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Article

Introduction

Nearly half of U.S. adults aged 65 or older reported a 
disability in 2010 (Brault, 2012). Disability is operation-
ally defined as the inability to perform activities of daily 
living (ADLs), which include basic activities such as 
walking, bathing, and dressing, and instrumental activi-
ties such as managing finances and taking medications 
(Gold, 2012). The inability to perform these daily tasks 
often precludes independent living (Wiener, Hanley, 
Clark, & Van Nostrand, 1990). Age is a potent predictor 
of ADL impairment (Guralnik, Ferrucci, Simonsick, 
Salive, & Wallace, 1995; Kamiyama et al., 1999), likely 
secondary to the physical, cognitive, and sensory impair-
ments that accrue with increasing age (Guralnik et al., 
1995; Ostir, Markides, Black, & Goodwin, 1998).

One such sensory system whose function declines 
with age is the vestibular system (Agrawal, Carey, Della 
Santina, Schubert, & Minor, 2009; Ishiyama, 2009; 
Jonsson, Sixt, Landahl, & Rosenhall, 2004). The ves-
tibular organs detect head rotations and translations, as 
well as orientation of the head with respect to gravity. 
Vestibular impairment leads to dizziness and imbalance 

owing to gaze and postural instability (Whitney, 
Marchetti, Pritcher, & Furman, 2009), and has been 
associated with an increased risk of falls (Agrawal et al., 
2009; Herdman, Blatt, Schubert, & Tusa, 2000; Whitney, 
Hudak, & Marchetti, 2000). Individuals with specific 
vestibular disorders such as benign paroxysmal posi-
tional vertigo have been observed to have difficulty car-
rying out ADLs (Cohen & Kimball, 2000). However, 
whether changes in vestibular function associated  
with age play a role in age-related ADL impairment is 
unknown.

The current study uses data from the National Health 
and Nutrition Examination Survey (NHANES) to evalu-
ate the association between vestibular function and ADL 
impairment in the U.S. population. NHANES is a 
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Abstract
Objective: Vestibular dysfunction increases with age and is associated with mobility difficulties and fall risk in 
older individuals. We evaluated whether vestibular function influences the ability to perform activities of daily living 
(ADLs). Method: We analyzed the 1999 to 2004 National Health and Nutrition Examination Survey of adults aged 
older than 40 years (N = 5,017). Vestibular function was assessed with the Modified Romberg test. We evaluated 
the association between vestibular function and difficulty level in performing specific basic and instrumental ADLs, 
and total number of ADL impairments. Results: Vestibular dysfunction was associated with significantly higher 
odds of difficulty with nine ADLs, most strongly with difficulty managing finances (odds ratio [OR] = 2.64, 95% 
confidence interval [CI] = [1.18, 5.90]). In addition, vestibular dysfunction was associated with a significantly greater 
number of ADL impairments (β = .21, 95% CI = [0.09, 0.33]). This effect size was comparable with the influence of 
heavy smoking (β = .21, 95% CI = [0.06, 0.36]) and hypertension (β = .10, 95% CI = [0.02, 0.18]) on the number of 
ADL impairments. Conclusion: Vestibular dysfunction significantly influences ADL difficulty, most strongly with a 
cognitive rather than mobility-based task. These findings underscore the importance of vestibular inputs for both 
cognitive and physical daily activities.
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large-scale survey that conducted balance testing on 
more than 5,000 individuals between 1999 and 2004. In 
addition, detailed information regarding the ability to 
carry out basic and instrumental ADLs was collected. 
We hypothesized that vestibular dysfunction, which 
contributes to imbalance and walking difficulty, would 
impair the ability to carry out ADLs. This study offers 
critical insight into the broader consequences of age-
related vestibular loss on outcomes of substantial public 
health significance, including functional capacity, inde-
pendence, and disability.

