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Abstract
Background and Objectives
Peripheral nerve impairments and dementia are common among older adults and share risk
factors. However, few studies have examined whether peripheral nerve function and dementia
are associated. We evaluated whether lower extremity peripheral nerve impairments were
associated with higher incidence of dementia and whether associations differed by comorbidity
subgroups (diabetes, low vitamin B12, and APOE e4 allele carriers).

Methods
We studied Black andWhite Health, Aging, and Body Composition Study participants 70 to 79
years of age and without dementia at enrollment. Lower extremity sensory and motor pe-
ripheral nerve function was measured at year 4 (the analytic baseline of this study). Sensory
nerve impairments were measured with monofilament (1.4 g, 10 g) and vibration threshold of
the toe. Monofilament insensitivity was defined as unable to detect monofilament (3 of 4
touches), and vibration detection impairment was defined as >130 μm. Fibular motor im-
pairments were defined as <1 mV compound motor action potential (CMAP) amplitude and
slow nerve conduction velocity <40 m/s. Incident dementia over the following 11 years was
determined from medical records, cognitive scores, and medications. Cox proportional hazard
models adjusted for demographics and health conditions assessed associations of nerve im-
pairments with incident dementia.

Results
Among 2,174 participants (52%women, 35% Black), 45% could not detect monofilament 1.4 g,
9% could not detect monofilament 10 g, 6% could not feel vibration, 10% had low CMAP
amplitude, and 24% had slow conduction velocity. Monofilament 10 g (hazard ratio [HR] 1.35,
95% CI 0.99–1.84) and vibration detection insensitivity (HR 1.73, 95% CI 1.24–2.40) were
associated/borderline associated with a higher risk of dementia after covariate adjustment.
Estimates were elevated but not significant for monofilament 1.4 g, CMAP amplitude, and
conduction velocity (p > 0.05). Increasing number of peripheral nerve impairments was as-
sociated with higher risk of dementia in a graded fashion; for ≥3 impairments, the HR was 2.37
(95% CI 1.29–4.38). In subgroup analyses, effect estimates were generally higher among those
with diabetes, low vitamin B12, and APOE e4 allele except for vibration detection.

Discussion
Peripheral nerve impairments, especially sensory, were associated with a higher risk of dementia
even after adjustment for age and other health factors. These associations may represent a
shared susceptibility to nervous system degeneration.
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Lower extremity peripheral nerve impairments are common
among older adults1 and are associated with physical limita-
tions and an increased risk of mortality.1-3 Sensory peripheral
nerve function (e.g., touch) may be impaired in up to 50% of
older adults.4 Preliminary evidence suggests that peripheral
nerve impairments may also be more common in those with
cognitive impairment.5,6 Peripheral nerve impairments and
dementia share risk factors, including age, diabetes, and vas-
cular disease. Despite this, few studies have rigorously evalu-
ated whether sensory or motor peripheral nerve function is
associated with incident dementia.

Identifying an association between peripheral nerve impair-
ment and dementia could inform clinical care and manage-
ment of patients with dementia or peripheral neuropathy and
help identify patients at particularly high risk of poor health
outcomes. Such work is also important because it could help
uncover shared mechanisms of peripheral and central neu-
rodegeneration. A number of chronic conditions affect pe-
ripheral nerve function, including diabetes, vascular disease,
vitamin B12 deficiency, and kidney disease.2,7-9 Poor periph-
eral nerve function may also lead to poor physical function
and mobility independently of chronic health conditions.1-3

These comorbid conditions and consequences are also com-
monly associated with dementia.10-13 One small study sug-
gests that peripheral neuropathy in the context of diabetes is
not associated with dementia risk.14 However, data are limited
on the association between peripheral nerve impairments and
risk of dementia in the general older adult population and
other comorbidity subgroups.

