
494 Acta Pharmacologica Sinica ©2009 CPS and SIMM

Acta Pharmacol Sin  2009  Apr; 30 (4): 494–500
npg

Original Article

Association of serum sodium concentration with coronary 
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Aim: The aim of this study was to test the hypothesis that lower serum sodium may be associated with increased cardiovas-
cular events and all-cause mortality by means of long-term follow-up of subjects with coronary atherosclerosis in a prospec-
tive, hospital-based epidemiological study in China.  
Methods: A prospective, hospital-based epidemiological design was used.  The study population consisted of 1069 consecu-
tive patients who were scheduled to undergo coronary angiography for suspected or known coronary atherosclerosis.  The 
severity of coronary atherosclerosis was defined using Gensini’s score system.  Age, sex-adjusted hazard ratios (HR) and 
95% confidence intervals (CI) for the quartiles of serum sodium concentration were estimated with Cox proportional hazard 
models, using quartile 1 as the reference.  Cox proportional hazard models were also constructed to estimate the hazard 
ratios and 95% confidence intervals for all-cause mortality and final end-point events by serum sodium quartile and to 
adjust for potentially confounding variables.  Multivariate models were adjusted for the following variables: age, sex, smok-
ing status, alcohol consumption, body mass index, blood pressure, potassium, chloride, total cholesterol, triglycerides, fast-
ing blood glucose, urea, creatinine, uric acid, and Gensini’s score.  
Results: During the median 2.86 years (3011.66 person-years) of follow-up, 176 final end-point events were documented.  
These events included 79 deaths and 97 readmissions for coronary heart disease.  There was a statistically significant inverse 
association of serum sodium with all-cause mortality (P<0.001).  After full adjustment comparing the highest serum sodium 
quartile to the lowest, there was a non-significant inverse association with all-cause mortality, with an adjusted hazard ratio 
(95% CI) of 0.67 (0.25–1.80).  After adjustment for age and sex, the hazard ratio and 95% CI for final end-point events across 
increasing quartiles of serum sodium concentration were 1.00, 0.85 (0.59–1.22), 0.52 (0.34–0.82), and 0.31 (0.19–0.49).  After 
full adjustment comparing the highest serum sodium quartile to the lowest, there was a statistically significant inverse asso-
ciation with final end-point events, with an adjusted hazard ratio (95% CI) of 0.46 (0.26–0.81).  
Conclusion: The serum sodium concentration showed a statistically significant negative association with coronary events 
and all-cause mortality in subjects with coronary atherosclerosis; the actual mechanism underlying this association needs 
further study.
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Introduction

Despite 4 decades of declining mortality from cardio-
vascular disease (CVD) in the United States, CVD remains 
by far the leading cause of morbidity and mortality[1] and it 
is soon to be the leading cause of morbidity and mortality 

in the developing world as well[2].  Government agencies, 
expert panels and health associations routinely recommend 
lower sodium intake to reduce blood pressure in order to 
reduce the risk of cardiovascular disease[3–4].  

However, examinations of the relationship between 
dietary sodium intake and mortality in the National Health 
and Nutrition Examination Survey (NHANES) I[5], II[6], 
and III[7] suggested the hypothesis that lower sodium may be 
associated with increased risk of CVD and all-cause mortal-
ity.  However, no randomized clinical trial data exist to define 
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the effect of different serum sodium levels on the risk of 
CVD events or mortality.

In a previous study, we found that the concentration of 
serum sodium was significantly and negatively associated 
with the severity of coronary atherosclerosis, as measured 
by Gensini’s score based on coronary angiography[8].  How-
ever, the study could not assess the long-term cardiovascular 
morbidity and all-cause mortality consequences of lower 
serum sodium.  Of concern is the fact that lower sodium 
can generate increased activity of the renin-angiotensin and 
sympathetic nervous systems, as well as increased insulin 
resistance; each of these could have adverse effects on cardio-
vascular risk[9–11].  

Accordingly, we decided to test the hypothesis that lower 
serum sodium may be associated with an increased risk of 
cardiovascular events and all-cause mortality.  We conducted 
long-term follow-up in a prospective, hospital-based epide-
miological study in China and also examined evidence for 
the competing hypothesis that higher serum sodium is asso-
ciated with increased mortality risk.