Method

Study Population

NHANES is an ongoing cross-sectional survey of the 
U.S. civilian, noninstitutionalized population (available 
from http://www.cdc.gov/nchs/nhanes/nhanes_ques-
tionnaires.htm). The 1999 to 2004 NHANES performed 
balance testing on a nationally representative sample of 
adults aged older than 40 years. A total of 31,126 indi-
viduals aged 1 to 85 years took part in NHANES from 
1999 to 2004; 9,078 were eligible for balance testing. 
Participants were excluded from the balance testing pro-
tocol if they were aged younger than 40 years, unable to 
stand on their own, were having dizziness sufficient to 
cause unsteadiness, weighed more than 275 pounds, had 
a waist circumference that could not accommodate 
proper fitting of the standard-sized safety gait belt, 
needed a leg brace to stand unassisted, or had a foot or 
leg amputation. Of the eligible adults, 1,797 participants 
(19.8%) were excluded from balance testing due to 
inability to stand unassisted. Of the remaining 7,281 
participants, 1,330 (18.3%) were further excluded due to 
safety concerns and participant refusal, further reducing 
the sample size to 5,951. Included participants were 
more likely to be younger and White. Sample weights 
for the combined 6-year sample were used per National 
Center for Health Statistics (NCHS) guidelines (Johnson 
et al., 2013).

Vestibular Testing

Vestibular testing consisted of the Modified Romberg 
Test of Standing Balance on Firm and Compliant 
Support Surfaces. Test Condition 4 was designed to test 
vestibular function exclusively: Subjects had to main-
tain balance on a foam-padded surface (to obscure pro-
prioceptive input) with their eyes closed (to eliminate 
visual input), thereby relying exclusively on vestibular 
information to maintain upright stance. Test failure was 
defined as a subject (a) needing to open the eyes, (b) 
moving the arms or feet to achieve stability, or (c) begin-
ning to fall or requiring operator intervention to main-
tain balance within a 30-s interval. We categorized 
participants as having vestibular dysfunction if they did 
not pass Test Condition 4. Of the 5,951 balance testing 

participants, 271 (4.5%) did not pass prior test condi-
tions and did not participate in Test Condition 4. An 
additional 100 participants (1.7%) had missing data for 
Test Condition 4. An additional 563 participants were 
excluded because they had missing ADL data. The final 
sample size was 5,017 participants. Further vestibular 
testing procedure details are available at http://www.
cdc.gov/nchs/data/nhanes/ba.pdf.

ADLs Assessment

Questions related to performing ADLs were part of the 
larger NHANES survey on physical functioning, which 
has been found to have good internal consistency, content, 
and construct validity (C. Cook & Pietrobon, 2006; C. E. 
Cook et al., 2006). Participants were scored as 1 = no dif-
ficulty, 2 = some difficulty, 3 = much difficulty, and 4 = 
unable to do for each of 19 specific basic and instrumental 
ADLs. A composite ADL score was computed by adding 
all the individual ADL scores together, with higher num-
bers indicating greater levels of ADL disability (for a max-
imum score of 76 = 19 items × 4 points). The composite 
score was rescaled by subtracting 19 from the maximum 
score to allow the index to have a minimum value of zero, 
ranging from 0 (no impairment) to 57 (complete impair-
ment on all ADLs). The total number of ADL impairments 
was calculated by adding up each individual ADL impair-
ment. Impairment for each individual ADL was defined as 
having much difficulty or unable to perform for that par-
ticular ADL. Each individual was given a score from 0 to 
19, representing the number of impairments out of the 19 
ADLs. There were 563 participants (10.1%) with vestibu-
lar data that had missing data on ADL.

Demographic and Health-Related Variables

Race-ethnicity was grouped as non-Hispanic White 
(hereafter, “White”), non-Hispanic Black (hereafter, 
“Black”), Mexican American, or Other. Education was 
grouped as less than high school, high school diploma 
(including General Educational Development [GED]), 
and beyond high school. Six participants had missing 
education data. Smoking pack-years were computed 
based on number of years smoked and number of ciga-
rettes smoked per day, and participants were divided into 
categories including never smoked, less than 20 pack-
years of smoking, and more than 20 pack-years of smok-
ing. There were substantial missing data (N = 260) on the 
quantity of tobacco smoked, so a separate category was 
made for “ever smokers with unknown pack-years” (no 
participants ended up with missing data). Hypertension 
was defined based on physician diagnosis, use of antihy-
pertensive medication, an average systolic blood pressure 
more than 140 mmHg or an average diastolic blood pres-
sure more than 90 mmHg at the time of examination (9 
participants had missing data). Diabetes was defined 
based on physician diagnosis, use of antihyperglycemic 
medication, an 8-hr fasting glucose more than 126 mg/
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dL, or a nonfasting glucose more than 200 mg/dL (95 
participants had missing data). Stroke was defined based 
on physician diagnosis (7 participants had missing data).

