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Abstract

Background: Dietary approach to stop hypertension (DASH) diet reduces blood pressure (BP)
as effectively as one antihypertensive drug, yet its mechanism of action was never fully char-
acterized.Methods:We designed a translational inpatient trial to elucidate the biological path-
way leading from nutritional change, through hormonal response, reversal of urine electrolytes
ratio, to BP reduction. Results: A single-center open-label interventional trial. Volunteers were
admitted for 14 days, transitioning from an American-style diet to DASH diet. Vital signs,
blood, and urine samples were collected daily. Participants completed two 24-hour ambulatory
BPmeasurements (ABPM) and two 24-hour urine collections on days 1 and 10. Nine volunteers
completed the protocol. During inpatient stay, serum aldosterone increased from day 0 (mean
8.3 ± 5.0) to day 5 (mean 17.8 ± 5.8) after intervention and decreased on day 11 (mean
11.5 ± 4.7) despite continuous exposure to the same diet (p-value= 0.002). Urine electrolyte
ratio ([Na]/[K]) decreased significantly from a mean of 3.5 to 1.16 on day 4 (p< 0.001). BP
by 24-hour ABPM decreased by a mean of 3.7 mmHg systolic BP and 2.3 mmHg diastolic
BP from day 1 to 10. Conclusion: Shifting from a high-sodium/low-potassium diet to the oppo-
site composition leads to aldosterone increase and paradoxical BP reduction. Urine electrolyte
ratio reflects nutritional changes and should guide clinicians in assessing adherence to lifestyle
modification.

Introduction

Hypertension affects 50 million people in the United States and 1 billion worldwide and is asso-
ciated with an increased risk of end-stage kidney diseaseand significant morbidity and mortality
[1,2]. The cardiovascular risk associated with hypertension is continuous, independent of other
risk factors, and increases starting at a blood pressure (BP) as low as 115/75 mmHg [3].
Although the pathogenesis of primary essential hypertension is still not well understood, a vari-
ety of modifiable factors, such as high- sodium (Naþ) and low-potassium (Kþ) diet, have been
implicated as mechanisms. Classic studies and observational data showed that the combined
effect of a low Kþ and high Naþ diet on BP seems greater than either alone [4–6].

The dietary approaches to stop hypertension (DASH diet), which is rich in fruits, vegetables,
and low-fat dairy foods, is a proven BP- lowering intervention [1,7,8]. It is now recommended as
one of the most important nonpharmacological measures to control BP [4,9] and is more effec-
tive in reducing BP than a low-salt diet for every sodium intake level [8], probably as a result of
the synergistic effect with potassium [10].

Urine electrolytes ratio (i.e., sodium to potassium: U[Naþ]/[Kþ]) is a marker for intake and
correlates with BP. High sodium intake is mirrored by increased urinary electrolytes ratio and
for each increase in urine electrolyte ratio systolic and diastolic BP increase [11]. Following
increased potassium consumption, urinary excretion of the access requires the secretion of
sodium [12], analogous to a diuretic, which has a cardiovascular benefit [12,13].

Urine electrolyte excretion is governed by the mineralocorticoid hormone aldosterone [11].
Aldosterone reacts to two opposing stimuli in what is known as the aldosterone paradox; during
hypovolemia, both aldosterone and angiotensin II are secreted to retain Naþ with minimal Kþ

secretion. In response to potassium loading, aldosterone alone, and not angiotensin II, is
secreted, leading to a potassium secreting state [14].

The pivotal DASH studies were designed to establish efficacy, but not to determine the
mechanism of action. Postulated mechanisms for the BP-lowering effect of the DASH diet
include effects on natriuresis, renin-angiotensin-aldosterone system (RAAS), reduced adrener-
gic tone, and increased vascular relaxation [15–18].
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However, the full cascade of steps following DASH initiation
was never revealed. We designed a translational study in which
participants were followed closely for physiologic changes starting
from implementation of DASH diet until the clinical endpoint of
BP reduction.

We hypothesized that transitioning from western-style diet to
DASH diet will influence serum aldosterone concentration leading
to a change in urine electrolytes ratio, and eventually reducing BP.

The objective of this trial was to characterize the early sequence
of events stemming from nutritional changes, leading to serum
aldosterone changes, through urine electrolytes, and ending in
BP reduction. Specifically, we followed changes in serum aldoste-
rone levels throughout the intervention to determine how rapidly
DASH diet affects aldosterone, and we compared the urine electro-
lyte ratios in spot urine (sodium to potassium) to the electrolytes
ratio in a 24-hour urine collection as surrogates for adherence to
DASH diet.

Methods

We initiated a single center, unblinded interventional trial chroni-
cling the effects of transitioning from an American-style diet [9] to
the DASH diet on BP among adults with stage 1 or 2 (systolic blood
pressure of 130 to 159 mmHg or a diastolic pressure ranging from
80 to 99 mmHg).

The primary outcome measure was changes in serum aldoste-
rone following exposure to high-potassium/low-sodium diet. The
secondary outcome measure was assessing correlation between
urine electrolytes ratio in spot urine (sodium to potassium) vs.
electrolytes ratio in a 24-hour urine collection.

Power calculation: The trial was designed anticipating a twofold
change in aldosterone levels between pre- vs postintervention with
a two-sided alpha of 0.05 and 80% power (n= 9). However, since
this is a pilot study with an exploratory nature, the recruitment goal
was set at 20 participants, aiming for a frequency of 50% black and
50% white participants. Due to the difficulties of enrolling the full
target cohort because of the COVID-19 pandemic, and based on
the power calculations, the sample size is nine participants.

A 14-day trial duration was selected based on previous reports
[19] describing this time period as the minimal required for full
DASH effect on BP.

Recruitment, Inclusion, and Exclusion Criteria

All study procedures were approved by the Rockefeller University
Institutional Review Board and conducted in accordance with the
Declaration of Helsinki. Informed consent was obtained prior to
any study-related procedure. Participants were recruited using
the Research Volunteer repository of the Rockefeller University
[20], and ads were published in the Metro newspaper, Facebook,
and local businesses. Volunteers underwent a prescreening phone
call followed by an in-person evaluation that included past medical
history, physical examination, and laboratory tests.

Inclusion criteria were prehypertension or stage 1 hypertension
based on the average of three consecutive BP measurements
obtained 1 minute apart during the screening visit, age between
18 and 60, and self-identified as Black or White. Obesity
(BMI≥ 30), diabetes mellitus, chronic kidney disease (CKD
Stage III [eGFR < 60 ml/min/1.73m [2]]), RAAS deviation, hem-
aturia, proteinuria, thyroid disease, present use of antihypertensive
medication, a history of coronary artery disease, or inability to
comply with the protocol were exclusion criteria.