Materials and methods

Study design, study sample, and follow-up  A pro-
spective, hospital-based epidemiological design was used to 
assess the association between serum sodium concentration 
and the prognosis of subjects with coronary atherosclerosis.  
This study was approved by the Ethics Committee of the 
First Affiliated Hospital of Nanjing Medical University and 
informed consent was obtained from each patient.  The study 
was conducted in accordance with the principles of the Dec-
laration of Helsinki.  The study population consisted of 1432 
consecutive patients (1034 males and 398 females) who were 
to undergo coronary angiography for suspected or known 
coronary atherosclerosis at the First Affiliated Hospital of 
Nanjing Medical University in China from 2nd February 
2004 to 12th May 2006.  Patients with spastic angina pecto-
ris (ie, acetylcholine-positive) were excluded.  Patients with 
infectious processes within 2 weeks before catheterization, 
heart failure (Killip Class≥2 after acute myocardial infarc-
tion), hepatic dysfunction, vascular disease (aortitis treated 
with prednisolone), familial hypercholesterolemia, thyroid 
dysfunction, or adrenal dysfunction were also excluded.  
Among the 1432 subjects, data regarding the potassium, 
sodium, and chloride concentrations were obtained for 1197 
subjects; 235 subjects failed to undergo the measurements.  
During follow-up, 161 subjects were lost due to a change of 
telephone number and/or address.  Therefore, we excluded 
363 subjects who had incomplete data on potassium, 

sodium, and chloride levels, were lost to follow-up, or both.  
Thus, the final study cohort consisted of 1069 participants.  
Among the 1069 subjects, 821 subjects had undergone coro-
nary angiography.  However, due to a variety of reasons, 248 
subjects failed to undergo coronary angiography.  

The follow-up of the aforementioned cohort was con-
ducted in November 2007.  The interval time between base-
line and follow-up ranged from 1.53 to 3.80 years, and the 
median follow up time was 2.86 years.  In this study, an inde-
pendent end-point committee evaluated all reported events 
in order to obtain uniform judgments of major end-points.  
The end-point committee met regularly and made final deci-
sions about the end-points.  The work of the end-point com-
mittee was documented on a separate case record form.  

The diagnostic criteria for end-points for the purposes of 
follow-up were as follows: (1) All-cause mortality, including 
all specified causes as well as unknown causes; (2) readmis-
sion for coronary heart disease; (3) definite acute myocardial 
infarction; and (4) undergoing revascularization of the coro-
nary artery (including percutaneous coronary intervention 
and coronary artery bypass graft).  The final outcome variable 
in the follow-up was a combination of the above four criteria.  
Among the 1069 subjects, 53 subjects died from coronary 
heart disease, 26 subjects died from non-coronary heart dis-
ease, and there were a total of 79 death events.  A total of 97 
subjects were readmitted for coronary heart disease; among 
these 97 subjects, 42 subjects underwent a revascularization 
operation and 6 subjects suffered from acute myocardial 
infarction.  Overall, there were 176 final end-point events.  

Methods
Coronary angiography  Coronary arteries were cannu-

lated using the Judkins technique[12] with 5F catheters, and 
coronary angiography was performed from several projec-
tions.  The severity of coronary atherosclerosis was defined 
using Gensini’s score system, based on the hypothesis that 
the severity of coronary heart disease should be considered 
a product of the functional effects of vascular narrowing and 
the extent of the area perfused by the involved vessel or ves-
sels.  Therefore, Gensini’s score was computed by assigning 
a severity score to each coronary stenosis according to the 
degree of luminal narrowing and its geographic importance.  
Reductions in lumen diameter and the roentgenographic 
appearance of concentric lesions and eccentric plaques were 
evaluated (reductions of 25%, 50%, 75%, 90%, 99%, and 
complete occlusion were given Gensini’s scores of 1, 2, 4, 8, 
16, and 32, respectively).  Each principal vascular segment 
was assigned a multiplier depending on the myocardial area 
supplied by that segment: left main coronary artery, ×5; 
proximal segment of left anterior descending coronary artery 
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(LAD), ×2.5; proximal segment of the circumflex artery, 
×2.5; mid-segment of the LAD, ×1.5; right coronary artery, 
distal segment of the LAD, posterolateral artery, or obtuse 
marginal artery, ×1; and others, ×0.5[13].  