Audiometric and Visual Acuity Measures

Pure-tone average hearing thresholds at the frequencies 
0.5, 1, 2, and 4 kHz were computed in the better hearing 
ear (3,452 participants had missing data). Nonrefracted 
visual acuity was coded as 20/20 (20), 20/30 (30), 20/40 
(40), 20/50 (50), 20/60 (60), 20/70 (70), 20/80 (80), 
20/200 (200), 20/200+ (666) in the better seeing eye 
(103 participants had missing data).

Statistical Analysis

The main outcome of interest was ADL impairment. The 
predictor variables were vestibular dysfunction, demo-
graphic variables, and health-related variables. The study 
population was stratified into age groups (40-49 years, 
50-59 years, 60-69 years, and older than 70 years). Mean 
ADL impairment scores and total number of ADL 
impairments were compared across demographic and 
health-related variables in bivariate analyses using one-
way ANOVA. Multiple linear regression models using 
fixed effects were developed by including basic demo-
graphic and health-related factors that are known to 
influence ADL impairment and that maybe associated 
with vestibular dysfunction (Louie & Ward, 2011). The 
models for the composite ADL impairment score and the 
total number of ADL impairments met the assumptions 
of linear regression in the following ways: (a) the models 
were linear when observed values were plotted against 
predicted values, (b) there was no multicollinearity of the 
predictor variables as assessed by the variance inflation 
factors, and (c) there was equal variance of the residuals 
when they were plotted against the predicted values. The 
composite ADL impairment score and total number of 
ADL impairments, however, were not normally distrib-
uted, even after log transformation of the variables. We 
also evaluated the association between vestibular dys-
function and impairment in each of the individual ADLs 
using multiple logistic regression. For these analyses, we 
defined ADL impairment as having “much difficulty” or 
“unable to perform” the particular ADL.

Structural equation models were developed to evalu-
ate whether vestibular function mediated the association 
between age and ADL impairment. Parallel mediation by 
visual impairment, vestibular dysfunction, and hearing 
loss was considered. Structural equation models were 
adjusted for demographic and health-related variables.

All statistical analyses were conducted with Stata 
Version 13 (College Station, TX).

Results

A total of 5,017 participants were included from the 
1999 to 2004 NHANES (Table 1). The mean age of the 

study population was 57.9 years (range 40-85 years). 
The mean ADL impairment score was 2.0 (range 0-44) 
and the mean number of ADL impairments was 0.5 
(range 0-16). Mean ADL impairment scores were sig-
nificantly higher among participants with vestibular 
dysfunction in bivariate analyses (3.0 vs. 1.4, p < .0001; 
Table 1). Individuals with vestibular dysfunction had a 
higher number of ADL impairments (0.6 vs. 0.3, p < 
.0001; Table 1). Females had a significantly higher mean 
ADL impairment score and total number of ADL impair-
ments, compared with males, and higher education was 
significantly associated with lower ADL impairment. 
Heavy smoking was also associated with a significantly 
higher mean ADL impairment, as was a history of hyper-
tension, stroke, diabetes, hearing loss, and visual impair-
ment (Table 1). In addition, there was no significant 
difference in ADL impairment score or number of ADL 
impairments by race/ethnicity.

We evaluated the association between vestibular dys-
function and ADL impairment score using multivariable 
linear regression (Table 2). Individuals with vestibular 
dysfunction were significantly more likely to have a 
higher ADL impairment score in adjusted analyses (β = 
.75, 95% confidence interval [CI] = [0.36, 1.14]). We 
also evaluated the association between vestibular dys-
function and the total number of ADL impairments 
using multivariable linear regression models (Table 2). 
We observed that individuals with vestibular dysfunc-
tion were more likely to have a higher total number of 
ADL impairments (β = .21, 95% CI = [0.09, 0.33]. The 
vestibular dysfunction coefficient was comparable with 
the influence of heavy smoking (β = .21, 95% CI = 
[0.06, 0.36]) and hypertension (β = .10, 95% CI = [0.02, 
0.18]) on ADL impairment. The association between 
vestibular loss and composite ADL impairment score by 
age category was evaluated to see if associations dif-
fered by age. We observed that associations were sig-
nificant across age categories with the exception of age 
60 to 69 years, β = 1.00 (p = .008) for ages 40 to 49 
years, β = .56 (p = .034) for ages 50 to 59 years, β = .34 
(p = .440) for ages 60 to 69 years, and β = 1.07 (p < 
.0001) for ages ≥70 years. Similarly, with respect to total 
number of ADL impairments, we observed that associa-
tions were significant with the exception of the 60- to 
69-year-old age category, β = .25 (p = .069) for ages 40 
to 49 years, β = .25 (p = .001) for ages 50 to 59 years,  
β = .04 (p = .703) for ages 60 to 69 years, and β = .27  
(p = .005) for ages ≥70 years.

