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ORIGINAL ARTICLE

Short-term effects of lifestyle modification on vestibular migraine

Kaili McDonalda, Amanda Wasoffa, Erin M. Picoua , Kenneth Watfordb , Emily Brignolab , Daniel Romeroa , 
Daniel Schusterb , Sara Krolewicza and Richard A. Robertsa 

aDepartment of Hearing and Speech Sciences, Vanderbilt University Medical Center, Nashville, TN, USA; bDepartment of Otolaryngology-Head 
and Neck Surgery, Vanderbilt University Medical Center, Nashville, TN, USA 

ABSTRACT 
Objective: Our primary purpose was evaluation of early benefits of lifestyle modification on symptoms of 
vestibular migraine. The secondary purpose was to determine if a patient’s global sense of coping relates 
to outcomes with lifestyle modification.
Design: Prospective observational cohort. Participants completed questionnaires related to dizziness 
handicap, headache disability, and adherence to lifestyle modifications at baseline and weekly over 30 d. 
Sense of coping was measured pre-intervention.
Study sample: Thirty-eight patients with vestibular migraine diagnosed in tertiary care setting between 
2022 and 2023.
Results: Symptoms were better at all four weeks post-intervention than pre-intervention (p< 0.01), with 
no difference across weeks two through four (p> 0.10) when symptoms were lowest and stable. By week 
two, 52% and 18.5% of participants had significant improvement in dizziness and headache compared to 
published critical difference scores, respectively. Sense of coping was inversely correlated with dizziness 
(R ¼ −0.53, p< 0.00001) and headache (R ¼ −0.64, p< 0.0001).
Conclusions: Lifestyle modification reduced dizziness and headache in many vestibular migraineurs in the 
first two weeks following intervention. Improvement in restful sleep was associated with improvement in 
symptoms. Sense of coping did not predict improvement but was inversely related to symptoms. Lifestyle 
modification could be considered as sole management or in addition to pharmacological intervention.
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Introduction

Vestibular migraine (VM) has been described as the most com-
mon cause of episodic vertigo (Dieterich, Obermann, and 
Celebisoy 2016) with a prevalence of 2.7% in adults (Formeister 
et al. 2018). There is a �10% probability that a patient seen for 
vestibular evaluation in a tertiary care medical centre will be 
diagnosed with VM (Murphy et al. 2024). Symptoms of VM can 
include positional or visual-induced vertigo, disequilibrium, 
head-motion dizziness, and nausea, in addition to symptoms 
more commonly associated with migraine like headache, phono-
phobia, photophobia, etc. (Beh 2022; Lempert et al. 2022). The 
impact of these symptoms is demonstrated by Best et al. (2009) 
who found that patients with VM reported significantly higher 
handicap related to their vertigo than patients with other ves-
tibular disorders including benign paroxysmal positional vertigo, 
Meniere’s disease, or vestibular neuritis.

The understanding of effective clinical interventions for 
reducing the symptoms of VM is continuing to emerge. Power 
et al. (2018) found that 91% of their patients with VM managed 
in a tertiary care medical setting were prescribed medication as 
the primary treatment. However, there is also evidence support-
ing non-pharmacological management options. Extant literature 
demonstrates effectiveness of resistance exercise (Sun et al. 
2022), vestibular rehabilitation therapy (VRT; Vitkovic et al. 

2013), and lifestyle modification (Reploeg and Goebel 2002; 
Roberts et al. 2021). These non-pharmacological interventions 
could be beneficial because they keep activity that triggers VM 
symptoms below threshold. For example, resistance training is 
thought to decrease inflammation, while VRT has the benefit of 
promoting compensation to any peripheral vestibular impair-
ment (Vitkovic et al. 2013). The goal of intervention through 
lifestyle modification is to improve control over potentially trig-
gering events that may increase VM activity. It is possible, but 
not currently known, that this intervention could also improve 
the threshold for activation of migraine activity.

These non-pharmacological interventions can be used in iso-
lation or in conjunction with pharmacological ones. Johnson 
(1998) wrote that 10/89 (11%) of his patients treated in an aca-
demic medical centre setting for, what would now be termed, 
VM had successful outcomes with lifestyle modification alone. 
Reploeg and Goebel (2002) incorporated lifestyle modification as 
a first step in management of patients with VM in a tertiary care 
setting. Thirteen of 81 (16%) of these patients improved with 
this intervention. More recently, Roberts et al. (2021) have 
shown that a lifestyle modification intervention including avoid-
ance of dietary triggers, improvement of restful sleep, mealtime 
regularity, and exercise led to a significant decrease in dizziness 
for 39% of patients and in headache for 18% of patients at 105 d 
of intervention. Using the same lifestyle modification 
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intervention, Kolberg et al. (2024) found that 25% of patients 
with VM were still reporting significant improvement in dizzi-
ness after 371 d. The participants in Roberts et al. and Kolberg 
et al. were diagnosed and managed in a tertiary care setting.

There is an interesting point found in the study by Reploeg 
and Goebel (2002). They note some patients successfully man-
aged with lifestyle modification reported improvement within 
four weeks into the intervention period. This was sooner than 
the improvement they observed with pharmacological interven-
tion. Pharmacological intervention for symptoms of VM may 
take as long as three months to reach full effect (Byun et al. 
2020). Anecdotally, our lab has had similar reports from patients 
that the improvement seemed to happen soon after starting the 
lifestyle modification intervention, though we did not measure 
this systematically (Roberts et al. 2021).

In addition to time course, another factor to consider is the 
variability in intervention benefits. The literature indicates 11%– 
39% of patients may benefit from lifestyle modification interven-
tion (Reploeg and Goebel 2002; Roberts et al. 2021). Clearly 
there are patients who benefit and patients who do not, but there 
has been no specific consideration of why certain patients may 
or may not improve within most investigations focused on life-
style modification. Given that the patients must be self-reliant 
for the most part in making the changes in lifestyle that are asso-
ciated with improvement in symptoms of VM, it is possible that 
individuals who have better coping abilities relying on both 
internal and external resources may do better with a lifestyle 
modification intervention. Antonovsky (1987) first published the 
Sense of Coherence (SOC) scale as a questionnaire to measure 
an individual’s global coping ability. Briefly, the scale measures 
how components of comprehensibility, manageability, and mean-
ingfulness interact to form an individual’s world view and ability 
to understand, cope, and move through life stressors including 
those related to health issues (Antonovsky 1987; Antonovsky 
1993). Therefore, it is possible that a measurement of sense of 
coherence might help explain which patients do well with life-
style modification as intervention for symptoms of VM which 
would be useful to clinicians.