Cigarette smoking and alcohol intake  Cigarette smoking 
and alcohol intake were assessed by means of a standard-
ized questionnaire.  Patients’ smoking status was classified 
as either “never smoking” or “smoking” (the latter group 
included both former and current smokers).  Subjects who 
reported consuming at least 50 g/week of alcohol were con-
sidered current drinkers.  Alcohol intake status was classified 
as either “never drinking” or “drinking” (including both for-
mer and current drinkers).  

Laboratory measurements  The 12-h fasting blood samples 
were drawn in the morning.  All laboratory measurements 
were conducted at the central clinical laboratory of the First 
Affiliated Hospital of Nanjing Medical University.  The con-
centrations of potassium (mmol/L), sodium (mmol/L), 
and chloride (mmol/L) were measured with an Ion Selec-
tive Electrode Analyzer (Medica EasyLyte PLUS, Bedford, 
MA, USA).  The levels of total cholesterol (mmol/L), trig-
lycerides (mmol/L), fasting blood glucose (mmol/L), urea 
(mmol/L), creatinine (µmol/L), and uric acid (µmol/L) 
were determined by enzymatic procedures on an automated 
autoanalyzer (AU 2700 Olympus, 1st Chemical Ltd, Japan).  

Statistical methods  Data analysis was performed using 
the Statistical Package for the Social Sciences (SPSS for 
Windows, version 10.0, 1999, SPSS Inc, Chicago, IL).  Data 
on body mass index (BMI) were normally distributed and 
presented as means±SD, and comparisons were conducted 
by analysis of variance.  However skewed data (including 
age, blood pressure, potassium, sodium, chloride, total cho-
lesterol, triglycerides, fasting blood glucose, urea, creatinine, 
uric acid, and Gensini’s score) were expressed in median 
and quartile ranges, and comparisons were conducted using 
the Kruskal-Wallis H test.  For categorical variables such as 
smoking and drinking status, comparisons between patient 
groups were conducted by Chi-squared analysis.  The Spear-
man two-way correlation and partial correlation tests were 
employed to assess the relationship between two quantitative 
variables.  

Age- and sex-adjusted hazard ratios (HR) and 95% 
confidence intervals (CI) for the quartiles of serum sodium 
concentration were estimated with Cox proportional hazard 
models, using quartile 1 as the reference.  Cox proportional 
hazard models were also constructed to estimate the hazard 
ratios and 95% confidence intervals of all-cause mortality 
and final end-point events by serum sodium quartile and to 

adjust for potentially confounding variables.  Multivariate 
models were adjusted for the following variables: age, sex, 
smoking status, drinking status, body mass index, blood pres-
sure, potassium, chloride, total cholesterol, triglycerides, fast-
ing blood glucose, urea, creatinine, uric acid, and Gensini’s 
score.  Interaction product terms of serum sodium with each 
of the above listed covariates were created and tested, along 
with the main effects terms in the fully adjusted models.  

Results

Baseline characteristics by serum sodium quartile   
Table 1 presents the baseline characteristics of the study 
population, grouped by serum sodium quartile.  Almost all 
characteristics were significantly different between quartiles 
or nearly so, except for smoking status, drinking status, cho-
lesterol level, urea level, and uric acid level.  The low serum 
sodium quartile group was more likely to be older and male 
and have a higher glucose level, a higher creatinine level, and 
a higher Gensini’s score.  The high serum sodium quartile 
group was more likely to have a higher body mass index, 
higher systolic blood pressure, a higher potassium level, and 
a higher chloride level.  

