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Abstract 

Background 

Although low sodium intake (<2g/day) and high potassium intake (>3·5g/day) are proposed as public 

health interventions to reduce stroke risk, there is uncertainty about the benefit and feasibility of 

this combined recommendation on prevention of stroke and its subtypes. 

Methods 

We obtained random urine samples from 9,275 cases of acute first stroke and 9,726 matched 

controls (8,761 matched pairs for conditional analysis) from 27 countries and estimated the 24-hour 

sodium and potassium excretion, a surrogate for intake, using the Tanaka formula. Using 

multivariable conditional logistic regression, we determined the associations of estimated 24-hour 

urinary sodium and potassium excretion with stroke and its subtypes. 

Results 

The mean estimated 24-hour sodium and potassium urinary excretion was 3·29g/day and 1·57g/day, 

with 0·01% of participants having both low sodium (<2·0g/day) and high potassium excretion 

(>3·5g/day). There was a moderate positive correlation between sodium and potassium excretion 

(r=0·4435, P<0.001) and between sodium excretion and blood pressure (P<0.001). Compared with an 

estimated urinary sodium excretion of 2·8-3·5g/day (second quartile, reference), higher (>4·26g/day) 

(OR 1.81;95%CI,1.65-2.00) and lower (<2·8g/day) sodium excretion (OR 1.39;95%CI,1.26-1.53) were 

significantly associated with increased risk of stroke. The stroke risk associated with the highest 

quartile of sodium intake (sodium excretion >4·26g/day) was significantly greater (P<0.001) for 

intracerebral haemorrhage (ICH) (OR 2.38;95%CI,1.93-2.92) than for ischemic stroke (OR 

1.67;95%CI,1.50-1.87), and greater for large vessel and small vessel ischemic stroke than for 

cardioembolic ischemic stroke. Urinary potassium was inversely and linearly associated with risk of 

stroke, and stronger for ischemic stroke than ICH (P=0.026). In an analysis of combined sodium and 
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potassium excretion, the combination of high potassium intake (>1·58g/day) and moderate sodium 

intake (2.8-3.5 g/day) was associated with the lowest risk of stroke. 

Conclusion 

The association of sodium intake and stroke is J-shaped, with high sodium intake a stronger risk 

factor for intracerebral haemorrhage than ischemic stroke. Our data suggest that moderate sodium 

intake – rather than low sodium intake – combined with high potassium intake may be associated 

with the lowest risk of stroke and expected to be a more feasible combined dietary target.  

 

Keywords 
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Introduction  

Hypertension is the key modifiable risk factor for stroke and increasing sodium intake is positively 

associated with blood pressure.[1,2] Reduction of sodium intake, to low intake levels of 2g/day or 

lower, has been proposed to be an effective population-level intervention to reduce blood pressure, 

and inferentially, reduce the burden of stroke.[3–5] However, despite the modest positive 

association between sodium intake and blood pressure,[6] the pattern of association of sodium 

intake with cardiovascular disease is consistently J-shaped in a number of large epidemiologic 

studies, [7–9] despite using different methods to estimate sodium intake (24-hour urine collection, 

early morning fasting samples, or random non-fasting urine samples). For stroke, individual studies 

report an inconsistent relationship between sodium intake and stroke, with different epidemiologic 

studies reporting a linear association, a curvilinear relationship, or J-shaped association.[10] In 

addition, the association of high sodium intake with stroke persists in most observational studies, 

after adjusting for blood pressure, suggesting mechanisms other than blood pressure may also 

mediate the increased cardiovascular risk.[7] 

Considerable public health efforts and resources are being invested in targeting low sodium intake 

(<2 g/day) [11], although there is controversy about whether low sodium intake represents the 

optimal target for cardiovascular prevention. Moreover, the feasibility of a combined target of low 

sodium and high potassium intake is challenged because only a very  small proportion of the 

population consume this joint electrolyte target;[12,13]  sodium and potassium intake usually 

correlate positively with each other indicating that targeting low sodium intake is more likely to be 

associated with reductions in potassium intake among free-living individuals, and vice-versa.[14] 

Increased potassium intake appears to be an important target for stroke prevention, with meta-

analyses reporting a linear reduction in stroke risk associated with increased potassium intake.[15] 

Studies also suggest that the adverse cardiovascular effects of high sodium intake may be mitigated 

with high potassium intake.[12,16,17] Therefore, evaluating the association of sodium intake with 
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stroke necessarily requires a combined analysis of the relationship of both electrolytes with stroke 

risk overall, and within stroke subtypes.[17] 

INTERSTROKE was a standardised international case-control study that included participants from 30 

countries.[1] The unique aspects of this observational study are the breadth of the international 

population included, the standardised measurement of vascular risk factors (including diet) and the 

valid determination of primary stroke subtype (ischemic or intracerebral haemorrhage) using 

neuroimaging.  

In this paper, we report the individual, and joint, associations of estimated sodium and potassium 

excretion (surrogates for intake) with stroke and its subtypes. 