These eligibility criteria were selected to reduce any biological
confounder of RAAS axis deviation leading to hypertension. RAAS
axis deviation relates to any abnormality in the hormones
measured on screening (renin or aldosterone). Of note, obesity
is associated with RAAS axis deviation as a mechanism of hyper-
tension. Specifically, obesity and diabetes may cause hypertension
by increased activation of the renin-angiotensin-aldosterone
system [21,22]. Various studies have revealed associations between
high aldosterone levels andmetabolic syndrome, CKD, atrial fibril-
lation, left ventricular hypertrophy, and heart failure [23,24].

DASH Intervention

Eligible participants were admitted to the Hospital unit at the
Rockefeller University for 14 days, weekends spent at home with
packed meals. After completing a food frequency questionnaire
(FFQ, VioScreen) [25], they were prescribed a diet prepared by
the clinical research center kitchen under the supervision and guid-
ance of a registered dietitian. Menus were designed to contain 2.3 g
of sodium/day and 6 g of potassium/day while matching caloric
intake to avoid weight loss, according to the guidelines of the
National Heart Blood and Lung Institute (NHBLI) of the
National Institutes of Health (NIH) [26].

Menus were introduced on the first day after collection of blood
and urine specimens as detailed next. Following discharge, volun-
teers were invited for a follow-up visit 2–4 weeks later. During the
follow-up visit, blood and urine samples were collected and ana-
lyzed, and BP was measured under the same conditions as previ-
ously described.

Daily Vital Signs and 24-hour Ambulatory BP Monitoring
(ABPM)

During hospitalization, participants were followed daily for vital
signs including manual measurements of BP, body temperature,
and weight. BP was obtained after participants were allowed to rest
for 20 minutes in a seated position with their back and arm sup-
ported, legs uncrossed, and feet flat on the floor. Three BP mea-
surements were obtained 1 minute apart and averaged. BP was
measured using a random-zero sphygmomanometer (Hawksley
and Sons, Lancing, United Kingdom). Participants completed a
24-hour ABPM on days 1 and 10 using VectraCore ABPM-05
[27]. The device was programed to measure blood pressure
every 15 minutes during awake hours (6AM–10PM) and every
30 minutes during sleep.

Laboratory Sample Collection, Storage, and Processing

Screening and daily blood count and chemistry including lipid
panel, and urine electrolytes were performed. Serum aldosterone
and plasma renin activity were measured once during screening
in morning hours (9AM–12PM) while seated, twice during hospi-
talization on days 5 and 11 at 7:30AM, and once during the follow-
up visit (trial schedule is illustrated in Fig. 1).

A first-void morning urine sample was used to measure urinary
parameters. Urinary potassium concentration U[K

þ
] and sodium

concentration U[Na
þ
] were analyzed and expressed as milliequiva-

lents per liter. Urine electrolytes ratio was calculated by dividing
spot urine sodium by spot urine potassium. 24-hour urine collec-
tion for volume and electrolytes was performed twice during hos-
pitalization on days 1 and 10, parallel to 24-hour ABPM, as
previously described [28].
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Statistical Analysis

Statistical analyses were performed using SAS (version 9.4).
Analyses were conducted for all participants who completed the
protocol. Data are presented as mean values with corresponding
SDs for continuous values. A linear mixed effects model was used
to determine the relationship between continuous variables and
time. For the urine electrolytes ratio, time was considered a con-
tinuous variable, whereas for aldosterone it was considered dis-
crete. The urine electrolytes ratio was taken daily throughout
the hospital stay, while measures of aldosterone were taken only
on days 0 (baseline), 5, 11, and 28. Pearson’s coefficient was used
to assess correlation between continuous variables. Bland–
Altman’s analysis was used to assess the relative agreement
between spot urine electrolytes ratio and 24-hour urine collection
electrolytes ratio. A paired t-test was used tomeasure differences in
blood pressure between the beginning and end of hospitalization.
Pearson’s correlation coefficient (r) was used to assess correlation
between continuous variables.

Study Approval

The protocol was approved by the Rockefeller University
Institutional Review Board (approval number: DBI-1000).
Written informed consent of volunteers was received prior to
screening, and no medical procedure was conducted prior to that.

Results

Participant Characteristics and Intervention

Totally, 211 potential volunteers were prescreened by phone,
24 were invited for an in-person screening, and 9 of them com-
pleted the protocol between June 2020 and August 2021. Of those
seven were men and eight were Black (Supplementary Fig. 1).
During their hospitalization, volunteers consumed a mean
5.6 ± 0.7 g/day of potassium and mean 2.6 ± 0.3 g/day of sodium,
compared to mean consumption before admission (4.6 ± 2.4 g/day
and 5.6 ± 2.8 g/day, respectively, Table 1). Participants were not
asked to maintain DASH diet between discharge and follow-up,
and none reported that they did so voluntarily.

Weight Loss and Urine Volume

Participants’ BMI remained stable throughout the admission
period (mean BMI 27.8 ± 2.3 kg/m2) with slight reductions ranging

between 0 and 3% in the first three days of intervention.Mean daily
urine volume, for all participants, decreased from the first collec-
tion (mean 3.3 ± 1.6 L, range 1.2-6.1) to the second (2.7 ± 1.3 L,
range 1.4–5.6 L) by 18% on average.

Aldosterone

Mean serum aldosterone concentration at screening was 8.3 ± 5.0
(range 2.8–18.8) ng/dL and increased on day 5 to a mean concen-
tration of 17.8 ± 5.8 (range 10.2–27.2) ng/dL. Mean aldosterone
level decreased in all participants by day 11, to a mean concentra-
tion of 11.5 ± 4.7 (range 4.8–18.2) ng/dL and returned to baseline
at follow up, 8.6 ± 4.7 (range 3–18.8) ng/dL. Mean aldosterone was
higher on day 5 compared to the other sampling timepoints
(p= 0.002, Fig. 2).

Urine Electrolytes ([Na]/[K]) Ratio

At baseline, the mean UNaþ/UKþ ratio from spot urine was 3.2 ± 2
ranging from 0.4 to 6.4 (Table 2). By day 4, the mean ratio was
1.16 ± 0.6 (range 2.32–0.25), reflecting similar concentrations of

Fig. 1. Trial schedule. The diagram is a graphical presentation of data collection during screening (S) and following intervention, including post trial follow-up (day 28).
Participants consumed dietary approach to stop hypertension (DASH) diet between days 1 and 14. ABPM, ambulatory blood pressure monitoring.

