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Abstract

:

The influence of dietary sodium and potassium on blood pressure (BP) has been extensively studied, however their impact on endothelial function, particularly any interactive effects, has received less attention. The purpose of this study was to determine if dietary potassium can offset the deleterious effect of high dietary sodium on endothelial function independent of BP. Thirty-three adults with salt-resistant BP (16 M and 17 F; 27 ± 1 year) completed seven days each of the following diets in a random order: a moderate potassium/low sodium diet (65 mmol potassium/50 mmol sodium; MK/LS), a moderate potassium/high sodium diet (65mmol potassium/300 mmol sodium; MK/HS) and a high potassium/high sodium (120 mmol potassium/300 mmol sodium; HK/HS). On day seven of each diet, 24-h ambulatory BP and a urine collection were performed. Brachial artery flow-mediated dilation (FMD) was measured in response to reactive hyperemia. Between diets, 24-h BP was unchanged confirming salt resistance (p > 0.05). Sodium excretion increased on both HS diets compared to MK/LS (p < 0.05) and potassium excretion was increased on the HK diet compared to MK/LS and MK/HS (p < 0.05) confirming diet compliance. FMD was lower in MK/HS (5.4 ± 0.5%) compared to MK/LS (6.7 ± 0.5%; p < 0.05) and HK/HS (6.4 ± 0.5%), while there was no difference between the MK/LS and HK/HS diets (p > 0.05). These data suggest that dietary potassium provides vascular protection against the deleterious effects of high dietary sodium by restoring conduit artery function.
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1. Introduction


Cardiovascular disease remains a major public health problem in the U.S. [1] and is the result of various risk factors including lifestyle factors such as nutrition. Both dietary sodium and potassium are notable for their blood pressure (BP) raising and lowering capabilities, respectively [2,3,4,5]. In that regard, the average sodium consumption is consistently above the intake recommended by the Dietary Guidelines for Americans and organizations such as the American Heart Association [1,6]. A recent change in the potassium guidelines [7] suggests that adult women are meeting the guidelines, but intake in men remains low. While the effect of these two nutrients on BP is fairly well understood, their impact on vascular function, particularly any interactive effects, has received less attention. Endothelial dysfunction, characterized by impaired dilation, is an important non-traditional risk factor for atherosclerosis [8]. Brachial artery flow-mediated dilation (FMD) has been used to assess endothelial function non-invasively and can be useful in predicting risk of future cardiovascular events [9].



The addition of a high potassium diet, such as the Dietary Approaches to Stop Hypertension (DASH) diet, to high sodium consumption has successfully lowered BP in adults with pre-hypertension and hypertension [2] demonstrating potassium’s BP lowering abilities. While randomized controlled trials have demonstrated the beneficial effects of dietary potassium on BP [4,5], there is emerging evidence that a diet high in potassium may be beneficial to the health of the vasculature separate from its role on BP. Indeed, salt-sensitive rodents supplemented with potassium while consuming a high salt chow were protected against vascular injury [10] and had improved left ventricular relaxation as assessed by echocardiography [11]. We have previously shown that chronic high dietary sodium intake has detrimental effects on the vasculature, independent of or before any changes in BP in salt-resistant adults [12,13]. To date, studies that have evaluated the role of potassium on sodium have been acute and focused on the post-prandial changes in endothelial function. These studies have shown an attenuation of the post-meal reduction in endothelial function [14]. However, it is unknown if chronic dietary potassium intake can lessen the effect of high dietary sodium on the vasculature independent of BP changes. Therefore, the purpose of this investigation was to test the hypothesis that a diet high in potassium can attenuate the deleterious effects of a high sodium diet on endothelial function in salt-resistant adults.




2. Materials and Methods


2.1. Study Population


Thirty-three healthy salt-resistant individuals aged 22–45 participated in this study. A total of 63 individuals were screened. Two were excluded for not meeting the inclusion criteria and 17 dropped out for various reasons including a lack of time or continued interest. Eleven were excluded due to missing data collection visits, non-compliance with urine collection, or lack of FMD data. None were excluded due to salt sensitivity status. The study protocol was approved by the Institutional Review Board of the University of Delaware and conforms to all of the provisions of the Declaration of Helsinki. Verbal and written consent was obtained from all subjects prior to enrollment in the study. This study is registered on ClinicalTrials.gov (NCT03265353).