Methods 

Study design and participants 

INTERSTROKE is a large, international case control study of risk factors for first stroke. 13,462 stroke 

patients and 13,483 matched controls were recruited between Jan 11, 2007 and Aug 8, 2015. For the 

current analyses, we include 9,275 cases and 9,726 controls with urinary measures of sodium and 

potassium (8,761 matched pairs for conditional analysis). Each case was matched for sex and age (±5 

years) with controls (Supplementary Table 1). Cases were patients with first acute stroke, either 

ischaemic or intracerebral haemorrhage, with confirmation by Computed Tomography (CT) or 

Magnetic Resonance Imaging (MRI) brain imaging. Patients with stroke were enrolled within five 

days of symptom onset and within 72 hours of hospital admission. Stroke severity was measured 

using the modified Rankin Scale at the time of recruitment and at 1-month follow-up. The study was 

approved by the ethics committees in all participating centres. Written informed consent was 

obtained from participants or their proxy. 
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Measurement of Risk Factors 

Standardized questionnaires were used to collect data on demographics, lifestyle stroke risk factors 

and characteristics of acute stroke from all cases and controls (Supplementary Table 2). Physical 

measurements of weight, height, waist and hip circumferences, heart rate, blood pressure were 

recorded in a standardised manner. In cases, blood pressure and heart rate were measured at three 

time-points: at admission, the next morning and at the time of interview. A modified-Rankin scale 

score was collected at three time-points for cases: pre-admission, time of interview and at one-

month follow-up (either in person or by phone) and one time-point for controls (time of interview). 

Ischemic stroke subtype was based on clinical assessment (baseline and one-month), neuroimaging 

(baseline) and results of tests to determine aetiology (ultrasound of carotids, cardiac imaging and 

cardiac monitoring). Hypertension was defined as a composite of self-reported hypertension and a 

blood pressure reading of greater than 140/90 mmHg at recruitment. Diabetes mellitus was defined 

as self-reported diabetes or a HbA1c of greater than 6·5% at recruitment. 

Blood and Urine collection and analysis 

Non-fasting blood and urine samples were taken from cases within 72 hours of recruitment and 

controls (at the time of interview), frozen at -20° to -70° and shipped to core laboratories (Hamilton-

Canada, Beijing-China, Bangalore-India and Istanbul-Turkey). Several formulae exist for estimation of 

24-hr sodium and potassium excretion from spot urinary sodium/potassium measurements.[18–20] 

These formulae have been validated against 24-hr urine collections [21] and serve as a valid measure 

of mean population sodium and potassium intake.[22] The Tanaka formula was used to estimate 24-

hour urine sodium and potassium excretion [18] and is reported to be associated with the least 

biased estimate for casual (non-fasting) urine samples in an international population.[21]  
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Statistical analysis 

We calculated the correlation between urinary sodium and potassium excretion using Pearson’s 

correlation coefficient, and of sodium and potassium excretion with blood pressure using an intra-

class correlation coefficient (ICC) in controls (excluding those with known hypertension or taking 

diuretics). We used multivariable conditional logistic regression to evaluate the association of 

sodium and potassium excretion with stroke, employing restricted cubic-spline plots to explore the 

pattern of association.[23] For analysis of categories of estimated sodium excretion, we set the 

reference group as the second quartile (2·8-3·5g/day), as this was identified as the lowest risk 

category on initial univariate analyses, and consistent with the range of lowest risk on cubic splines. 

Similarly, we set the first quartile (<1.34 g/day) as the reference group for estimated potassium 

excretion. 

We adjusted for covariates in four sequential models. Model 1 was adjusted for age and body mass 

index (BMI). Model 2 (the primary model) was additionally adjusted for education level (none-

reference, 1-8 years, 9-12 years, Trade School, College/University), alcohol intake (never-reference, 

former, current), diabetes, atrial fibrillation or flutter, smoking (never-reference, former, current) 

and physical activity level (strenuous-reference, moderate, mild, mainly sedentary). Model 3 

included all the variables in model 2 and added, estimated excretion of potassium (Tanaka) and the 

alternative healthy eating index (AHEI) dietary score as an overall measure of diet quality. Model 4 

included hypertension status, mean systolic blood pressure, mean diastolic blood pressure and 

medications which modify sodium excretion, which was a model to explore variables potentially 

along the causal pathway mediating the association of sodium and potassium intake with stroke. 

Model 4 was reproduced separately with the three components of the mean blood pressure 

variable; time of admission, the morning after admission and during the interview. We examined the 

consistency of these associations by performing analyses in subgroups using our primary model 

(conditional analysis) based on key characteristics that might modify the association between 

sodium, potassium, and stroke (ethnicity, body mass index (BMI), sex, age, hypertension, and 
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diuretic therapy), using the Wald test to assess statistical interactions. We excluded small subgroups 

(<500 participants).  

We performed an analysis of the combined effects of sodium and potassium excretion, in which we 

generated eight categories (4X2) by sodium excretion quartile (<2.8 g/day, 2.8-3.5 g/day, 3.5-4.26 

g/day and >4.26 g/) and potassium excretion above and below median (1·58 g/day).  We completed 

a sensitivity analysis in which we excluded patients (cases) with a modified Rankin score greater than 

2, as such patients may more likely not consume their usual diets and may receive co-interventions 

(e.g. intravenous fluids and enteric feeding due to their disability). Given that time from hospital 

admission to sample collection may also affect the classification of intake categories, we completed 

an analysis that excluded participants with samples collected greater than 48 hours after admission. 

All analyses were performed using R version 3·5·3 (Great Truth). 

Role of the funding source 

The study funders had no role in study design; in the collection, analysis, and interpretation of data; 

in the writing of the report; and in the decision to submit the paper for publication. 