We then determined the odds of ADL impairment 
associated with vestibular dysfunction for each of the 19 
individual ADLs in adjusted analyses (Figure 1). We 
observed that vestibular dysfunction was associated 
with significantly higher odds of impairment for 9 of the 
19 different ADLs. These included managing money 
(OR = 2.64, 95% CI = [1.18, 5.90]), getting in and out of 
bed (OR = 2.02, 95% CI = [1.18, 3.47]), standing up 
from an armless chair (OR = 1.80, 95% CI = [1.09, 2.95]), 
walking up to 10 steps (OR = 1.66, 95% CI = [1.06, 2.57]), 
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standing for long periods of time (OR = 1.65, 95% CI = 
[1.29, 2.09]), walking for a quarter mile (OR = 1.63, 
95% CI = [1.13, 2.34]), house chores (OR = 1.55, 95% 

CI = [1.12, 2.13]), stooping/crouching/kneeling (OR = 
1.53, 95% CI = [1.19, 1.96]), and going out to movies/
events (OR = 1.49, 95% CI = [1.05, 2.12]).

Table 1.  Population Characteristics and ADL Impairment.a

Characteristic

N = 5,017

Frequency (%)
Mean ADL impairment 

scoreb (SD) p value
Number of ADL 

impairmentsc p value

Demographic variables
  Age (decades) <.0001 <.0001
    40-49 1,616 (32.2) 0.7 (3.1) 0.2 (1.0)  
    50-59 1,157 (23.1) 1.2 (3.9) 0.3 (1.2)  
    60-69 1,249 (24.9) 3.0 (5.2) 0.6 (1.5)  
    ≥70 995 (19.8) 3.7 (5.5) 0.7 (1.7)  
  Gender, n (%) .004 .001
    Female 2,493 (49.7) 2.4 (5.0) 0.5 (1.5)  
    Male 2,524 (50.3) 1.6 (4.1) 0.3 (1.2)  
  Race/ethnicity, n (%) .071 .063
    White 2,754 (54.9) 2.1 (4.5) 0.4 (1.3)  
    Black 916 (18.3) 2.0 (4.7) 0.4 (1.4)  
    Mexican American 1,021 (20.4) 1.8 (4.5) 0.4 (1.3)  
    Other race 326 (6.5) 2.1 (5.1) 0.5 (1.8)  
  Education, n (%) <.0001 <.0001
    <High school 1,438 (28.7) 3.0 (5.8) 0.7 (1.8)  
    High school graduate 1,222 (24.4) 2.3 (4.8) 0.5 (1.4)  
    >High school 2,351 (46.9) 1.3 (3.3) 0.2 (0.9)  
Health-related variables
  Vestibular dysfunction, n (%) <.0001 <.0001
    Yes 2,006 (40.0) 3.0 (5.3) 0.6 (1.6)  
    No 3,011 (60.0) 1.4 (3.9) 0.3 (1.2)  
  Smoking, number of pack-years (%) .016 .036
    Never 2,399 (47.8) 1.7 (4.3) 0.4 (1.2)  
    <20 1,187 (23.7) 1.9 (4.2) 0.4 (1.2)  
    ≥20 1,171 (23.3) 2.8 (5.4) 0.6 (1.6)  
   Unknown 260 (5.2) 1.6 (4.4) 0.4 (1.5)  
  Hypertension, n (%) <.0001 <.0001
    Yes 2,504 (50.0) 2.6 (5.0) 0.6 (1.5)  
    No 2,504 (50.0) 1.4 (4.0) 0.3 (1.2)  
  Diabetes, n (%) .072 .014
    Yes 1,922 (39.1) 2.2 (4.8) 0.5 (1.4)  
    No 3,000 (60.9) 1.9 (4.4) 0.4 (1.3)  
  Stroke, n (%) <.0001 <.0001
    Yes 143 (2.9) 5.3 (7.6) 1.2 (2.4)  
    No 4,867 (97.1) 1.9 (4.4) 0.4 (1.3)  
  PTA, better ear, dB (SD)d <.0001 <.0001
    ≤25 dB 1,367 (87.4) 1.4 (4.0) 0.3 (1.4)  
    >25 dB 198 (12.7) 2.2 (4.6) 0.5 (1.3)  
  Visual acuity, /20 (SD)e <.0001 <.0001
    ≤20/20 2,792 (56.8) 1.5 (4.0) 0.3 (1.1)  
    >20/20 2,122 (43.2) 2.5 (5.0) 0.5 (1.6)  