Table 1. Demographic characteristics and vital signs of trial participants prior to
intervention

Variable (n = 9) Mean SD Range

Age (years) 45.11 9.02 34–57

BMI (kg/m2) 27.74 2.24 23-29.9

Race (%Black) 89%

Gender (% female) 22%

Baseline serum creatinine (mg/dL) 1.02 0.16 0.70–1.40

Baseline renin (ng/dL/Hr) 0.39 0.16 0.15–0.62

Baseline BP (mmHg) 134/89 9/4 122–156/84–95

Baseline potassium consumption
(mEq/day)

4650 2465 1756–7749

Baseline sodium consumption
(mEq/day)

5647 2853 2330–10341

Data are presented as mean, standard deviation and range. Data for gender and race are
presented as percent form total (n= 9). Baseline characteristics (renin, BP and electrolytes
consumed) were collected on screening visit. BP is the mean of three measurements as
described in the methods section. Urine electrolytes ratio was calculated by dividing the
concentration of sodium by the concentration of potassium in spot urine. BP= blood
pressure, BMI = body mass index.

Journal of Clinical and Translational Science 3

https://doi.org/10.1017/cts.2022.394 Published online by Cambridge University Press

https://doi.org/10.1017/cts.2022.394
https://doi.org/10.1017/cts.2022.394


excreted sodium and potassium. The mean ratio remained below
1.5 during the intervention period with slight increases around
weekends that participants spent at home (Fig. 3). During the fol-
low-up visit, a few weeks after discharge, mean ratio increased
again to 1.7, yet not to the preintervention level. A mixed-effect
model assessing the effect of time on the change of urine electro-
lytes ratio showed a significant change across the entire 15 days
period (Fig. 3, p-value< 0.001). The main contribution to this sig-
nificant difference was the change during the first 5 days (Fig. 3, p-
value < 0.001).

Agreement Between Spot and 24-Hour Urine Collection
[Naþ]/[Kþ] Ratio

We assessed the agreement between two methods of urine electro-
lytes ratio measurement (24-hour urine collection and spot urine)
using the Bland–Altman analysis and Pearson correlation coeffi-
cient (Fig. 4). According to the first method, all measurements
but one were within the 95% confidence interval of agreement,
and according to the second method, we found a correlation of
89% between the two methods.

Blood Pressure Measurement Comparisons

Volunteers completed two 24-hour ABPMs during the study
period, on days 1 and 10. The difference in mean BP between
the entire 24-hour periods was a 3.7 mmHg reduction for systolic
BP and 2.3 mmHg reduction for diastolic BP. Similar reductions
were noted for the active period (6AM-10PM) and the passive

period (10PM-6AM). None of these differences reached statistical
significance (Table 2, Fig. 5).

Discussion

We describe a meticulously planned inpatient study performed
under strict conditions characterizing early changes in the biologi-
cal pathway leading from nutritional changes to BP reduction. We
show that endogenous aldosterone secretion increases following
exposure to a hig-potassium and low-sodium diet rising to a peak
on day 5 and then decreasing, despite continuous exposure, parallel
to a reversal in urine electrolytes ratio. Blood pressure was even-
tually reduced following nutritional changes, even though not sig-
nificantly, and in contradiction to accepted paradigm that
aldosterone increase leads to hypertension.

Fig. 2. Mean aldosterone change across time. Serum aldosterone was sampled on
screening (day 0) and on days 5, 11 and 28. Means of samples for all nine participants
were calculated for each day and are presented with standard deviation. Mean serum
aldosterone on day 5 ( ) was significantly higher compared to mean serum
aldosterone on day 0 (p-value = 0.002).

Table 2. Nutritional intervention and variables collected during the trial

Variable (n= 9) Mean SD Range

Trial potassium
consumption (meq/d)

5628 738 4461–6650

Trial sodium consumption
(meq/d)

2643 319 2282–3020

24-hour urine volume day
1 (ml)

3371 1599 1220–6070

24-hour Na/K on day 1 2.37 0.67 1.44–3.47

Spot Na/K on day 1 2.40 0.60 1.6–3.45

24-hour urine volume day
10 (ml)

2713 1375 1370–5575

24-hour Na/K on day 10 0.92 0.27 0.60–1.41

Spot Na/K on day 10 0.82 0.31 0.37–1.23

ABPM 1 24-hour mean
(mmHg)

137.5/87.4 13.2/8.6 120–155

ABPM 1 active period
mean (mmHg)

142.4/91.3 13.2/8.5 125–159

ABPM 1 passive period
mean (mmHg)

128.1/80.1 13.6/10.2 112–149

ABPM 2 24-hour mean
(mmHg)

133.7/85.1 14.3/10.2 112–164

ABPM 2 active period
mean (mmHg)

138.7/89.2 12.9/9.1 (117–164)/
(72–105)

ABPM 2 passive period
mean (mmHg)

124.1/75.4 12.8/13.4 (103–165)/
(60–104)

Data is presented as mean, standard deviation and range. Na/K = sodium to potassium
electrolytes ratio. ABPM active period= 8AM–10PM, ABPM passive period= 10PM–8AM.
ABPM= ambulatory blood pressure monitoring.

Fig. 3. Change in mean urine electrolytes ratio [Naþ]/[Kþ] in spot urine across the
trial days. Mean urine electrolytes ratio was calculated for all participants during each
day. A mixed-effect model assessed the effect of time on the change of urine electro-
lytes ratio. Across the entire trial period, the difference was statistically significant
(p-value <0.001) but when separated into two periods, the difference between means
between days 1 and 5 was significant (p-value <0.001), whereas for days 5–15 there
was no difference between means (p-value = 0.69).
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Our trial acknowledges previous findings from pivotal trials. In
the DASH-sodium trial [16], the antihypertensive effect of DASH
was attributed to pressure natriuresis since higher sodium
increased thirst and urine volume (suggesting higher fluid intake)
in patients who were prescribed a control diet [29]. It was con-
cluded that reducing dietary sodium decreased thirst and urine vol-
ume, yet, the effect of nutritional changes was assessed 4 weeks
after implementation, whereas we followed our participants from
day 1. Hence, we could document how dietary sodium reduction,
while increasing dietary potassium, led to increased urine volume
in the first few days, demonstrating the mechanism by which
DASH lowers blood pressure.