Results 

INTERSTROKE participants 

Between Jan 11, 2007 and Aug 8, 2015, the INTERTSROKE study enrolled 9,275 cases of acute first 

stroke and 9,726 matched controls (8,761 matched pairs for conditional analysis) who also had 

urinary samples collected. Table 1 and Supplementary Table 3 (sodium) and Supplementary Table 4 

(potassium) outline the characteristics of patients including co-morbidities, stroke type, stroke 

severity and blood pressure by quartiles of sodium and potassium excretion. The mean time 

between stroke onset and collection of urine sample was 2·08 ± 1·27 days and the mean time 

between hospitalisation and collection of urine sample was 1·51 ± 1·04 days. Figure 1 reports the 

scatterplot and a statistically significant correlation (R=0.4435, p<0.0001) between estimated urinary 

sodium and potassium excretion for cases and controls in the INTERSTROKE population. The mean 
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24-hour sodium excretion per day was 3.69g for cases and 3.54g for control (P<0.001) (Table 1). The 

mean 24-hour potassium excretion per day were 1.57g for cases and 1.68g for controls (P<0.001) 

(Supplementary Table 4). 

Estimated sodium excretion (quartiles) and blood pressure 

Figure 2 reports the association of urinary sodium excretion and blood pressure among controls not 

receiving antihypertensive therapy or diuretics and indicates a graded increase in blood pressure 

with increasing sodium intake. For each 1-g increment in estimated sodium excretion, there was an 

increment of 1.01 mmHg in systolic blood pressure (P<0·001) and an increment of 0·48 mmHg in 

diastolic blood pressure (P<0·001). 

Estimated sodium excretion (quartiles) and risk of stroke and stroke subtypes 

Compared to Q2 (sodium excretion of 2·8-3·5g/day [reference]), Q1 (OR 1.39;95%CI,1.26-1.53, 

sodium excretion <2·8g/day) and Q4 (OR 1.81;95%CI,1.65-2.00, sodium excretion >4·26g/day) were 

associated with significant increases in the risk of all stroke. The highest quartile (Q4 >4·26g/day) 

was more strongly associated with ICH (OR 2.38;95%CI,1.93-2.92) than ischemic stroke (OR 

1.67;95%CI,1.50-1.87) (P<0.001). Sodium excretion <2·8g/day was significantly associated with both 

ischemic stroke (OR 1.36;95%CI,1.22-1.52) and ICH (OR 1.62;95%CI,1.32-1.99) (Figure 3 and 

Supplementary Tables 5-6). The association of high sodium excretion (>4·26g/day) and stroke 

remained significant after adjustment for blood pressure and prior history of hypertension (OR 

2.35;95%CI,2.08-2.65). Within ischemic stroke subtypes, the association of high sodium intake was 

significant for small vessel and large vessel ischemic stroke, but not significant for cardioembolic 

stroke (Figure 4). 
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Estimated potassium excretion and risk of stroke and stroke subtypes 

Compared to Q1 (potassium excretion of <1.34g/day [reference]), Q2 (OR 0.83;95%CI,0.76-0.92, 

potassium excretion 1·34-1·58g/day), Q3 (OR 0.68;95%CI,0.62-0.75, potassium excretion 1·58-

1·86g/day), and Q4 (OR 0.46;95%CI,0.41-0.51, potassium excretion >1·86g/day) were all associated 

with a significant lower risk of all stroke, which was largely related to the association of potassium 

excretion with ischemic stroke and there was no significant association with ICH (Figure 5). 

Joint Urinary Sodium and Potassium excretion and risk of stroke 

For all stroke, compared with a joint reference category of moderate sodium excretion (2.8-3.5 

g/day) and high potassium intake (>=1·58g/day)(lowest risk category), all other categories were 

associated with an increased risk of stroke, with sodium excretion >4.26g/day and potassium 

excretion <1·58g/day reporting the highest magnitude of risk (OR 4.17;95%CI,3.51-4.96) (Table 4, 

Supplementary Figures 1-2). The magnitude of association is reduced for both low (<2.8g/day) and 

high (>4.26g/day) sodium excretion when potassium excretion is high (>=1.58g/day)(P<0.001 for 

interaction)(Table 4). 

Subgroup and sensitivity analysis of the associations between sodium and 

potassium excretion and risk of stroke 

There was a significantly increased risk of stroke for Q4 (>4.26g/day) versus Q2 (2.8-3.5 g/day) in 

participants with a BMI less than or equal to 30 (OR 1.92,95%CI,1.72-2.15) compared to participants 

with a BMI greater than 30 (OR 1.35,95% CI,0.81-2.26) (P=0.009 for interaction). The association of 

high sodium excretion with stroke (>4.26g/day) versus Q2 (2.8-3.5 g/day) was significant for 

European (OR 1.34,95%CI,1.11-1.63), Chinese (OR 1.85, 95% CI, 1.59-2.14), Other Asian (OR 10.83 

(6.35-18.48), Latin American (OR 1.61,95%CI,1.23-2.13), Black African (OR 1.95,95%CI,1.10-3.47), 

and “Other” African ethnicity (OR 1.96,95%CI,1.12-3.43). The association of low sodium excretion 

with stroke (<2.8g/day) versus Q2 (2.8-3.5 g/day) was significant for European (OR 1.57,95%CI,1.30-

1.89), Arab (OR 2.51,95%CI,1.13-5.56), Latin American (OR 1.40,95%CI,1.06-1.87), Black African (OR 
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2.21,95%CI,1.37-3.55), and Other ethnicity (OR 2.21,95%CI,1.43-3.41)(P<0.001 for interaction). The 

associations for both high sodium excretion (OR 1.46,95%CI,0.77-2.76) and low sodium excretion 

(OR 1.55,95%CI,0.71-3.41) compared to Q2 (2.8-3.5 g/day) were non-significant for participants with 

diuretic use at baseline (P=0.1505 for interaction). Sex, age or baseline hypertension status did not 

alter the association significantly between both high and low estimated sodium excretion and stroke 

(Supplementary Table 7). 