Here, we investigated whether lower extremity peripheral
nerve impairments were associated with risk of developing
dementia in Black and White older adults. We examined
measures of lower extremity peripheral sensory and motor
nerve function that have previously been associated with
worse physical function and disability.1-3 We also examined
whether associations differed across 3 risk factors that differed
on the basis of pathophysiology: comorbid diabetes status,
low vitamin B12, and APOE e4 allele.2,7,8

Methods
Study Population
Health, Aging, and Body Composition (Health ABC) is a
longitudinal cohort study of Black and White older adults,
described in more detail eslewhere.15 Briefly, 3,075 partici-
pants 70 to 79 years of age at enrollment were recruited in
1997 to 1998 from a random sample of White age-eligible
Medicare beneficiaries and all Black age-eligible Medicare

beneficiaries living within selected zip codes in Pittsburgh, PA,
and Memphis, TN. Participants were excluded for several
reasons: if they reported difficulty walking ¼ mile, climbing
10 stairs, or conducting activities of daily living; if they had
active cancer treatment; and if they planned to move from the
study area in the next 3 years. No other exclusions were made,
but participants were generally healthy at baseline. Partici-
pants were followed up with approximately annual or biannual
clinical examinations up to year 11, 6-month phone calls, and
medical records review for major incident health events for up
to 16 years.

Our current analysis focused on the 2,174 Health ABC par-
ticipants who had at least 1 valid measure of peripheral sen-
sory or motor nerve function, were without prevalent
dementia in year 4, and had at least 1 additional follow-up
visit.

Standard Protocol Approvals, Registrations,
and Patient Consents
Health ABC was approved by the institutional review boards
at each clinical site and the study coordinating center. All
participants gave signed informed consent.

Peripheral Nerve Impairments
Peripheral nerve function was assessed as lower extremity
sensory and motor nerve function measured by a trained ex-
aminer at the year 4 examination16; measures, cut points, and
terminology were defined according to prior research on
peripheral nerve impairments and poor health outcomes
Health ABC.1,3,7,8,17,18

Sensory nerve function was measured with the vibration de-
tection threshold in microns on the bottom of the large toe
with a VSA-3000 Vibratory Sensory Analyzer (Medoc, Ramat
Yishai, Israel), and monofilament was tested with a standard
10-g and light 1.4-g monofilament.19 Fibular compound
motor action potential (CMAP) amplitude was measured in
millivolts, recording over the extensor digitorum brevis
muscle and stimulating at the popliteal fossa, fibular head, and
ankle with the NeuroMax 8 (XLTEK, Oakville, Ontario,
Canada).16,19 Nerve conduction velocity (CV) was measured
in meters per second after measurement of distances.

We defined impairment in each measure on the basis of prior
Health ABC studies of clinicallymeaningful impairments.1,3,7,16,18

Sensory nerve impairments were defined as vibration detection
threshold of >130 μm or inability to detect 3 of 4 touches with
monofilament. Motor nerve impairment was defined as <1-mV
fibular CMAP amplitude stimulating at the ankle and <40-m/s
CV between popliteal fossa and fibular head. We examined each

Glossary
AD = Alzheimer disease; CMAP = compound motor action potential; CV = conduction velocity; HbA1c = hemoglobin A1c;
Health ABC = Health, Aging, and Body Composition; HR = hazard ratio; 3 MS = Modified Mini-Mental State Examination.
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measure separately in primary analyses. We also examined
overlap of impairments, first by categorizing impairments as
sensory only (vibration detection or monofilament impairment),
motor nerve impairment only (amplitude and CV), or both
sensory and motor nerve impairments. Second, we summed the
number of impairments (0, 1, 2, or ≥3).

Incident Dementia
Dementia was determined through a combination of criteria
established previously in Health ABC and described else-
where in detail.20,21 Briefly, dementia was defined as meeting
1 or more of the following: (1) recorded hospitalization with
dementia as a primary or secondary diagnosis; (2) self-
reported hospital admissions collected every 6 months, hos-
pital records reviewed for a primary or secondary dementia
diagnosis, and dementia medications collected at annual visits
(Modified Mini-Mental State Examination22 [3 MS] was
administered in years 1, 3, 5, 8, 10, and 11; 3 MS decline of
>1.5 SDs from baseline race-stratified mean); or (3) docu-
mented use of prescribed dementia medication. Most cases
were based on hospitalizations either alone (40%) or in
combination with other sources (36%); date of diagnosis was
defined as the first date at which the participant met at least 1
of the above criteria.