The second pivotal trial is the Cosmonaut trial where 10 males
were studied under three dietary salt levels in ultralong-term- con-
trolled conditions [30]. The authors showed that increasing salt
intake gradually decreased free water clearance. This result
complements ours, since we describe decreasing salt intake, while
increasing potassium intake, leading to diuresis thereby lower-
ing BP.

In a third trial, following a run-in period, 20 volunteers were
randomized to eat either DASH or a control diet for two weeks.

Yet, inclusion criteria set a high BMI threshold and indeed mean
BMI was in the range of obesity (33.9 ± 6.6 kg/m2) [18]. This might
explain how despite natriuresis, urine electrolytes ratio reversal,
and blood pressure reduction, the RAAS axis was not involved
in the cascade. The authors concluded that the mechanism was
dependent on increased nitric oxide bioavailability, as measured
by plasma nitrite following a stressor, that might have subsequent
effects on vascular basal tone.

Our study cohort is composed of 87% Black individuals and
80% men (Table 1) as a prespecified requirement (at least 50%
of participants). Extended literature addressed the higher preva-
lence of hypertension in this racial group [31–33], with elaborated
description of related complication.

Despite unequal representation of race and sex, the results may
be generalizable. On September 2021, the nephrology community
accepted a revision to the recommended formula estimating GFR
that excluded the race coefficient [34]. This revision was based on
the notion that race is a social construct and hence does not dictate
biological pathways. Thus, there is no unequivocal racial compo-
nent in BP response following DASH diet implementation.
Moreover, documented differences in blood pressure response

Fig. 4. Agreement and correlation between urine electrolytes ratios. Panel A shows correlation between spot (horizontal) and 24-hour (vertical) urine electrolytes ratio, Pearson
correlation coefficient r2 = 0.89. Panel B shows a graphical presentation of Bland–Altman analysis estimating the agreement between two methods of measurement.

Fig. 5. Mean blood pressure according to ABPM recordings on days 1, 10 of the intervention. Figure 5A shows mean systolic ABPM readings for all participants on days 1 and 10.
Figure 5B shows mean diastolic ABPM measures for all participants on days 1, 10. Blood pressure reductions did not reach statistical significance but were consistent across all
time periods and measurements. Active period (8 AM–10 PM), passive period (10 PM–8 AM). ABPM = ambulatory blood pressure monitoring.
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between racial groups might represent nutritional inequities that
stem from socioeconomic differences, rather than race itself
[35]. These include higher dietary salt intake [36,37] and lower
Kþ intake [38]. [39–41] Appel and colleagues [7] specifically stud-
ied the antihypertensive effect of the DASH diet according to sex
and concluded that there was no difference between males and
females.

Interaction between DASH diet and the RAAS axis has been
examined before under different conditions. Consuming DASH
diet for 4 weeks had a contradicting effect with inhibiting angio-
tensin II (ANGII) on BP, with an increase in serum aldosterone,
compared to the control group receiving ANGII infusion [15].
Since ANGII inhibition causes a decrease in aldosterone, the
combination of ANGII with nutritional change might obscure
the preliminary peak of aldosterone attributed to the diet. In a post
hoc analysis of the DASH-SODIUM trial, serumaldosterone
increased by a mean of 2 ng/dL 30 days after DASH implementa-
tion in the intervention group compared to the control group.
However, this was the earliest time point assessed after initiation
of intervention [42], and hence could miss the initial peak in
aldosterone following implementation of high-potassium diet.

The peak in aldosterone 5 days after intervention, which paral-
lels the decline in urine electrolytes ratio, may suggest that another
building block is missing in this pathway. A change in ion channel
composition in the tubule epithelium or activation may mediate
the effects of the DASH diet. Previous studies tried to identify
the relevant ion channel, based on cell cultures [43] and animal
models [44], yet none had conclusive results.

Previous studies reported an association between urinary
[Naþ/Kþ] ratio on spot urine samples and 24-hour urine collection
but had several limitations. In a cross-sectional study, spot urine
sodium ratio was compared to 24-hour collection content. 24-hour
and spot sodium concentrations correlated moderately (r= 0.46)
and gave a very poor understanding of the natriuresis occurring
over the same 24-hour period, without relating to nutrition or
potassium [45]. Correlation between Naþ/Kþ ratios measured in
spot urine vs. 24-hour collection was found to be statistically sig-
nificant in another trial, yet the authors did not address intake or
response to change in diet [46]. We show for the first time that
following nutritional intervention, the urine electrolytes ratio in
spot vs. 24-hour urine collection correlate very well. This correla-
tion could make the collection of spot urine for ratio assessment a
rapid simple tool to assess compliance with the DASH diet.

DASH effect was examined in response to aldosterone infusion
in the presence of high and low-salt content [47]. The authors did
not witness any BP reduction after induction of supra-physiologic
levels of aldosterone (83.5 ± 27.9 ng/dL), and small differences
between BMI of the two groups that were not controlled for in
the analysis (29.5 ± 1.6 in the nutritional intervention vs.
33.8 ± 2.1 in the aldosterone infusion group) potentially had a con-
founding effect on the associations.

BP reductions following DASH diet implementation vary. In
the original study of 459 participants, BP was lowered significantly
in the total group by 4.5/2.7 mmHg per 24-hour ABPM after 8
weeks on the assigned diet. In Black individuals, BP was lowered
by 6.9/3.7 mmHg, in whites by 3.3/2.4 mmHg, in hypertensives by
11.6/5.3 mmHg, and in non-hypertensives by 3.5/2.2 mmHg [48].
Other studies reported different magnitudes of BP reduction,
depending on the timing of measurements related to initiation
of the diet, size of population, and racial diversity. It appears that
the small size of our cohort had limited statistical power to detect a
difference between ABPM 10 days apart, even though the effect we

documented is consistent across all timepoints examined and
reproduces previous trials results.

Our trial portrays a biological pathway connecting nutritional
change from an American-style diet to DASH diet that reverses the
relative intake of potassium and sodium. Volunteers were meticu-
lously followed in an inpatient setting where they consumed a diet
of known composition while documenting changes in endogenous
hormones and electrolytes, reaching a clinical end point of blood
pressure reduction. To the best of our knowledge, this is the first
time such a well-characterized response to DASH diet implemen-
tation has been described.

Accurate estimation of potassium intake in free-living popula-
tions is challenging. Some investigators used urinary potassium
excretion as a proxy for potassium intake. However, in contrast
to dietary sodium, of which>90% is excreted in urine, the percent-
age of potassium intake that is excreted is much lower (typically
80%) and dependent on diet. The cascade of events begins with
potassium entry into the gastrointestinal tract and subsequent
changes [49] in plasma potassium concentration [50]. This process
is not entirely clear, but it is speculated to involve an enteric sensing
mechanism that governs aldosterone secretion [49,51].