The exclusion of cases with modified Rankin scale greater than two, and the exclusion of cases with 

urine collected greater than forty-eight hours after symptom onset did not materially alter findings 

(Table 2 and 3).  

We repeated all analyses with the Kawasaki formula, urinary sodium/creatinine ratio and urinary 

sodium, which revealed consistent patterns of association, but, as expected, different thresholds of 

sodium and potassium excretion (grams per day) were associated with stroke risk (Supplementary 

Figure 3-6). 

Conclusions 

In this large, international, case-control study, we report an overall J-shaped association between 

sodium intake and stroke risk, with the lowest risk at moderate sodium intake (2·8-3·5g/day), 

employing estimated 24-hour urinary excretion of sodium as a surrogate for intake. The association 

of high sodium intake was stronger for intracerebral haemorrhage compared to ischaemic stroke 

and within ischemic stroke subtypes, was significant for small vessel and large vessel ischemic 

stroke, but not significant for cardioembolic stroke. The association between estimated potassium 

excretion and risk of ischemic stroke was inverse and linear, but not significant for ICH. The 

magnitude of association for both low (<2.8g/day) and high (>4.26g/day) sodium excretion was 

diminished in those with high potassium intake (>=1·58g/day) (P<0.001 for interaction). In our 

analysis of combined categories of sodium and potassium intake, the category of highest potassium 
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intake (>=1·58g/day) and moderate sodium intake (2.8-3.5 g/day) was associated with the lowest 

risk of stroke. 

Most national and international guidelines recommend low sodium intake in the entire population, 

for stroke prevention (e.g. WHO recommend an intake of <2·0g/day by WHO). Primarily, the target 

of low sodium is based on the short-term Phase IIa DASH-Sodium trial which reported a blood 

pressure reduction when reducing sodium intake to less than 1·5g/day by providing all meals to the 

particpants,[24] the longer-term trials (TONE and TOHP-2) which achieved mean sodium intakes of 

2·3g/day and 3.11g/day (despite targeting a sodium intake of 1.8g/day or lower) through intense 

dietary counselling.[25,26] While a target of <2.0g/day can be achieved in a highly controlled 

environment, we report that a very low proportion of the population consume a low sodium intake, 

and an even lower proportion consume a combined low sodium and high potassium intake. Our 

findings are consistent with other epidemiologic studies, and support the contention that a lower 

limit of sodium intake exists among free living populations due to neurohormonal control 

mechanisms that auto regulate the consumption of sodium.[27] Activation of the renin–

angiotensin–aldosterone system occurs when sodium intake falls below approximately 3.0 g per day. 

An analysis of the HOPE study reported a positive association between higher quintiles of plasma 

renin activity and cardiovascular outcomes including stroke [28], and consistently, the relative risk 

for the highest quintile of plasma renin activity was 1.43, identical to our estimate for the stroke risk 

associated with sodium excretion <2.8g/day. In addition, we report a different pattern of association 

between sodium intake and blood pressure (positive and monotonic) compared to the pattern of 

association with stroke risk (J-shaped). These patterns have also been reported in several recent 

large cohort studies,[7,29] and challenge assumptions that underpin current guidelines (i.e. that all 

reductions in blood pressure will reduce stroke, regardless of baseline sodium intake level).[9] Our 

findings do however, support public health interventions to reduce sodium intake among 

populations with high sodium intake and support transitioning populations from high to moderate 
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sodium intake in order to reduce stroke.[30] Our data suggest that the risk associated with a higher 

sodium intake may be greater in regions outside of Europe and North America. 

Our data also provide important insights into the anticipated effects of reducing high sodium intake 

on patterns of stroke and its subtypes; reducing high sodium intake is likely to have a greater effect 

on reducing ICH than ischaemic stroke, but is nevertheless expected to also reduce ischaemic stroke, 

and thereby the global burden of all stroke. In ecological studies of stroke incidence in China, for 

example, population-level reductions in high sodium intake parallel reductions in stroke incidence, 

and are more marked for ICH than ischemic stroke.[31] In the INTERSTROKE study, about 40% of the 

control population were consuming higher sodium intake in a range associated with stroke risk, 

supporting a targeted-population approach to sodium reduction, rather than a population-wide 

approach. 

Our analyses also suggest that increases in potassium intake may be of comparable, or greater, 

importance to stroke prevention than reductions in sodium intake. [12,16,17] This finding is 

consistent with reports that high potassium intake is a marker of a healthy diet i.e. rich in fruit and 

vegetables.[32] 

A recent analysis of the PURE cohort study reported that the combination of moderate sodium 

intake and high potassium intake was associated with the lowest cardiovascular risk, and our 

analyses are further evidence that such a combined target may be optimal.[12] A cluster randomised 

controlled trial reported significant reductions in cardiovascular risk with potassium salt 

substitution.[33] Potassium salt substitution not only increased potassium intake but also reduced 

high sodium intake (but not to low intake levels).[33] An ongoing large cluster randomized controlled 

trial in China is currently evaluating potassium salt substitutes for prevention of stroke.[34] Our 

analyses, and those of other studies, raise major concerns about the feasibility of increasing 

potassium intake, while simultaneously achieving low sodium intake. They suggest that populations 
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should target moderate sodium intake and high potassium intake as the optimal balance, as the 

former is expected to make the latter more achievable.  