Spearman and partial correlations between sodium 
concentration and Gensini’s score, anthropometric 
measurements, and biochemical characteristics in 
patients  Table 2 shows the results of Spearman correlations 
among serum sodium and Gensini’s score, anthropometric 
measurements, and biochemical characteristics in patients.  
The results indicated that the concentration of sodium was 
significantly correlated with age (P<0.001), BMI (P<0.01), 
SBP (P<0.001), DBP (P<0.01), fasting blood glucose 
(P<0.001), creatinine (P<0.01), potassium (P<0.01), chlo-
ride (P<0.001) and Gensini’s score (P<0.001).  However, 
there was no significant correlation of sodium level with total 
cholesterol, triglycerides, urea, or uric acid.

Because serum sodium is highly correlated with age and 
gender, and because age and gender are correlated with dis-
ease risk, the correlation coefficients between serum sodium 
and other outcomes should be adjusted for age and gender.  
Table 3 shows the results of partial correlations among 
sodium and Gensini’s score, anthropometric measurements, 
and biochemical characteristics of the study population, 
controlling for age and gender.  The results indicated that the 
concentration of serum sodium is significantly correlated 
with BMI (P<0.01), SBP (P<0.01), fasting blood glucose 
(P<0.001), potassium (P<0.001), chloride (P<0.001) and 
Gensini’s score (P<0.001).
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Age- and sex-adjusted and multivariate-adjusted 
hazard ratios for all-cause mortality by serum sodium 
quartile  During the median 2.86 years (3011.66 person-
years) of follow-up, 79 deaths were recorded, among which 
53 were related to coronary heart disease and 26 were from 
other causes.  Table 4 provides age- and sex-adjusted and 
multivariate-adjusted hazard ratios and 95% confidence 

intervals (CI) for all-cause mortality by serum sodium 
quartile.  There was a statistically significant inverse associa-
tion of serum sodium with all-cause mortality (P<0.001).  
After full adjustment comparing the highest serum sodium 
quartile to the lowest, there was a non-significant inverse  
association with all-cause mortality, with an adjusted hazard 
ratio (95% CI) of 0.67 (0.25–1.80).  

Table 1.  Baseline characteristics of the study population by serum sodium quartile.

 	                                                                                                                            Serum sodium (mmol/L)	
	 Variables                                           Quartile 1	             Quartile 2	              Quartile 3	            Quartile 4	    P value
	                                                        101.90–141.50	       141.50–144.40	         144.41–147.00	       147.01–158.30	
	                                                                n=266	                n=265	                  n=268	                n=270
 
	 Age (years)	   67.5 (55.8–72.3)	   64.0 (55.0–71.0)	   63.0 (52.0–70.0)	   62.0 (56.0–71.0)	 P<0.01
	 Gender (m/f)	 210/56	 203/62	 186/82	 177/93	 P<0.01
	 BMI (kg/m2)	   24.37±3.22	   24.86±2.98	   24.83±3.32	   25.23±3.24	       0.02
	 Smoker (Y/N)	 124/138	 124/135	 119/142	 124/140	       0.96
	 Drinker (Y/N)	   64/198	   50/209	   60/201	   56/208	       0.52
	 SBP (mmHg)	 130 (110–140)	 130 (116–143)	 130 (120–141)	 130 (120–145)	 P<0.01
	 DBP (mmHg)	   80 (70–85)	    80 (70–85)	    80 (70–88)	    80 (70–85)	 P<0.05
	 Cholesterol (mmol/L)	      4.08 (3.44–4.54)	      4.11 (3.61–4.66)	      4.04 (3.45–4.65)	      4.17 (3.51–4.70)	       0.42
	 Triglycerides (mmol/L)	      1.34 (0.91–1.87)	      1.47 (1.03–1.99)	      1.45 (1.07–2.07)	      1.36 (1.01–1.84)	       0.07
	 Glucose (mmol/L)	      5.18 (4.45–6.67)	      4.84 (4.41–5.73)	      4.76 (4.29–5.22)	      4.78 (4.34–5.40)	 P<0.001
	 Urea (mmol/L)	      5.35 (4.42–6.43)	      5.38 (4.17–6.73)	      5.35 (4.65–6.39)	      5.15 (4.15–6.36)	       0.75 
	 Creatinine (µmol/L)	    78.00 (64.75–92.00)	   76.00 (63.00–91.00)	    73.00 (62.00–84.00)	    72.60 (61.30–91.00)	 P<0.05
	 Uric acid (µmol/L)	 346.50 (289.50–414.25)	 366.00 (301.00–425.00)	 366.00 (293.50–418.00) 	 344.00 (292.00–415.00)	       0.58
	 Potassium (mmol/L)	      4.15 (3.72–4.50)	      4.15 (3.83–4.44)	      4.11 (3.84–4.43)	      4.28 (3.91–4.55)	 P<0.01
	 Chloride (mmol/L)	 101.60 (99.10–105.13)	 104.25 (102.70–106.23)	 105.30 (103.50–107.00)	 107.10 (105.40–109.00)	 P<0.001
 
