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Abstract

Lightheadedness after standing contributes to adverse clinical events, including falls.
Recommendations for higher sodium intake to treat postural lightheadedness have not been
evaluated in a trial setting. The DASH-Sodium trial (1998-1999) tested the effects of the DASH
diet and sodium reduction on blood pressure (BP). Participants were randomly assigned to DASH
or a typical Western diet (control). During either diet, participants ate 3 sodium levels (50, 100,
150meq/d at 2100kcal) in random order for 30-days, separated by 5-day breaks. Participants
reported the presence and severity of postural lightheadedness at baseline and after each feeding
period. There were 412 participants (mean age 48 years; 57% women; 57% black). Mean baseline
SBP/DBP was 135/86 mmHg; 9.5% reported baseline lightheadedness. Among those consuming
the DASH diet, high vs. low sodium increased lightheadedness (OR1.71; 95% CI: 1.01, 2.90;
P=0.047) and severity of lightheadedness (~=0.02), but did not affect lightheadedness in those
consuming the control diet (OR 0.77; 95% CI: 0.46, 1.29; P=0.32). Among those consuming high
vs. low sodium in the context of the DASH diet, adults <60 vs. =60 years old experienced more
lightheadedness (P-interaction=0.04), along with obese vs. non-obese adults (~-interaction=0.01).
In the context of the DASH diet, higher sodium intake was associated with more frequent and
severe lightheadedness. These findings challenge traditional recommendations to increase sodium
intake to prevent lightheadedness.
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INTRODUCTION

Lightheadedness with standing (i.e. postural lightheadedness) is a frequently encountered
symptom among adults! that results from a gravitational drop in blood pressure (BP) leading
to transient cerebral hypoperfusion.2 While benign in many adults, postural lightheadedness
has been cited as an important causal mediator for harmful clinical events, such as falls.3 As
a result, treatments targeting postural lightheadedness include higher sodium intake with a
goal of augmenting BP.# However, contrary to these recommendations, some observational
studies suggest that higher sodium intake may worsen orthostatic hypotension.>~7 In fact,
there is limited evidence from clinical trials of the effects of higher sodium intake on
postural lightheadedness.

The DASH-Sodium trial was a controlled-feeding study completed in 2001.8 In this study,
adults consumed three levels of sodium (low, medium or high) in the context of either a
healthy diet (DASH Diet) or a typical American diet (control diet). At the end of each of the
three sodium feeding periods, participants were asked about potential side effects including
lightheadedness with standing. The trial documented that lower sodium intake, relative to
higher sodium, and the DASH diet, relative to the control diet, significantly decreased blood
pressure.8 Whether lower sodium also worsened postural lightheadedness has not been
reported.

In this secondary analysis of the DASH-Sodium trial, we examined the impact of increased
sodium intake on postural lightheadedness. We hypothesized that higher sodium intake
would be associated with fewer and less severe reports of postural lightheadedness than
higher sodium intake.

METHODS

Trial Overview

DASH-Sodium was a multicenter, randomized clinical trial conducted from September 1998
through November 1999 with support from the National Heart, Lung, and Blood Institute.
This study tested two diets, the DASH diet and a control diet, and measured the effects of
three levels of sodium intake on blood pressure in adults with elevated blood pressure or
hypertension and not taking hypertension medications. The three sodium intake levels based
on 2100 kcal consumption were: high (target of 150 mmol/day), intermediate (target of 100
mmol/day), and low (target of 50 mmol/day). Larger or more active individuals received
more sodium and food than smaller and less active individuals, accounting for total energy
requirements. There were 5 different caloric consumption levels: 1,600, 2,100, 2,600, 3,100,
and 3,600 kcal. The DASH diet consisted of fruits, vegetables, and low-fat dairy products,
and had low cholesterol, saturated fat, and total fat. It also had less red meat and sugary
items than the typical Western diet, and more whole grains, poultry, fish, and nuts. A
detailed description of the diets can be found in Supplement Table S1. The original trial
along with secondary analyses were approved by the IRB at Johns Hopkins University.
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Participants

There were 412 adults (age = 22 years) enrolled at four clinical centers in the U.S. Each had
an average systolic blood pressure between 120-159 mmHg and diastolic blood pressure
between 80-95 mmHg, not on anti-hypertensive medication. Persons with diabetes mellitus,
pregnancy, inflammatory bowel disease, anemia, history of a cardiovascular event, renal
insufficiency, poorly controlled dyslipidemia, use of insulin, and consumption of more than
14 alcoholic beverages per week were excluded. All study participants provided written,
informed consent.