Aldosterone plays multiple roles in salt and water homeostasis
[52] and was assigned the properties of both kaliuretic and antina-
triuretic hormone, increasing the urinary Naþ/Kþ ratio [53].
Despite its equivocal effects on potassium excretion, in animal
models, these responses were produced with supraphysiologic
doses, and the kaliuretic effect emerged only when plasma potas-
sium was above its normal value [54].

Most of aldosterone’s effects are deleterious to the cardio-
vascular system, yet there is a branch activated by high potassium
that connects aldosterone to blood pressure reduction and a
diuretic-like effect [55]. Aldosterone excess is associated with
increased left ventricular remodeling and diastolic dysfunction
even in the absence of hypertension [56], effects that are reversed
by adrenalectomy or by mineralocorticoid receptor blockers [57].
Most experimental studies in animals have indicated that
target-organ damage from aldosterone excess mandates high-salt
intake [58]. The interaction between aldosterone and dietary salt
in modulating target-organ damage in humans is less well docu-
mented and based on population studies such as the
Framingham heart study [59], rather than on individual
physiology.

Our study has some limitations, the most pronounced is the
small sample size. The combination of the COVID-19 pandemic
and the nature of the protocol, demanding participants to agree
to a prolonged inpatient stay and strict dietary compliance for
twoweeks, may have limited recruitment. This limitation decreases
generalizability potential and increases the likelihood of type 2
error, where we might miss identifying a real difference between
measurements. However, despite the small sample size, we were
able to reject the null hypothesis and acknowledge the intervention
that led to a difference in aldosteronemeasurements and spot urine
electrolytes ratio.

Our results have clear strengths. First, the translational nature
of the protocol aiming to simultaneously characterize different
aspects of the biological pathway following intervention is unique.
Most research in the area is based on animal models where biology
is being pushed beyond physiological thresholds and hence results
do not reflect the natural course of events. The participation of
human subjects, under inpatient conditions, exposed to a single
intervention of monitored intake and output, provides a rare
and detailed insight into real-time physiology. The unique

6 Bielopolski et al.

https://doi.org/10.1017/cts.2022.394 Published online by Cambridge University Press

https://doi.org/10.1017/cts.2022.394


advantage of this study is the concurrent availability of biological
specimens under well controlled and followed intake rather than
indirect measures, such as dietary recall, combined with ABPM.

In conclusion, transitioning from American-style diet to DASH
diet activates a biological pathway governed by aldosterone. Urine
electrolytes ratio in spot urine reflects adherence to lifestyle mod-
ifications that can reduce BP. Clinicians should focus on following
the ratio rather than on sodium reduction alone, as the combina-
tion of low sodium and high potassium has a synergistic effect on
blood pressure reduction and cardiovascular health.
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please visit https://doi.org/10.1017/cts.2022.394

Data Availability Statement. The data underlying this article will be shared
on reasonable request to the corresponding author.

Acknowledgments.We thank Rockefeller University hospital staff, especially
nursing: Rita Devine, Jill McCabe, Regina Butler. Navigation: Donna Brassil and
Richard Hutt. Recruitment – Kadija Fofana and Sharon Adams.

This trial was funded by the Young Investigator award of the National
Kidney Foundation. This publication was supported in part by the National
Center for Advancing Translational Sciences, National Institutes of Health,
through Rockefeller University, Grant # UL1 TR001866.

Disclosures. Jonathan N. Tobin: NIH-NCI: Payments or Remuneration, Bio-
Ascend LLC/Regional Cancer Care Associates: Payments or Remuneration,
Reimbursed or Sponsored, Travel, AstraZeneca: Board of Directors
Compensation, Payments or Remuneration, Reimbursed or Sponsored
Travel, Clinical Directors Network, Inc. (CDN): Board of Directors
Compensation, Payments or Remuneration, Reimbursed or Sponsored
Travel. The remaining authors have no conflicts of interest to declare.

Study Approval. The protocol was approved by the Rockefeller University
Institutional Review Board (approval number: DBI-1000). Written informed
consent of volunteers was received prior to screening, and nomedical procedure
was conducted prior to that.

Trial Registration. clinicaltrials.gov ID: NCT04142138.

References

1. Muntner P, Hardy ST, Fine LJ, et al. Trends in blood pressure control
among US adults with hypertension, 1999-2000 to 2017-2018. JAMA
2020; 324(12): 1190–1200. DOI 10.1001/jama.2020.14545.

2. Chen TK, Knicely DH, Grams ME. Chronic kidney disease diagnosis and
management: a review. JAMA 2019; 322(13): 1294–1304. DOI 10.1001/
jama.2019.14745.

3. Rapsomaniki E, Timmis A, George J, et al. Blood pressure and incidence
of twelve cardiovascular diseases: lifetime risks, healthy life-years lost, and
age-specific associations in 1·25 million people. Lancet 2014; 383(9932):
1899–1911. DOI 10.1016/S0140-6736(14)60685-1.

4. Whelton PK, He J, Appel LJ, et al. Primary prevention of hypertension:
clinical and public health advisory from The National High Blood
Pressure Education Program. JAMA 2002; 288(15): 1882–1888. DOI 10.
1001/jama.288.15.1882.

5. Ozemek C, Laddu DR, Arena R, Lavie CJ. The role of diet for prevention
and management of hypertension. Current Opinion in Cardiology 2018;
33(4): 388–393. DOI 10.1097/HCO.0000000000000532.

6. Howard G, Cushman M, Moy CS, et al. Association of clinical and
social factors with excess hypertension risk in black compared with
white US adults. JAMA 2018; 320(13): 1338–1348. DOI 10.1001/jama.
2018.13467.

7. Appel LJ, Moore TJ, Obarzanek E, et al. A clinical trial of the effects of
dietary patterns on blood pressure. New England Journal of Medicine
1997; 336(16): 1117–1124. DOI 10.1056/NEJM199704173361601.

8. Sacks FM, Svetkey LP, Vollmer WM, et al. Effects on blood pressure of
reduced dietary sodium and the dietary approaches to stop hypertension
(DASH) diet. New England Journal of Medicine 2001; 344(1): 3–10.
DOI 10.1056/NEJM200101043440101.

9. The sixth report of the Joint National Committee on prevention,
detection, evaluation, and treatment of high blood pressure. Archives
of Internal Medicine 1997; 157(21): 2413–2446. DOI 10.1001/
archinte.157.21.2413.