2.2. Experimental Protocol


Subjects reported to our nurse managed primary care center on the University of Delaware campus for a screening visit following a 12 h fast. The screening visit included a general physical exam and assessment of past medical history. During this visit, a venous blood sample was also collected. Subjects with a history of hypertension, cardiovascular disease, malignant cancer, diabetes mellitus, or renal disease were excluded. Subjects with a body mass index (BMI) of 30 kg/m2 or greater, those who used tobacco products, and post-menopausal women were excluded. Post-menopausal women were excluded because salt sensitivity of BP increases with menopause and endothelial function declines [15].




2.3. Dietary Potassium and Sodium Manipulation


This research project was a controlled feeding study with all food prepared by a registered dietitian. All subjects consumed three diets, each seven days in length in a random order. The three diets were a moderate potassium/low sodium diet containing 65 mmol potassium/50 mmol sodium (MK/LS); a moderate potassium/high sodium diet containing 65 mmol potassium/300 mmol sodium (MK/HS); and a high potassium/high sodium diet containing 120 mmol potassium/300 mmol sodium (HK/HS). The sodium intakes were selected in order to allow us to accurately classify adults with salt-resistant BP and are in agreement with previously published studies [12,16]. The moderate potassium intake mimicked the average potassium intake in the U.S. [17] and the high potassium diet met the 2005 Dietary Reference Intake guidelines [18]. The Mifflin-St. Jeor equation was used to adjust the energy content of the diet to maintain a constant body weight [19]. The controlled diets were designed to contain the same amount of the macronutrients. Each diet consisted of approximately 50% carbohydrates, 30% fat, and 20% protein. Daily fluid intake was monitored and recorded. Subjects were instructed to maintain normal physical activity levels throughout the study.




2.4. Twenty-four Urine and Blood Pressure


A 24-h urine collection was conducted on the last day of each diet. Urine was analyzed for total volume, urinary electrolytes (Easy-Electrolyte Analyzer; Medica, Bedford, MA, USA), and urine osmolality (Advanced 3D3 Osmometer; Advanced Instruments, Norwood, MA, USA). Free water clearance and fractional excretion of sodium and chloride were calculated using standard equations. Urine collections were considered incomplete if collections occurred outside the 20–28 h timeframe, if there were two or more missed collections, or if total volume was less than 500 mL. During the same 24-h period, subjects also wore an ambulatory BP monitor (Oscar 2; SunTech Medical, Morrisville, NC, USA) on their arm. BP was measured every 20 min while the subject was awake and every 30 min during sleep. This device has been validated for brachial BP measurements [20]. A subject was considered adherent if at least 75% the readings were successful [21]. Laboratory BP was also measured by an automated oscillometric sphygmomanometer (Dash 2000; GE Medical Systems, Milwaukee, WI, USA) during the experimental visits.




2.5. Salt Resistance Classification


Salt resistance was defined as a change of 5 mmHg or less in 24-h mean arterial pressure (MAP) [22], and was determined while on the MK/LS and MK/HS diets. In both these diets, potassium is similar while the sodium content is purposely high and low to evaluate a potential change. This assessment is reproducible (>90%) within participants who are either normotensive or hypertensive [23,24,25,26] and was defined on an individual basis after completion of the entire protocol.




2.6. Blood Markers


Hemoglobin (Hb 201+ model; HemoCue, Lake Forest, CA, USA), hematocrit (Sorvall Legend Micro 17 Microcentrifuge with Microhematocrit Reader; Thermo Scientific, Waltham, MA, USA), serum electrolytes (EasyElectrolyte Analyzer; Medica, Bedford, MA, USA), and plasma osmolality (Advanced 3D3 Osmometer; Advanced Instruments, Norwood, MA, USA) were measured from a venous blood sample obtained during each experimental visit.



Plasma renin activity (PRA), serum angiotensin II, and plasma aldosterone were also measured from a venous blood sample for each visit via radioimmunoassay by the Biomarker Analytical Core at Wake Forest University Baptist Medical Center.