	 Gensini’s score	   39.00 (12.00–68.25)	   32.00 (8.00–70.25)	   19.00 (0.00–49.00)	   10.00 (0.00–44.00)	 P<0.001

Table 2.  Basel ine Spear man cor relat ions bet ween sodium 
concentration and other variables of the study population.

 	                 	                         Sodium concentration (mmol/L)
                Variables                                             Correlation                  

P value                                                                                coefficient	
 
	 Age (years)	 –0.11	 P<0.001
	 Body mass index (kg/m2)	    0.11	 P<0.01
	 Systolic blood pressure (mmHg)	    0.12	 P<0.001
	 Diastolic blood pressure (mmHg)	    0.10	 P<0.01
	 Cholesterol (mmol/L)	    0.05	       0.10
	 Triglycerides (mmol/L)	    0.06	       0.054
	 Glucose (mmol/L)	 –0.15	 P<0.001
	 Urea (mmol/L)	 –0.02	       0.46
	 Creatinine (µmol/L)	 –0.08	 P<0.01
	 Uric acid (μmol/L)	    0.01	       0.73
	 Potassium (mmol/L)	    0.10	 P<0.01
	 Chloride (mmol/L)	    0.53	 P<0.001
	 Gensini’s score	 –0.24	 P<0.001

Table 3.  Baseline partial correlations between sodium concentration 
and other variables of the study population adjusted for age and sex.

 	                 	                         Sodium concentration (mmol/L)
                Variables                                              Correlation                  

P value                                                                                 coefficient	
 
	 Body mass index (kg/m2)	    0.08	 P<0.01
	 Systolic blood pressure (mmHg)	    0.10	 P<0.01
	 Diastolic blood pressure (mmHg)	    0.06	       0.064
	 Cholesterol (mmol/L)	 –0.01	       0.65
	 Triglycerides (mmol/L)	    0.02	       0.61
	 Glucose (mmol/L)	 –0.17	 P<0.001
	 Urea (mmol/L)	    0.01	       0.75
	 Creatinine (µmol/L)	    0.01	       0.78
	 Uric acid (μmol/L)	    0.05	       0.10
	 Potassium (mmol/L)	 –0.15	 P<0.001
	 Chloride (mmol/L)	    0.39	 P<0.001
	 Gensini’s score	 –0.16	 P<0.001

Age (years) and sex as controlling variables.
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Age- and sex-adjusted and multivariate-adjusted 
hazard ratios for final end-point events by serum sodium 
quartile  During the median 2.86 years (3011.66 person-
years) of follow-up, we documented 176 final end-point 
events.  These events included 79 deaths and 97 readmis-
sions for coronary heart disease.  Table 5 shows age- and sex-
adjusted and multivariate-adjusted hazard ratios and 95% 
confidence intervals (CI) for final end-point events by serum 
sodium quartile.  After adjustment for age and sex, the hazard 
ratios and 95% confidence intervals (CI) for final end-point 
events across increasing quartiles of serum sodium con-
centration were 1.00, 0.85 (0.59–1.22), 0.52 (0.34–0.82), 
and 0.31 (0.19–0.49).  After full adjustment comparing the 
highest sodium serum quartile to the lowest, there was a sig-
nificant inverse association of serum sodium with final end-
point events, with an adjusted hazard ratio (95% CI) of 0.46 
(0.26–0.81).

