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Abstract 

Previous studies investigating the relationship between sodium intake and blood pressure 

have mostly relied on dietary recall and clinic blood pressure measurement. In this cross-

sectional study, we aimed to investigate the relationship between 24h urinary sodium and 

potassium excretion, and their ratio, with 24h ambulatory blood pressure parameters 

including nocturnal blood pressure dipping in patients with type 1 and 2 diabetes. We report 

that in 116 patients with diabetes, systolic blood pressure was significantly predicted by the 

time of day, age, the interaction between dipping status with time, and 24h urinary sodium-

to-potassium ratio (R2

 

=0.83) with a relative contribution of 53%, 21%, 20% and 6%, 

respectively. However, there was no interaction between urinary sodium-to-potassium ratio 

and dipping status.  

Key words: ambulatory blood pressure; diabetes; potassium; sodium; urinary electrolytes  

Hypertension is an important contributing factor to cardiovascular disease [1] and is highly 

prevalent in people with diabetes mellitus. The Prospective Urban Rural Epidemiology 

(PURE) [2] and the International Study of Salt and Blood Pressure (INTERSALT) [3] studies 

reported the association of higher clinic blood pressure (BP) with high urinary sodium 

excretion (uNa) and low urinary potassium excretion (uK) based on morning spot collection 

and 24-hour urine collection, respectively. Both studies also reported a relationship between a 

high urinary sodium-to-potassium (uNa/K) ratio with high BP. Where a relationship was 

found, uNa/K ratio offered a stronger prediction of BP compared to either uNa or uK alone.  

However, this relationship has not been studied specifically in people with diabetes or where 

BP has been assessed by 24h ambulatory monitoring, which is a better predictor of 

cardiovascular events than clinic BP measurements [4].  

 

In normal healthy subjects, mean systolic and diastolic BP levels decrease (“dip”) during 

night time sleep, and lack of nocturnal BP dipping has been shown to be an independent 

predictor of mortality in people with diabetes [5, 6]. The association between uNa, uK, or 

their ratio with BP dipping status has not been documented in diabetes.  
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This cross-sectional study therefore aimed to examine (i) the role of 24 hour uNa/K ratio as a 

predictor of ambulatory systolic BP in people with type 1 and type 2 diabetes, and (ii) the 

association between uNa/K ratio with nocturnal dipping profile.  

 

Participants (n=116) were recruited from Austin Health diabetes clinics. They completed 24 

hour urine collections and a 24h ambulatory BP monitoring within 12 months either side of 

collection of clinical and laboratory data. The measurement was conducted with a portable 

recording system (Spacelabs90207) based on an oscillometric method. Day (between 7am to 

10pm) and night (between 10pm and 7am) BP were recorded and night-to-day mean systolic 

BP ratio of >0.9 was used to classify patients as “non-dippers”, while the rest were “dippers”.  

 

A linear mixed model analysis was performed with systolic BP as the dependent variable [7]. 

Between patient variability was modeled as a random effect and the following as fixed 

effects: age, nocturnal dipping status, time of day of BP measurement (as a 24 hour clock), 

uNa/K ratio, and interaction between time and dipping status. Time was incorporated into the 

mixed model as a random slope (unstructured covariance matrix) for each subject. 

Dominance analysis [8] was used to estimate the importance of each predictor in the mixed 

model. Colinearity between predictors, especially in the context of fractional polynomials and 

their interactions, was checked using variance inflation factor (VIF) and condition number 

(CN); where  mean VIF <10 and CN <30 were desirable [9]. 

 

Model selection was guided by information criteria (Akaike and Bayesian information 

criteria [10]). Non-linear covariate effect was explored via multivariate fractional 

polynomials (FP) using a closed-test algorithm. The final covariate form was determined by 

the plausible clinical effect of the FP, that is subject to knowledge, and overall model fit [11]. 

A global Wald test was used to test the significance (or otherwise) of sets of parameters; for 

example, main effect and interaction(s). Stata™ version 14 (2015) was used to perform the 

statistical analyses. 
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Baseline characteristics of the participants are demonstrated in Table 1a. In the mixed model, 

the time of day of BP measurement (expressed as a 24 hour clock), age, nocturnal dipping 

status and its interaction with time, and uNa/K ratio were independent predictors of systolic 

BP (Table 1b). In a multivariate model, dipping status as a categorical variable was not 

demonstrated to be a significant covariate. However, on an hourly basis, we demonstrated an 

interaction between dipping status with time, such that between the hours of 23:00 and 08:00 

there was a difference on systolic blood pressure of up to 20mmHg between dippers and non-

dippers as modeled by a non-linear function. The Wald test for joint significance of dipping 

status, time (as a fractional polynomial) and their interaction was highly significant, 

p=0.0001. The model was well specified with normality of random effects and no marked 

residual heteroscedasticity; the R2 

 

was 0.83. Multi-colinearity between predictors was not 

evident (VIF=9.25, CN=13.7). 