Note. ADLs = activities of daily living; PTA = pure-tone average; NHANES = National Health and Nutrition Examination Survey.
aUsing NHANES 1999-2004 with population-adjusted weights.
bIndex aggregated and scaled by summing performance on 19 ADLs. Responses to individual activities range from 1 (no impairment) to 4 
(complete impairment). Data were rescaled by subtracting 19 from each observation to allow the index to have a minimum value of zero, 
ranging from 0 (no impairment) to 57 (complete impairment).
cTotal number of ADL impairments (0-19).
dHearing loss defined as pure-tone threshold average across 500 Hz, 1000 Hz, 2000 Hz, and 4000 Hz (whichever is lower between right and left ear).
eNonrefracted visual acuity defined as 20/20 (20), 20/30 (30), 20/40 (40), 20/50 (50), and 20/60 (60), 20/70 (70), 20/80 (80), 20/200 (200), 
20/200+ (666) (whichever is lower between right and left eye).
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Table 2.  Multivariable Regression Model of the Association of Vestibular Dysfunction With ADL Impairment Score and With 
Total Number of ADL Impairments.a

Variable

ADL impairment scoreb  
(n = 5,015)

Number of ADL impairmentsc  
(n = 5,015)

β (95% CI) p value β (95% CI) p value

Vestibular dysfunction 0.75 [0.36, 1.14] <.0001 0.21 [0.09, 0.33] .001
Age 0.06 [0.05 0.08] <.0001 0.01 [0.001, 0.01] .018
Female 0.60 [0.40, 0.80] <.0001 0.12 [0.06, 0.17] <.0001
Race/ethnicity
  White Reference Reference  
  Black −0.04 [−0.38, 0.31] .838 −0.02 [−0.11, 0.07] .708
  Mexican American −0.68 [−1.10, −0.27] .002 −0.21 [−0.32, −0.09] .001
  Other race 0.25 [−0.47, 0.97] .491 0.12 [−0.16, 0.40] .383
Education
  <High school Reference Reference  
  High school graduate −1.00 [−1.66, −0.34] .004 −0.31 [−0.47, −0.14] <.0001
  >High school −1.70 [−2.19, −1.20] <.0001 −0.50 [−0.64, −0.36] <.0001
Smoking, number of pack-years
  Never Reference Reference  
  <20 0.20 [−0.13, 0.53] .221 0.05 [−0.05, 0.15] .287
  ≥20 0.67 [0.23, 1.11] .004 0.21 [0.06, 0.36] .008
  Unknown −0.11 [−0.57, 0.34] .611 0.003 [−0.14, 0.15] .966
Hypertension 0.36 [0.10, 0.63] .009 0.10 [0.02, 0.18] .020
Diabetes 0.12 [−0.21, 0.44] .467 −0.02 [−0.08, 0.12] .727
Stroke 1.89 [0.69, 3.08] .003 0.49 [0.12, 0.87] .010
Visual acuity 0.01 [0, 0.02] .219 0.003 [0.002, 0.008] .245

Note. ADLs = activities of daily living; CI = confidence interval; NHANES = National Health and Nutrition Examination Survey.
aUsing NHANES 1999 to 2004 with population-adjusted weights.
bLinear regression model for continuous outcome of total ADL index score (0-57). Index aggregated and scaled by summing performance on 
19 ADLs. Responses to individual activities range from 1 (no impairment) to 4 (complete impairment). Data were rescaled by subtracting 19 from 
each observation to allow the index to have a minimum value of 0, ranging from 0 (no impairment) to 57 (complete impairment).
cLinear regression model for the continuous outcome of the total number of ADL impairments (0-19) adjusted for demographic variables and 
comorbidities.

