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ABSTRACT

Objectives: To estimate the prevalence of balance disorders in young and middle-aged adults, examine associations with risk
factors, and changes over the past 20years.

Methods: The National Health and Nutrition Examination Survey (NHANES) is a cross-sectional complex random sample of
the civilian, non-institutionalized United States population. In 2001-2004 and 2021-2023, NHANES included questions about
balance, dizziness, and falls in the past 12months. The modified Romberg test (MRT) was used to examine vestibular balance
function. Logistic regression models were used to assess risk factor associations with balance disorders.

Results: Among 4525 middle-aged adults 40-69years in 2001-2004, 21.5% (95% confidence interval [CI]: 19.1%, 23.9%) reported
difficulty with balance and dizziness, and 29.7% (27.3%, 32.1%) failed to pass four MRT (MRT-4) conditions. Among 3986 middle-
aged adults in 2021-2023, 36.2% (34.5%, 37.8%) reported specific balance and dizziness problems (BDP), and 25.9% (23.2%, 28.6%)
failed the MRT-4. An enhanced MRT with a fifth condition (MRT-5) increased the discrimination of adults at risk of balance
problems and falls. Risk factors for vestibular balance disorders, including age, education, income, cigarette smoking, physical
activity, hypertension, diabetes, trouble hearing, and severe headaches/migraines, remained consistent. Reported functional
disabilities (hearing, mobility, and vision) were significantly associated with BDP and MRT. In 2021-2023, comparisons of 2084
young adults 20-39years with middle-aged adults showed increased age-specific prevalences of BDP and falls.

Conclusion: Middle-age-specific MRT-4 results in 2021-2023 improved. Balance disorders are associated with other health
conditions, increased risk of falls, and need for medical services.

Level of Evidence: 3.

1 | Introduction occur at any age [1-3]. They increase risk of falling and injury

and negatively impact health and quality of life [4-8]. Balance
Balance problems are multifactorial and often associated with disorders have been reported by 11% to 15% of U.S. adults [9].
vestibular disorders and other sensory impairments which can Medical expenditures for individuals with dizziness and vertigo
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exceed $48billion annually [10]. The economic burden is sig-
nificant; for example, hospitalization for traumatic injury costs
more than hospitalization due to congestive heart failure, pneu-
monia, stroke, and myocardial infarction [11].

Balance depends on complex sensorimotor systems, vestibular,
visual, and somatosensory/proprioceptive, requiring accurate
sensory inputs, sensory integration by the central nervous sys-
tem, and coordination by the musculoskeletal system. Every
sensory system declines with age [12-13]. Deficits in sensory in-
puts may cause impaired balance and falls, traumatic injury, in-
creased risk of hospitalization, and death—particularly in older
adults [6, 14-20]. Although understanding balance problems is
important for improving health and quality of life, few reports
provide population-based estimates for balance disorders and
associated risk factors.

This study analyzed self-reported balance disorders and mod-
ified Romberg standing balance test (MRT) results of par-
ticipants in the National Health and Nutrition Examination
Survey (NHANES) for the 2001-2004 and 2021-2023 sur-
vey periods. The objectives were to: (1) provide updated es-
timates of balance function, (2) evaluate sociodemographic
and health risk associations with balance disorders, and (3)
examine changing prevalence of balance disorders over the
past 20years.

2 | Materials and Methods

The National Center for Health Statistics (NCHS), Centers for
Disease Control and Prevention (CDC) conducts NHANES, a
cross-sectional, multifaceted health interview and examination
study that uses a complex, stratified, multistage probability sur-
vey design to obtain nationally-representative random samples
of the civilian, noninstitutionalized U.S. population. Weights
adjust for differential selection from oversampling (e.g., older
adults, African American, and Hispanic), lack of coverage, and
nonresponse, to generate population estimates. Participants
first complete home interviews, then visit mobile exam centers
for physical examinations and laboratory specimen collection
[21, 22].

NHANES used the MRT [23] to assess vestibularly-mediated
balance function. MRT was chosen after consultation with ex-
perts [24, 25] who also considered computerized dynamic pos-
turography [26, 27] but rejected it due to the need for servicing to
maintain strict quality control as equipment is transported fre-
quently to different geographic test sites. MRT requires no ser-
vicing and is a standard balance assessment that has been used
for many years by providers across healthcare settings [28, 29].

2.1 | Design and Participants

Participants across the age range categories shown in Table 1
were all administered the same NHANES balance protocols for
their respective time periods, 2001-2004 and 2021-2023. Age
ranges differed, however, during survey periods 2001-2004
(individuals aged 40+ years) and 2021-2023 (individuals aged
20-69years). Comparative analyses of the balance component

between survey periods were therefore limited to middle-
aged adults (40-69years), as both survey periods included this
age range (4525 middle-aged adults in 2001-2004 and 3986 in
2021-2023).

Participants provided written informed consent. The study was
approved by the CDC's Institutional Review Board.

2.2 | Balance Questions and Testing

The NHANES 2001-2004 questions asked about difficulty with
balance, dizziness, and falling in the past 12 months. The 2021-
2023 questions asked about balance and dizziness problems
(BDP), including vertigo, blurring of vision with head movement
(oscillopsia), unsteadiness or off-balance (disequilibrium), feel-
ing light-headed and faint, and the number of falls in the past
12 months.