2.7. Vascular Measures


Assessment of Brachial Artery Flow-Mediated Dilation (FMD)


Brachial artery flow-mediated dilation (FMD) was assessed according to established guidelines [9]. Subjects were assessed on the final day of each diet. Subjects were supine with their right arm supported at heart level. A BP cuff was placed on the proximal forearm approximately 3 cm below the antecubital crease. Longitudinal images of the brachial artery and continuous Doppler blood velocity were obtained using a 12 MHz linear phased array ultrasound transducer (GE P5; GE Healthcare, Waukesha, WI, USA). Following 20 min of rest, baseline images were recorded and blood velocity was obtained. The cuff was then rapidly inflated to 200 mmHg for 5 min. Images and blood velocity were recorded throughout this inflation period and continued for 2 min following cuff release to determine peak diameter change and to calculate shear rate.



Ultrasound images were transmitted to a National Instruments IMAQ PCI-1411 image acquisition board at a frequency of 30 frames/s by way of an S-Video connection. Brachial artery diameter was determined using custom-designed automated edge detection software using National Instruments LabVIEW 8.0. Peak diameter was determined after applying a 3 s wide median filter to each data point. Reproducibility in our lab for this technique is 1.3 ± 1.1% and 1.9 ± 1.6% (coefficient of variation) for baseline and peak brachial diameters respectively. FMD was expressed as a % change from baseline, and Doppler blood velocity and diameter data were used to calculate shear rate area under the curve from cuff deflation to peak diameter. Shear rate area under the curve (AUC) has been shown to best represent the stimulus for dilation [27].





2.8. Pulse Wave Analysis


A central aortic pressure wave was synthesized from the measured brachial artery pressure wave with the SphygmoCor XCEL system (AtCor Medical; Sydney, Australia), which uses a transfer function and is FDA approved. Central pressures and augmentation index (AIx) were obtained from the synthesized wave. AIx is an index of wave reflection and is influenced by arterial stiffness. AIx is calculated as the ratio between augmented pressure and central pulse pressure, or AIx = (P2–P1)/(Ps–Pd), where P1 is first shoulder of systolic pressure, P2 is second shoulder of systolic, Ps is peak systolic pressure, and Pd is end-diastolic pressure. Measures were performed in triplicate.




2.9. Pulse Wave Velocity


Carotid-femoral pulse wave velocity (PWV) was measured using applanation tonometry and the same Sphygmocor XCEL system as above while the subject was at rest in a supine position. Carotid and femoral pressure waveforms were recorded simultaneously using a high-fidelity strain-gauge transducer (Millar Instruments; Houston, TX, USA) placed over the carotid artery and a BP cuff placed on the upper thigh, respectively. PWV distance was measured using the subtraction method where proximal distance (carotid measurement site to the sternal notch) was subtracted from distal distance (sternal notch to the thigh cuff). Carotid-femoral PWV was calculated by dividing the measured aortic distance (distal–proximal) by the average measured time delay between the initial upstrokes of corresponding carotid and femoral waveforms. Measurements were performed in duplicate.




2.10. Statistical Analysis


The primary outcome was brachial artery FMD. A repeated-measures ANOVA was performed between the three diets for all vascular measures, urinary sodium and potassium excretion, and hormones. Post hoc tests were conducted when appropriate. Data was analyzed using IBM SPPS Statistics for Windows, version 26.0 (IBM Corp.; Armonk, NY, USA). Data are represented as mean ± standard error of measurement (SE).





3. Results


3.1. Subject Characteristics


Baseline subject characteristics are provided in Table 1. There was a near even distribution between men and women in this study. Subjects were healthy, non-obese, and had normal blood pressure. Biochemical data highlighted normal fasting blood glucose, lipid panel, serum electrolytes, and renal function.




3.2. Dietary Potassium and Sodium Manipulation


Hemodynamic and renal responses to the dietary manipulations are presented in Table 2. The high sodium diet increased serum sodium on the MK/HS but not the HK/HS, while serum chloride was elevated on both high sodium diets. In contrast, the high potassium diet did not alter serum potassium levels. Urine osmolality was elevated on both high sodium diets, while free water was negative, highlighting a more concentrated urine. Urine flow rate was increased on the HK/HS alone.