Other Clinical Characteristics
Sex, race, and educational attainment were self-reported and
recorded at study baseline. History of health conditions was
assessed cumulatively through year 4 and defined on the basis
of a combination of participant interview, medical record re-
view, medications, and baseline laboratory values. These in-
cluded diabetes, cardiovascular disease (myocardial infraction,
congestive heart failure, etc.), cerebrovascular disease (stroke,
TIA), hypertension, and history of cancer that was not active at
time of enrollment (as a proxy for cancer treatment/drugs that
may cause peripheral nerve impairments23). Additional clinical
factors measured at year 4 included age, ankle-brachial index
(for peripheral arterial disease), depressive symptoms (Center
for Epidemiologic Studies Depression Short Form),24 and
body mass index, calculated as height and weight (kilograms
per meter squared). Biological assays were obtained at year 4
unless otherwise noted and included renal function (cystatin-C,
milligrams per deciliter), vitamin B12 levels (<260 pmol/L
defined as low), thyroid-stimulating hormone (measured in
year 2), hemoglobin A1c (HbA1c) as a proxy for severity of
diabetes, and inflammation (C-reactive protein). APOE geno-
type was assessed with serum assay; APOE e4 allele status was
defined as ≥1 e4 allele vs none. Participants were also asked
about alcohol consumption and smoking. Alcohol consump-
tion was assessed at year 1 only; frequent alcohol consumption
(yes, no) was defined as >1 drink per day. We categorized
smoking status at year 4 as never, current, or former.

Statistical Analyses
We used multivariable Cox proportional hazard models to
assess the relationship between peripheral nerve impairments
and time to dementia diagnosis. We included each peripheral

nerve impairment measure as the primary predictor sepa-
rately. Participants were followed up from year 4 (study
baseline) until dementia diagnosis; participants who did not
develop dementia were followed up until death, dropout, or
year 15. For each outcome, we ran 3 models with increasing
adjustment for covariates. The first model included de-
mographics; the second model (our primary model) addi-
tionally included cardiometabolic conditions and health
behaviors; and the third model had additional adjustment for
cancer/cancer treatment history, biological assays, APOE e4
allele, and baseline cognition (3 MS score from year 3).

We conducted several sensitivity and exploratory analyses. We
reran models for sensory peripheral nerve impairments ex-
cluding participants with CMAP amplitude <1 mV to parse out
whether individuals with significant neuropathy drove the re-
sults. Participants missing peripheral nerve or other measure-
ments who were excluded from the analytic sample were older
on average and more likely to be Black and to have comorbid
health conditions than those included in analyses (p < 0.05). To
account for these differences and to generalize results to the full
Health ABC sample, we reran our primary model using inverse
probability weights for missing data or study exclusion.25 First,
we used a logistic regression with demographics and dementia
status as predictors of missing data/study exclusion; next,
weights were calculated as the inverse of predicted values of this
regression and included in our primary model (model 2). We
calculated 95% CIs from 1,000 bootstrapped replications.26

To explore potential pathologic mechanisms and important
comorbidity subgroups, we examinedmodels stratified by several
conditions associated with either peripheral neuropathy (di-
abetes, low vitamin B12) or dementia (APOE e4 allele carriers)
and a reference group without these conditions. These were
chosen because of their divergent etiologic relationship with
peripheral nerve impairment or dementia, as well as sample size
considerations for subgroup testing. We limited these analyses to
sensory and motor peripheral nerve impairments that were sig-
nificantly (or borderline) associated with risk of dementia in
primary models. Last, we explored associations betweenmultiple
peripheral nerve impairments and risk of dementia to see
whether having multiple impairments was associated with higher
risk of dementia than a single impairment alone.

All tests were 2 sided with α = 0.05; we report 95% CIs.
Analyses were conducted in R (version 3.6.2, R Foundation
for Statistical Computing, Vienna, Austria).

Data Availability
Health ABC data are available for approved research proposals.27

Results
There were 2,174 participants with at least 1 peripheral nerve
function test. Prevalence of sensory and motor peripheral
nerve impairments ranged from≈6% to 24% (Table 1): nearly
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half (45%) could not detect monofilament 1.4 g; 9% could not
detect monofilament 10 g; 6% could not feel vibration; 10% had
low-amplitude CMAP; and 24% had slow CV. Of the 1,647
participants who had completed sensory and motor nerve func-
tion tests, 35% had 1 impairment, and 15% had multiple im-
pairments. In terms of more moderate/severe peripheral nerve
impairments, 6% had only sensory peripheral nerve impairments
(of monofilament 10 g or vibration detection), 12% had only
motor peripheral nerve impairments (amplitude or CV), and 4%
had both sensory andmotor peripheral nerve impairments. Nerve
function tests were mild to moderately correlated with each other
(Pearson correlation range 0.08–0.36, all p < 0.001, χ2 test).