The primary purpose of this study was to determine the early 
time course of lifestyle modification on VM symptoms. If it was 
determined that lifestyle modification could create a significant 
improvement within a short period of time, clinicians might con-
sider this approach in more patients as a sole intervention or as 
an adjunct intervention while patients are progressing to a thera-
peutic dosage of their pharmacological intervention. A secondary 
purpose was to determine the relationship of coping, as meas-
ured with the SOC scale, to VM symptoms of dizziness and 
headache, as well as intervention with lifestyle modification. A 
strong relationship would suggest the SOC could be used to 
determine which participants would benefit from lifestyle modifi-
cation intervention and which participants should be considered 
for other management approaches.

Methods

Participants

This project was approved by the Vanderbilt University Medical 
Centre (VUMC) Institutional Review Board (#220295). During 
2022–2023, participants were recruited from adult (18 years or 
older) patients whose preferred language was English and who 
had been diagnosed with definite VM during their consultation 
with one of three otolaryngology clinicians (authors KW, EB, or 

DS). KS and EB are otolaryngology nurse practitioners and DS is 
an otolaryngologist physician. All are experienced in treating 
patients with dizziness and imbalance. Patients with other ves-
tibular co-morbidities (i.e., Meniere’s disease) were excluded. 
The criteria in Lempert et al. (2022) were used to make the diag-
nosis. In brief, the criteria are five or more episodes with ves-
tibular symptoms lasting five minutes to 72 h; current or 
previous history of migraine with or without aura; one or more 
migraine features with at least 50% of the vestibular episodes 
including headache, photophobia and phonophobia, or visual 
aura. Specific criteria are detailed in Lempert et al. All partici-
pants who met the inclusion criteria during the study enrolment 
period were recruited.

Participants were prescribed only lifestyle modification as 
intervention (Roberts et al. 2021) by their otolaryngology clin-
ician. If a clinician felt changes or new medications were needed 
in addition to, or instead of lifestyle modification, then the 
patient was not considered for inclusion in this study. For 
example, a patient with daily, incapacitating vertigo and head-
ache would be prescribed medication and referred to neurology 
rather than management with lifestyle modification only. 
Patients who met inclusion criteria completed an online 
informed consent document to indicate their willingness to par-
ticipate. Inclusion or exclusion from this study was not affected 
by race, ethnicity, sex, gender, or sexual orientation. The sample 
was representative of the population of the middle Tennessee 
region. All materials including the lifestyle modification written 
intervention and the questionnaires were written in English.

Measures

Pre-intervention measures included the Dizziness Handicap 
Inventory (DHI; Jacobson and Newman 1990), the Headache 
Disability Inventory (HDI; Jacobson et al. 1994), the SOC scale 
(Antonovsky 1993), and a four-item lifestyle factor questionnaire 
used by Roberts et al. (2021). Participants completed the SOC, 
DHI, HDI, and lifestyle factor questionnaire once on the same day 
they were enrolled in the investigation. These responses for the 
DHI, HDI, and lifestyle questionnaire were used as pre-interven-
tion, baseline measures. DHI, HDI, and the lifestyle questionnaire 
were then again completed weekly for 30 days (four times). All data 
were collected using a REDcap online survey (Harris et al. 2009).

Dizziness Handicap Inventory
The DHI, developed by Jacobson and Newman (1990), is a 
disease-specific quality of life measure used routinely in many 
balance clinics. It consists of 25 items relating to the impact of 
dizziness on a person’s life (i.e., Because of your problem, do you 
feel frustrated?). Participants have the options of selecting yes 
(4 points), sometimes (2 points), or no (0 points) to represent their 
answer to each question. Higher scores (max 100 points) are 
indicative of greater perceived handicap due to dizziness. The 
DHI has strong internal consistency (Cronbach’s alpha ¼ 0.89) 
and test-retest reliability (r¼ 0.97; Jacobson and Newman 1990).

Headache Disability Index
The HDI, also developed by Jacobson et al. (1994), has a similar 
design to the DHI, consisting of 25 items relating to the impact 
of headaches on a person’s life (i.e., Because of my headaches I 
feel restricted in performing my routine daily activities). Answer 
choices include yes (4 points), sometimes (2 points), or no (0 
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points). Higher scores (max 100 points) indicate higher perceived 
handicap due to headaches. The HDI has strong internal consist-
ency (Cronbach’s alpha ¼ 0.89) and test-retest reliability over 
60 days (r¼ 0.83; Jacobson et al. 1994).

Sense of coherence
The 13-item scale includes questions and statements designed to 
gain insight into a person’s global coping ability, their SOC. 
Responses are indicated using a 7-point Likert scale with anchors 
varying depending on the particular item. Considering an 
example item, Do you have the feeling that you are in an 
unfamiliar situation and don’t know what to do?, participants 
indicate their response from very often (1 point) to very seldom 
or never (7 points). The associated points are summed with a 
maximum possible score of 91 and a minimum possible score of 
13; higher scores indicate a better sense of coping. Internal con-
sistency of the SOC 13-item scale is strong, ranging from 0.74 to 
0.91 (Cronbach’s alpha) with good test-retest stability of 0.54 out 
to two years (Antonovsky 1993).

Lifestyle factor questionnaire
The lifestyle factor questionnaire was developed by Roberts et al. 
(2021) to measure a participant’s agreement with four lifestyle 
factors. Change on these measures is interpreted as change in 
lifestyle modification. This is also a subjective way to evaluate if 
participants are adherent to the lifestyle modification interven-
tion. The questionnaire has a statement regarding each of the 
four lifestyle factors (i.e., I exercise every day.) and the partici-
pants are asked to rate their agreement on a 5-point Likert scale 
from Strongly Disagree (1 point) to Strongly Agree (5 points). 
Lower scores suggest patients are not complying with a particular 
factor while higher scores suggest they are compliant (Roberts 
et al. 2021).