Prior to performing MRT, participants were interviewed to
determine eligibility. In 2001-2004 ineligible subjects were ei-
ther: (i) protocol violations (limited time; equipment failure;
weight>125kg; amputation of feet or legs; assistance needed
because of visual impairment; illness or emergency, other lim-
itations), or (ii) refusals and safety exclusions (unable to stand
or leg brace needed to stand unassisted; dizziness sufficient to
cause unsteadiness). In 2021-2023 ineligible subjects were ei-
ther: (i) protocol violations (as in 2001-2004; except body weight
>143kg and pregnancy), or (ii) refusals and safety exclusions (as
in 2001-2004); or (iii) recent injury or surgery to foot, leg, or hip;
balance problems past 24 h; history of falling past 12months due
to dizziness/balance problems; not feeling okay to begin MRT;
neck pain sufficient to cause unsteadiness.

The MRT consisted of four conditions (MRT-4) for the 2001-
2004 survey, and five conditions (MRT-5) for the 2021-2023 sur-
vey, of increasing difficulty [30-32]. Scored as pass/fail, it was
designed to assess the individual's use of sensory inputs that
contribute to balance, specifically the vestibular system, vision,
and proprioception. Since each successive condition is progres-
sively more challenging, testing ended when an individual failed
a test condition after two attempts.

Research performed after the 2001-2004 survey showed that
adding head movement conditions to MRT improved sensitiv-
ity of the test [33, 34]. Therefore, in the 2021-2023 survey the
MRT included a fifth condition for subjects if they successfully
passed the MRT-4. Additional eligibility criteria were required
before subjects were allowed to attempt the fifth condition.
About one-fifth (21%) of the 1837 individuals who successfully
completed MRT-4 did not attempt MRT-5 due to safety concerns
and other reasons: neck pain (15%); neck surgery (3%); cervical
range of motion in yaw <30° (0.7%); fell due to dizziness in past
12months (1.4%); refusal, equipment failure/error, and “other”
(1.4%).

For MRT, participants stood with shoes removed, feet together,
and arms crossed at the chest. Condition 1: on the floor (hard
surface), eyes open; condition 2: on floor, eyes closed; condition
3: on compliant surface (7.6 cm medium density foam pad with
waterproof slipcover), eyes open; condition 4: on foam pad, eyes
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closed; and condition 5: on foam pad, eyes closed and head ro-
tating slowly side-to-side at 1Hz controlled by a metronome.
Passing criteria: conditions 1-2, perform for 15s; conditions 3-5,
perform for 30s. These durations ensured consistency between
survey periods 2001-2004 and 2021-2023. Failure criteria: mov-
ing feet, significant arm movement, opening eyes (conditions
2, 4, or 5), or examiner's intervention due to excessive motion.
MRT success was scored as yes/no based on whether partici-
pants completed all 4 (or 5, where appropriate) test conditions.
Time to failure in seconds was recorded and analyzed for con-
ditions 4 and 5.

2.3 | Sociodemographic and Health Related Risk
Variables

Demographic characteristics were self-reported. Body mass
index was categorized as underweight, normal, overweight, or
obese. Systolic and diastolic blood pressures were calculated by
averaging three successive measurements. Hypertension was
defined by prior medical diagnosis, measured blood pressure,
and use of hypertension medication. Additional health history
and disability conditions were determined from questionnaire
responses. Severe headaches/migraines were determined in
2001-2004 by: “Were severe headaches/migraines present in
the last three months?”; in 2021-2023 by: “Did severe head-
aches/migraines accompany balance difficulties during the past
12months?” Participants were asked about their overall hear-
ing ability and about their understanding of conversations with
background noise. They were also asked if they were ever told by
a physician or health professional that they had conditions such
as arthritis, diabetes, etc. Functional disability was evaluated
from the 2021-2023 interviews. Questions asked about difficulty
in the past 12 months with: (i) seeing even with glasses, (ii) hear-
ing even with hearing aids, (iii) walking or climbing stairs, (iv)
feeling worried, nervous, or anxious, and (v) feeling depressed.

2.4 | Statistical Analysis

All analyses used survey procedures in SAS, version 9.4, (SAS
Institute, Cary, North Carolina, USA) following NCHS guide-
lines [35-37] to account for sample weights, stratification,
and clustering in the NHANES complex sample design (e.g.,
PROC SURVEY with NCHS-provided variables for WEIGHT,
STRATA, and CLUSTER), and the Taylor series (linearization)
method was used to estimate sample variance for 95% confidence
intervals (CIs) and statistical testing. Prevalence of self-reported
measures (including for balance and dizziness) and MRT suc-
cess or times to failure were calculated for the 2001-2004 and
2021-2023 samples. Multivariable logistic regression models,
adjusted for age and sex, estimated relative risk (RR) and statis-
tical significance for associations of balance disorders between
survey cycles and with sociodemographic, health conditions,
and functional disabilities within survey periods. Prevalence
ratios were used to assess RR because they more directly mea-
sure the likelihood of an event for common outcomes (> 10%),
wherein odds ratios from logistic regression do not provide as
good an approximation [38, 39]. Obtaining adjusted prevalence
ratio RR estimates requires additional calculation compared
to odds ratios but is an available option in SAS, calculated as a

nonlinear function of parameters from the logistic model [40].
All p-values and CIs were two-sided.

3 | Results

Characteristics of the NHANES participants are shown in
Table 1, including the number of individuals in each survey
period, arranged by age category (ordered youngest to oldest)
and, alongside, the weighted percent estimates (since the sample
numbers in each cell represent a percentage of the U.S. popu-
lation in each time period). The first three left-hand columns
provide these data for the most recent survey period, 2021-2023,
since information on young adults aged 20-39 were only col-
lected in the most recent survey. The three right-hand columns
4 to 6 provide data for NHANES 2001-2004, which collected in-
formation on adults aged 40+ (including older adults aged 70+).
Age-specific comparisons are available for middle-aged adults,
40-69years. Compared to 2001-2004, the 2021-2023 middle-
aged adults were more educated, physically active, and more
likely to have hypertension or diabetes; they were less likely
to be non-Hispanic whites, smokers, or have trouble hearing
(Table 1).