Those with sensory or motor peripheral nerve impairments
tended to be older and more likely male, to have less than high
school education, to have more comorbid conditions, and to
have a lower prevalence of the APOE e4 allele (Table 2).
Trends were relatively similar when we examined sensory and
motor nerve impairments separately: those with monofilament
1.4 g impairment only (mild sensory impairment) were similar to
those without impairments except for a higher prevalence of low
vitamin B12 (eTable 1, links.lww.com/WNL/B876). Participants
with motor peripheral nerve impairments were more similar in
age to those without motor impairments, but trends were oth-
erwise similar to those with sensory impairments (eTable 2, links.
lww.com/WNL/B876).

In multivariate analyses, sensory peripheral nerve impair-
ments were associated with risk of dementia, and borderline
associations were noted with CV but not amplitude (Table 3).
In adjusted models, impairment in monofilament 1.4 g de-
tection was borderline significantly associated with a 17%
higher risk of dementia (hazard ratio [HR] 1.17, 95% CI
0.97–1.42), monofilament 10 g was borderline associated with
a 35% higher risk of dementia (HR 1.35, 95% CI 0.99–1.84),
and vibration detection impairment was associated with close
to 73% higher risk of developing dementia (HR 1.73, 95% CI
1.24–2.40). CMAP impairment was not associated with in-
creased risk of dementia (HR 1.09, 95% CI 0.78–1.52),
but slow CV was borderline associated (HR 1.18, 95%
CI 0.91–1.54). These associations remained similar in

additional models even after additional inclusion of cancer
history/treatment, biomarkers (vitamin B12 levels, cystatin-C,
C-reactive protein, thyroid-stimulating hormone, HbA1c, and
APOE e4 allele), and baseline cognition (Table 3). Results for
sensory tests were similar after exclusion of those with im-
paired CMAP (data not shown). There were no significant
interactions by sex or race (all p > 0.05). Model findings
remained similar after inclusion of inverse probability weights
to account for missing data and potential selection bias into
the analytic sample (eTable 3, links.lww.com/WNL/B876).

We further examined the strongest associations in sensory and
motor impairments (monofilament 10 g, vibration detection,
and CV) among several comorbidity subgroups (those with
diabetes, low vitamin B12, and APOE e4 allele and a reference

Table 2 Characteristics of Participants With and Without
Peripheral Nerve Impairments

No
impairments

Sensory or
motor impairment

No. 1,529 645

Age, mean (SD), y 76.4 (2.8) 76.8 (2.9)

Female, n (%) 908 (59.4) 224 (34.7)

Black, n (%) 587 (38.4) 202 (31.3)

High school graduate, n (%) 1,232 (80.6) 482 (74.7)

Body mass index, kg/m2 27.5 (4.7) 27.0 (4.7)

Hypertension, n (%) 1,199 (78.4) 530 (82.2)

Cardiovascular disease, n (%) 326 (21.3) 168 (26.0)

Ankle-brachial index <0.9,
n (%)

225 (15.2) 108 (17.6)

Diabetes, n (%) 524 (34.3) 284 (44.0)

Stroke, n (%) 226 (14.8) 133 (20.6)

Cancer, n (%) 581 (38.0) 236 (36.6)

Low vitamin B12, n (%) 244 (16.7) 111 (18.1)

Cystatin-C, mg/L, mean (SD) 0.9 (0.2) 1.0 (0.3)

C-reactive protein, μg/mL,
mean (SD)

0.9 (0.2) 1.0 (0.3)

High thyroid-stimulating
hormone, n (%)

196 (13.0) 83 (13.1)

APOE «4 allele, n (%) 412 (28.5) 150 (24.7)

Current smoker, n (%) 113 (7.4) 36 (5.6)

Frequent drinking (>1/d), n (%) 113 (7.4) 52 (8.1)

Depressive symptoms, mean
(SD), n (%)

282 (18.4) 115 (17.8)

Sedentary (0 walking/wk),
n (%)

282 (18.4) 115 (17.8)

Values are mean ± SD when appropriate. Missing data: vitamin B12 levels
n = 98, cystatin-C n = 53, C-reactive protein n = 70, thyroid-stimulating
hormone n = 36, APOE genotype n = 121.