10. Armstrong C, Joint National Committee. JNC8 guidelines for the manage-
ment of hypertension in adults. American Family Physician 2014; 90(7):
503–504.

11. Hedayati SS, Minhajuddin AT, Ijaz A, et al. Association of urinary
sodium/potassium ratio with blood pressure: sex and racial differences.
Clinical Journal of the American Society of Nephrology 2012; 7(2):
315–322. DOI 10.2215/CJN.02060311.

12. McDonough AA, Youn JH. Potassium homeostasis: the knowns, the
unknowns, and the health benefits. Physiology (Bethesda) 2017; 32(2):
100–111. DOI 10.1152/physiol.00022.2016.

13. Vitzthum H, Seniuk A, Schulte LH, Müller ML, Hetz H, Ehmke H.
Functional coupling of renal K þ and Naþ handling causes high blood
pressure in Na þ replete mice. The Journal of Physiology 2014; 592(5):
1139–1157. DOI 10.1113/jphysiol.2013.266924.

14. Arroyo JP, Ronzaud C, Lagnaz D, Staub O, Gamba G. Aldosterone para-
dox: differential regulation of ion transport in distal nephron. Physiology
(Bethesda) 2011; 26(2): 115–123. DOI 10.1152/physiol.00049.2010.

15. Maris SA, Williams JS, Sun B, Brown S, Mitchell GF, Conlin PR.
Interactions of the DASH diet with the renin-angiotensin-aldosterone sys-
tem. Current Developments in Nutrition 2019; 3(9): nzz091. DOI 10.1093/
cdn/nzz091.

16. Akita S, Sacks FM, Svetkey LP, Conlin PR, Kimura G. DASH-Sodium
trial collaborative research group. effects of the dietary approaches to stop
hypertension (DASH) diet on the pressure-natriuresis relationship.
Hypertension 2003; 42(1): 8–13. DOI 10.1161/01.HYP.0000074668.
08704.6E.

17. van Buren M, Rabelink AJ, Bijlsma JA, Koomans HA. Natriuretic and
kaliuretic response to potassium load: modulation by sodium intake.
Nephrology Dialysis Transplantation 1993; 8(6): 495–500. DOI 10.1093/
ndt/8.6.495.

18. Lin P-H, Allen JD, Li Y-J, Yu M, Lien LF, Svetkey LP. Blood pressure-
lowering mechanisms of the DASH dietary pattern. Journal of Nutrition
and Metabolism 2012; 2012: 472396. DOI 10.1155/2012/472396.

19. Lewington S, Clarke R, Qizilbash N, Peto R, Collins R, Prospective
Studies Collaboration. Age-specific relevance of usual blood pressure to
vascular mortality: a meta-analysis of individual data for one million adults
in 61 prospective studies. Lancet 2002; 360(9349): 1903–1913. DOI 10.
1016/s0140-6736(02)11911-8.

20. Kost RG, Corregano LM, Rainer T-L, Melendez C, Coller BS.
A data-rich recruitment core to support translational clinical research.
Clinical and Translational Science 2015; 8(2): 91–99. DOI 10.1111/cts.
12240.

21. Ahmed SB, Fisher NDL, Stevanovic R, Hollenberg NK. Body mass index
and angiotensin-dependent control of the renal circulation in healthy
humans. Hypertension 2005; 46(6): 1316–1320. DOI 10.1161/01.HYP.
0000190819.07663.da.

22. Petrie JR, Guzik TJ, Touyz RM. Diabetes, hypertension, and cardio-
vascular disease: clinical insights and vascular mechanisms. Canadian
Journal of Cardiology 2018; 34(5): 575–584. DOI 10.1016/j.cjca.2017.12.
005.

23. Buglioni A, Cannone V, Cataliotti A, et al. Circulating aldosterone and
natriuretic peptides in the general community: relationship to cardiorenal
and metabolic disease. Hypertension 2015; 65(1): 45–53. DOI 10.1161/
HYPERTENSIONAHA.114.03936.

24. Weber KT. Aldosterone in congestive heart failure. The New England
Journal of Medicine 2001; 345(23): 1689–1697. DOI 10.1056/
NEJMra000050.

25. About VioScreen - VioScreen. 2017 [Internet], Viocare, Inc. [cited
December 3, 2021]. (https://www.vioscreen.com/About)

Journal of Clinical and Translational Science 7

https://doi.org/10.1017/cts.2022.394 Published online by Cambridge University Press

https://doi.org/10.1017/cts.2022.394
https://doi.org/10.1001/jama.2020.14545
https://doi.org/10.1001/jama.2019.14745
https://doi.org/10.1001/jama.2019.14745
https://doi.org/10.1016/S0140-6736(14)60685-1
https://doi.org/10.1001/jama.288.15.1882
https://doi.org/10.1001/jama.288.15.1882
https://doi.org/10.1097/HCO.0000000000000532
https://doi.org/10.1001/jama.2018.13467
https://doi.org/10.1001/jama.2018.13467
https://doi.org/10.1056/NEJM199704173361601
https://doi.org/10.1056/NEJM200101043440101
https://doi.org/10.1001/archinte.157.21.2413
https://doi.org/10.1001/archinte.157.21.2413
https://doi.org/10.2215/CJN.02060311
https://doi.org/10.1152/physiol.00022.2016
https://doi.org/10.1113/jphysiol.2013.266924
https://doi.org/10.1152/physiol.00049.2010
https://doi.org/10.1093/cdn/nzz091
https://doi.org/10.1093/cdn/nzz091
https://doi.org/10.1161/01.HYP.0000074668.08704.6E
https://doi.org/10.1161/01.HYP.0000074668.08704.6E
https://doi.org/10.1093/ndt/8.6.495
https://doi.org/10.1093/ndt/8.6.495
https://doi.org/10.1155/2012/472396
https://doi.org/10.1016/s0140-6736(02)11911-8
https://doi.org/10.1016/s0140-6736(02)11911-8
https://doi.org/10.1111/cts.12240
https://doi.org/10.1111/cts.12240
https://doi.org/10.1161/01.HYP.0000190819.07663.da
https://doi.org/10.1161/01.HYP.0000190819.07663.da
https://doi.org/10.1016/j.cjca.2017.12.005
https://doi.org/10.1016/j.cjca.2017.12.005
https://doi.org/10.1161/HYPERTENSIONAHA.114.03936
https://doi.org/10.1161/HYPERTENSIONAHA.114.03936
https://doi.org/10.1056/NEJMra000050
https://doi.org/10.1056/NEJMra000050
https://www.vioscreen.com/About
https://doi.org/10.1017/cts.2022.394


26. DASH Eating Plan | NHLBI, NIH. [Internet] Last updated December 29,
2021 [cited August 20, 2021]. (https://www.nhlbi.nih.gov/health-topics/
dash-eating-plan)

27. VectraCor/QRS Diagnostics Meditech ABPM-05 ABPM Monitor. 2022
[Internet], Medical Device Depot, Inc. [cited August 20, 2021]. (https://
www.medicaldevicedepot.com/VectraCor-QRS-Diagnostics-ABPM-05-
ABPMMonitor-p/710001.htm)

28. Corder CJ, Rathi BM, Sharif S, Leslie SW. 24-hour urine collection.
StatPearls. Treasure Island, FL: StatPearls Publishing; 2021.