The participant flowchart (Figure 1) illustrates success/failure
through the test conditions for both cohorts. Time able to main-
tain stance on condition 4 improved significantly between the
two survey periods (Table 1). After adjusting for age and sex,
the relative risk of failing MRT-4 for middle-aged adults in
2001-2004 (compared to 2021-2023) was 36% higher (RR=1.36,
95% confidence interval [CI]: 1.22, 1.52; p<0.01). In 2021-2023,
36.2% (34.5%, 37.8%) reported BDP (40-59years: 34.3% [32.2%,
36.5%]; 60-69years: 40.0% [36.0%, 44.0%]). In 2001-2004, the
phrasing “difficulty with balance, dizziness, or falling” was suf-
ficiently different from the specific BDP conditions asked about
in 2021-2023 that it precluded direct comparisons of dizziness,
balance, and falls across the two survey periods.

In 2001-2004, 29.7% (27.3%, 32.1%) failed MRT-4 (40-59years:
24.4% [22.0%, 26.8%]; 60-69years: 49.1% [45.1%, 53.2%]),
whereas in 2021-2023, 25.9% (23.2%, 28.6%) failed MRT-4
(40-59years: 17.5% [14.1%, 20.9%]; 60-69: 43.4% [39.1%, 47.6%]),
a significant age-specific improvement (p <0.01 in adjusted lo-
gistic regression models; Table 1). Time maintaining stance on
MRT-4 in 2021-2023 compared to 2001-2004 was significantly
longer (Figure 2). In 2001-2004, the mean was 24.25s (23.7, 24.7)
for middle-aged adults, but in 2021-2023, it increased modestly
to 24.8s (24.1, 25.4) (p<0.01 in age- and sex-adjusted models).
Younger individuals aged 20-39years in 2021-2023 had longer
mean time, 28.6s [28.1, 29.0], maintaining stance on condition
4 and higher probability of success, since only 7.9% failed while
92.1% successfully passed the MRT-4.

Figure 3 depicts the relative risk of failing MRT-4, adjusted for
age and sex. For middle-aged adults in 2021-2023, older age, less
education, poverty income ratio, cigarette smoking, less physi-
cal activity, hypertension, diabetes, congestive heart failure or
stroke, severe headaches/migraines, trouble hearing, and history
of falling were all associated with failing MRT-4. In 2001-2004,
Hispanic and non-Hispanic black race/ethnicity and arthritis
were also associated with failing MRT-4. Comparisons between
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Balance Examination:

NH 2021-23: 3,986 NH 2001-04: 4,525

NH 2021-23

774 Home Interview, did not come to the Mobile
Exam Center (related to COVID-19 pandemic)

236 Ineligible - protocol violations

!

Test condition #1
Participant could use all sensory inputs to stand
eyes open on a firm surface for 15 sec.
NH 2021-23: 2,627 NH 2001-04: 3,581

349 Refusals and safety exclusions

NH 2001-04

215 Home Interview, did not come to the Mobile
Exam Center (scheduling conflicts, etc.)

258 Ineligible — protocol violations

471 Refusals and safety exclusions

Unsuccessful Failed condition #1 —_
Successful { NH2021-23:2  NH2001-04: 1
Test condition #2
Participant asked to stand, eyes closed
on a firm surface for 15 sec.
NH 2021-23: 2,625 NH 2001-04: 3,580
Failed Condition #2
Unsuccessful NH2021-23:26 NH 2001-04: 47
Successful § Missing* ’
Test Condition #3 NH 2021-23:3  NH 2001-04: 4
Participant asked to stand, eyes open
on a foam-padded surface for 30 sec.
NH 2021-23: 2,596 NH 2001-04: 3,529
Unsuccessful Fail condition #3
NH 2021-23: 18 NH 2001-04: 18 —
Successful Missing*
Test Condition #4 NH 2021-23: 25 NH 2001-04: 6
Participant asked to stand, eyes closed
on a foam-padded surface for 30 sec.
NH 2021-23: 2,553 NH 2001-04: 3,505
Unsuccessful NH 2021-23: 700 NH 2001-04: 1,153
Missing*
Successful NH 2021-23: 16 NH 2001-04: 3

MRT-4: PASSED Balance Test

NH 2021-23: 1,837 NH 2001-04: 2,349

MRT-4: FAILED Balance Test
NH 2021-23: 746 NH 2001-04: 1,219

Test Condition 5
Participant asked to stand, eyes closed
on a foam-padded surface, moving head
side-to-side slowly for 30 sec.

NH 2021-23: 1,837

Unsuccessful

Successful !

MRT-5: PASSED Balance Test
NH 2021-23: 868

Failed Test
Condition #5
NH 2021-23: 576
Missing*
NH 2021-23: 393

MRT-5: FAILED Balance Test

NH 2021-23: 1,322

FIGURE 1 | Flow chart for NHANES (NH) 2021-2023 and 2001-2004: Modified Romberg Test (MRT) balance assessments for middle-aged

adults (40-69years).

relative risks across survey periods suggested only race/ethnic-
ity and smoking were different (both p <0.01). In Figure 4 for
2021-2023 middle-aged adults, all measures of functional dis-
ability with “some or more difficulty” were associated with self-
reported BDP. Significant associations for functional disabilities
with failing MRT-4 were: difficulty hearing even with hearing
aids, difficulty following conversations in noisy environments,

walking or climbing stairs, and falling >3 times in the past
12months. No association was found with failing MRT-4 and
reported problems with anxiety or depression, however.