Table 1 Prevalence of Nerve Impairments by Diabetes
Status

Nerve impairment Nonmissing, n No. (%)

Sensory

Monofilament 1.4 g 2,077 977 (45.3)

Monofilament 10 g 2,073 182 (8.5)

Vibration detection 2,040 126 (5.9)

Motor

Amplitude <1 mV 1,894 197 (10.4)

Velocity <40 m/s 1,607 391 (23.6)
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group with no conditions). Although CIs were wider given
smaller sample sizes, the estimated associations tended to be
higher (10%–50%) for those with diabetes, low vitamin B12,
or the APOE e4 allele for 10-g monofilament and CV im-
pairment. Associations for vibration detection threshold fit a
different pattern whereby the highest estimated association
with dementia was among the no comorbidity reference
group, followed by those with APOE e4 allele and diabetes.
Estimates were not elevated for low vitamin B12 (Table 4).

When sensory and motor impairments were categorized
jointly, the number of impairments was associated with in-
creased risk of dementia in a graded fashion (Figure). Those
with 1 impairment had an HR of 1.14 (95% CI 0.85–1.53);
those with 2 impairments had an HR of 1.48 (95% CI
1.03–2.13); and individuals with ≥3 impairments had an HR of
2.37 (95% CI 1.29–4.38). The largest estimated associations
with dementia were for sensory nerve impairments with or
without co-occurring motor nerve impairment, although sen-
sory + motor impairments had the lowest dementia-free sur-
vival (Figure): HR for sensory alone was 1.43 (95% CI
0.89–2.30), for sensory + motor was 1.92 (95% CI 1.29–2.88),
and for motor alone was 1.10 (95% CI 0.83–1.45).

Discussion
Impairments in monofilament and vibration detection were
common and independently associated with incident dementia
in this large population of healthy older adults. Althoughmotor
nerve impairments were not significantly associated with de-
mentia risk, slow CV estimates were elevated and borderline
significant, especially among those with diabetes. When sen-
sory and motor nerve impairments were combined, an in-
creasing number of impairments were associated in a step-wise
fashion and with up to a 2.4 times higher risk of dementia

compared to no impairments. Combined sensory and motor
impairments were associated with a nearly 2 times higher risk of
dementia compared to no impairments, and sensory nerve
impairments alone were associated with a 1.4 times higher risk
of dementia. Stratified models showed 10% to 50% stronger
associations between monofilament and CV impairments and
dementia in those with diabetes, low vitamin B12, and APOE e4
allele. However, an inability to detect vibration remained as-
sociated with higher risk of dementia even in participants
without those comorbid conditions. These findings suggest
that older adults with lower extremity peripheral nerve function
loss, particularly sensory impairments, may be at elevated risk
for dementia. These associations also suggest that individuals
who develop dementia may be more likely to have peripheral
nerve impairments, a potentially important issue for patients
withmild cognitive impairment or dementia because peripheral
nerve impairments may exacerbate mobility issues and risk for
falls.

Few studies have examined the association between periph-
eral nerve function and dementia risk, although there is sub-
stantial evidence that links other aspects of sensorimotor
function to dementia.12,20,21,28-33 Several small studies have
shown that patients with Alzheimer disease (AD) and mild
cognitive impairment have worse tactile discrimination, fine
motor control, peripheral nerve CMAP amplitudes, and vi-
bration detection than cognitive normal older adults.5,6,34,35

In prior work, we found mixed evidence for an association
with sensory peripheral nerve measures in the context of
multisensory impairment,30,36 and another study found no
associations with peripheral neuropathies and cognitive de-
cline in those with diabetes.14 This current study clarifies and
extends findings across multiple measures of sensory and
motor nerve impairments by including robust adjustment for
potential explanatory clinical factors and by evaluating for
differences by comorbidity subgroups.

Table 3 Association of Sensory and Motor Peripheral Nerve Impairments With Dementia Incidence

HR (95% CI)

Peripheral nerve impairment Model 1a Model 2b Model 3c

Sensory

1.4-g monofilament 1.20 (0.83–1.45) 1.17 (0.97–1.42) 1.08 (0.87–1.34)

10-g monofilament 1.36 (1.00–1.86) 1.35 (0.99–1.84) 1.39 (0.97–1.99)

Vibration detection 1.80 (1.30–2.50) 1.73 (1.24–2.40) 1.94 (1.31–2.86)

Motor

Amplitude 1.08 (0.77–1.52) 1.09 (0.78–1.52) 1.15 (0.78–1.68)