Consistent with our design, subjects were salt-resistant as there was no significant difference between MAP on the MK/LS and MK/HS diets (85 ± 1, 84 ± 1; p > 0.05) as shown in Figure 1. On the high sodium diets, 24-h urinary sodium excretion was significantly elevated, while 24-h potassium excretion was elevated on the high potassium diet. These data demonstrate that subjects were compliant with the controlled feeding study.



Figure 2 presents the hormone data from the three diets. As expected, the high sodium diets significantly suppressed PRA compared to low sodium. The aldosterone response was consistent with previous reports between the HS and LS diets combined with the moderate potassium diet, however the HK/HS fell in between. Plasma angiotensin II was greatest on the MK/LS diet however this did not reach statistical significance.




3.3. Vascular Function


Vascular function was assessed utilizing FMD to determine the effect of dietary manipulation of sodium and potassium on dilation of the brachial artery. Baseline and peak diameters for the brachial artery are shown in Table 3. There was no significant difference between these diameters nor AUC shear rate. FMD was reduced by approximately 23% when moving from the low to high sodium diet. This was rescued by inclusion of the high potassium diet (see Figure 3).



AIx, an estimate of wave reflection and PWV, and a marker of arterial stiffness were unaltered across the three diets as shown in Figure 4.





4. Discussion


The major finding of this study is that a diet rich in potassium can attenuate the deleterious effects of high dietary sodium on endothelial function in salt-resistant adults. Furthermore, there was no difference in endothelial function between the MK/LS and HK/HS diets, suggesting that potassium can offset the effects of sodium on vascular function and this dietary pattern results in similar effects on the vasculature as a low sodium diet. Potassium is notable for its BP lowering effects in those with pre-hypertension and hypertension and in the presence of an elevated sodium intake [2,5,28]. Our group has previously demonstrated that a high sodium diet has BP independent effects on endothelial function [12,13]. What remained unknown however, was whether potassium could attenuate the effects of dietary sodium in the absence of a change in BP in salt-resistant adults. Our data highlight that a diet rich in potassium dampens sodium’s deleterious effects on the vasculature.



Endothelial dysfunction is an independent, non-traditional risk factor for atherosclerosis [29] and often precedes the development of cardiovascular disease [8]. Dietary sodium has been highlighted as a dietary factor that increases the risk of high BP and subsequent forms of cardiovascular disease. Seven days of a high sodium diet decreased brachial artery FMD compared to a low sodium diet in salt-resistant adults [12], suggesting that sodium has BP independent effects on the vasculature. This is important as most young to middle-aged adults have a normal BP but consume a diet rich in sodium, which is potentially damaging their vasculature that is not evident by a change in BP. Furthermore, epidemiological studies highlight that most adults become hypertensive independent of salt sensitivity, suggesting that investigations in salt-resistant adults is important [30].



Evidence of potassium’s ability to lower sodium-induced elevations in BP is well described in the literature [2,5,28,31]. An inverse association between potassium and BP has been shown in those individuals consuming greater than 6 g salt/day [32]. Furthermore, potassium is beneficial to the vasculature separate from its role on BP [10,33,34,35]. Salt-sensitive rodents supplemented with potassium while consuming a high salt chow were protected against vascular injury [10] and demonstrated improved left ventricular relaxation as assessed by echocardiography [11]. In regard to human studies, several acute interventions have shown potassium to have favorable vascular effects [14,36,37]. A high potassium meal improved FMD two hours post-prandially compared to a low potassium meal [37]. When a high sodium meal was accompanied by a high potassium intake, reductions in post-prandial FMD were attenuated in healthy, normotensive adults suggesting that potassium could acutely dampen sodium’s reduction on FMD [14]. This was also shown after six days of a low versus high potassium diet on fasting FMD [36]. These data highlight a positive role for a high potassium intake on the vasculature, but this was not studied in the context of salt resistance. While BP did not change in several of these studies, this was only evaluated in the laboratory and not utilizing 24-h ambulatory BP monitoring. Our data clearly highlight the BP-independent effects of potassium on a high sodium diet in salt-resistant adults as mean arterial pressure did not change.