Prevalences of the BDP conditions of vertigo and unsteadiness
increased with age in 2021-2023. Feeling light-headed or faint
and oscillopsia, however, both showed small, inconsistent
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FIGURE2 | Modified Romberg Test with four conditions (MRT-4): Probability of maintaining stance on test condition 4 by age* and survey peri-
ods, NHANES 2021-2023 and 2001-2004. *p-value <0.01 for all pairwise comparisons based on log rank statistical test with adjustment for multiple

comparisons for survey period and age.

changes in prevalence across the age range 20-69 (Table 2A).
Unsteadiness or feeling off-balance (disequilibrium) increased
the most, nearly doubling in prevalence, rising from 15.5%
(12.9%, 18.2%) for young adults aged 20-39, to 29.6% (25.5%,
33.8%) for older adults aged 60-69. The combination of any
BDP increased approximately six percentage points across the
three age categories, for example, for age 20-39, 27.8% (25.2%,
30.4%); age 40-59, 34.3% (32.2%, 36.5%); and age 60-69,
40% (36.0%, 44.0%). When participants were asked which of
the four BDP conditions bothered them the most in the past
12 months, young adults were most bothered by feeling light-
headed or faint, 47.5% ([41.7%, 53.4%]; see Table 2B). Of these
young adults, most reported being mildly bothered, while one-
fourth indicated they were moderately or more seriously both-
ered. Vertigo was the most bothersome BDP for about 25% of
the adults across the age range 20-69 and one-fourth of them
reported that vertigo was a moderate or worse concern. Older
adults aged 60-69 reported being most bothered by unsteadi-
ness, 41.0% (35.9%, 46.1%) and more than one-third reported
their unsteadiness problem was a moderate or worse concern.

Younger adults were more likely to report nausea/vomiting (31.5%
vs. 26.7% and 15.2%) or severe headaches/migraines (46.3% vs.
36.8% and 22.1%) accompanied their BDP (95% CIs provided in
Table 2C). Younger adults were also less likely to have seen a health
professional or to have attempted treatment for their balance diffi-
culties (Table 2G). Except for the larger relative risk association of
failed MRT-4 with the most bothersome condition of feeling light-
headed or faint for young adults, older adults (60-69years) had
larger relative risks for failed MRT-4 (and failed MRT-5) with most
bothersome BDP conditions and also with falls (Table 3).

A sensitivity analysis was conducted to evaluate whether ex-
clusions prior to administering MRT-4 in the two time periods

could account for better MRT-4 performance in 2021-2023. We
distinguished between protocol violations (limited time, equip-
ment failure, etc.) and refusal or safety exclusions (unable to
stand or leg brace needed to stand unassisted; dizziness suffi-
cient to cause unsteadiness, etc.). Individuals excluded for pro-
tocol violations were not included in the sensitivity analysis.
We investigated whether re-coding adults who either refused
or were excluded for safety concerns as “failed MRT-4” could
account for better performance in 2021-2023. For this worst-
case scenario, the relative risk of failed MRT-4 in 2001-2004
(compared to 2021-2023) was 23% higher (RR=1.23, 95% CI:
1.13-1.33; p<0.01). The sensitivity analysis yielded a reduced
estimate, RR =1.23 (after re-coding) compared to RR =1.36 (be-
fore re-coding). Better performance on MRT-4 in 2021-2023 was
confirmed; however, since, regardless of recoding, both relative
risk estimates were significant.

4 | Discussion

Two nationwide health examination surveys of adult balance
disorders were compared for successful completion of MRT-4
and health risk factors across a 20-year period, 2001-2004
to 2021-2023. The adults available for comparison were
middle-aged, 40-69years, subdivided into 40-59 and 60-69
age groups. Older adults aged 70+ years were available only
in 2001-2004. Inclusion of young adults in 2021-2023, how-
ever, allowed three age-group (20-39, 40-59, and 60-69 years)
comparisons of the prevalence of the four BDP conditions,
namely, vertigo, blurred vision with head movement (oscil-
lopsia), unsteadiness or feeling off-balance (disequilibrium),
or feeling light-headed or faint. For self-reported BDP in the
past 12months, we examined severity, accompanying condi-
tions (nausea/vomiting, severe headaches/migraines, activity
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limitations, injuries, and falls), and whether health profession-
als were consulted and treatments tried (Table 2). In 2021-
2023, unsteadiness or feeling off-balance (disequilibrium) was

more prevalent in older adults and increased in linear fashion
across the three age groups, young adults aged 20-39, adults
aged 40-59, and older adults aged 60-69.

