-morbidities, duration of 
hemodialysis, diuretic usage, dialysis records were obtained and their impact on serum sodium levels were 
analysed statistically.
results: Among 60 participants, 18% had mild, 38% had moderate and 44% had severe hyponatremia. The 
average inter-dialytic weight gain was 1.86±0.55 L in mild, 2.19±0.56 L in moderate and 2.80±0.44 L in severe 
hyponatremia groups (p=0.0001). The average ultrafiltration per hemodialysis was 1.69±0.56 L in mild, 
2.02±0.53 L in moderate and 2.62±0.36 L in severe hyponatremia groups (p=0.0001). 53% patients were on 
furosemide out of whom 72% had severe hyponatremia (p=0.0001). 58% patients had chronic heart failure 
(CHF) out of whom 74% had severe hyponatremia (p=0.0001). 70% patients had diabetes mellitus (DM) out of 
whom 62% had severe hyponatremia (p=0.0001).
conclusion: There was a significant negative correlation between average weight gain/average ultrafiltration 
per dialysis and serum sodium levels. The study strongly established the impact of heart failure and diabetes 
mellitus on serum sodium levels in ESRD.
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introduction
Serum sodium concentration in humans is tightly 
regulated, with normal levels between 135 and 144 
mEq/L [1]. The physiological regulation of serum 
sodium level is maintained by balancing water intake 
and water excretion; the former through control of 
thirst sensation and the latter through control of 
arginine vasopressin (AVP) secretion. In End Stage 
Renal Disease (ESRD), the kidneys lose the ability 
to concentrate urine in response to circulating 
AVP which can cause an imbalance between water 
retention and excretion and leads to hyponatremia 
[2].

ESRD patients can have dilutional or depletional 
hyponatremia. Dilutional hyponatremia is a 
condition in which intravascular volume is increased 
and the total amount of sodium is not depleted. 
Therefore, inappropriate intravascular fluid 
retention leads to low serum sodium concentration. 
Ultrafiltration is a process of removing isotonic 
fluid without affecting effective circulating volume. 
Ultrafiltration can remove a higher amount of sodium 
in addition to isotonic fluid resulting in depletional 
hyponatremia. Also, if an isotonic fluid removal rate 
by ultrafiltration is too fast to refill intravascular 
sodium from extracellular interstitial space, there 
can be reduction of circulating volume and sodium 
depletion [3].

Diuretics are essential in treating fluid balance, 
blood pressure control, prevention of hyperkalemia 
and urine amount regulation in chronic kidney 
disease (CKD) population [4]. Overuse of diuretics 
causes both volume and sodium depletion through 
many mechanisms: (1) Stimulation of AVP release 
secondary to diuretic-induced volume contraction, 
(2) Decrease in GFR from intravascular volume 
contraction, (3) Inhibition of urinary dilution 
capacity due to interference with Na+ absorption in 
the distal segments, and (4) Hypokalemia induced 
intracellular shift of Na+ [5].

This causes further stimulation of the RAS due to 
increased distal Na+ delivery thereby increasing 
angiotensin II, a well-known stimulant of arginine 
vasopressin (AVP) secretion. AVP is critical in 
initiating and exacerbating renal damage [6]. A 
sustained stimulation of vasopressin receptors 
induced intrarenal RAS activation, glomerular 
hyperfiltration, and hypertrophy, causes 

glomerulosclerosis and progressive renal injury. 
Volume depletion also decreases renal perfusion 
and increases the susceptibility to analgesics and 
nephrotoxic agents [7].

In chronic heart failure (CHF), progressive decrease 
in cardiac output leads to a continued release 
of AVP despite a reduction in osmolality, thus 
leading to hyponatremia. It is likely that presence 
of hyponatremia reflects a greater activation of the 
renin–angiotensin–aldosterone system (RAAS) and 
sympathetic nervous system leading to increased 
mortality, especially in ESRD [8].