Our hormone data support a role for dietary potassium as aldosterone was elevated on the HK/HS diet similarly to MK/LS and suppressed on the MK/HS diet alone. While serum potassium was not significantly elevated, there is evidence to suggest that increases in dietary potassium may cause a feedforward mechanism by the gut to the kidney to increase potassium excretion without changes in serum potassium [38,39]. The significant elevation of PRA on the low sodium diet responded as expected and as previously demonstrated [12,40]. The response of Ang II was variable, but the pattern of response was as expected. There is likely individual variability in response to the diets. These data suggest more work is needed to tease out relations between hormonal responses and mixed potassium diets.



While we observed improvements in brachial artery FMD on the HK/HS diet compared to MK/HS, we did not observe any change in AIx or PWV. AIx appears to be lower on the MK/LS compared to the two high sodium diets but this was not statistically significant, even when corrected for heart rate. Other studies report no change in AIx with potassium supplementation or a potassium rich diet [41,42,43]. Seven days is likely not long enough to elicit a change in AIx or PWV [44]. We have previously shown that dietary potassium excretion across a wide intake range correlates with improved PWV in young healthy adults [45], but in this study our potassium intake was held to two levels likely diminishing our ability to see this relation. This is in contrast to Berry et al. [43] who found no change in PWV after six weeks when the diet was supplemented with 20 or 40 mmol/d of potassium from fruit and vegetables or 40 mmol/d from a potassium citrate supplement. However, other supplementation studies have successfully lowered PWV. He et al. [46] improved PWV following 64 mmol/d of potassium bicarbonate or potassium chloride compared to a placebo in mild hypertensives. A similar finding was reported in individuals at risk for cardiovascular disease who consumed 64 mmol/d of potassium chloride [41]. Therefore, potassium may play a role in improving PWV in those with increased cardiovascular disease risk.



The mechanism responsible for potassium’s effect on endothelial function is not known. The mechanisms underlying sodium’s impact on endothelial dysfunction are still being explored. However, sodium-induced impairments in endothelial function have, in part, been attributed to increases in reactive oxygen species (ROS) [47,48,49,50]. An increase in ROS has been shown with salt loading [49] specifically leading to an increase in superoxide [31,51]. This increase in superoxide is thought to reduce the bioavailability and/or production of nitric oxide (NO), a potent vasodilator, by forming peroxynitrite, a potent oxidant [52]. Work in humans has established a role for sodium-induced oxidative stress. Greaney et al. [53] demonstrated improved cutaneous microvascular function with local ascorbic acid infusion under high dietary sodium conditions, while Ramick et al. [54] highlighted that the source of these radicals may be nicotinamide adenine dinucleotide phosphate (NADPH) oxidase, as cutaneous vasodilation was restored with local infusion of apocynin. Furthermore, endothelial cell nitrotyrosine content was increased on the high sodium diet. To date, not much is known about potassium’s ability to lower oxidative stress levels under high dietary sodium conditions. In an animal model, a high potassium diet lowered oxidative stress levels in spontaneously hypertensive rats fed a high sodium diet [33]. Hypertensive individuals infused with potassium chloride, thereby increasing extracellular potassium, demonstrated improved endothelium-dependent vasodilation as assessed by changes in forearm blood flow [55]. This has not been studied in normotensive salt-resistant adults and therefore, is an area for future investigation.



It may be that potassium protects the endothelium via non-ROS mechanisms. Stroke prone hypertensive rats supplemented with potassium had reduced intimal lesions and improved endothelial-dependent relaxation in response to acetylcholine despite no change in BP suggesting that potassium was protective of the endothelium [35]. The authors attributed this to a preservation of NO, as no differences were seen in response to sodium nitroprusside, a measure of endothelial-independent dilation. Similar findings have been shown in patients with essential hypertension. Potassium chloride was infused, and forearm blood flow evaluated, using strain gauge plethysmography. Potassium chloride had a vasodilating effect in the hypertensives with no change in controls while co-infusion of NG-monomethyl L-arginine (L-NMMA), an inhibitor of NO synthase, blunted this response [55]. Again, no differences in response to sodium nitroprusside were seen. While these data suggest that potassium facilitates endothelial-dependent dilation via the NO pathway, the mechanism remains unclear. More recent work has suggested that attenuation of enhanced sympathetic vasoconstriction may be the mechanism by which potassium protects the endothelium, although this was only present in younger Dahl salt-sensitive rats and not mature rats, and potassium did lower BP in this study [56]. Taken together, there may be multiple mechanisms by which potassium protects against high dietary sodium and the current research suggests this is through a preservation of NO.