MRT-4
2001-2004 o 2021-2023 ¢

INDEPENDENT VARIABLES
AGE
50-59 vs. 40-49 years et %gg }%8 :1)’2‘81
[ — — K .70, 3.
60-69 vs. 40-49 years 2.58 (2.26, 2.94
—— 3.92 (2.80, 5.49
Female vs. male e 0.94 (0.82, 1.07
—— 0.93 (0.76, 1.14
RACE/ETHNICITY
NH black vs. NH white =] 1%? 829 128
. S| . S/, 1.
Hispanic vs. NH white e 1.40 (1.25, 1.57
s S 0.93 (0.66, 1.31
EDUCATION
Some college vs. less —oH 0.68 (0.60, 0.76
— ] 0.61 (0.50, 0.75
POVERTY INCOME RATIO
<1.00 vs. >4.00 —e— 13(13 j[jg %%g
1.00-1.99 vs. > 4.00 H’_|»—ea 1128 }gg ;Zgg
2.00-3.99 vs. > 4.00 e 1.23 (1.01, 1.49
H—— 1.18 (0.94, 1.49
SMOKING
Past vs. never —o— 18‘7‘ 823 1%2
Current vs. never —e— 1.20 (1.01, 1.42
—— 1.71 (1.39, 2.10
ALCOHOL USE
Ever vs. never —o— 1.16 (0.97, 1.38
——— 0.87 (0.65, 1.17
PHYSICAL ACTIVITY
Active vs. inactive ] 0.76 (0.67, 0.86
i 0.69 (0.57, 0.84
BODY MASS INDEX
Overweight vs. normal '_*>—e——4 888 8;2 j]gg
— . 72, 1.
Obese vs. normal O 0.78 (0.65, 0.93
—— 1.04 (0.83, 1.30
HEALTH CONDITIONS
Hypertension O 1.20 (1.06, 1.36
— 1.39 (1.13,1.72
Diabetes —— 1.48 51.29, 1.71}
—— 1.48 (1.18, 1.85
Arthritis o 1.31 (1.16, 1.48
—-o— 1.12 %0.91, 1.37;
Congestive heart failure = 1.47 51.09, 1.98;
2.31(1.87, 2.85
Stroke —a— 1.47 (1.06, 2.03
—— 1.65 (1.19, 2.30
Cancer —— 0.94 (0.76, 1.15
—— 1.04 (0.73, 1.48
Headaches/migraines —oH 1.23 (1.09, 1.38
—— 1.56 (1.16, 2.10
Falls Difficulty* 1.97 (1.66, 2.34
—— 1.96 (1.33, 2.90
HEARING
Little/moderate difficulty vs. good/excellent »—e—«'_’_' 11%8 18‘11 Jlg%
A lot of difficulty/deaf vs. good/excellent ——f 1.33 (1.05. 1.69
—— 1.32(0.89, 1.95
T T T T

FIGURE3 | Legend on next page.
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FIGURE 3 | Modified Romberg Test with four conditions (MRT-4): Balance disorders by sociodemographic and health risks for middle-aged
adults (40-69years), NHANES 2001-2004 and 2021-2023. RR =relative risk; 95% CI=95% confidence interval. Represents the relative risk of failing
MRT-4 for each comparison group compared to each reference group, adjusted for age and sex. For example, the relative risk of failing to successfully
pass all four Modified Romberg Test (MRT-4) conditions for female compared to male participants in NHANES 2021-2023 was RR=0.94 (95% CI:
0.82, 1.07). Confidence intervals that cross the vertical reference line (x-axis =1.00) indicate the relative risk is not statistically significant (p > 0.05).
*Falls difficulty in NHANES 2001-2004 was defined as the report of “difficulty with falls in the past 12months” and, in NHANES 2021-2023 was

defined by the report of “falling 5 or more times in the past 12months.”

MRT-4 * Self-Reported m

RR (95% Cl)

INDEPENDENT VARIABLES
SEEING EVEN WITH GLASSES
Some difficulty vs. little/none i 1.80 (1.60, 2.02
. ) —k— 1.20(0.98, 1.47
A lot of difficulty vs. little/none —— 2.64(2.23,3.12
Tk 1.20(0.79, 1.83
HEARING EVEN WITH HEARING AIDS
Some difficulty vs. little/none i 1.59 (1.42,1.77
. . —rk— 1.08 (0.88, 1.32
A lot of difficulty vs. little/none A 2.17 (1.63,2.90
—k— 1.54(1.11,2.14
FOLLOW CONVERSATION WITH NOISE
Some difficulty vs. little/none i 1.45(1.29,1.63
I 1.38(1.08,1.75
A lot of difficulty vs. little/none - 1.76 (1.43,2.16
—k— 1.42(1.16,1.73
WALKING OR CLIMBING STAIRS
Some difficulty vs. little/none i 2.20(1.98,2.45
_ —k—A 1.42(1.12,1.80
A lot of difficulty vs. little/none —— 2.72(2.31,3.20
—k— 1.71(1.33,2.20
FALLS IN PAST 12 MONTHS
1-2 times vs. never — 1.31(1.14,1.51
. —— 1.07 (0.80, 1.43
3-4 times vs. never —— 2.03(1.62,2.54
) P 1.50(1.06,2.13
5+ times vs. never —— 217 (1.72,2.75
> { 1.79(1.07,2.99
FEEL WORRIED, NERVOUS, ANXIOUS
Sometimes vs. never - 1.93 (1.44,2.59
——— 0.87 (0.68, 1.11
Often vs. never —— 3.27 (2.49,4.29
——— 0.87 (0.68, 1.11
FEEL DEPRESSED
Sometimes vs. never i 1.73 (1.56, 1.91
—k— 0.86 (0.69, 1.06
Often vs. never - 2.64 (2.30, 3.02
——k— 1.11(0.87,1.40
T T T T T
0.5 2 3 4 6

Adjusted Relative Risk and 95% Confidence Interval

FIGURE 4 | Balance disorders by functional disability for middle-aged adults (40-69years), NHANES 2021-2023. MRT-4 =balance difficulty

during Modified Romberg Test-4 test conditions. Self-reported = Self-reported balance difficulty. RR =relative risk; 95% CI=95% confidence inter-
val. Represents the relative risk of (i) failing the MRT-4, or (ii) reporting balance and dizziness problems for each of the functional disabilities; each
comparison group is compared to the reference group (e.g., “little/none” or “never”), adjusting for age and sex. Hence, the relative risk of failing the
MRT-4 for participants with some difficulty seeing compared to participants with no difficulty seeing is 1.20 (95% CI: 0.98, 1.47). Confidence intervals
that do not cross the vertical reference line (1.00) are statistically significant.