Diabetes mellitus (DM) per se is associated with 
hyponatremia, independently of the presence of 
hyperglycemia [10]. It has been suggested that 
the altered vasopressin regulation in diabetes 
mellitus, the increased insulin induced potentiation 
of vasopressin–induced aquaporin AQP2 water 
channels expression and the absorption of water 
from the gastrointestinal (GI) tract due to slower 
stomach emptying may play a role in the association 
between DM and decreased serum sodium levels 
[11, 12].

Our objective is to assess the impact of ultrafiltration 
during hemodialysis, diuretic usage, presence of 
CHF and presence of DM on serum sodium levels of 
ESRD patients and to study the association between 
serum sodium and these factors.

Material and methods
This was a cross-sectional observational study 
conducted on 60 patients with ESRD undergoing 
maintenance hemodialysis thrice a week. Based on 
the previously conducted studies and the clinical 
experience of our team, convenient sampling 
method was applied. Informed consent was taken 
from all the participants. Study participants were 
older than 18 years diagnosed to have ESRD of 
varied etiology undergoing maintenance HD thrice 
weekly in our dialysis unit. Patients who were taking 
ADH antagonist drugs like Tolvaptan and those with 
underlying decompensated cirrhosis were excluded 
from the study. Clinical history of co-morbidities, 
duration of hemodialysis and diuretic usage was 
obtained. Complete hemogram, ESR, CRP, RFT, LFT, 
serum electrolyte panel and urine microscopy were 
done for all patients. Inter-dialytic weight gain and 
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ultrafiltrate removed per session of dialysis was 
tabulated. Patients were divided into 3 categories 
based on severity of hyponatremia: Mild (130-135 
mEq/L), moderate (125-129 mEq/L) and severe 
(<125 mEq/L).

The study data was analysed using the statistical 
software SPSS version 23. Results on continuous 
measurements are presented in mean ± SD (min-
max) and results on categorical measurements are 
presented in number (%). Significance is assessed at 
5 % level of significance. P-value <0.05 is taken as 
significant. Chi-square test, Pearson correlation co-
efficient, unpaired t test, ANOVA and post hoc ANOVA, 
linear regression analysis are carried out wherever 
found appropriate. Classification of correlation co-
efficient (r): 0.1-0.3 = small correlation, 0.3-0.5 = 
moderate correlation, 0.5-0.7= large correlation, 0.7-
0.9 = very large correlation, 0.9-1.0 = nearly perfect 
correlation and 1 = perfect correlation. Significant 
figures: p-value ≤ 0.01 = strongly significant, 0.01-
0.05 = moderately significant and 0.05-0.10 = 
suggestive significance.

results
60 patients of ESRD undergoing maintenance 
hemodialysis were studied. Among the study 
population, 60% (n=36) were males and 40% 
(n=24) were females. 45% (n=27) were smokers 
and 35% (n=21) were alcoholics, 70% (n=42) had 
diabetes and all 100% (n=60) had hypertension. 
Among 60 participants, 18% (n=11) had mild (130-
135 mEq/L), 38% (n=23) had moderate (125-129 
mEq/L) and 44% (n=26) had severe (<125 mEq/L) 
hyponatremia. The average inter-dialytic weight 
gain was 1.86±0.55 L in the patients who had mild 
hyponatremia, 2.19±0.56 L in those with moderate 
and 2.80±0.44 L in those with severe hyponatremia. 
There was a significant negative correlation 
between serum sodium and average weight gain 
(r=-0.506, p=0.0001). The average ultrafiltrate 
removed per hemodialysis session was 1.69±0.56 
L in mild, 2.02±0.53 L in moderate and 2.62±0.36 
L in severe hyponatremia. There was a significant 
negative correlation between serum sodium and 
average ultrafiltrate removed per session (r=-0.550, 
p=0.0001) (Table 1).