Procedures

After a clinician diagnosed an individual with VM and deter-
mined lifestyle modification was an appropriate intervention, the 
patient was provided the same written instructions we have used 
previously. The instructions focused on improving restful sleep, 
mealtime regularity, exercise, and avoidance of dietary triggers 
(Roberts et al. 2021). The clinician discussed the intervention 
and answered any questions. Each patient meeting the inclusion 
criteria was provided a quick response (QR) code for a multi- 
form REDcap survey which contained the informed consent 
document. After indicating voluntary consent, the participant 
completed the pre-intervention questionnaires. During the 30-d, 
participants were emailed a link to complete the DHI, HDI, and 
lifestyle factor questionnaire each week. The initial and weekly 
surveys each took approximately 5–10 min to complete. We did 
not randomise the order of administration of the surveys. There 
was no compensation for participation.

Data analysis

All analyses were conducted with R language for statistical com-
puting (v 4.3.0; R Core Team 2023). To evaluate the effects of 
lifestyle modification on symptoms of vestibular migraine, total 
scores on the DHI and HDI were analysed separately using lin-
ear mixed-effects modelling. For each model, included fixed fac-
tors were time (baseline, week 1, week 2, week 3, week 4), SOC 

score (at baseline) and age (in years); a random intercept of par-
ticipant was also included. Prior to analysis, the SOC and age 
values were scaled. Time was entered as an ordinal variable. 
Models were constructed with the lmer function of the lme4 
package (Bates et al. 2015) and were analysed using the anova 
function of base R. Significant main effects and interactions were 
followed up using pairwise comparisons and the emmeans func-
tion of the emmeans package (Lenth 2019), adjusting for family- 
wise error rates (Benjamini and Hochberg 1995).

To evaluate the relationship between changes in lifestyle and 
changes in symptoms, change scores were calculated for the 
DHI, HDI, and all four items of the lifestyle questionnaire (rest-
ful sleep, exercise, mealtime regularity, avoidance of dietary trig-
gers). Benefits for DHI and HDI were evaluated separately, each 
using linear mixed-effects models with fixed factors of restful 
sleep change score, exercise change score, mealtime regularity 
change score, and dietary trigger avoidance change score. 
Participant was included as a random intercept.

Given it is common for some researchers, and also clinicians, 
to use published critical difference scores to determine a signifi-
cant change (improvement or decrement) in DHI and HDI, we 
also provide an analysis using this criterion. For DHI, a signifi-
cant change has been defined as at least an 18-point difference 
(Jacobson and Newman 1990) and for the HDI at least a 
29-point difference (Jacobson et al. 1994).

Results

Participants

Table 1 displays the characteristics at baseline of participants. 
Note that 11 participants withdrew or were withdrawn before 
the full 30 days because they stopped responding to the survey 
invitations (n¼ 9) or because they took new medication to 
address vestibular migraine symptoms (n¼ 2). Demographic 
characteristics of those who did and did not complete the study 
are both displayed in the table.

Considering the full dataset of 38 patients who consented to 
participate, average age was 48 years (range 23 – 84) with 84% 
female. Between-group analysis of the 27 participants who com-
pleted the study to the 11 participants who did not complete the 
study revealed the groups were similar in terms of age, sex, SOC, 
dizziness symptoms, headache symptoms, restful sleep, and meal-
time regularity. However, participants who withdrew had lower 
scores for exercise and avoidance of dietary triggers at baseline 
than did participants who completed the study. Because the 

Table 1. Characteristics of participants who completed and did not complete 
study procedures through four weeks.

Characteristic
Completed,  

n¼ 27a
Stopped,  
n¼ 11a p-valueb

Sex 0.7
Female 22 (81%) 10 (91%)
Male 5 (19%) 1 (9.1%)

Age 48 (16) 49 (14) 0.6
Sense of Coherence 65 (13) 59 (19) 0.3

Unknown 0 1
Restful Sleep 2.63 (0.97) 2.55 (1.13) 0.8
Mealtime Regularity 2.59 (1.08) 2.09 (1.30) 0.12
Exercise 2.89 (1.01) 1.73 (1.01) 0.004
Avoidance of Dietary Triggers 3.15 (0.95) 2.27 (1.35) 0.035
Dizziness Handicap Inventory 51 (22) 55 (29) 0.6
Headache Disability Inventory 41 (24) 49 (31) 0.4

Significant differences are indicated by bold typeface.
an (%); Mean (SD)
bFisher’s exact test; Wilcoxon rank sum test
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groups generally did not differ on important baseline characteris-
tics, and because linear mixed-effects models are robust to miss-
ing data points (e.g., Gordon 2019), all available data from the 
full set of 38 participants were included in the statistical 
analyses.

Changes in symptoms over time

Mean total scores for each time point and questionnaire are dis-
played in Table 2. Mean scores as a function of time for the 
DHI and HDI are displayed in Figure 1 left and right panels, 
respectively. Analysis of DHI scores revealed significant main 
effects of time (F[4, 97.0]¼ 25.5, p< 0.01) and SOC (F[1, 
35.8]¼ 16.7, p< 0.01). The other main effect of age and all of 
the interactions were not statistically significant (p> 0.50). 
Follow-up analysis of the effect of time revealed DHI scores were 
higher at baseline than all other time points (p< 0.01 for all 
comparisons) and higher at week 1 than at the following weeks 
(p< 0.05 for all comparisons). However, scores were not signifi-
cantly different between weeks 2, 3, and 4 (p> 0.10 for all 

comparisons. Figure 2 displays the relationship between sense of 
coherence and DHI scores (left panel) and demonstrates a sig-
nificant inverse relationship (R¼−.53, p< 0.00001) where dizzi-
ness handicap decreased as SOC increased.