MRT balance performance test results improved over the two
decades between surveys. The age-specific prevalence of suc-
cessfully completing MRT-4 improved significantly by 6.9 per-
centage points for individuals aged 40-59, from 75.6% to 82.5%,
and by 5.8 percentage points for individuals aged 60-69years,
from 50.9% to 56.7%, in 2001-2004 and 2021-2023, respectively.
In addition, participants maintained balance on MRT-4 lon-
ger in 2021-2023, demonstrating age-specific improvements
over time. This trend of better age-specific balance function
in middle-aged adults is consistent with age-specific temporal
trends reported in other sensory modalities (hearing and vision)
and health conditions, such as cardiovascular disease, dementia,

and ischemic stroke [41-47]. These trends suggest generally im-
proved health outcomes in the U.S. population.

Comparison of sociodemographic and health factors associated
with failed MRT-4 indicated similar relationships and strengths
of associations in 2001-2004 and 2021-2023. Three exceptions
were: (i) the association of Hispanic and non-Hispanic blacks
with failed MRT (vs. non-Hispanic whites) was statistically sig-
nificant in 2001-2004, whereas no association was observed
in 2021-2023; (ii) the risk associated with current smoking
(vs. never) increased significantly in 2021-2023 compared to
2001-2004; (iii) congestive heart failure emerged as one of the
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TABLE 2 | Responses to balance and falls questions asked during home interview for adults aged 20-69years, NHANES 2021-2023.

NHANES 2021-2023

20-39years (N=2084)
wt'd %* (95% CI)

Balance and falls questions

40-59years (N=2221) 60-69years (N=1765)

Wt'd %* (95% CI) Wt'd %* (95% CI)

(A) In the past 12months, did you have problems with balance and dizziness problems (BDP):

Vertigo 14.8 (12.3,17.2)

Blurred vision when head is moving 8.8 (7.2, 10.5)
head (oscillopsia)

Unsteadiness or feeling off-balance 15.5(12.9,18.2)

(disequilibrium)

Light-headedness feeling or about 19.0 (16.4, 21.5)

to faint (presyncope) or fainting
(syncope)

Any balance or dizziness problems 27.8(25.2,30.4)

(one or more of the above)

18.3 (16.7, 19.9)

22.9 (20.6, 25.3)

19.4 (17.3, 21.5)

34.3(32.2, 36.5)

21.9 (19.3, 24.6)

11.4 (9.7,13.1) 10.3(7.8,12.9)

29.6 (25.5, 33.8)

17.6 (14.2, 21.0)

40.0 (36.0, 44.0)

(B) Among participants who reported BDP during the past 12 months, which problem bothered you the most? How much of a

problem was it?

Vertigo:
Mild problem 19.8 (15.5, 24.1)
Moderate problem 3.4(1.6,5.2)
Big or very big problem 3.1(1.2,5.0)

Blurred vision when head is moving (oscillopsia):

Mild problem 7.0 (4.7,9.3)
Moderate problem 1.5(0.6, 2.5)
Big or very big problem 0.6 (0.1, 1.8)

Unsteadiness or feeling off-balance (disequilibrium):

Mild problem 13.0 (11.2, 14.7)
Moderate problem 2.8(0.8,4.9)
Big or very big problem 1.2(0.1,2.3)

18.7 (16.0, 21.3)

19.2(15.3,23.2)

20.6 (14.0, 27.2)

4.6(2.5,6.6) 4.2(2.6,5.8)
2.4 (1.3, 3.6) 2.6(1.7,3.5)
8.3(6.2,10.4) 5.9 (4.4,7.5)
1.8 (0.6, 3.1) 2.0(0.8,3.1)
1.8 (0.6, 3.1) 0.5(0.1, 1.1)

26.2(21.3,31.1)

6.2(3.7,8.7) 9.3(6.7,11.8)
4.3(2.5,6.0) 5.5 (4.0, 7.0)

Light-headedness feeling or about to faint (presyncope) or fainting (syncope):

Mild problem 35.4(29.4,41.4)

Moderate problem

Big or very big problem 1.9(0.5,3.3)

23.8(19.2, 28.3)
10.2(7.3,13.2)

16.2 (13.4, 18.9)

6.5 (5.0, 8.0) 5.6 (3.0, 8.2)
2.4(1.1,3.7) 1.4 (0.4, 2.4)

(C) When you had balance or dizziness problems in the past 12months, did you have:

Episodes or symptoms accompanied  31.5(26.1, 37.0)

by nausea or vomiting

Episodes or symptoms accompanied  46.3 (41.2, 51.5)

by migraines or severe headaches

26.7(22.6, 30.8)

36.8(32.3,41.3)

15.2 (12.3, 18.1)

22.1(17.2,27.1)

Episodes or symptoms that 30.2 (25.8, 34.6) 33.5(28.2, 38.8) 35.5 (30.1, 40.8)
prevented you from doing things
you would otherwise do, such as
work, school, or other scheduled
activities
(Continues)
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TABLE 2 | (Continued)

Balance and falls questions

NHANES 2021-2023

20-39years (N=2084)
wt'd %* (95% CI)

40-59years (N=2221)
wt'd %* (95% CI)

60-69years (N=1765)
wt'd %* (95% CI)

(D) In the past 12 months, how many times have you fallen?

1-2 times
3-4 times

5 or more times

18.2(15.2, 21.2)
3.1(2.0,4.2)
2.7(1.8,3.5)

(E) During the past 5years, how many times have you fallen?