Controlled Feeding

During run-in and the 3 intervention periods, participants were provided with all of their
meals and snacks. During a two-week run-in period, participants ate the high sodium,
control diet. Afterwards, using a parallel-arm design, participants were randomly assigned to
either the DASH diet or the control diet. On each diet, there were three 30-day periods in
which participants ate their assigned diet at each of the three sodium levels (a crossover
design). Calorie content for each participant was adjusted to maintain weight constant
throughout the study. Fluid intake was not restricted during the study.

Outcome Measure: Lightheadedness

Participants completed a questionnaire administered during the last 7 days of the run-in
period and each of the three feeding periods, which asked whether they felt “lightheadedness
when standing up.” Participants could select: none (no experience of side effect), mild
(symptom occurred but did not interfere with usual activities), moderate (occurrence of
symptom somewhat interfered with usual activities), or severe (occurrence of symptom
resulted in an inability to perform usual activities). Any lightheadedness was defined as
having mild, moderate, or severe symptoms. Change in severity was the difference between
severity scores (values 1 through 4) at the end of each feeding period minus scores after run-
in (baseline).

Other Covariates

Data on other covariates were collected during screening or after the run-in period (baseline)
and each feeding period. Blood pressure was measured while participants were in a seated
position, using their right arm both at baseline (the average of up to 5 measurements from
screening and the run-in period) and at the end of each sodium feeding period. Postural BP
measurements were not obtained. Body mass index was derived from height and weight
measurements. Urine sodium levels were quantified in urine collected over a 24-hr period.

Statistical analysis

The study population was characterized using proportions and means (SD). The distribution
of severity score was characterized via histograms. The effect of sodium intake on
lightheadedness was evaluated by comparing intermediate vs. low sodium, high vs. low
sodium, and high vs. intermediate sodium in strata of diet assignment (sodium effects). The
effect of diet on lightheadedness was evaluated by comparing the DASH vs. control diet in
strata of sodium level (low, medium, and high). Generalized estimating equation (GEE)
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models with a logit link, binomial family, and an exchangeable covariance structure were
used to model the odds of any lightheadedness. The difference in severity of lightheadedness
at run-in and lightheadedness at the end of each feeding period (end of period minus end of
run-in) was normally distributed and analyzed using GEE models with an identity link,
normal family, and an exchangeable covariance structure. For diet effects in strata of sodium
or combined diet-sodium effects (high sodium-control vs low sodium-DASH), because only
1 measurement was compared between groups, we used simple logistic regression to model
the odds of any lightheadedness and a simple linear regression to model the difference in
severity of lightheadedness (end minus baseline).

A stratified analysis was performed to assess for the effect of baseline covariates on the
relationship between sodium intake and lightheadedness in the following subgroups: age
(<60, =60 years), sex (men, women), race (White, black), obesity (BMI =30, <30 kg/m?),
and stage 11 hypertension (blood pressure 2140/90 mmHg, <140/90 mm Hg). Categories
were chosen a priori based on established clinical cut points (BMI or hypertension) or on the
distribution of baseline data (age). Differences across strata were evaluated using interaction
terms. All analyses were performed using Stata/SE 14.0 (Stata Corporation LP, College
Station, TX, USA). A Pvalue of <0.05 was considered statistically significant. Missing data
was rare (19 of 809 visits or <3%) and evenly distributed across treatments.

RESULTS

Baseline characteristics

Of the 412 participants, 204 were assigned to the control diet and 208 to the DASH diet.
Both diet groups had similar clinical and demographic characteristics (Table 1).