Velocity 1.21 (0.93–1.57) 1.18 (0.91–1.54) 1.25 (0.91–1.70)

a Model adjusted for age, race, sex, and education.
b Demographic-adjusted model + hypertension, diabetes, cardiovascular disease, cerebrovascular disease, smoking status, alcohol use, sedentary lifestyle,
and depressive symptoms.
c Demographic-adjusted model + hypertension, diabetes, cardiovascular disease, cerebrovascular disease, smoking status, alcohol use, sedentary lifestyle,
depressive symptoms, cancer history, cystatin-C, C-reactive protein, hemoglobin A1c, thyroid-stimulating hormone, APOE e4 allele status, and baseline
cognition.
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We found relatively consistent associations between sensory
nerve impairments and dementia, regardless of covariate ad-
justments or stratification. The finding that the relationship
between some peripheral nerve impairments (monofilament
and CV) and dementia is stronger in those with diabetes may
suggest that peripheral sensory impairments capture disease
severity or susceptibility to cognitive decline not captured by
other measures such as HbA1c. Although estimates were also
elevated for individuals with low B12, we did not find significant
associations with peripheral nerve impairments and dementia,
perhaps because of the small sample size and lack ofmeasures of
other vitamin B deficiencies. Deficiencies in vitamins B12, B9,
and B6 cause elevated homocysteine levels that may contribute
to epigenetic factors, including effects on DNA methylation,
which may increase dementia and AD risk37 and worsen pe-
ripheral nerve function.9,38 Vitamin B supplementation has
successfully slowed cognitive decline and brain atrophy in in-
dividuals with mild cognitive impairment39,40 and may have

important implications for preventing dementia in individuals
with peripheral neuropathy. Similarly, associations for APOE e4
allele carriers were elevated but not significant, possibly due to
the smaller sample. Associations remained for vibration de-
tection impairment even among the low-comorbidity reference
group, suggesting that the association between peripheral nerve
impairments and dementia is not just due to comorbid risk
factors.

The mechanisms linking peripheral nerve function and de-
mentia are unclear but could reflect common upstream
pathogenic factors such as inflammation, oxidative stress,
cellular aging, genetics, epigenetic, or neurodegenerative fac-
tors. Nutritional deficiencies and medication or toxins were
not completely measured in this study and may also help
explain the association between peripheral nerve impairment
and dementia,23,37 as might gut-microbiome differences and
the gut-brain axis.41 Future work to identify the underlying

Table 4 Association of Peripheral Nerve Impairments With Dementia Incidence by Comorbidity Subgroupsa

Peripheral nerve impairment

Diabetes Low vitamin B12 APOE «4 allele No diabetes, normal B12, no APOE «4

No. HR (95% CI) No. HR (95% CI) No. HR (95% CI) No. HR (95% CI)

Sensory

10-g monofilament 801 1.56 (1.02–2.37) 350 2.07 (0.90–4.73) 555 1.70 (0.95–3.04) 728 0.89 (0.41–1.96)

Vibration detection 791 1.59 (0.94–2.68) 346 1.02 (0.45–2.32) 550 1.74 (0.86–3.40) 712 1.95 (1.07–3.55)

Motor

Velocity 587 1.48 (0.99–2.19) 263 1.64 (0.87–3.08) 418 1.29 (0.76–2.19) 588 1.07 (0.62–1.84)

aBased on models adjusted for age, race, sex, and education, hypertension, diabetes (for nondiabetes models), cardiovascular disease, cerebrovascular
disease, smoking status, alcohol use, sedentary lifestyle, and depressive symptoms.

Figure Estimated Proportion Dementia-Free by Number Associated With Number and Type of Peripheral Nerve
Impairments

Adjusted for demographics, hypertension, diabetes, cardiovascular disease, cerebrovascular disease, smoking status, alcohol use, sedentary lifestyle, and
depressive symptoms.
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and cellular mechanisms that drive this association may pro-
vide new insights into shared susceptibilities of the central and
peripheral nervous systems. Peripheral nerve impairments
may also be associated with dementia through effects on
mobility, underlying frailty, or impaired central sensory pro-
cessing. Peripheral nerve impairments are independently as-
sociated with poorer quadriceps and muscle strength,3,42

worse lower extremity physical function,1,18,43,44 and mobility
disability.2,7 Poor physical functioning and mobility (key as-
pects of physical frailty) are in turn strong predictors of ac-
celerated cognitive decline, cognitive frailty, and increased risk
of dementia.12,28,45 It is possible that peripheral nerve im-
pairments contribute to and are influenced by physical frailty,
thus increasing risk for cognitive frailty and in turn dementia.