Never

Once per year or fewer (but more

than never)
About every month

About every week

58.9(54.9, 41.2)
37.9 (34.7,41.2)

1.9 (0.9, 2.9)
0.8 (0.4, 1.3)
0.5(0.1, 0.9)

21.3(20.1, 22.5)
2.7(1.7,3.8)
2.7(2.0,3.3)

57.0 (54.3, 59.7)
39.8 (37.0, 42.5)

2.3(1.5,3.1)
0.7 (0.1, 1.2)
0.2(0.1,0.4)

24.2(21.0, 27.4)
4.0(2.8,5.2)
4.1(2.6,5.6)

46.6 (42.9, 50.5)
49.4 (46.1, 52.6)

2.9 (1.8, 4.0)
0.5(0.1, 0.9)
0.6 (0.1, 1.1)

Daily or constantly
(F) Among individuals who reported falls:

Have you had an injury that 27.0(20.2, 33.8)

resulted from falling?
(G) Healthcare

Have you seen a doctor or other 10.6 (8.6, 12.6)
health professional about your

problems with balance, blurred

vision (oscillopsia), or light-

headedness and fainting?

Among individuals who reported 35.7 (31.9, 39.6)
balance difficulties*: have you ever

tried to treat your problem(s) with

balance, blurred vision [oscillopsia],

or light-headedness and fainting?

35.9(30.9, 41.0) 36.3 (31.4, 41.2)

15.9 (14.3,17.4) 21.0(18.2, 23.7)

42.2(39.0,45.4) 43.1 (37.4,48.8)

Note: * Wt'd % are United States population-based estimates of percent prevalence based on the national sampling weights provided by NHANES to account fpr the

complex sample design.

strongest risk factors, in 2021-2023, RR=2.31 (1.87, 2.85) for
failed MRT-4, second only to associations with age. These dif-
ferences suggest underlying changes in population composition,
lifestyle factors (e.g., nutrition, exercise, smoking, etc.), and im-
proved treatments (e.g., to lower blood pressure, anticoagulant
medications, etc.) for chronic health conditions such as conges-
tive heart failure [48-51].

For NHANES 2021-2023, we compared associations between
functional disabilities and BDP and also with failed MRT-4
during the past 12months. The report of BDP was more strongly
associated with functional disabilities. While self-reported BDP
and MRT-based assessment of balance showed different associ-
ation magnitudes, they generally did not conflict. The exception
was for feelings of anxiety and depression, which were not asso-
ciated with failed MRT-4 but were moderately strong related to
self-reported BDP.

Differences between self-report and exam-based measures
are not surprising. Self-report represents subjective opinions

regarding sensations and performance, while exam-based mea-
sures provide controlled snapshots of responses to focused
stimuli. Both kinds of data provide useful information. Several
reports have examined the association between anxiety and sub-
jective versus objective measures [52-55]. Reports across other
sensory domains have provided insights regarding discrepan-
cies in association patterns for disability outcomes based on self-
report compared to objective behavioral measures [56-58].

The finding in 2021-2023 of more self-reported BDP and more
actual performance balance dysfunction with increasing age,
from 20-39 to 40-59 to 60-69years, supports and extends pre-
vious evidence from smaller samples. Many participants accu-
rately perceived that their balance ability had decreased. This
finding is particularly notable with MRT-5. Condition 5 is more
challenging because it involves active head movement, so the
test subject concentrates on performing head movements rather
than simply on what the feet are doing on the unstable foam
pad. Shaking the head may also make the labyrinthine sensa-
tion and cervical proprioception less reliable measures of head

The Laryngoscope, 2026

13

85UB01 SUOWWOD AR 3|gedldde ay) Aq peusenob ke Sapie YO 9sn Jo sejni o} Akeid1T8uljUO A1 U (SUONIPUOD-PUR-SLIBYWOY™AS | 1M Afe.q 1joulUOy//SANY) SUORIPUOD pue SWe 1 8y} 89S *[9202/£0/9T] Uo ARigiTauljuo A8]iM ‘[01U0D 8sess| Jod sieed Ad Z8v0, ARI/Z00T OT/I0P/W00 A8 | Ale.d 1 |pul|uoy/:sdny Wolj pepeojumod ‘0 ‘S66rTEST



TABLE 3 | Associations between Modified Romberg Balance Tests (MRT-4 & MRT-5), balance disorders, and falls by age, NHANES 2021-2023.

Balance and dizziness problems (BDP) and falls (past 12months)

Unsteadiness  Light-headedness/
Vertigo adj RR Oscillopsia adj RR adj RR fainting adj RR Falls adj RR
Age (years) [95% CI] [95% CI] [95% CI] [95% CI] [95% CI]
(A) Relative risk! of failing to pass MRT-4
20-39 1.57 1.43 1.43 1.83 0.88
(0.86, 2.87) (0.74, 2.74) (0.88, 2.31) (1.13, 2.97)* (0.47, 1.61)
40-59 1.50 1.41 1.80 1.18 1.60
(1.00, 2.26)* (0.88, 2.26) (1.22, 2.66)** (0.75, 1.85) (1.13, 2.27)*
60-69 1.14 1.40 1.27 1.21 1.28
(0.95, 1.38) (1.07, 1.84)* (1.06, 1.52)* (1.05, 1.41)* (1.06, 1.54)*
(B) Relative risk! of failing to pass MRT-5
20-39 1.19 1.35 1.12 1.24 1.04
(0.86, 1.65) (0.88, 2.05) (0.77, 1.61) (0.95, 1.62) (0.80, 1.35)
40-59 1.21 1.17 1.30 1.13 1.36
(0.99, 1.47) (0.93, 1.46) (1.15, 1.49)** (0.92, 1.37) (1.16, 1.58)**
60-69 1.13 1.20 1.15 1.15 1.08
(1.02, 1.26)* (1.10, 1.30)** (1.03, 1.28)* (1.03, 1.27)* (1.00, 1.18)*

Note: Statistically significant results are bolded; *indicates p <0.05 and **indicates p <0.01.