There are a few limitations to this study. The goal of our study was to determine whether a high potassium diet may protect the vasculature in the presence of high sodium, therefore we did not include a high potassium/low sodium diet group. It is possible that a high potassium/low sodium diet would be more beneficial for vascular function as compared to the MK/LS and HK/HS diets. We did not assess oxidative stress in this study, therefore we cannot say whether potassium’s protective effects relate to a lowering of sodium-induced oxidative stress levels. Furthermore, our cohort was healthy and relatively young with a mean age of 33 and therefore, we cannot say how middle-age and older adults would respond.




5. Conclusions


In conclusion, this study highlights dietary potassium’s protective effects on the vasculature in the presence of a high sodium diet. We extend previous findings demonstrating that dietary potassium is beneficial acutely on a high salt meal. Furthermore, we demonstrated these effects in salt-resistant adults using a controlled feeding study approach. These findings suggest that dietary potassium can be beneficial to those who consume a high sodium diet by protecting the endothelium.
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Figure 1. (a) Mean arterial pressure (MAP) on the last day of each diet. (b) Urinary sodium excretion increased on the high sodium diets compared to low sodium. (c) Urinary potassium excretion was elevated on the high potassium diet compared to the moderate potassium diets, however there was a difference in potassium excretion between the high and low sodium diets. HK/HS, high potassium/high sodium; MK/HS, moderate potassium/high sodium; MK/LS, moderate potassium/low sodium. Values are mean ± SE; * p < 0.05 vs. MK/LS; † p < 0.05 vs. MK/HS. 
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Figure 2. (a) Plasma renin activity (PRA) was suppressed on the high sodium diets. (b) Aldosterone (ALDO) levels were elevated on the MK/LS and HK/HS diets relative to MK/HS. (c) Angiotensin II levels were not significantly different between the three diets. HK/HS, high potassium/high sodium; MK/HS, moderate potassium/high sodium; MK/LS, moderate potassium/low sodium. Values are mean ± SE. * p < 0.05 vs. MK/LS; † p < 0.05 vs. MK/HS. 
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Figure 3. (a) Group brachial artery flow-mediated dilation (FMD) responses during the three diets. (b) Individual FMD responses during the three diets. Values are mean ± SE. FMD, flow-mediated dilation; HK/HS, high potassium/high sodium; MK/HS, moderate potassium/high sodium; MK/LS, moderate potassium/low sodium. * p < 0.05 vs. MK/HS. 






Figure 3. (a) Group brachial artery flow-mediated dilation (FMD) responses during the three diets. (b) Individual FMD responses during the three diets. Values are mean ± SE. FMD, flow-mediated dilation; HK/HS, high potassium/high sodium; MK/HS, moderate potassium/high sodium; MK/LS, moderate potassium/low sodium. * p < 0.05 vs. MK/HS.



[image: Nutrients 12 01206 g003]







[image: Nutrients 12 01206 g004 550] 





Figure 4. (a) Augmentation index (AIx) was unaltered over the three diets. (b) Pulse wave velocity (PWV) remained unchanged over the three diets. Values are mean ± SE. HK/HS, high potassium/high sodium; MK/HS, moderate potassium/high sodium; MK/LS, moderate potassium/low sodium. 
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Table 1. Baseline subject characteristics.
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	Baseline Characteristic
	All Subjects





	Demographic Data
	



	N (M/F)
	33 (16/17)