Measurement of sodium and potassium intake is a major challenge, and there is no “gold” standard 

for estimating usual sodium and potassium intake.[35] The reference standard,[36] repeated 24-

hour urinary collections, is impractical in large epidemiologic studies and would invariably lead to 

the exclusion of a substantial proportion of participants and a biased sample. In our study, the mean 

intake of sodium in the control group was 3.54g/day, which is close to the mean intake reported by 

the Global Burden of Diseases Nutrition and Chronic Diseases Expert Group (3·95g/day) and the 

PURE study (4·9g/day).[7,37] In the PURE study, a fasting morning urine sample was collected and 

the Kawasaki formula was used to estimate sodium excretion. In contrast, we collected a random 

urine sample and used the Tanaka formula to estimate sodium excretion. A validation study of 1083 

participants from the PURE study showed a similar differences between mean sodium estimated 

using the Kawasaki equation and Tanaka equation.[21]. Importantly, however, irrespective of the 

method we employed in INTERSTROKE, which included urinary sodium/creatinine ratio, Tanaka 

formula or Kawasaki formula, the J-shaped pattern of association were consistent among all 

analyses, and median intake levels are associated with lowest cardiovascular risk. Collectively, 

despite the study-by-study variation in methods of estimating sodium intake, there is a remarkable 

consistency in findings from large epidemiologic studies that the optimal range of sodium intake 

resides within a range between 2·7-5·0g/day. This is also the range identified in a meta-analysis of 

prospective cohort studies published before 2014 [9], by Graudal et al, and consistent with 

prospective cohort studies reported since then, including PURE [12], CRIC [38] and PREVEND [39] 

studies.  

The case control design has inherent limitations, including sampling bias (selection of cases and 

controls) and measurement bias (recall bias). Sensitivity analysis by control type (community versus 

hospital) did not alter our findings and estimated urinary sodium excretion is an objective lab 
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measurement and not susceptible to recall bias. Another limitation is the potential acute effects of 

stroke on excretion of sodium intake, particularly the change in oral intake and use of intravenous 

fluids in those with severe stroke. To address this issue, we performed several sensitivity analyses by 

excluding patients with a modified Rankin score greater than two as these patients are likely have 

received intravenous fluids and enteric feeding due to their disability. Excluding these patients did 

not materially alter our findings. In addition, increasing time from admission to urinary sample 

measurement may reduce the correlation of usual (pre-stroke) diet with urinary estimate. Confining 

the analyses to those with early urine collections did not alter conclusions. 

A key strength of the INTERSTROKE study was the availability of neuroimaging to classify all cases of 

stroke. INTERSTROKE is the only large study which reliably examines whether the associations of 

sodium and potassium differs between ischaemic stroke, ischaemic stroke subtypes and ICH. 

Obtaining such information from cohort studies is impractical. The diverse international population 

included in our results are widely generalizable.  

In conclusion, an estimated sodium excretion <2·8g/day and >4·26g/day are both associated with an 

increased risk of stroke (reference 2·8-3·5g/day). An estimated potassium excretion of greater than 

1.34g/day were both associated with a reduced risk of stroke (reference <1.34g/day). In the absence 

of large randomised controlled trials, the collective information from observational data on over 

300,000 individuals suggests that the optimal intake of sodium is a moderate level combined with 

high potassium intake. 
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Figure Legends 

Figure 1 – Scatterplot of Estimated Urinary Sodium and Potassium Excretion 

 

Figure 2 – Mean Systolic and Diastolic Blood Pressure by Sodium Quartile 

(Controls excluding baseline hypertension and pre-hospital diuretic use) 

 

Figure 3 – Association of estimated 24-hour sodium excretion (Tanaka) with risk 

of stroke and pathological stroke subtypes 

Panel A shows a restricted cubic spline of the association between estimated 24-hour sodium 

excretion and risk of all stroke. Panel B shows a restricted cubic spline of the association between 

estimated 24-hour sodium excretion and risk of ischemic stroke. Panel C shows a restricted cubic 

spline of the association between estimated 24-hour sodium excretion and risk of intracerebral 

haemorrhage. All plots were adjusted for age, BMI, education level, alcohol intake, diabetes at 

baseline, atrial fibrillation/flutter at baseline, smoking and physical activity level. The grey ribbons 

indicate 95% confidence interval. The green lines represents the median value for each population. 

The distribution of the exposure (sodium excretion) is plotted below each spline. 
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Figure 4 – Association of estimated sodium excretion (Tanaka) and risk of 

ischaemic stroke subtypes (TOAST classification) 

Panel A shows a restricted cubic spline of the association between estimated 24-hour sodium 

excretion and cardioembolic stroke (TOAST 1). Panel B shows a restricted cubic spline of the 

association between estimated 24-hour sodium excretion and large vessel stroke (TOAST 2). Panel C 

shows a restricted cubic spline of the association between estimated 24-hour sodium excretion and 

small vessel stroke (TOAST 3). Panel D shows a restricted cubic spline of the association between 

estimated 24-hour sodium excretion and stroke of undetermined cause (TOAST 4). All plots were 

adjusted for age, BMI, education level, alcohol intake, diabetes at baseline, atrial fibrillation/flutter 

at baseline, smoking and physical activity level. The grey ribbons indicate 95% confidence interval. 