Analysis of HDI revealed a similar pattern of results as the 
DHI. Specifically, there was a main effect of time (F[4, 
95.2]¼ 16.1, p< 0.01) and SOC (F[1, 34.9]¼ 26.6, p< 0.01). The 
other main effect of age and all of the interactions were not stat-
istically significant (p> 0.20). Follow-up analysis of the effect of 
time, revealed HDI scores were higher at baseline than all other 
time points (p< 0.01 for all comparisons) and higher at week 1 
than at the following weeks (p< 0.01 for all comparisons). 
However, scores were not significantly different between weeks 
2, 3, and 4 (p> 0.80 for all comparisons). Figure 2 displays the 
relationship between SOC and HDI scores (right panel) and 
demonstrates a significant inverse relationship (R¼−64, 
p< 0.0001) where headache disability decreased as SOC 
increased

Combined, these findings demonstrate that low SOC was 
associated with high DHI and HDI scores. Although DHI and 
HDI scores improved from baseline to week 1 and from week 1 

Table 2. Summary of mean scores (standard deviation) for each questionnaire at each time point.

Characteristic Baseline N¼ 38 Week 1 N¼ 38 Week 2 N¼ 38 Week 3 N¼ 38 Week 4 N¼ 38

Restful Sleep 2.61 (1.0) 2.29 (1.8) 2.03 (1.6) 1.76 (1.8) 1.89 (1.5)
Unknown 0 7 9 13 11
Mealtime Regularity 2.45 (1.2) 1.90 (2.2) 1.86 (2.1) 1.52 (1.8) 1.56 (2.2)
Unknown 0 7 9 13 11
Exercise 2.55 (1.1) 2.35 (1.9) 2.34 (1.9) 2.36 (2.0) 2.19 (2.0)
Unknown 0 7 9 13 11
Avoidance of Dietary Triggers 2.89 (1.1) 1.77 (2.0) 2.24 (2.0) 1.96 (2.07) 2.11 (2.0)
Unknown 0 7 9 13 11
Dizziness Handicap Inventory 52 (24) 40 (26) 32 (23) 29 (26) 28 (25)
Unknown 0 7 9 13 11
Headache Disability Inventory 44 (26) 36 (29) 27 (25) 28 (29) 27 (27)
Unknown 0 7 10 13 11

Also indicated are the number of missing cases for each time.

Figure 1. Mean Dizziness Handicap Inventory and Headache Disability Inventory scores (left and right panels, respectively) for each measurement time point. Error 
bars indicate standard deviation. Asterisks indicate scores in that condition are significantly different from baseline at that time point. Dashed lines indicate the mean 
score that would indicate clinical significance given the questionnaire (e.g., baseline score minus 18 or 29 for the Dizziness Handicap Inventory or Headache Disability 
Inventory, respectively).
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to week 2, the non-significant interaction demonstrates that the 
relationship between DHI or HDI scores and SOC was evident 
at all 5 time points.

Benefits related to lifestyle changes

Analysis of DHI benefits revealed a significant main effect of 
restful sleep (F[1, 103.1]¼ 5.6, p< 0.05), but no effects of exer-
cise, avoidance of dietary triggers, or mealtime regularity 
(p> 0.20). These results demonstrate that participants who had 
larger improvements in restful sleep demonstrated larger 
improvement in dizziness symptoms on the DHI, but no such 
relationships were evident for the other lifestyle modifications. 
Follow-up correlation analysis revealed the relationship between 
sleep changes and DHI changes are significantly related 
(p< 0.05; R ¼ 0.22) and are described with the formula 
y¼ 16þ 3.6x, indicating that a 1-point improvement in sleep 
would be expected to result in a 3.6 point improvement in DHI 
score.

Analysis of the HDI benefits also revealed a significant effect 
of restful sleep (F[1, 102.4]¼ 9.2, p< 0.01), but no effects of 
exercise, avoidance of dietary triggers, or mealtime regularity 
(p> 0.10). These results demonstrate that participants who had 
larger improvements in restful sleep demonstrated larger 
improvement in headache symptoms on the HDI, but no such 
relationships were evident for the other lifestyle modifications. 
Follow-up correlation analysis revealed the relationship between 
sleep changes and HDI changes are significantly related 
(p< 0.001; R ¼ 0.29) and are described with the formula 
y¼ 9.5þ 3.9x, indicating that a 1-point improvement in sleep 

would be expected to result in a 3.9 point improvement in HDI 
score.

Individual participant improvement

We compared responses on DHI and HDI to published critical 
difference scores. This allowed for determination of percent of 
participants who reported a significant improvement or decre-
ment. These results are shown in Table 3 and the criterion are 
displayed in Figure 1 relative to the mean baseline scores in this 
study.

Regarding DHI, 17 of the 38 total participants (44.7%) had an 
18-point or greater improvement in DHI. Sixteen of these were 
in the group who completed all 30 days in the study (59%) while 
one participant (9%) who did not complete the study also had 
an improvement in DHI using this criterion by week 1. Nine 
participants who completed the study (33%) reported improve-
ment in week 1, 14 (52%) in week 2, 13 (48%) in week 3, and 16 
in week 4. Only one of the 38 total participants (2.6%) reported 
a significant worsening in DHI and this was in week 4.

For HDI, five participants of the 38 total (13.2%) had an 
improvement of at least 29 points compared to pre-intervention 
baseline. All of these were in the 27 who completed the study 
(18.5%). Two participants who completed the study (7%) 
reported improvement in week 1 and five (18.5%) reported 
improvement in weeks 2 through 4. No participant among the 
11 who did not complete the study reported a significant 
improvement in HDI. No participant had a worsened HDI using 
the 29-point criterion.

Figure 2. Correlation DHI score (left panel) or HDI score (right panel) and sense of coherence score. Dots represent individual participants at each of the five measure-
ment times (baseline and weeks 1–4). Both relationships are statistically significant.

Table 3. Individual participant results using �18 point change from baseline for Dizziness Handicap Inventory (DHI) and 
�29 point change from baseline for Headache Disability Inventory (HDI).

Total participants n¼ 38 Completed n¼ 27 Did not complete n¼ 11

DHI Improved 17/38 (44.7%) 16/27 (59%) 1/11 (9%)
DHI Worsened 1/38 (2.6%) 1/27 (3.7%) 0/11 (0%)
HDI Improved 5/38 (13.2%) 5/27 (18.5%) 0/11 (0%)
HDI Worsened 0/38 (0%) 0/27 (0%) 0/11 (0%)
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Discussion

Our results indicate that lifestyle modification was effective in 
reducing dizziness handicap and headache disability related to 
VM. The time course for improvement is early in the interven-
tion period. There was an inverse relationship between SOC and 
both dizziness handicap and headache disability, but SOC did 
not predict which participants would do well with this 
intervention.