29. Juraschek SP, Miller ER, Chang AR, Anderson CAM, Hall JE, Appel LJ.
Effects of sodium reduction on energy, metabolism, weight, thirst, and
urine volume: results from the DASH (dietary approaches to stop hyper-
tension)-sodium trial. Hypertension 2020; 75(3): 723–729. DOI 10.1161/
HYPERTENSIONAHA.119.13932.

30. Rakova N, Kitada K, Lerchl K, et al. Increased salt consumption induces
body water conservation and decreases fluid intake. Journal of Clinical
Investigation 2017; 127(5): 1932–1943. DOI 10.1172/JCI88530.

31. Minor DS, Wofford MR, Jones DW. Racial and ethnic differences in
hypertension. Current Atherosclerosis Reports 2008; 10(2): 121–127.
DOI 10.1007/s11883-008-0018-y.

32. Muntner P, Lewis CE, Diaz KM, et al. Racial differences in abnormal
ambulatory blood pressure monitoring measures: results from the coro-
nary artery risk development in young adults (CARDIA) study.
American Journal of Hypertension 2015; 28(5): 640–648. DOI 10.
1093/ajh/hpu193.

33. Moghani Lankarani M, Assari S. Diabetes, hypertension, obesity, and
long-term risk of renal disease mortality: racial and socioeconomic
differences. Journal of Diabetes Investigation 2017; 8(4): 590–599.
DOI 10.1111/jdi.12618.

34. Inker LA, Eneanya ND, Coresh J, et al. New creatinine- and cystatin
C-based equations to estimate GFR without race. New England Journal
of Medicine 2021; 385(19): 1737–1749. DOI 10.1056/NEJMoa2102953.

35. de Mestral C, Mayén A-L, Petrovic D, Marques-Vidal P, Bochud M,
Stringhini S. Socioeconomic determinants of sodium intake in adult pop-
ulations of high-Income countries: a systematic review and meta-analysis.
American Journal of Public Health 2017; 107(4): e1–e12. DOI 10.2105/
AJPH.2016.303629.

36. Aviv A, Hollenberg NK, Weder A. Urinary potassium excretion
and sodium sensitivity in blacks. Hypertension 2004; 43(4): 707–713.
DOI 10.1161/01.HYP.0000120155.48024.6f.

37. Morris RC, Sebastian A, Forman A, Tanaka M, Schmidlin O.
Normotensive salt sensitivity: effects of race and dietary potassium.
Hypertension 1999; 33(1): 18–23. DOI 10.1161/01.hyp.33.1.18.

38. Institute of Medicine. Dietary Reference Intakes for Water, Potassium,
Sodium, Chloride, and Sulfate. Washington, DC: The National
Academies Press; 2005.

39. Kizer JR, Arnett DK, Bella JN, et al. Differences in left ventricular struc-
ture between black and white hypertensive adults: the hypertension genetic
epidemiology network study. Hypertension 2004; 43(6): 1182–1188.
DOI 10.1161/01.HYP.0000128738.94190.9f.

40. Klag MJ, Whelton PK, Randall BL, Neaton JD, Brancati FL, Stamler J.
End-stage renal disease in African-American and white men. 16-year
MRFIT findings. JAMA 1997; 277(16): 1293–1298.

41. Kittner SJ, White LR, Losonczy KG, Wolf PA, Hebel JR. Black-white
differences in stroke incidence in a national sample. The contribution of
hypertension and diabetes mellitus. JAMA 1990; 264(10): 1267–1270.

42. Sun B,Williams JS, Svetkey LP, Kolatkar NS, Conlin PR. Beta2-adrener-
gic receptor genotype affects the renin-angiotensin-aldosterone system
response to the dietary approaches to stop hypertension (DASH) dietary
pattern. The American Journal of Clinical Nutrition 2010; 92(2):
444–449. DOI 10.3945/ajcn.2009.28924.

43. MurthyM,O’Shaughnessy KM.ModifiedHEK cells simulate DCT cells in
their sensitivity and response to changes in extracellular K. Physiological
Reports 2019; 7(22): e14280. DOI 10.14814/phy2.14280.

44. Pavlov TS, Staruschenko A. Involvement of ENaC in the development of
salt-sensitive hypertension. American Journal of Physiology-Renal
Physiology 2017; 313(2): F135–F140. DOI 10.1152/ajprenal.00427.2016.

45. Wan ER, Cross J, Sofat R,Walsh SB. 24-hour vs. spot urinary sodium and
potassiummeasurements in adult hypertensive patients: a cohort validation
study. American Journal of Hypertension 2019; 32(10): 983–991. DOI 10.
1093/ajh/hpz104.

46. Doenyas-Barak K, Beberashvili I, Bar-Chaim A, Averbukh Z, Vogel O,
Efrati S.Daily sodium and potassium excretion can be estimated by sched-
uled spot urine collections. Nephron 2015; 130(1): 35–40. DOI 10.1159/
000430105.

47. Qi Y, Wang X, Rose KL, et al. Activation of the endogenous renin-angio-
tensin-aldosterone system or aldosterone administration increases urinary
exosomal sodium channel excretion. Journal of the American Society of
Nephrology 2016; 27(2): 646–656. DOI 10.1681/ASN.2014111137.

48. Sacks FM, Appel LJ, Moore TJ, et al.A dietary approach to prevent hyper-
tension: a review of the dietary approaches to stop hypertension (DASH)
study. Clinical Cardiology 1999; 22(7 Suppl): III6-10): 6–10. DOI 10.1002/
clc.4960221503.

49. Youn JH.Gut sensing of potassium intake and its role in potassiumhomeo-
stasis. Seminars in Nephrology 2013; 33(3): 248–256. DOI 10.1016/j.
semnephrol.2013.04.005.