Abbreviations: MRT-4=Modified Romberg Test, 4 test conditions; MRT-5=Modified Romberg Test, 5 test conditions.

IRepresents the relative risk of failing to pass MRT for individuals reporting balance symptoms or falls during the past 12 months compared to individuals who did not
report balance symptoms or falls during the past 12 months; adj RR =adjusted relative risk; 95% CI=95% confidence interval; adjusted for sex.

orientation. This head movement challenge adds a component
of dual task performance to the MRT. This simple modification
to the already-simple MRT clinical test improves test sensitivity,
using a 30-s time interval to assess, without the need to measure
postural sway. Because it improves sensitivity, we recommend
use of MRT-5 in future epidemiologic studies as well as in clin-
ical screening.

Prior studies have documented increased prevalence of BDP (ver-
tigo, dizziness, disequilibrium) with disability and other health
conditions, including sociodemographic factors and psychoso-
matic conditions. Much of the literature has focused on risks
for older age adults where falls contribute to greater morbidity
and motality [59]. Balance and dizziness problems are import-
ant factors for transitioning from independent to assisted living.
A study of association between regular episodes of dizziness/
balance problems with disability assessed by three common
Activities of Daily Living and physical functioning scales found
that associations were not changed after controlling for other
health conditions (e.g., orthostatic hypotension, poor visual acu-
ity, prescription medicines, etc.). The other health conditions,
when controlled for, did not confound the strong association of
dizziness/balance problems with disability [60].

A systematic review and meta-analysis reported that dizziness
is significantly associated with falls and even more strongly as-
sociated with recurrent falls [61]. The prevalence of fall-related
injuries for young (18-44years), middle-aged (45-64 years), and
older (>65years) adults, based on the 2008 National Health
Interview Survey and CDC injury statistics reporting, showed
that about one-third of falls occurred in each age group and

balance problems and falls are common across the adult lifes-
pan [62]. Therefore, balance/dizziness problems are important
risk factors for falls and suitable interventions should be imple-
mented [63-65]. Another national study found >60% decrease
in quality-adjusted life years (QALYs) associated with report
of balance and walking problems and about a 50% decrease in
QALYs associated with falls in the past 12 months [66].

This study has some limitations and unique strengths. It relied
upon self-report of BDP and other measures, including func-
tional disability, during structured home interviews. Eligibility
exclusions for MRT-4 could have affected the results, but a sen-
sitivity analysis showed the estimate of better balance perfor-
mance in 2021-2023 compared to 2001-2004 remained similar
in magnitude and statistically significant. An important strength
of the study was the ability to compare risk factor associations
with the MRT-4, a direct physical performance measure, across
the two time periods.

NHANES 2001-2004 and 2021-2023 were cross-sectional sur-
veys that ascertained different representative samples of the
U.S. population but did not include prospective longitudinal
comparisons. Over the past 20years, however, the National
Center for Health Statistics has used carefully constructed, stan-
dard procedures with vigilant monitoring of adherence to exam-
ination protocols in order to provide national estimates of health
trends with a high degree of precision for the U.S. population.
One may ask, which observed differences in this study are clin-
ically significant versus statistically significant? Although this
question is important, the determination of statistical versus
clinical significance can be complicated and depends on one's
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scientific perspective. Studies on large, nationally representative
cohorts (population-based samples of adults) provide the broad
view of the total population, which are essential for long-term
planning and for health care. Those studies necessarily lose the
level of detail possible in studies of smaller, clinical samples of
affected individuals. Thus, the two kinds of approaches com-
plement each other and together provide valuable scientific and
therapeutic insights.

5 | Conclusion

Prior studies of balance disorders have typically used clinic-
based patient samples and community-based cohorts. Few
studies have provided nationally-representative estimates.
This study presents results from two national surveys,
NHANES 2001-2004 and 2021-2023. Estimates based on the
MRT-4 screening protocol for balance function demonstrated
significantly better age-specific performance in 2021-2023.
Specifically, the prevalence of balance dysfunction based on
MRT-4 decreased over the past two decades among middle-aged
adults. A higher percentage of adults in the age ranges 40-59
and 60-69years successfully passed the MRT-4. Nevertheless,
risk factor associations with failed MRT-4 outcomes, after
controlling for demographic factors in the U.S. population,
have not changed markedly in the past two decades. Using
the 2021-2023 self-report measures of BDP to compare with
failed MRT-4 outcomes for a comparison of associations with
self-reported functional disabilities, we found similar patterns
of significance for sensory measures (i.e., hearing even with
hearing aids and difficulty following conversations in noisy
environments), mobility measures (i.e., walking and climbing
stairs), and falls in the past 12 months.

While age-specific prevalence of balance function based on the
MRT-4 improved, as people live longer, more older adults will
live with disabilities associated with vestibular balance disor-
ders and other sensory impairments. This trend will add to the
need for multidisciplinary approaches to care, integrating fall
risk screening into evaluations that assess auditory, cognitive,
physical, and psychological factors. Health care providers can
inform their patients of the consequences of untreated BDP
and associated risk factors to advocate for proactive multidis-
ciplinary management, which may include referral to medical
specialists (neurotologists, gerontologists) and intervention ser-
vices from physical and occupational therapists to assist patients
in maintaining physical activity and quality of life.
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