Improvement in symptoms over time

Reploeg and Goebel (2002) mention that their patients whose 
symptoms of VM improved with lifestyle modification experi-
enced the benefit in less than four weeks. Roberts et al. (2021) 
measured significantly improved DHI and HDI at �105 d after 
intervention which is more similar to what has been used to 
measure the time course of pharmacological effects (Byun et al. 
2020). However, we did not measure for change earlier in the 
intervention period in the prior study, although some partici-
pants did report noticeable improvement soon after starting the 
lifestyle modifications.

Results from the current investigation indicate a significantly 
higher dizziness handicap, on average, was reported comparing 
pre-intervention baseline to all other weeks, including week 1. 
Week 1 results were lower (better) than pre-intervention baseline 
and higher (worse) than weeks 2–4 but there was no difference, 
and so no further improvement, comparing weeks 2–4. This was 
measured not only for the DHI but also for the HDI. This result 
indicates participants reported decreased impact of dizziness and 
headache symptoms from the lifestyle modification intervention 
that was noticeable within the first two weeks of treatment which 
is in agreement with the report by Reploeg and Goebel (2002). 
Our results also suggest there is no further improvement after 
the second week within the 30-day period. It is possible that 
once participants made lifestyle modifications that led to signifi-
cant improvement, there was little incentive to continue making 
further changes to improve even more.

These results support that lifestyle modification may be con-
sidered as a sole intervention for symptoms of VM with a 
shorter time to significant improvement than typically reported 
for pharmacological intervention (Byun et al. 2020). Byun et al. 
state that the most common follow-up-period of the studies 
included in their meta-analysis was 12 weeks to allow the medi-
cations to take effect. Since it may take longer to experience 
improvement with medications, clinicians may also consider life-
style modification along with pharmacological intervention so 
patients may begin to experience a noticeable reduction in their 
symptoms of dizziness and headache while awaiting the positive 
effects from the prescribed medication.

Results also indicated an inverse relationship exists between 
SOC and both DHI and HDI. That is, participants with higher 
SOC reported lower impact of dizziness and headache symptoms 
on quality of life. Participants with lower SOC reported higher 
impact. This relationship was present throughout the interven-
tion period. This suggests that global coping is an important 
component of managing symptoms of vestibular migraine, par-
ticularly as they relate to quality of life.

The results of the current investigation are similar to those 
reported for global sense of coping and symptoms of Meniere’s 
disease (Ketola et al. 2013; S€oderman et al. 2001). Higher SOC 
was related to less perceived impact of vertigo and tinnitus in 
those reports. Higher SOC was also associated with higher 

quality of life. There is a more recent study that investigated 
headache and VM symptoms in patients with Meniere’s disease 
(Pyykk€o et al. 2019). They reported higher SOC in patients with 
Meniere’s disease and no headache compared to lower SOC in 
patients with Meniere’s disease, migraine, and vertigo. The 
authors acknowledge they were unable to differentiate patients 
with VM and Meniere’s disease using their statistical analyses 
which is likely due to the overlap of some symptoms. 
Considering headache, this is not surprising. There is not always 
a temporal relationship between headache and vertigo symptoms 
with VM and there may not even be symptoms of headache 
(Beh 2022).

This is an interesting relationship between SOC, DHI, and 
HDI, but the secondary purpose of this investigation was to 
determine if SOC is helpful in predicting which patients may 
benefit from lifestyle modifications. The mean SOC (standard 
deviation) of our participants who did not improve on DHI was 
66.3 (14) compared to 64.8 (12.3) for the participants who did 
improve. Mean SOC for the participants who did not improve 
on HDI was also 66.3 (13.5) compared to 61.2 (8.6) for partici-
pants who did improve. Based on these results, it does not 
appear that SOC is helpful in predicting who would benefit from 
intervention with lifestyle modification. Our results do indicate 
that patients with higher SOC will experience less impact of 
symptoms of VM. This is in agreement with the literature for 
symptoms of Meniere’s disease (Ketola et al. 2013; S€oderman 
et al. 2001).

Benefits related to lifestyle modification

Improvement on each of the four lifestyle factors used in our 
intervention were compared to improvement on DHI and HDI. 
Only improvement in restful sleep was correlated with improve-
ment in symptoms of dizziness and symptoms of headache. The 
correlations were weak at R ¼ 0.22 for dizziness and R ¼ 0.29 
for headache. The same relationship with restful sleep and 
improvement in both DHI and HDI was observed in a previ-
ously published investigation using this same intervention 
(Roberts et al. 2021). It is possible there is a great deal of indi-
vidual variability in terms of which factors are most important 
for improvement in symptoms of VM. This is important to note 
for clinicians because even though improving restful sleep is 
important for improvement in symptoms of dizziness and head-
ache for many of the participants, the other factors may be as 
important or more important for individual participants. It is 
also possible that addressing various factors may also lead to 
benefit for another factor. For example, avoiding the potential 
dietary trigger caffeine would be expected to help improve restful 
sleep.

There is evidence supporting poorer sleep in patients with 
VM. Zhou et al. (2023) reported poorer sleep quality with sub-
jective measures for participants with VM compared to controls. 
They also reported objective differences in polysomnography 
measures supporting higher states of arousal (poorer sleep) in 
participants with VM, among other objective measures that con-
tribute to more fragmented sleep. The participants with VM per-
formed the same when compared to participants with migraine. 
This helps to support that interventions which include factors 
that improve restful sleep would improve symptoms of VM as 
we observed in the current study.
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Individual participant improvement

Previously, we found 39% of participants reported a reduction of 
dizziness handicap and 18% reported a decrease in headache dis-
ability using the same lifestyle modification intervention but for 
a longer follow-up period of 105 d (Roberts et al. 2021). For the 
current investigation, the focus was on short-term effects of the 
intervention. With the shorter follow-up period of 30 d, 
44.7%−59% of participants had at least an 18-point improvement 
on the DHI. One participant who improved did not complete 
the study and one participant who completed the study had a 
worsening of dizziness. The combination of findings suggests 
lifestyle modification is a relatively low risk intervention, in 
terms of DHI outcomes.