The distribution of the exposure (potassium excretion) is plotted below each spline. 

 

Figure 5 – Association of estimated 24-hour potassium excretion (Tanaka) with 

risk of stroke and pathological stroke subtypes 

Panel A shows a restricted cubic spline of the association between estimated 24-hour potassium 

excretion and risk of all stroke. Panel B shows a restricted cubic spline of the association between 

estimated 24-hour potassium excretion and risk of ischemic stroke. Panel C shows a restricted cubic 

spline of the association between estimated 24-hour potassium excretion and risk of intracerebral 

haemorrhage. All plots were adjusted for age, BMI, education level, alcohol intake, diabetes at 

baseline, atrial fibrillation/flutter at baseline, smoking and physical activity level. The grey ribbons 

indicate 95% confidence interval. The green lines represents the median value for each population. 

The distribution of the exposure (sodium excretion) is plotted below each spline. 
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Tables 

Table 1 – Characteristics of the Study Participants at Baseline, According to Estimated Sodium Excretion (Conditional 

Analysis) 

  Characteristic Case Control 

  
  

Estimated Sodium Excretion 

  
  

All <2.8 g/day 2.8-3.5 g/day 3.5-4.3 g/day >4.3 g/day All <2.8 g/day 2.8-3.5 g/day 3.5-4.3 g/day >4.3 g/day 

  
  

(N=8761) (N=2214) (N=1911) (N=2065) (N=2571) (N=8767) (N=2075) (N=2481) (N=2352) (N=1859) 

  
Estimated 
excretion - g/day                     

  
 

Sodium 3.69±1.28  2.23±0.44  3.19±0.20  3.88±0.21  5.18±1.02  3.54±1.04  2.32±0.41  3.19±0.20  3.88±0.21  4.93±0.93  

    Potassium 1.58±0.38  1.43±0.30  1.49±0.33  1.56±0.34  1.78±0.42  1.68±0.42  1.48±0.35  1.62±0.39  1.75±0.40  1.88±0.44  

  Age - yr 62.9±13.4  63.9±13.7  63.0±13.4  62.5±13.2  62.3±13.2  62.1±13.2  63.7±13.5  62.0±13.2  61.3±12.9  61.5±13.0  

  
Female Sex - no. 
(%) 

3574 
(40.8) 959 (26.8)  770 (21.5)  797 (22.3)  1048 (29.3) 

3580 
(40.8) 925 (25.8)  978 (27.3)  929 (25.9)  748 (20.9)  

  
Geographic 
region - no. (%) 

     

  
   

  

    

Western 
Europe / 
North 
America 

1544 
(17.6) 567 (36.7)  394 (25.5)  302 (19.6)  281 (18.2)  

1544 
(17.6) 381 (24.7)  439 (28.4)  447 (29.0)  277 (17.9)  

  
 

Eastern / 
Central 
Europe / 
Middle East 

1079 
(12.3) 206 (19.1)  213 (19.7)  290 (26.9)  370 (34.3)  

1079 
(12.3) 211 (19.6)  287 (26.6)  322 (29.8)  259 (24.0)  

    Africa 587 (6.70)  278 (47.4)  126 (21.5)   90 (15.3)   93 (15.8)  587 (6.70)  213 (36.3)  192 (32.7)  118 (20.1)   64 (10.9)  

  
 

China 
3891 
(44.4) 728 (18.7)  836 (21.5)  1053 (27.1) 1274 (32.7) 

3891 
(44.4) 832 (21.4)  1089 (28.0) 1051 (27.0) 919 (23.6)  
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South East 
Asia 615 (7.02)  155 (25.2)  123 (20.0)  125 (20.3)  212 (34.5)  615 (7.01)  204 (33.2)  214 (34.8)  126 (20.5)   71 (11.5)  

  
 

South 
America 

1045 
(11.9) 280 (26.8)  219 (21.0)  205 (19.6)  341 (32.6)  

1051 
(12.0) 234 (22.3)  260 (24.7)  288 (27.4)  269 (25.6)  

  
Stroke type - no. 
(%)                     

  
 

Ischemic 
6805 
(77.7) 1710 (77.4) 1537 (81.0) 1646 (80.0) 1912 (74.7) - - - - - 

    ICH 
1919 
(21.9) 499 (22.6)  361 (19.0)  411 (20.0)  648 (25.3)  - - - - - 

  
Hypertension - 
no. (%) 

5243 
(59.8) 1363 (61.6) 1134 (59.3) 1192 (57.7) 1554 (60.4) 

3299 
(37.6) 974 (46.9)  998 (40.2)  988 (42.0)  856 (46.0)  

  
Blood pressure - 
mm Hg                     

  
 

Systolic  148±21.2   149±22.0   147±20.8   148±20.5   149±21.3   133±18.5   133±19.1   133±18.3   133±17.8   134±18.7  

    Diastolic 86.5±12.3  87.0±13.2  85.4±12.1  86.5±11.8  86.9±12.0  80.1±10.7  79.3±11.2  79.8±10.5  80.3±10.3  81.1±10.6  