Figure 1.  Odds of ADL impairment associated with vestibular dysfunction.
Note. ADLs = activities of daily living.
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We developed structural equation models to explore 
the association between aging and ADL impairment 
score, and to evaluate for potential mediators of this 
association including vestibular function, visual func-
tion, and hearing (Figure 2). We observed that vestibular 
function mediated 21.7% of the association between 
aging and ADL score. Visual impairment and hearing 
loss mediated 0.8% and 8.9% of the association between 
age and ADL impairment, respectively.

Discussion

We observed in this analysis of nationally representative 
data a significant association between vestibular dys-
function and ADL impairment. In this community-
dwelling population, the overall level of ADL impairment 
was low and vestibular dysfunction only conferred an 
increase in the total number of ADL impairments of 0.2. 
Nevertheless, vestibular dysfunction was associated 
with a level of ADL impairment comparable with other 
significant health-related factors and comorbidities, 
such as a decade of age, heavy smoking, and hyperten-
sion. Moreover, we found that vestibular dysfunction 
appeared to account for nearly 22% of the association 
between age and ADL impairment.

This study confirms and extends prior work also 
reporting an association between vestibular dysfunction 
and ADL impairment. A population-based study in 
Germany observed that 40% of adults with self-reported 
vestibular vertigo had interruption of their daily activities, 
compared with 12% of adults with nonvestibular dizzi-
ness (Neuhauser et al., 2008). Another study of more than 

2,000 patients presenting to a dizziness referral clinic for 
vestibular disease found that a majority of patients expe-
rienced a moderate-to-severe impairment in daily func-
tioning (Ten Voorde, van der Zaag-Loonen, & van 
Leeuwen, 2012). Moreover, one study of individuals 
with peripheral vestibular disease reported that 1 month 
of vestibular rehabilitation resulted in improvement of 
self-perceived ability to perform ADLs (Cohen & 
Kimball, 2003), further supporting a link between ves-
tibular dysfunction and ADL impairment. The need to 
measure disability in patients with vestibular disease has 
been previously recognized, resulting in the develop-
ment of the Vestibular Disorders Activities of Daily 
Living Scale (Cohen, Kimball, & Adams, 2000). Our 
study adds to this literature due to the in-depth assess-
ment of ADL impairment in NHANES, allowing us to 
determine the specific activities influenced by vestibular 
function. Moreover, we report from our structural equa-
tion models that vestibular loss may be one of the key 
mediators of the association between age and ADL 
impairment.

When we explored the association between vestibu-
lar dysfunction and specific ADLs, we observed the 
strongest association with the ability to manage money 
(i.e., balance a checkbook, pay bills). This result was 
somewhat surprising: We had expected vestibular loss to 
result in difficulty primarily in mobility-based activities. 
Indeed, the next strongest associations were observed 
with transferring from bed, standing from a chair, walk-
ing 10 steps, standing for long periods of time, and 
walking one-quarter mile. The association between ves-
tibular dysfunction and money management may reflect 
the link between the vestibular system and cognitive 
domains such as visuospatial processing, which are just 
beginning to be recognized. A seminal study previously 
observed that individuals with bilateral vestibular loss 
had deficits in spatial memory and navigation, and had 
concomitant hippocampal atrophy on neuroimaging 
(Brandt et al., 2005). Subsequent studies have observed 
a link between horizontal body motion and processing 
of numbers in which leftward and rightward motion 
facilitated faster processing of smaller and larger num-
bers, respectively (Hartmann, Grabherr, & Mast, 2012; 
Loetscher, Schwarz, Schubiger, & Brugger, 2008). 
These findings suggest a link between vestibular input 
and numerical processing mediated by spatial cognition, 
and may explain our observation of a strong association 
between vestibular dysfunction and the inability to man-
age money.

We note several limitations of this study. The postural 
metric used in NHANES to estimate vestibular function is 
not a specific physiologic test of peripheral vestibular func-
tion and may also be affected by a participant’s strength and 
motor coordination. Moreover, this was a cross-sectional 
study and cannot support causal inferences, including in the 
structural equation models. These findings serve to generate 
hypotheses that can be substantiated in longitudinal data 