Discussion

The present study indicates that the concentration of 

serum sodium is significantly and negatively associated with 
the severity of coronary atherosclerosis, as measured by 
Gensini’s score based on coronary angiography.  During the 
median 2.86 years (3011.66 person-years) of follow-up, there 
was a statistically significant inverse association of serum 
sodium with all-cause mortality (P<0.001).  After full adjust-
ment comparing the highest serum sodium quartile to the 
lowest, there was a significant inverse association of serum 
sodium with the final end-point events, and the adjusted 
hazard ratio (95% CI) was 0.46 (0.26–0.81).  Therefore, we 
confirmed the hypothesis that lower serum sodium may be 
associated with increased cardiovascular events and all-cause 
mortality over long-term follow-up in China.  To the best of 
our knowledge, this is the first study directly linking sodium 
concentration to subsequent morbidity and mortality in sub-
jects with coronary atherosclerosis.  These findings conflict 
with widely held popular belief, but they may be consistent 
with the biologically plausible hypothesis.  

Under normal conditions, serum sodium concentrations 
are maintained within the narrow range of 135-145 mmol/L 
despite great variation in water and salt intake.  Sodium and 

Table 4.  Age- and sex-adjusted and multivariate-adjusted hazard ratios for all-cause mortality by serum sodium quartile.

 	         
All-cause mortality

	                                                                                                      Serum sodium quartiles
	                                                                                                     1 (low)                           2                                                     3	                                        4 (high)
 
	 No of deaths	    36	    23	    10	   10
	 Person-years	 746.42	 737.04	  731.08	 797.12
	 Age, sex-adjusted HR1 (95% CI)	      1.00	      0.77 (0.45–1.29)	       0.41 (0.20–0.83)	       0.25 (0.12–0.50)
	 Multivariate-adjusted HR2 (95% CI)	      1.00	      1.24 (0.53–2.86)	       0.51 (0.14–1.81)	       0.67 (0.25–1.80)
	 P for HR1	    –	      0.32	 P<0.05	 P<0.001
	 P for HR2	    –	      0.62	       0.30	       0.43 

Multivariate-adjusted HR was adjusted for age (in years), sex, smoking status [never smoking, smoking (including formerly smoking and currently 
smoking)], drinking status [never drinking, drinking (including formerly drinking and currently drinking)], BMI, blood pressure, potassium, 
chloride, total cholesterol, triglycerides, fasting blood glucose, urea, creatinine, uric acid, and Gensini’s score. 

Table 5.  Age- and sex-adjusted and multivariate-adjusted hazard ratios for final end-point events by serum sodium quartile.

 	         
All-cause mortality

	                                                                                                      Serum sodium quartiles
	                                                                                                     1 (low)                          2                                                     3	                                       4 (high)
 
	 No of final event	    67	    53	     29	    27
	 Person-years	 746.42	 737.04	  731.08	 797.12
	 Age, sex-adjusted HR1 (95% CI)	      1.00	      0.85 (0.59–1.22)	       0.52 (0.34–0.82)	      0.31 (0.19–0.49)
	 Multivariate-adjusted HR2 (95% CI)	      1.00	      0.99 (0.62–1.60)	       0.65 (0.37–1.15)	      0.46 (0.26–0.81)
	 P for HR1	     –	      0.39	 P<0.01	 P<0.001
	 P for HR2	     –	      0.99  	       0.14	 P<0.01 