Diet effects on BP

As reported previously,® BP was higher with higher sodium and the control diet (Supplement
Table S2).

Sodium Level and Occurrence of Lightheadedness

The distribution of lightheadedness by assigned diet and sodium intake level is in Figure 1.
For the control diet, the highest occurrence of lightheadedness was in the low sodium group
(11.8%), while the lowest occurrence of lightheadedness was in the intermediate and high
sodium groups (9.3%). For the DASH diet, the highest occurrence of lightheadedness was in
the high sodium group (15.4%), while the lowest occurrence of lightheadedness was in the
low sodium group (9.6%).

Table 2 details the occurrence and severity of lightheadedness by sodium level and diet.
Among those assigned the control diet, severe lightheadedness was reported by 2
participants (1.0%) in the intermediate sodium group and by 1 participant (0.5%) in the high
sodium intake group. Similarly, on the DASH diet, severe lightheadedness was only reported
during the high sodium period by 2 participants (1.0%).
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Odds of Lightheadedness

Because there was a significant interaction between diet and sodium intake with
lightheadedness (P = 0.03), results are reported stratified by diet. Among those assigned the
DASH diet, high versus low sodium intake increased one’s odds of reporting any
lightheadedness (OR 1.71; 95% ClI: 1.01, 2.90) (Table 3). Furthermore, high versus low
sodium resulted in a statistically significant difference in change in lightheadedness severity
from baseline (£=0.02). In contrast, among those assigned the control diet, there was no
significant effect of sodium on lightheadedness.

Overall, the DASH diet compared to control did not significantly increase the odds of having
lightheadedness (OR 1.28; 95% CI: 0.81, 1.81; A= 0.28) and did not significantly increase
the severity of lightheadedness (p=0.02; 95% CI: —0.06, 0.10; 2= 0.59). Similarly, at each
sodium level (low, medium, and high), the DASH diet did not significantly impact the odds
of having lightheadedness or change in the severity of lightheadedness. In addition, high
sodium intake on the control diet vs. low sodium intake on the DASH diet did not
significantly impact the odds of having lightheadedness (OR 0.97; 95% CI: 0.50, 1.87; P=
0.92) and did not significantly impact change in the severity of lightheadedness (P = 0.82).

Stratified analysis

We explored the effects of high versus low sodium intake on lightheadedness in strata of
age, sex, race, BMI, and hypertension (Figure 2). Among those assigned the DASH diet,
there were two significant sodium interactions: age and BMI. Participants <60 years of age,
experienced twice the odds of lightheadedness on high versus low sodium (OR 1.99; 95%
Cl: 1.13, 3.50), while participants age 60 years or greater were not significantly affected by
sodium (OR 0.30; 95% CI: 0.06, 1.68; P-interaction = 0.04). With regards to BMI, there was
no association of sodium intake with lightheadedness among participants with a BMI <30
kg/m2 (OR 0.93; 95% CI: 0.51, 1.68), but among those with a BMI >30 kg/m2, high versus
low sodium increased their odds of lightheadedness by over 5 times (OR 5.16; 95% CI: 1.65,
16.1; P-interaction = 0.01). There were no significant interactions among those assigned the
control diet.

DISCUSSION

In this secondary analysis of the DASH-sodium trial, dietary sodium intake affected the
occurrence of postural lightheadedness, but the effects varied by diet. Among participants
assigned to the DASH diet, higher sodium intake increased lightheadedness. However,
higher sodium intake had no effect on lightheadedness in participants on the control diet.
Among those assigned to the DASH diet, the association between sodium and
lightheadedness was greater in younger (age <60 years) and obese adults. These findings
suggest that higher sodium intake does not consistently improve postural lightheadedness
and depending on the overall diet, age or BMI could actually increase the risk of having
symptoms.