Table 1: Association between serum sodium and ultrafiltration

Hyponatremia Number Mean Std. Deviation p-value ANOVA

Average weight gain per 
dialysis

Severe 26 2.8038 0.44157 0.0001

Moderate 23 2.1870 0.56493

Mild 11 1.8591 0.55354

Total 60 2.3942 0.63058

Average UF per dialysis Severe 26 2.6250 0.35644 0.0001

Moderate 23 2.0217 0.52825

Mild 11 1.6909 0.55759

Total 60 2.2225 0.59192

Among 60 patients, 53% (n=32) were on furosemide 
out of whom 28% (n=9) had moderate and 72% 
(n=23) had severe hyponatremia. 47% patients 
(n=28) were on thiazides out of whom 39% (n=11) 
had mild, 50% (n=14) had moderate and 11% 
(n=3) had severe hyponatremia. There was a strong 
association between hyponatremia and diuretic 
usage (both furosemide and thiazide: p=0.0001) 
(Table 2).

All patients were on RAS blockers, out of whom 
18% (n=11) had mild, 38% (n=23) had moderate 
and 44% (n=26) had severe hyponatremia. 73% 
patients (n=44) were on beta blockers, among who 

7% (n=3) had mild, 34% (n=15) had moderate 
and 59% (n=26) had severe hyponatremia. 98% of 
patients (n=59) were on calcium channel blockers, 
out of whom 17% (n=10) had mild, 39% (n=23) had 
moderate and 44% (n=26) had severe hyponatremia 
(p=0.176). 58% patients (n=25) had CHF out of 
whom 26% (n=9) had moderate and 74% (n=26) 
had severe hyponatremia. The mean serum sodium 
among patients with CHF was 123.54±2.28 mEq/L 
and among those without CHF was 129.44±2.00 
mEq/L. There was a strong association between 
hyponatremia and presence of CHF (p=0.0001) 
(Table 3).
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Table 2: Association between serum sodium and diuretic usage.

Hyponatremia
Furosemide

Total
p-value

(Chi-square test)No Yes

Severe 3 23 26

0.0001
Moderate 14 9 23

Mild 11 0 11

Total 28 32 60

Thiazide

0.0001

Hyponatremia No Yes Total

Severe 23 3 26

Moderate 9 14 23

Mild 0 11 11

Total 32 28 60

Table 3: Association between serum sodium and chronic heart failure.

Hyponatremia
Chronic heart failure

Total
p-value

(Chi-square test)No Yes

Severe 0 26 26

0.0001
Moderate 14 9 23

Mild 11 0 11

Total 25 35 60

Among the study population, 70% (n=42) had DM 
out of whom 7% (n=3) had mild, 31% (n=13) had 
moderate and 62% (n=26) had severe hyponatremia. 
The mean serum sodium among patients with DM 

was 124.48±2.47 mEq/L and among those without 
DM was 129.55±2.09 mEq/L. There was a significant 
association between hyponatremia and presence of 
DM (r=-0.706, p=0.0001) (Table 4).

Table 4: Association between serum sodium and diabetes mellitus.

Hyponatremia
DM

Total
p-value

(Chi-square test)No Yes

Severe 0 26 26

0.0001
Moderate 10 13 23

Mild 8 3 11

Total 18 42 60

Discussion
We conducted a cross-sectional study of 60 ESRD 
patients undergoing maintenance hemodialysis 
and observed the association of serum sodium with 
ultrafiltration, diuretic usage, CHF and DM. The 
patients who had higher inter-dialytic weight gain 
and those with larger volume of ultrafiltrate removed 
per dialysis had much lower serum sodium levels 

suggesting a significant association between the 
two variables (p=0.0001). Out of 60 patients, 53% 
were on loop diuretics and 47% on thiazide group 
of drugs. There was a strong association between 
hyponatremia and use of diuretics (p=0.0001). 58% 
of ESRD patients had associated CHF out of whom 
74% had severe hyponatremia with a mean of 
123.54±2.28 mEq/L, suggesting a strong association 
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(p=0.0001). 70% of the study population were 
diabetic out of whom 62% had severe hyponatremia 
establishing a strong association (0=0.0001).