Multivariate-adjusted HR was adjusted for age (in years), sex, smoking status [never smoking, smoking (including formerly smoking and currently 
smoking)], drinking status [never drinking, drinking (including formerly drinking and currently drinking)], BMI, blood pressure, potassium, 
chloride, total cholesterol, triglycerides, fasting blood glucose, urea, creatinine, uric acid, and Gensini’s score.
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its accompanying anions, principally chloride and bicarbon-
ate, account for 86% of extracellular fluid osmolality, which 
is normally 285–295 mosm/kg.  Blood pressure is the most 
powerful predictor of stroke and other cardiovascular events.  
The importance of salt (sodium chloride) intake in deter-
mining blood pressure and the incidence of hypertension is 
well established.  Furthermore, randomized controlled clini-
cal trials of moderate reductions in salt intake show a dose-
dependent cause-effect relationship and lack of a threshold 
effect within the usual levels of salt intake in populations 
worldwide[14].  The effect is independent of age, sex, ethnic 
origin, baseline blood pressure, and body mass index.  How-
ever, in the present study, the associations between lower 
serum sodium and increased cardiovascular events and all-
cause mortality are significant when adjusted for blood pres-
sure and other risk factors.  Prospective studies[15–18] indicate 
that higher salt intake predicts the incidence of cardiovascu-
lar events.  Although widespread support exists for reduc-
ing salt intake to prevent cardiovascular disease, the lack of 
large and long-term randomized trials on the effects of salt 
intake reduction on clinical outcomes has encouraged some 
people to argue against a policy of salt intake reduction in 
populations[6].  

Observed associations of lower sodium with higher mor-
tality in the Third National Health and Nutrition Examina-
tion Survey (NHANES III) were modest and mostly insig-
nificant.  These findings also suggest that higher sodium is 
unlikely to be independently associated with higher CVD or 
all-cause mortality in the general US adult population[7].  The 
data from the present study are consistent with the hypothe-
sis that lower serum sodium is associated with increased car-
diovascular disease and all-cause mortality, and the observed 
associations reached statistical significance.  Sodium restric-
tion is one of the most widely publicized non-pharmacolog-
ical recommendations for cardiovascular disease prevention.  
The data here cannot sustain a conclusion that lower sodium 
is harmful.  However, these findings, along with the incon-
sistent results of other epidemiological studies, do not lend 
support to any universal prescription for salt intake.  More 
likely, optimal sodium intake will vary based upon genetic, 
behavioral, and environmental circumstances.

The mechanism that may account for the relationship 
between serum sodium level and the subsequent morbid-
ity and mortality of subjects with coronary atherosclerosis 
remains unknown.  However, at the baseline of the study, the 
serum concentration of sodium was significantly and nega-
tively correlated with age, fasting blood glucose, creatinine, 
and Gensini’s score.  The above-mentioned variables were 

also risk factors for coronary atherosclerosis and prognosis.  
Another reason that may accounts for the inverse relation-
ship between the prognosis of subjects with coronary ath-
erosclerosis and their sodium level was the activation of the 
renin-angiotensin system (RAS).  The sodium depletion 
observed in patients with greater coronary disease risk may 
be a cause or a consequence of renin-angiotensin system 
(RAS) activation.  Activation of the RAS may exert numer-
ous adverse effects on the cardiovascular system[19].  Under 
normal circumstances, the RAS modulates volume and vaso-
constriction to maintain pressure.  As part of this physiologic 
process, there is an inverse relation between sodium intake 
and activity of the RAS.  Thus, a 100 mmol/24 h reduction 
in sodium intake generates a threefold increase in plasma 
renin activity — a measure of RAS activity[20].  Although this 
mechanism is appropriate to sustain BP, an elevated RAS also 
has adverse effects on the vascular endothelium and smooth 
muscle cells and stimulates inflammatory agents.  The net 
result is atherogenic[21].

A limitation of the present study is that the subjects were 
from one center rather than multiple centers, which may 
result in selective bias; however, the large sample size of this 
study may have minimized this bias.  Because human blood 
sodium levels fluctuate, the other limitation is that we only 
measured blood sodium level on admission, and the patients’ 
urinary sodium level and sodium intake level were not mea-
sured.  Therefore, the clinical significance of the findings in 
the present study requires further investigation.  

In sum, the data are consistent with the hypothesis that 
lower serum sodium may be associated with an increased 
risk of cardiovascular events and all-cause mortality.  These 
conclusions were obtained from long-term follow-up of a 
prospective hospital-based epidemiological cohort in China.  
However, the actual mechanism underlying the association 
needs further study.  Furthermore, the results raise questions 
regarding the likelihood that a survival advantage will result 
from a universal recommendation for lower dietary sodium 
intake.  
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