Figure 2.  Structural equation modeling and mediation 
analyses.
Note. Role of aging and sensory loss in ADL impairment. Vestibular 
dysfunction mediated 21.7% of the association between aging and 
ADL impairment. Hearing and vision loss mediated 8.9% and 0%, 
respectively, of the association between aging and ADL impairment. 
All models are adjusted for race, gender, education, smoking status, 
hypertension, diabetes, stroke, visual acuity, and hearing loss. The 
percent mediation of vestibular dysfunction is calculated based on 
the formula (A × B) / [(A × B) + C], where A × B is the indirect 
effect of aging on ADL impairment medication by vestibular function, 
and C is the direct effect of aging on ADL impairment.  
ADLs = activities of daily living.
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analyses. In addition, the NHANES survey was adminis-
tered to community-dwelling individuals, and this study 
was restricted to individuals who were able to perform bal-
ance testing. Thus, our findings may not be applicable to 
individuals with greater levels of disability or who were 
institutionalized. This exclusion of more disabled individu-
als may explain why vision loss did not appear to mediate 
any of the associations between age and ADL impairment. 
Individuals with any significant degree of visual impair-
ment may not have been able to perform balance testing 
and may be less likely to live independently in the com-
munity. Alternatively, the metric of vision loss measured in 
NHANES—visual acuity—may have less influence on 
ADL impairment relative to other dimensions of visual 
function such as visual fields or contrast sensitivity. 
Moreover, we could not evaluate whether anxiety or 
depression partially explained the association between ves-
tibular dysfunction and ADL impairment, given that anxi-
ety and depression and balance function were not assessed 
in the same NHANES cycles. Finally, the composite ADL 
impairment and total number of ADL impairment scores 
were not normally distributed even after log transformation 
of the variables. More disabled individuals living in institu-
tional settings and individuals younger than 40 years were 
excluded from the study, which may have limited normal-
ity of the ADL score distribution.

This study suggests that vestibular dysfunction influ-
ences the ability to perform basic tasks that allow inde-
pendent living. These findings provide a broader 
understanding of the potential individual- and societal-
level impacts of vestibular loss in older individuals.

Declaration of Conflicting Interests

The author(s) declared no potential conflicts of interest with 
respect to the research, authorship, and/or publication of this 
article.

Funding

The author(s) received no financial support for the research, 
authorship, and/or publication of this article.

References

Agrawal, Y., Carey, J. P., Della Santina, C. C., Schubert, M. C., 
& Minor, L. B. (2009). Disorders of balance and vestibu-
lar function in US adults: Data from the National Health 
and Nutrition Examination Survey, 2001-2004. Archives 
of Internal Medicine, 169, 938-944. doi:10.1001/archin-
ternmed.2009.66

Brandt, T., Schautzer, F., Hamilton, D. A., Bruning, R., 
Markowitsch, H. J., Kalla, R., . . . Strupp, M. (2005). 
Vestibular loss causes hippocampal atrophy and impaired 
spatial memory in humans. Brain, 128(Pt. 11), 2732-
2741. doi:10.1093/brain/awh617

Brault, M. (2012). Americans with disabilities: 2010 (Current 
Population Reports). Retrieved from http://www.census.
gov/prod/2012pubs/p70-131.pdf

Cohen, H. S., & Kimball, K. T. (2000). Development of 
the vestibular disorders activities of daily living scale. 

Archives of Otolaryngology–Head & Neck Surgery, 126, 
881-887.

Cohen, H. S., & Kimball, K. T. (2003). Increased indepen-
dence and decreased vertigo after vestibular rehabili-
tation. Otolaryngology–Head and Neck Surgery, 128, 
60-70. doi:10.1067/mhn.2003.23

Cohen, H. S., Kimball, K. T., & Adams, A. S. (2000). 
Application of the vestibular disorders activities of 
daily living scale. Laryngoscope, 110, 1204-1209. 
doi:10.1097/00005537-200007000-00026

Cook, C., & Pietrobon, R. (2006). Item analysis of the 
NHANES ADL instrument in a sample of patients report-
ing frequent severe headaches. Physiotherapy Research 
International, 11, 84-92.