Kitai et al [3] studied 188 patients who were 
enrolled in the cardiorenal rescue study in acute 
decompensated heart failure (CARRESS) trial. 
Study included all patients who were hospitalized 
with HF, irrespective of LVEF, who had renal 
dysfunction and persistent signs of congestion. The 
incidence of hyponatremia was significantly higher 
in the ultrafiltration group than those receiving 
conventional treatment (p=0.002). Lim et al [4] 
investigated whether hyponatremia is associated 
with fluid status and is a prognostic indicator for 
adverse outcomes in a CKD cohort of 4,766 patients 
with 1,009 diuretic users. The diuretic users showed 
higher percentage of CHF (27.7%), DM (65.5%) and 
significantly lower sodium levels (p<0.001) than 
non-diuretic users. 85% of patients on diuretics 
with DM had serum sodium <141 mEq/L whereas 
15% of them had >141 mEq/L. 84% of patients on 
diuretics with CHF had serum sodium <141 mEq/L 
whereas 16% of them had >141 mEq/L. This study 
showed that hyponatremia was associated with 
excessive volume and volume depletion, in diuretic 
users, but not in diuretic non-users. Baek et al [13] 
retrospectively analysed 90-day and 1-year all-cause 
mortality in 599 hemodialysis patients in relation 
to pre-dialysis serum sodium. 67.9% patients 
were diabetic and 12.2% had CHF, 79.8% were on 
loop diuretics and 33% were on thiazides. The 
study established the relationship between severe 
hyponatremia and 90-day/1-year mortality rate (90-
day mortality: HR=2.367, p=0.037, 1-year mortality: 
HR=1.802, p = 0.040). Pliquett et al [14] studied 262 
patients with cardiorenal syndrome out of whom 
34.4% of patients presented with Hyponatremia. 
Hypovolemia was more frequently encountered 
in hyponatremic than in non-hyponatremic CRS 
patients. The number of prescribed diuretic drug 
classes and, the dosages of hydrochlorothiazide 
(p=0.002) and furosemide (p=0.003) were the 
possible underlying reasons. The in-hospital 
mortality was higher among hyponatremic (15.6%) 
than among non-hyponatremic (7.6%) patients. 
The study showed that hyponatremic patients were 
more likely to have hypovolemia, and had a higher 
likelihood for compromised renal status. Sahin et al 
[15] investigated the association of low serum sodium 

levels in relation to glycemic control in hemodialysis 
(HD) patients. In adjusted Cox regression analysis, 
lowest sodium quartile was associated with 2.13-
fold increased risk of overall mortality (p<0.001). 
The predictivity of low serum sodium was prominent 
in diabetic subjects but not in nondiabetics. Waikar 
et al [16] studied 1549 oligoanuric participants 
in the HEMO study, a randomized controlled trial 
of hemodialysis patients, and examined the effect 
of hemodialysis dose and flux. Lower predialysis 
serum sodium concentration was associated with 
an increased risk of death. They concluded that 
hyponatremia itself could be a causal determinant 
of mortality in the broader population.

Our study results are comparable to many other 
studies which established similar association.

Higher inter-dialytic weight gain, larger ultrafiltrate 
volume removed during hemodialysis sessions, 
overuse of diuretic therapy, presence of CHF and 
Diabetes mellitus increase the risk of hyponatremia 
among ESRD patients. The severity of hyponatremia 
is directly proportional to the morbidity and 
mortality in ESRD patients. Appropriate correction 
as and when required maintains the fluid and 
electrolyte balance which can significantly reduce 
the long-term adverse effects and improve the 
quality of life of such patients.

conclusion
Ultrafiltration, diuretic therapy, presence of heart 
failure and diabetes mellitus have a major impact in 
causing hyponatremia in ESRD patients undergoing 
hemodialysis. Serum sodium serves as a risk marker 
for morbidity and mortality in such patients.
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