	Age (year)
	27 ± 1



	Height (cm)
	172 ± 1.6



	Mass (kg)
	72 ± 1.8



	Body Mass Index (kg/m2)
	24 ± 0.5



	Systolic BP (mmHg)
	113 ± 3



	Diastolic BP (mmHg)
	72 ± 2



	Heart rate (bpm)
	66 ± 2



	Biochemical Parameters
	



	Hemoglobin (g/dL)
	14 ± 0.2



	Hematocrit (%)
	42 ± 0.6



	Serum sodium (mmol/L)
	139 ± 0.3



	Serum potassium (mmol/L)
	4.2 ± 0.06



	Serum chloride (mmol/L)
	104.4 ± 0.34



	Plasma osmolality (mOsm/kg H2O)
	290 ± 0.84



	Serum creatinine (mg/dL)
	0.90 ± 0.03



	Blood urea nitrogen (mg/dL)
	13 ± 0.6



	Fasting glucose (mg/dL)
	87 ± 1.2



	Fasting total cholesterol (mg/dL)
	163 ± 6.2



	Fasting HDL (mg/dL)
	67 ± 2.1



	Fasting LDL (mg/dL)
	90 ± 4.8



	Fasting triglycerides (mg/dL)
	81 ± 7.8







Values are mean ± SE. BP, blood pressure; HDL, high density lipoprotein; LDL, low density lipoprotein.
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Table 2. Hemodynamic and renal responses to dietary potassium and sodium perturbation.
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	MK/LS
	MK/HS
	HK/HS





	Mass (kg)
	70.6 ± 1.8
	71.8 ± 1.8 *
	71.6 ± 1.9 *



	Hemoglobin (g/dL)
	13.4 ± 0.4
	12.9 ± 0.4
	13.05 ± 0.3



	Hematocrit (%)
	40.7 ± 1.1
	39.2 ± 1.1
	40.8 ± 1.07



	Plasma osmolality (mOsm/kg H2O)
	287 ± 1.3
	289 ± 1
	289 ± 1



	Serum sodium (mmol/L)
	139.7 ± 0.6
	140.8 ± 0.5 *
	140.1 ± 0.5



	Serum potassium (mmol/L)
	3.95 ± 0.06
	3.99 ± 0.06
	4.03 ± 0.05



	Serum chloride (mmol/L)
	101.7 ± 0.46
	103.7 ± 0.37 *
	103.1 ± 0.45 *



	Urine osmolality (mOsm/kg H2O)
	324 ± 22.6
	465 ± 32.4 *
	420 ± 24.3 *



	Urine flow rate (mL/min)
	1.45 ± 0.1
	1.63 ± 0.11
	1.72 ± 0.1 *



	Free water clearance (mL/min)
	0.002 ± 0.09
	−0.69 ± 0.12 *
	−0.57 ± 0.10 †,*



	24-h Systolic BP (mm Hg)
	116 ± 1
	116 ± 1
	115 ± 1



	24-h Diastolic BP (mm Hg)
	70 ± 1
	68 ± 1
	66 ± 2



	24-h PP (mm Hg)
	47 ± 1 †
	49 ± 1
	47 ± 1 †



	24-h Heart rate (bpm)
	69 ± 2
	67 ± 2 *
	67 ± 2 *



	Laboratory Systolic BP (mm Hg)
	110 ± 2
	112 ± 2
	110 ± 2



	Laboratory Diastolic BP (mm Hg)
	66 ± 2
	66 ± 2
	65 ± 2



	Laboratory MAP (mmHg)
	81 ± 2
	81 ± 2
	80 ± 2



	Laboratory PP (mmHg)
	44 ± 2
	45 ± 1
	44 ± 1







Mean ± SE; BP, blood pressure; HK/HS, high potassium/high sodium; MAP, mean arterial pressure; MK/HS, moderate potassium/high sodium; MK/LS, moderate potassium/low sodium; PP, pulse pressure. * p < 0.05 v. MK/LS; † p < 0.05 v. MK/HS.
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Table 3. Vascular measurement responses to dietary potassium and sodium perturbation.
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	MK/LS
	MK/HS
	HK/HS





	Brachial artery FMD (mm Δ)
	0.23 ± 0.002
	0.20 ± 0.002
	0.23 ± 0.002



	Baseline brachial artery diameter (mm)
	3.54 ± 0.01
	3.47 ± 0.013
	3.57 ± 0.01



	Peak brachial artery diameter (mm)
	3.77 ± 0.001
	3.66 ± 0.01
	3.79 ± 0.01



	AUC shear rate
	27236 ± 3774
	28446 ± 3880
	33785 ± 4187







Values are mean ± SE. AUC, area under the curve; FMD, flow-mediated dilation; HK/HS, high potassium/high sodium; MK/HS, moderate potassium/high sodium; MK/LS, moderate potassium/low sodium.
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