Lightheadedness with standing is a common symptom®:49 associated with adverse clinical
events such as falls, syncope, and stroke.1=49-11 A frequent cause of postural
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lightheadedness is acute, gravitational shifts in blood pressure with standing called
orthostatic hypotension.12 Several studies have demonstrated that higher sodium intake
stabilizes blood pressure with standing®13 and reduces postural lightheadedness.10 This is
thought to be related to increased intravascular volume that accompanies higher sodium
intake.® However, some studies report no effect from sodium restriction on orthostatic
tolerance.14 Similarly, our study did not support this perspective and instead showed that
higher sodium intake increased lightheadedness among those assigned the DASH diet.

Our observation that sodium increased lightheadedness was unexpected, but is supported by
animal models that suggest greater orthostatic tolerance with long-term sodium deprivation.
15 This observation may be explained by the effects of sodium on hypertension. While
higher sodium intake increases blood pressure® and is strongly associated with
hypertension,17:18 sodium has been described to paradoxically suppress the sympathetic
vasopressor response to standing6:17 and contribute to syncope.18 In agreement with this
literature, our study showed that higher sodium intake was associated with increased BP in
both diets. Hypertension is further associated with endothelial dysfunction920 and
increased blood pressure variability.2! This variability may manifest as large drops in blood
pressure with change in position, contributing to transient cerebral hypoperfusion and an
ensuing sensation of lightheadedness.22 In fact, hypertension has been linked with
orthostatic hypotension in several studies,23-26 and more intensive treatment of hypertension
has even been shown to lower orthostatic hypotension.2” We hypothesize that by increasing
resting BP in adults with hypertension, sodium may cause more dramatic fluctuations in BP
upon standing, resulting in both orthostatic hypotension and postural lightheadedness.
However, further research is needed to confirm this hypothesis.

The effects of sodium on lightheadedness varied by assignment to either the DASH diet or a
typical American control diet. This may be a result of higher potassium in the DASH diet.
Serum potassium levels have been associated with postural intolerance in several studies,?8
and low potassium levels have been associated with orthostatic hypotension.2%30 In one
small trial, potassium supplementation reduced drops in blood pressure with standing.3!
However, we did not see an effect from diet (DASH vs control) on lightheadedness in our
study. Rather, the combination of high sodium and high potassium (DASH diet) was
associated with the highest prevalence of lightheadedness. This may be related in part to the
vasodilatory effect of potassium on blood vessels.32-34 While unconfirmed by this study, it
can be speculated that the combination of increased intravascular volume in the setting of
vasodilation might promote greater variability in BP with change in position upon standing.

Among those assigned the DASH diet, the effects of sodium on lightheadedness were
greater in younger participants (<60 years) than older participants (=60 years) as well as in
obese versus non-obese participants. There is a higher prevalence of endothelial dysfunction
and vascular stiffness among older adults.35:36 As a result, the pathophysiology underlying
high BP in this group may differ from that of younger adults. Age should be considered
when applying the results of the current study in general practice. With regards to obese
participants, prior studies have shown an association between postural symptoms and
obesity.37-39 However, an interaction of BMI on the relationship between sodium and
potassium with BP has not yet been reported.?? It is possible that the pronounced difference
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in effect observed according to obesity status is secondary to high total sodium consumption
among the obese group, as total sodium consumption was proportional to energy
consumption.*! If true, this would further reinforce our suggestion that higher sodium intake
in the context of high potassium, may contribute to lightheadedness, but further confirmatory
evidence is needed.

The effects of sodium on lightheadedness did not differ by hypertension status. Given the
strong association between hypertension and postural hypotension,26:42-47 we expected that
higher sodium intake might worsen lightheadedness among this group. However, there was
no evidence for an interaction by hypertension status. This may reflect our study population,
which did not include adults on medications for hypertension.