Our results for symptoms of headache indicate improvement 
for 13.2%−18.5% of participants. This is similar to the 11%−16% 
reported by others (Johnson 1998; Reploeg and Goebel 2002) 
and is essentially the same (18%) published previously for 
improvement in headache at a follow-up period of 105 d 
(Roberts et al. 2021). This is noteworthy and could suggest the 
improvement in headache is stable over 30 − 105 d when using 
lifestyle modification. Considering dizziness, there may be a 
slight decline from 44.4%−59% at 30 d to 39% at 105 d. In a 
retrospective investigation, we saw that 25% of participants using 
lifestyle modification alone were still reporting improvement in 
DHI at 371 d which indicates a further decline over time 
(Kolberg et al. 2024). We did not report on headache symptoms 
in the prior investigation. It should be pointed out that decrease 
in adherence to intervention over time is common. For example, 
Hepp et al. (2017) found that only 25% of patients with chronic 
migraine were still adherent to prescribed oral migraine prevent-
ive medication at six months and only 14% were adherent at one 
year.

Clinical implications

The results of this investigation support that lifestyle modifica-
tion is effective in decreasing symptoms of dizziness and head-
ache in patients with VM. Moreover, the beneficial effects occur 
in a shorter time period than is typically reported for pharmaco-
logical interventions (Byun et al.). This is important for patients 
because the impact of VM on QOL is considerable (Best et al. 
2009) and any intervention that can improve symptoms sooner 
should be offered. In addition, some patients prefer to avoid 
pharmacological intervention out of concern for side effects or 
interactions with other medications. Lifestyle modification could 
be a viable solution for those individuals.

Power et al. (2018) report that 91% of patients with VM are 
managed with pharmacological intervention, though it is known 
the beneficial effects take longer than we observed in the current 
study. Our results suggest that clinicians may consider lifestyle 
modification as sole intervention but could also include this as 
an adjunct to pharmacological intervention to help patients feel 
better while their medications are being titrated to therapeutic 
dosages. Lifestyle modification could be a realistic, management 
technique for symptoms of VM in areas that have reduced access 
and availability to first line interventions (i.e., medication).

It is even worthwhile to consider the possibility that non- 
pharmacological interventions like lifestyle modification could 
potentially be recommended by non-medical professionals who 
are important members of the multidisciplinary team. 
Audiologists, physical therapists, and even occupational thera-
pists in some locations all work with patients with dizziness. 

Since VM is one of the most common disorders encountered 
(Dieterich, Obermann, and Celebisoy 2016; Murphy et al. 2024), 
it is possible, when the patient is appropriately diagnosed, that 
these clinicians may introduce or even reinforce the importance 
of lifestyle modification as a management technique. Dieticians, 
health coaches, and potentially counsellors may also play a role 
in equipping patients with evidence-based techniques to help 
support them through the lifestyle changes that can be challeng-
ing but effective. Integrating these non-medical providers into 
appropriate management of VM with lifestyle modification could 
also allow medical professionals to focus on more complex cases.

Limitations

The design of this study was a prospective observational cohort 
and not a randomised controlled trial. There is a need for more 
controlled investigations on management of VM (Mallampalli 
et al. 2022). It is not possible to control placebo or spontaneous 
recovery effects given this limitation. Our results are similar to a 
prior investigation with different participants and for a longer 
follow-up period (Roberts et al. 2021). Again, the agreement 
with our prior results at 105 days suggests the improvements are 
occurring soon after intervention and are maintained out to lon-
ger periods of time.

Eleven of the enrolled 38 participants did not complete the 
study. Nine stopped participating for undisclosed reasons and 
two decided to take medication for symptoms during the 30-day 
period of the study and were subsequently excluded. With almost 
30% of patients stopping the intervention plan, lifestyle modifica-
tion is not expected to be an effective intervention for every 
patient with VM. Work to understand which patients are more 
likely to be successful should be continued.

Another limitation is the reliance on subjective measures 
which may introduce response bias. Participants may have felt 
compelled to over-report adherence to lifestyle modifications 
because their health care providers had access to their responses. 
This could be true for DHI and HDI scores as well. The incorp-
oration of health tracker devices could be a way to improve the 
objectivity of measures of restful sleep and exercise. Similarly, 
completion of polysomnography measures like Zhou et al. (2023) 
may provide objective and potentially more compelling evidence 
of the importance of improving restful sleep in patients 
with VM.

The preponderance of published data on the lifestyle modifi-
cation intervention on vestibular migraine have been investigated 
in a tertiary care setting (Kolberg et al. 2024; Reploeg and 
Goebel 2002; Roberts et al. 2021). It is possible the results may 
not generalise to other settings. For this reason, it would be 
important for investigators to consider multi-centre trials with 
larger study samples in various clinical settings in the future.

Conclusions

The results of this investigation indicate lifestyle modification is 
an effective intervention for symptoms of dizziness and headache 
in patients with VM. Further, our results indicate the improve-
ment is observed by the second week of intervention which is 
much sooner than typical of pharmacological intervention. This 
lifestyle modification intervention appears safe with only a single 
participant reporting worsened dizziness and no participants 
reporting worsened headache. Among the lifestyle changes, rest-
ful sleep was the modification that was significantly related to 
changes in dizziness handicap and headache disability. It does 
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not seem SOC is useful in helping to predict which participants 
may benefit from lifestyle modification for VM; however, higher 
SOC does correlate with lower perceived impact of dizziness and 
headache on quality of life in participants with VM. This work 
supports that lifestyle modification may be considered as the sole 
intervention for some patients and could be considered as an 
adjunct to pharmacological treatment in others to help patients 
feel better sooner.

Disclosure statement

No potential conflict of interest was reported by the author(s).

Funding

Portions of this work were completed by Kaili McDonald and 
Amanda Wasoff as a part of their capstone projects at Vanderbilt 
University School of Medicine.