50. Kovesdy CP, Appel LJ, Grams ME, et al. Potassium homeostasis in health
and disease: a scientific workshop cosponsored by the national kidney
foundation and the american society of hypertension. American Journal
of Kidney Diseases 2017; 70(6): 844–858. DOI 10.1053/j.ajkd.2017.09.003.

51. Oh K-S, Oh YT, Kim S-W, Kita T, Kang I, Youn JH. Gut sensing of
dietary Kþ intake increases renal Kþexcretion. The American Journal of
Physiology-Regulatory, Integrative and Comparative Physiology 2011;
301(2): R421–9. DOI 10.1152/ajpregu.00095.2011.

52. Duprez D. [Aldosterone and cardiovascular diseases, more than water and
salt retention]. Verhandelingen - Koninklijke Academie voor Geneeskunde
van Belgie 2002; 64(3): 225–232.

53. Rabinowitz L. Aldosterone and renal potassium excretion. Kidney and
Blood Pressure Research 1979; 2: 229–243. DOI 10.1159/000172713.

54. Rabinowitz L, Sarason RL, Yamauchi H. Effect of aldosterone on potas-
sium excretion during potassium chloride infusion in sheep. American
Journal of Physiology 1985; 249(4 Pt 2): R455–61. DOI 10.1152/ajpregu.
1985.249.4.R455.

55. Rocha R, Funder JW. The pathophysiology of aldosterone in the cardio-
vascular system. Annals of the New York Academy of Sciences 2002; 970:
89–100. DOI 10.1111/j.1749-6632.2002.tb04415.x.

56. Stowasser M, Sharman J, Leano R, et al. Evidence for abnormal left ven-
tricular structure and function in normotensive individuals with familial
hyperaldosteronism type I. The Journal of Clinical Endocrinology &
Metabolism 2005; 90(9): 5070–5076. DOI 10.1210/jc.2005-0681.

57. Catena C, Colussi G, Lapenna R, et al. Long-term cardiac effects of adre-
nalectomy or mineralocorticoid antagonists in patients with primary
aldosteronism. Hypertension 2007; 50(5): 911–918. DOI 10.1161/
HYPERTENSIONAHA.107.095448.

58. Pimenta E, Gordon RD, Ahmed AH, et al.Cardiac dimensions are largely
determined by dietary salt in patients with primary aldosteronism: results
of a case-control study.The Journal of Clinical Endocrinology&Metabolism
2011; 96(9): 2813–2820. DOI 10.1210/jc.2011-0354.

59. Kathiresan S, Larson MG, Benjamin EJ, et al. Clinical and genetic corre-
lates of serum aldosterone in the community: the Framingham heart study.
American Journal of Hypertension 2005; 18(5 Pt 1): 657–665. DOI 10.1016/
j.amjhyper.2004.12.005.

8 Bielopolski et al.

https://doi.org/10.1017/cts.2022.394 Published online by Cambridge University Press

https://www.nhlbi.nih.gov/health-topics/dash-eating-plan
https://www.nhlbi.nih.gov/health-topics/dash-eating-plan
https://www.medicaldevicedepot.com/VectraCor-QRS-Diagnostics-ABPM-05-ABPMMonitor-p/710001.htm
https://www.medicaldevicedepot.com/VectraCor-QRS-Diagnostics-ABPM-05-ABPMMonitor-p/710001.htm
https://www.medicaldevicedepot.com/VectraCor-QRS-Diagnostics-ABPM-05-ABPMMonitor-p/710001.htm
https://doi.org/10.1161/HYPERTENSIONAHA.119.13932
https://doi.org/10.1161/HYPERTENSIONAHA.119.13932
https://doi.org/10.1172/JCI88530
https://doi.org/10.1007/s11883-008-0018-y
https://doi.org/10.1093/ajh/hpu193
https://doi.org/10.1093/ajh/hpu193
https://doi.org/10.1111/jdi.12618
https://doi.org/10.1056/NEJMoa2102953
https://doi.org/10.2105/AJPH.2016.303629
https://doi.org/10.2105/AJPH.2016.303629
https://doi.org/10.1161/01.HYP.0000120155.48024.6f
https://doi.org/10.1161/01.hyp.33.1.18
https://doi.org/10.1161/01.HYP.0000128738.94190.9f
https://doi.org/10.3945/ajcn.2009.28924
https://doi.org/10.14814/phy2.14280
https://doi.org/10.1152/ajprenal.00427.2016
https://doi.org/10.1093/ajh/hpz104
https://doi.org/10.1093/ajh/hpz104
https://doi.org/10.1159/000430105
https://doi.org/10.1159/000430105
https://doi.org/10.1681/ASN.2014111137
https://doi.org/10.1002/clc.4960221503
https://doi.org/10.1002/clc.4960221503
https://doi.org/10.1016/j.semnephrol.2013.04.005
https://doi.org/10.1016/j.semnephrol.2013.04.005
https://doi.org/10.1053/j.ajkd.2017.09.003
https://doi.org/10.1152/ajpregu.00095.2011
https://doi.org/10.1159/000172713
https://doi.org/10.1152/ajpregu.1985.249.4.R455
https://doi.org/10.1152/ajpregu.1985.249.4.R455
https://doi.org/10.1111/j.1749-6632.2002.tb04415.x
https://doi.org/10.1210/jc.2005-0681
https://doi.org/10.1161/HYPERTENSIONAHA.107.095448
https://doi.org/10.1161/HYPERTENSIONAHA.107.095448
https://doi.org/10.1210/jc.2011-0354
https://doi.org/10.1016/j.amjhyper.2004.12.005
https://doi.org/10.1016/j.amjhyper.2004.12.005
https://doi.org/10.1017/cts.2022.394

	Serum aldosterone and urine electrolytes dynamics in response to DASH diet intervention - An inpatient mechanistic study
	Introduction
	Methods
	Recruitment, Inclusion, and Exclusion Criteria
	DASH Intervention
	Daily Vital Signs and 24-hour Ambulatory BP Monitoring (ABPM)
	Laboratory Sample Collection, Storage, and Processing
	Statistical Analysis
	Study Approval

	Results
	Participant Characteristics and Intervention
	Weight Loss and Urine Volume
	Aldosterone
	Urine Electrolytes ([Na]/[K]) Ratio
	Agreement Between Spot and 24-Hour Urine Collection [Na&plus;]/[K&plus;] Ratio
	Blood Pressure Measurement Comparisons

	Discussion
	References