  
Cholesterol - 
mmol/litre 

     

  
   

  

    HDL 1.15±0.35  1.18±0.37  1.16±0.37  1.14±0.34  1.12±0.33  1.22±0.37  1.22±0.38  1.23±0.38  1.21±0.35  1.20±0.37  

  
 

LDL 2.97±1.01  3.03±1.08  2.96±0.98  2.99±0.99  2.91±0.98  2.98±0.96  2.98±1.01  3.04±0.97  2.97±0.94  2.90±0.92  

  
Diabetes 
mellitus - no. (%) 

1486 
(17.0) 355 (16.0)  315 (16.5)  359 (17.4)  457 (17.8)  

1108 
(12.6) 283 (13.6)  304 (12.3)  303 (12.9)  218 (11.7)  

  
AFIB/Atrial 
Flutter - no. (%) 936 (10.7)  301 (13.6)  210 (11.0)  170 (8.23)  255 (9.92)  270 (3.08)   74 (3.57)   69 (2.78)   61 (2.59)   66 (3.55)  

  

Diuretic Pre-
admission - no. 
(%) 

1132 
(12.9) 298 (13.5)  260 (13.6)  229 (11.1)  345 (13.4)  782 (8.92)  194 (9.35)  185 (7.46)  204 (8.68)  199 (10.7)  

  
Diuretic In 
Hospital - no. (%) 

1994 
(22.8) 537 (24.3)  418 (21.9)  441 (21.4)  598 (23.3)  352 (12.8)   73 (11.3)   80 (10.2)   95 (13.7)  104 (16.3)  

  
Current smoker - 
no. (%) 

2623 
(29.9) 610 (27.6)  591 (30.9)  666 (32.3)  756 (29.4)  

1850 
(21.1) 429 (20.7)  522 (21.0)  510 (21.7)  389 (20.9)  
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Table 2 – Association of estimated 24-hour sodium excretion quartiles and risk of 

stroke 

Estimated Sodium Excretion 

  <2.8 g/day 
2.8-3.5 
g/day 3.5-4.26 g/day >4.26 g/day 

  (N=4751) (N=4750) (N=4750) (N=4750) 

Analysis – odds ratio (95% CI) 

  Univariate analysis * 1.40 (1.28-1.52) 1.00 1.15 (1.06-1.25) 1.84 (1.69-2.01) 

  Multivariate analysis 

  
 

Analysis including age 
and BMI 1.41 (1.29-1.54) 1.00 1.14 (1.05-1.25) 1.86 (1.70-2.03) 

    Primary analysis † 1.39 (1.26-1.53) 1.00 1.13 (1.03-1.24) 1.81 (1.65-2.00) 

  
 

Analysis including 
dietary score and 
potassium ‡ 1.24 (1.12-1.37) 1.00 1.28 (1.16-1.41) 2.49 (2.24-2.77) 

    

Analysis including 
HTN and medications 
which modify sodium 
excretion § 1.16 (1.03-1.30) 1.00 1.22 (1.09-1.36) 2.35 (2.08-2.65) 

  Sensitivity analysis 

    
Primary analysis 
excluding MRC > 2 1.37 (1.18-1.58) 1.00 1.08 (0.95-1.23) 1.64 (1.42-1.88) 

    

Primary analysis 
excluding urine 
collection >48 hours 1.28 (1.12-1.47) 1.00 1.18 (1.03-1.34) 1.91 (1.67-2.18) 

 

* The univariate analysis was performed using the logistic regression model. 

† The primary model included age, BMI, education level, alcohol, diabetes at baseline, atrial 

fibrillation/flutter at baseline, smoking and physical activity level. 

‡  Dietary score was the alternative healthy eating index (AHEI).  

§  Hypertension variables hypertension status, systolic blood pressure and diastolic blood 

pressure. We adjusted for pre-hospital ace-inhibitor, angiotensin receptor blocker and diuretic use. 

Urine collection from time of stroke onset to time of urine collection. 
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Table 3 – Association of estimated 24-hour potassium excretion quartiles and 

risk of stroke 

Estimated Potassium Excretion Quartiles 

  
  

Quartile 1 Quartile 2 Quartile 3 Quartile 4 

  <1.34 g/day 1.34-1.58 g/day 1.58-1.86 g/day >1.86 g/day 

  
  

(N=4817) (N=4816) (N=4817) (N=4816) 

Analysis – odds ratio (95% CI) 

  Univariate analysis * 1.00 0.80 (0.73-0.87) 0.67 (0.61-0.73) 0.43 (0.39-0.47) 

  Multivariate analysis 

  
 

Analysis including 
age and BMI 1.00 0.80 (0.73-0.88) 0.64 (0.59-0.71) 0.42 (0.38-0.46) 

    Primary analysis † 1.00 0.83 (0.76-0.92) 0.68 (0.62-0.75) 0.46 (0.41-0.51) 

  
 

Analysis including 
dietary score and 
sodium ‡ 1.00 0.75 (0.68-0.83) 0.56 (0.51-0.63) 0.33 (0.29-0.37) 

    

Analysis including 
HTN and 
medications which 
modify potassium 
excretion § 1.00 0.76 (0.68-0.86) 0.57 (0.51-0.65) 0.33 (0.29-0.38) 

  Sensitivity analysis 

    
Primary analysis 
excluding MRC > 2 1.00 0.70 (0.60-0.81) 0.48 (0.41-0.56) 0.24 (0.20-0.28) 

    

Primary analysis 
excluding urine 
collection >48 hours 1.00 0.87 (0.76-0.99) 0.78 (0.68-0.89) 0.67 (0.58-0.77) 

  

* The univariate analysis was performed using the logistic regression model. 