ORCID

Erin M. Picou http://orcid.org/0000-0003-3083-0809 
Kenneth Watford http://orcid.org/0000-0002-2612-2917 
Emily Brignola http://orcid.org/0000-0002-5936-0532 
Daniel Romero http://orcid.org/0000-0001-6312-4957 
Daniel Schuster http://orcid.org/0000-0001-7697-4782 
Richard A. Roberts http://orcid.org/0000-0001-9964-2860 

Data availability statement

The data that support the findings of this study are available from 
the corresponding author, [RAR], upon reasonable request.

References

Antonovsky, A. 1987. Unraveling the Mystery of Health. San Francisco, CA: 
Jossey-Bass.

Antonovsky, A. 1993. “The Structure and Properties of the Sense of 
Coherence Scale.” Social Science & Medicine 36 (6):725–733. https://doi. 
org/10.1016/0277-9536(93)90033-z.

Bates, D., M. M€achler, B. Bolker, and S. Walker. 2015. “Fitting Linear Mixed 
Effects Models Using lme4.” Journal of Statistical Software 67 (1):1–48. 
https://doi.org/10.18637/jss.v067.i01.

Beh, S. C. 2022. “Vestibular Migraine.” Current Neurology and Neuroscience 
Reports 22 (10):601–609. https://doi.org/10.1007/s11910-022-01222-6.

Benjamini, Y., and Y. Hochberg. 1995. “Controlling the False Discovery Rate: 
A Practical and Powerful Approach to Multiple Testing.” Journal of the 
Royal Statistical Society B 57 (1):289–300. https://doi.org/10.1111/j.2517- 
6161.1995.tb02031.x.

Best, C., R. Tschan, A. Eckhardt-Henn, and M. Dieterich. 2009. “Who is at 
Risk for Ongoing Dizziness and Psychological Strain After a Vestibular 
Disorder?” Neuroscience 164 (4):1579–1587. https://doi.org/10.1016/j. 
neuroscience.2009.09.034.

Byun, Y. J., D. A. Levy, S. A. Nguyen, E. Brennan, and H. G. Rizk. 2020. 
“Treatment of Vestibular Migraine: A Systematic Review and Meta-Analysis.” 
The Laryngoscope 131:186–194. https://doi.org/10.1002/lary.28546.

Dieterich, M., M. Obermann, and N. Celebisoy. 2016. “Vestibular Migraine: 
The Most Frequent Entity of Episodic Vertigo.” Journal of Neurology 
263(S1):S82–S89. https://doi.org/10.1007/s00415-015-7905-2.

Formeister, E. J., H. G. Rizk, M. A. Kohn, and J. D. Sharon. 2018. “The 
Epidemiology of Vestibular Migraine: A Population-based Survey Study.” 
Otology & Neurotology 39 (8):1037–1044. https://doi.org/10.1097/MAO. 
0000000000001900.

Gordon, K. R. 2019. “How Mixed-Effects Modeling Can Advance Our 
Understanding of Learning and Memory and Improve Clinical and 
Educational Practice.” Journal of Speech, Language, and Hearing Research 
62 (3):507–524. https://doi.org/10.1044/2018_JSLHR-L-ASTM-18-0240.

Harris, P. A., R. Taylor, R. Thielke, J. Payne, N. Gonzalez, and J. G. Conde. 
2009. “Research Electronic Data Capture (REDCap)—A Metadata-Driven 
Methodology and Workflow Process for Providing Translational Research 
Informatics Support.” Journal of Biomedical Informatics 42 (2):377–381. 
https://doi.org/10.1016/j.jbi.2008.08.010.

Hepp, Z., D. W. Dodick, S. F. Varon, J. Chia, N. Matthew, P. Gillard, R. N. 
Hansen, and E. B. Devine. 2017. “Persistence and Switching Patterns of 
Oral Migraine Prophylactic Medications Among Patients with Chronic 
Migraine: A Retrospective Claims Analysis.” Cephalalgia 37 (5):470–485. 
https://doi.org/10.1177/0333102416678382.

Jacobson, G., and C. Newman. 1990. “The Development of the Dizziness 
Handicap Inventory.” Archives of Otolaryngology-Head & Neck Surgery 
116 (4):424–427. https://doi.org/10.1001/archotol.1990.01870040046011.

Jacobson, G., N. Ramadan, S. Aggarwal, and C. Newman. 1994. “The Henry 
Ford Hospital Headache Disability Inventory (HDI).” Neurology 44 (5): 
837–837. https://doi.org/10.1212/WNL.44.5.837.

Johnson, G. D. 1998. “Medical Management of Migraine-Related Dizziness 
and Vertigo.” The Laryngoscope 108 (1 Pt 2):1–28. https://doi.org/10.1097/ 
00005537-199801001-00001.

Ketola, S., H. Levo, J. Rasku, I. Pyykk€o, and E. Kentala. 2013. “The Sense of 
Coherence in Patients with Meni�ere’s Disease.” Auris Nasus Larynx 41 (3): 
244–248. https://doi.org/10.1016/j.anl.2013.12.008.

Kolberg, C., R. Roberts, K. Watford, E. Picou, and K. Corcoran. 2024. “Long- 
Term Effects of Intervention on Vestibular Migraine: A Preliminary 
Study.” Annals of Otology Rhinology and Laryngology 133 (1):111–114. 
https://doi.org/10.1177/00034894231185400.

Lempert, T., J. Olesen, J. Furman, J. Waterston, B. Seemungal, J. Carey, A. 
Bisdorff, M. Versino, S. Evers, A. Kheradmand, et al. 2022. “Vestibular 
Migraine: Diagnostic Criteria.” Journal of Vestibular Research 32 (1):1–6. 
https://doi.org/10.3233/VES-201644.

Lenth, R. 2019. Emmeans: Estimated Marginal Means, aka Least-Squares 
Means. R Package Version 1.4. https://CRAN.R-project.org/package= 
emmeans.

Mallampalli, M. P., H. B. Rizk, A. Kheradmand, S. C. Beh, M. Abouzari, 
A. M. Bassett, J. Buskirk, C. E. J. Ceriani, M. G. Crowson, H. Djalilian, 
et al. 2022. “Care Gaps and Recommendations in Vestibular Migraine: An 
Expert Panel Summit.” Frontiers in Neurology 12: 812678. https://doi.org/ 
10.3389/fneur.2021.812678.