Using dominance analysis to determine the contribution of each independent variable in 

predicting systolic BP, 53% of the variability in systolic BP was explained by time of day, 

21% by age, 20% by dipping status and the interaction between dipping status with time, and 

6% by the urinary sodium-to-potassium ratio. 24h uNa and uK did not individually predict 

24h systolic BP. Furthermore, in the multivariate model, no other variables such as diabetes 

type, use of antihypertensives, use of diuretics or body mass index were significant predictors 

of systolic BP. There was also no significant interaction between dipping status and uNa/K 

ratio (modeled as a fractional polynomial).  

 

The mean observed and model-predicted systolic BP over 24 hours for the whole cohort are 

illustrated in Figure 1a as a “radar” plot. There was approximately a 10mmHg drop in 

observed systolic BP between midnight and 4am, consistent with the ~10% nocturnal BP 

reduction expected in dippers who made up the majority of the study population. Between 

8am and 11am, the observed BP reading was higher than the predicted BP, reflecting 

morning BP surge.  

 

Figure 1b illustrates the predicted BP across 24 hours in dippers and non-dippers based on 

our model. We predicted systolic blood pressure to remain relatively constant in non-dippers, 
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while the dippers were predicted to have significant drop in blood pressure at night, up to 

20mmHg lower than during the day. This is consistent with current knowledge regarding 

nocturnal BP dipping, and gave further support to our model’s ability in predicting BP based 

on uNa/K and other covariates.   

 

In comparison to most previous studies which explored the influence of sodium and 

potassium intake on BP in the general population, the current cross-sectional study comprised 

a cohort with multiple comorbidities with the majority taking antihypertensive medications. 

In this cohort, 24h uNa/K ratio contributed 6% of the variation in ambulatory BP. The 

relatively small contribution may be a reflection of the fact that it is difficult to detect the 

effects of dietary sodium and potassium intake on BP in the context of different medication 

use and long standing diabetes with other comorbidities which may have greater influence on 

BP than their sodium or potassium intake per se. These are the characteristics of patients 

frequently encountered in specialist diabetes clinics, and therefore the findings from the 

current study are clinically relevant to this group of patients.  

 

In the current study, 24h uNa and uK individually did not predict ambulatory BP. 

Furthermore, there was no association demonstrated between nocturnal dipping status with 

24h uNa, uK, or uNa/K ratio. A possible factor was the increased sample size requirement for 

establishment of interactions [12].   

 

Our study also demonstrated the large impact that time of day has on BP readings. Time of 

day accounted for 53% of the BP prediction in our model – a contribution that is larger than 

that given by either age or urinary electrolytes. Relying simply on clinic BP readings may 

result in bias, and we believe that wherever possible, future large outcome studies should take 

timing of BP reading into consideration. Recording the time of day that study participants 

take their antihypertensive may also provide further insight into the determinants of 

ambulatory BP and the dipping pattern. 
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Strengths of the current study include the use of 24h ambulatory BP measurement which 

reflected actual BP better than clinic measurements [13], and 24h urinary collection which 

provided a more accurate estimate of sodium and potassium intake compared with dietary 

recall [14]. A previous study demonstrated that despite the administration of a diuretic, there 

was no change in urinary sodium excretion after 2 weeks [15]. Therefore, even though 47% 

of our patients were taking diuretics, 24h uNa is still likely to reflect their dietary sodium 

intake. At the time this study was conducted, SGLT2-inhibitors were not yet available in 

Australia and therefore none of the participants were taking this medication. 

 

Because we only had data from a single 24h urine collection, we could not account for within 

person variability in urinary electrolyte excretion across different days. Despite this, we have 

previously shown that a single 24h urine collection is a useful predictor of sodium intake 

[15], with intra-individual coefficient of variation of 21%. Another limitation is the fact that 

we only had one ambulatory BP recording. However, a previous study has shown that the 

intra-subject variability in nocturnal dipping status is relatively low in patients with diabetes, 

compared to non-diabetic patients [16].  

 

In conclusion, 24h uNa/K ratio played a small role in predicting 24h ambulatory BP in 

patients seen in tertiary referral diabetes clinic. Furthermore, there was no association 

between uNa/K ratio with nocturnal dipping profile.  
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FIGURE LEGENDS 

Figure 1a): Radar plot illustrating the model-predicted systolic blood pressure (SBP) 

compared to the observed SBP, over 24hours. Figure 1b): Predicted systolic blood 
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pressure in dippers and non-dippers on an hourly basis: there was an interaction 

between dipping status with time, such that between the hours of 23:00 and 08:00 there 

was a significant difference on systolic blood pressure of up to 20mmHg between 

dippers and non-dippers as modeled by a non-linear function. 
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