This study has limitations. First, the exclusion of individuals with prior cardiovascular
disease, diabetes, and renal insufficiency, affects the generalizability of our findings. Second,
the feeding periods lasted 4 weeks. Hence, long-term effects are projected, rather than
supported by empiric evidence. Third, the study protocol did not include a measure of
standing blood pressure. As a result, we are unable to determine the effects of sodium intake
on orthostatic hypotension. Although, there is some debate as to whether orthostatic
symptoms are more important for long-term events than direct measures of orthostatic
hypotension. Fourth, mild lightheadedness was more common than moderate or severe
lightheadedness. As a result, conclusions from this study are more applicable to adults with
mild lightheadedness. Fifth, the range of sodium intake in this study may not reflect
interventions used to treat orthostatic lightheadedness, which tend to involve substantially
greater sodium consumption. Last, a lack of statistical power may be a limitation for our
study, particularly when assessing for interactions across subgroups.

This study has several strengths. First, the randomized design of DASH-Sodium allowed for
unbiased comparisons of both sodium intake and diet on lightheadedness. Second, data were
collected according to a standardized protocol by data collection and intervention staff who

were were trained and certified. Third, the study participants were demographically diverse.

Fourth, there were few drop outs, and data collection rates were high, close to 100%.

Our study has clinical and research implications. Greater sodium intake is widely viewed as
an intervention for postural symptoms, like lightheadedness.® In contrast, our analysis
showed that higher sodium intake in the context of the DASH diet actually increased
lightheadedness and had a variable effect in subgroups based on age or BMI. Hence, our
results serve to caution health practitioners against recommending increased sodium intake
as a universal treatment for lightheadedness. Additionally, our results demonstrate an
important need for research to understand the role of sodium, and more broadly of diet, on
lightheadedness.

In conclusion, increased sodium intake was associated with a significantly higher risk of
lightheadedness in the context of the DASH diet. These effects were greater among young
adults and obese adults. Mechanisms for these heterogeneous effects and the impact of
sodium and potassium ratio on clinical events like falls, syncope, and CVD, represent
important questions for subsequent research.
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Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1.

Frequency of postural lightheadedness by diet and sodium level
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Odds of lightheadedness (high vs low sodium) by subgroup, Control Diet
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Figure2.

Odds are presented on a natural log scale. (A) Odds of postural lightheadedness (high vs.
low sodium) by subgroup, in the control diet. (B) Odds of postural lightheadedness (high vs.
low sodium) by subgroup, in the DASH diet.
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Table 1.

Baseline Characteristics Overall and By Diet

Overall (N=412) Control Diet (N = 204)

Age, yr (SD) 48.2 (10.0) 49.1 (10.4)
Women, % 56.8 54.4
Black, % 56.8 56.4
Stage Il Hypertension ™, % 40.8 40.7
Blood pressure, mm Hg

Systolic (SD) 134.8 (9.5) 135.4 (9.4)

Diastolic (SD) 85.7 (4.5) 85.8 (4.1)
Body mass index, kg/m”2 (SD) 29.2 (4.8) 29.5 (5.0)
Body mass index 230, % 38.8 40.2
Urinary sodium ™, mmol/d (SD) 155.03 (75.4) 152.5 (71.8)
Any lightheadedness, % 9.5 9.8

DASH Diet (N = 208)
47.4(9.6)
59.1
57.2

40.9

134.2 (9.6)
85.6 (4.8)
28.8 (4.7)

375

157.6 (78.9)

9.1

*
Defined as systolic blood pressure = 140 mm Hg or diastolic blood pressure = 90 mm Hg

*ok

Page 13

n =408 (Control Diet, n = 204; DASH Diet, n = 204). This was measured after the run-in period where all participants consumed a high-sodium,

control diet for an average of 2 weeks.

Ak
Obtained at end of run-in
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Occurrence and severity of postural lightheadedness by sodium diet and level, n (%)

Table 2.

Control (n =194)

L
DASH (n = 200)
Control (n =197)
Level of Sodium Intermediate
DASH (n = 200)

Control (n =195)

High
DASH (n=201)

Mild
18 (9.3)
16 (8.0)
15 (7.6)
23 (11.5)
15(7.7)
23 (11.4)

Moderate
6(3.1)
4(2.0)
2(1.0)
3(15)
3(1.5)
7(3.5)

Severe
0(0.0)
0(0.0)
2(1.0)
0(0.0)
1(0.5)
2(1.0)
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