Murphy, C. E., R. A. Roberts, E. M. Picou, G. P. Jacobson, and A. P. Green. 
2024. “Probabilities of Isolated and Co-Occurring Vestibular Disorder 
Symptom Clusters Identified Using the Dizziness Symptom Profile.” Ear and 
Hearing 45 (4):878–883. https://doi.org/10.1097/AUD.00000000 00001482.

Power, L., W. Shute, B. McOwan, K. Murray, and D. Szmulewicz. 2018. “Clinical 
Characteristics and Treatment Choice in Vestibular Migraine.” Journal of 
Clinical Neuroscience 52:50–53. https://doi.org/10.1016/j.jocn.2018.02.020.

Pyykk€o, I., V. Manchaiah, M. F€arkkil€a, E. Kentala, and J. Zou. 2019. 
“Association between M�eni�ere’s Disease and Vestibular Migraine.” Auris, 
Nasus, Larynx 46 (5):724–733. https://doi.org/10.1016/j.anl.2019.02.002.

R Core Team. 2023. R: A Language and Environment for Statistical 
Computing [computer program.]. Version 4.3.0. Vienna, Austria: R 
Foundation for Statistical Computing;

Reploeg, M. D., and J. A. Goebel. 2002. “Migraine Associated Dizziness: 
Patient Characteristics and Management Options.” Otology & Neurotology 
23 (3):364–371. https://doi.org/10.1097/00129492-200205000-00024.

Roberts, R. A., K. E. Watford, E. M. Picou, K. Hatton, T. H. Trone, and 
E. Y. Brignola. 2021. “Effects of Lifestyle Modification on Vestibular 
Migraine.” Otology & Neurotology 42 (10):e1537–e1543. https://doi.org/10. 
1097/MAO.0000000000003297.

S€oderman, A., J. Bergenius, D. Bagger-Sj€ob€ack, C. Tjell, and A. Langius. 
2001. “Patients’ Subjective Evaluations of Quality of Life Related to 
Disease-specific Symptoms, Sense of Coherence, and Treatment in 
M�eni�ere’s Disease.” Otology & Neurotology 22 (4):526–533. https://doi.org/ 
10.1097/00129492-200107000-00020.

Sun, L., G. Li, F. Liu, Y. Wang, L. Zhang, and C. Minoret. 2022. “Resistance Exercise 
Relieves Symptoms of Vestibular Migraine Patients with MRI Diagnosis: A 
Randomized Parallel-Controlled Single-Blind Clinical Trial.” Revue 
Neurologique 178 (4):370–376. https://doi.org/10.1016/j.neurol.2021.06.008.

Vitkovic, J., A. Winoto, G. Rance, R. Dowell, and M. Paine. 2013. “Vestibular 
Rehabilitation Outcomes in Patients With and Without Vestibular 
Migraine.” Journal of Neurology 260 (12):3039–3048. https://doi.org/10. 
1007/s00415-013-7116-7.

Zhou, Y., H. Li, Y. Jia, J. Wu, J. Yang, and C. Liu. 2023. “Cyclic Alternating 
Pattern in Non-Rapid Eye Movement Sleep in Patients with Vestibular 
Migraine.” Sleep Medicine 101:485–489. https://doi.org/10.1016/j.sleep. 
2022.11.034.

8 K. MCDONALD ET AL.

https://doi.org/10.1016/0277-9536(93)90033-z
https://doi.org/10.1016/0277-9536(93)90033-z
https://doi.org/10.18637/jss.v067.i01
https://doi.org/10.1007/s11910-022-01222-6
https://doi.org/10.1111/j.2517-6161.1995.tb02031.x
https://doi.org/10.1111/j.2517-6161.1995.tb02031.x
https://doi.org/10.1016/j.neuroscience.2009.09.034
https://doi.org/10.1016/j.neuroscience.2009.09.034
https://doi.org/10.1002/lary.28546
https://doi.org/10.1007/s00415-015-7905-2
https://doi.org/10.1097/MAO.0000000000001900
https://doi.org/10.1097/MAO.0000000000001900
https://doi.org/10.1044/2018_JSLHR-L-ASTM-18-0240
https://doi.org/10.1016/j.jbi.2008.08.010
https://doi.org/10.1177/0333102416678382
https://doi.org/10.1001/archotol.1990.01870040046011
https://doi.org/10.1212/WNL.44.5.837
https://doi.org/10.1097/00005537-199801001-00001
https://doi.org/10.1097/00005537-199801001-00001
https://doi.org/10.1016/j.anl.2013.12.008
https://doi.org/10.1177/00034894231185400
https://doi.org/10.3233/VES-201644
https://CRAN.R-project.org/package=emmeans
https://CRAN.R-project.org/package=emmeans
https://doi.org/10.3389/fneur.2021.812678
https://doi.org/10.3389/fneur.2021.812678
https://doi.org/10.1097/AUD.0000000000001482
https://doi.org/10.1016/j.jocn.2018.02.020
https://doi.org/10.1016/j.anl.2019.02.002
https://doi.org/10.1097/00129492-200205000-00024
https://doi.org/10.1097/MAO.0000000000003297
https://doi.org/10.1097/MAO.0000000000003297
https://doi.org/10.1097/00129492-200107000-00020
https://doi.org/10.1097/00129492-200107000-00020
https://doi.org/10.1016/j.neurol.2021.06.008
https://doi.org/10.1007/s00415-013-7116-7
https://doi.org/10.1007/s00415-013-7116-7
https://doi.org/10.1016/j.sleep.2022.11.034
https://doi.org/10.1016/j.sleep.2022.11.034

	Short-term effects of lifestyle modification on vestibular migraine
	Abstract
	Introduction
	Methods
	Participants
	Measures
	Dizziness Handicap Inventory
	Headache Disability Index
	Sense of coherence
	Lifestyle factor questionnaire

	Procedures
	Data analysis

	Results
	Participants
	Changes in symptoms over time
	Benefits related to lifestyle changes
	Individual participant improvement

	Discussion
	Improvement in symptoms over time
	Benefits related to lifestyle modification
	Individual participant improvement
	Clinical implications
	Limitations

	Conclusions
	Disclosure statement
	Funding
	Orcid
	Data availability statement
	References