Cook, C. E., Richardson, J. K., Pietrobon, R., Braga, L., Silva, 
H. M., & Turner, D. (2006). Validation of the NHANES 
ADL scale in a sample of patients with report of cervical 
pain: Factor analysis, item response theory analysis, and 
line item validity. Disability and Rehabilitation, 28, 929-
935. doi:10.1080/09638280500404263

Gold, D. A. (2012). An examination of instrumental activities 
of daily living assessment in older adults and mild cog-
nitive impairment. Journal of Clinical and Experimental 
Neuropsychology, 34, 11-34. doi:10.1080/13803395.201
1.614598

Guralnik, J. M., Ferrucci, L., Simonsick, E. M., Salive, M. E., 
& Wallace, R. B. (1995). Lower-extremity function in 
persons over the age of 70 years as a predictor of subse-
quent disability. New England Journal of Medicine, 332, 
556-561. doi:10.1056/nejm199503023320902

Hartmann, M., Grabherr, L., & Mast, F. W. (2012). Moving 
along the mental number line: Interactions between 
whole-body motion and numerical cognition. Journal 
of Experimental Psychology: Human Perception and 
Performance, 38, 1416-1427. doi:10.1037/a0026706

Herdman, S. J., Blatt, P., Schubert, M. C., & Tusa, R. J. 
(2000). Falls in patients with vestibular deficits. American 
Journal of Otology, 21, 847-851.

Ishiyama, G. (2009). Imbalance and vertigo: The aging human 
vestibular periphery. Seminars Neurology, 29, 491-499. 
doi:10.1055/s-0029-1241039

Johnson, C. L., Paulose-Ram, R., Ogden, C. L., Carroll, M. 
D., Kruszon-Moran, D., Dohrmann, S. M., & Curtin, L. 
R. (2013). National health and nutrition examination sur-
vey: Analytic guidelines, 1999-2010. Vital and Health 
Statistics, 2(161), 1-24.

Jonsson, R., Sixt, E., Landahl, S., & Rosenhall, U. (2004). 
Prevalence of dizziness and vertigo in an urban elderly 
population. Journal of Vestibular Research, 14(1), 47-52.

Kamiyama, T., Muratani, H., Kimura, Y., Fukiyama, K., 
Abe, K., Fujii, J., . . . Omae, T. (1999). Factors related to 
impairment of activities of daily living. Internal Medicine, 
38, 698-704.

Loetscher, T., Schwarz, U., Schubiger, M., & Brugger, P. 
(2008). Head turns bias the brain’s internal random gen-
erator. Current Biology, 18, R60-R62. doi:10.1016/j.
cub.2007.11.015

Louie, G. H., & Ward, M. M. (2011). Socioeconomic and eth-
nic differences in disease burden and disparities in physi-
cal function in older adults. American Journal of Public 
Health, 101, 1322-1329. doi:10.2105/ajph.2010.199455

Neuhauser, H. K., Radtke, A., von Brevern, M., Lezius, 
F., Feldmann, M., & Lempert, T. (2008). Burden of 

 at JOHNS HOPKINS UNIVERSITY on October 10, 2015ggm.sagepub.comDownloaded from 

http://www.census.gov/prod/2012pubs/p70-131.pdf
http://www.census.gov/prod/2012pubs/p70-131.pdf
http://ggm.sagepub.com/


8	 Gerontology & Geriatric Medicine

dizziness and vertigo in the community. Archives 
of Internal Medicine, 168, 2118-2124. doi:10.1001/
archinte.168.19.2118

Ostir, G. V., Markides, K. S., Black, S. A., & Goodwin, J. 
S. (1998). Lower body functioning as a predictor of 
subsequent disability among older Mexican Americans. 
Journals of Gerontology. Series A: Biological Sciences & 
Medical Sciences, 53, M491-M495.

Ten Voorde, M., van der Zaag-Loonen, H. J., & van Leeuwen, 
R. B. (2012). Dizziness impairs health-related quality of 
life. Quality of Life Research, 21, 961-966. doi:10.1007/
s11136-011-0001-x

Whitney, S. L., Hudak, M. T., & Marchetti, G. F. (2000). 
The dynamic gait index relates to self-reported fall his-
tory in individuals with vestibular dysfunction. Journal of 
Vestibular Research, 10(2), 99-105.

Whitney, S. L., Marchetti, G. F., Pritcher, M., & Furman, J. 
M. (2009). Gaze stabilization and gait performance in 
vestibular dysfunction. Gait & Posture, 29, 194-198. 
doi:10.1016/j.gaitpost.2008.08.002

Wiener, J. M., Hanley, R. J., Clark, R., & Van Nostrand, 
J. F. (1990). Measuring the activities of daily liv-
ing: Comparisons across national surveys. Journal of 
Gerontology, 45, S229-S237.

 at JOHNS HOPKINS UNIVERSITY on October 10, 2015ggm.sagepub.comDownloaded from 

http://ggm.sagepub.com/