† The primary model included age, BMI, education level, alcohol, diabetes at baseline, atrial 

fibrillation/flutter at baseline, smoking and physical activity level. 

‡  Dietary score was the alternative healthy eating index (AHEI). 

§  Hypertension variables hypertension status, systolic blood pressure and diastolic blood 

pressure. We adjusted for pre-hospital ace-inhibitor, angiotensin receptor blocker and diuretic use. 

Urine collection from time of stroke onset to time of urine collection. 

  

D
ow

nloaded from
 https://academ

ic.oup.com
/ajh/advance-article/doi/10.1093/ajh/hpaa176/5983728 by guest on 17 N

ovem
ber 2020



Acc
ep

ted
 M

an
us

cri
pt

31 
 

Table 4 – Association of Joint Urinary Sodium and Potassium Excretion with Stroke 

Joint Association of Urinary Sodium and Potassium Excretion with Stroke 

  Quartile 1 Quartile 2 Quartile 3 Quartile 4   

   <2.8 g/day 
 2.8-3.5 
g/day 

 3.5-4.26 g/day  >4.26 g/day 
  

Potassium less than the median 
(<1.58 g/day) 
 
 

OR Joint 2.10 (1.89-2.50) 
OR Joint 

1.94 (1.69-
2.24) 

OR Joint 2.62 (2.26-3.05) OR Joint 4.17 (3.51-4.96) P for interaction 

(n=3176) (n=2600) (n=2217) (n=1471) 

<0.001 Potassium greater than or equal to the median OR Joint 1.69 (1.44-1.98) Ref 1·0 OR Joint 1.10 (0.95-1.26) OR Joint 2.26 (1.97-2.59) 

(>=1.58 g/day) (n=1575) (n=2149) (n=2530) (n=3278) 

 

The primary model included age, BMI, education level, alcohol, diabetes at baseline, atrial fibrillation/flutter at baseline, smoking and physical activity level. 
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Figures 

Figure 1 – Scatterplot of Estimated Urinary Sodium and Potassium Excretion 
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Figure 2 – Mean Systolic and Diastolic Blood Pressure by Sodium Quartile 

(Controls excluding baseline hypertension and pre-hospital diuretic use) 

A 

 

B 
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Figure 3 – Association of estimated 24-hour sodium excretion (Tanaka) with risk of stroke and pathological stroke subtypes 

A - All stroke 

 

B – Ischaemic 

 

C – Intracerebral Haemorrhage 

 

 

Panel A shows a restricted cubic spline of the association between estimated 24-hour sodium excretion and risk of all stroke. Panel B shows a restricted 

cubic spline of the association between estimated 24-hour sodium excretion and risk of ischemic stroke. Panel C shows a restricted cubic spline of the 

association between estimated 24-hour sodium excretion and risk of intracerebral haemorrhage. All plots were adjusted for age, BMI, education level, 

alcohol intake, diabetes at baseline, atrial fibrillation/flutter at baseline, smoking and physical activity level. The grey ribbons indicate 95% confidence 

interval. The green lines represents the median value for each population. The distribution of the exposure (sodium excretion) is plotted below each spline.
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Figure 4 – Association of estimated sodium excretion (Tanaka) and risk of 

ischaemic stroke subtypes (TOAST classification) 

A- TOAST – Cardioembolic 

 

B - TOAST – Large Vessel 

 

C - TOAST – Small Vessel 

 

D - TOAST – Undetermined 

 

 

Panel A shows a restricted cubic spline of the association between estimated 24-hour sodium 

excretion and cardioembolic stroke (TOAST 1). Panel B shows a restricted cubic spline of the 

association between estimated 24-hour sodium excretion and large vessel stroke (TOAST 2). Panel C 

shows a restricted cubic spline of the association between estimated 24-hour sodium excretion and 
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small vessel stroke (TOAST 3). Panel D shows a restricted cubic spline of the association between 

estimated 24-hour sodium excretion and stroke of undetermined cause (TOAST 4). All plots were 

adjusted for age, BMI, education level, alcohol intake, diabetes at baseline, atrial fibrillation/flutter 

at baseline, smoking and physical activity level. The grey ribbons indicate 95% confidence interval. 

The distribution of the exposure (potassium excretion) is plotted below each spline. 
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Figure 5 – Association of estimated 24-hour potassium excretion (Tanaka) with risk of stroke and pathological stroke 

subtypes 

A - All stroke 

 

B - Ischaemic 

 

C – Intracerebral Haemorrhage 

 

 

Panel A shows a restricted cubic spline of the association between estimated 24-hour potassium excretion and risk of all stroke. Panel B shows a restricted 

cubic spline of the association between estimated 24-hour potassium excretion and risk of ischemic stroke. Panel C shows a restricted cubic spline of the 

association between estimated 24-hour potassium excretion and risk of intracerebral haemorrhage. All plots were adjusted for age, BMI, education level, 

alcohol intake, diabetes at baseline, atrial fibrillation/flutter at baseline, smoking and physical activity level. The grey ribbons indicate 95% confidence 

interval. The green lines represents the median value for each population. The distribution of the exposure (sodium excretion) is plotted below each spline 
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