Alternatively, these associations may indicate shared un-
derlying neurodegeneration. Peripheral neuropathy sensory
loss in aging follows a typical pattern (distal, bilateral, and
symmetrical) due to loss of energy production in the cell
bodies of the dorsal root ganglia.46 Although common de-
mentias such as AD have not been found to substantially affect
the peripheral nervous system,47 neurodegenerative protein
deposits have been found in dorsal root ganglia.48 This sug-
gests that the neurogenerative processes occurring in the CNS
are also occurring in the peripheral nervous system. AD-
related neurodegeneration may also impair sensory process-
ing pathways in the brain. Our sensory nerve tests were not
pure nerve function tests because they incorporated sensory
processing as well, which may be impaired before dementia
diagnosis. However, adjustment for baseline cognitive func-
tion did not substantially attenuate this association, as would
be expected if our findings were due to cognitive decline.
Future studies should examine the extent to which perceptual
(or central) impairments may contribute to this association.
The overlap between peripheral and CNS functional decline
is understudied, and our findings highlight a need for future
research to clarify potential associations, underlying mecha-
nisms, and treatment implications.

There are some important limitations in this study. Peripheral
nerve function was measured only in the lower extremity of 1
limb and at 1 time point in these analyses. Future studies should
examine whether findings differ if sensory and motor nerve
impairments are measured on all limbs and whether changes in
function over time predict dementia risk. We did not have
information on whether peripheral nerve impairments were
drug induced. To partly mitigate this, we included adjustment
for cancer history because chemotherapy is a common cause of
peripheral neuropathy.We also did not have othermeasures for
vitamin B12 and related deficiencies such as homocysteine
levels or more detail on upstream biological mechanisms. Fu-
ture studies will be needed to determine the contribution of
medications, genetics, the gut-brain axis, cellular aging, and
immunologic function to this association. There may be im-
portant differences by subtype of peripheral nerve impairment,
location and mechanisms of injury, and duration, which were
not assessed. Dementia was based on a set of previously

established criteria but was not a clinical diagnosis. Together,
these measurement issues may have led to misclassification of
some participants, biasing estimates likely toward the null.
More missing data existed for motor nerve tests, which may
have reduced our power to detect associations: effect estimates
for CV impairment were borderline significant, but CIs were
wider. Missing data also could lead to a biased analytic sample;
however, we conducted additional sensitive analyses to account
for potential selection bias due to missing data or analysis ex-
clusion, and estimates were very similar to our primary models.
Health ABC participants identified as Black or White; there-
fore, our findings may not apply to other racial/ethnic groups
not studied in this cohort. In addition, due to enrollment cri-
teria, participants were generally healthier than the general
population of older adults at enrollment,36 so these findings
may not be generalizable to a broader population of Black and
White women and men. However, it is also possible that these
associations could be stronger in a sample with a greater range
in health status.

Despite these limitations, the strengths of this study should be
emphasized. This is among the largest prospective studies to
include peripheral nerve measurements in older adults. We
followed up a cohort of Black and White men and women for
>10 years, used multiple objective measures for peripheral
nerve impairments, had older adults both with and without
diabetes, and examined both sensory and motor tests. We
examined combined effects of sensory and motor nerve im-
pairments on risk of dementia. We also used an established
definition of all-cause dementia based on multiple criteria and
sources; including criteria based on both in-person cognitive
tests and report of medications and hospitalizations likely
reduces potential for bias due to loss of follow-up of partici-
pants developing dementia.49 We also included robust ad-
justments for shared risk factors and conducted exploratory
analyses to examine whether associations differed by impor-
tant subgroups.

Lower extremity peripheral nerve impairments were associ-
ated with up to 2.4 times higher risk of dementia in Black and
White older adults in this study. These associations have
implications for clinical care and management. Patients with
poor sensory peripheral nerve function, in particular, may be a
high-risk subgroup for dementia, especially if they have co-
occurring risk factors such as diabetes, low vitamin B12, and
the APOE e4 allele. However, individuals with poor vibration
detection may also be at higher risk of dementia even without
other risk factors. Likewise, individuals living with mild cog-
nitive impairment or dementia may benefit from basic
screenings for peripheral nerve impairments because co-
occurring peripheral nerve impairments could exacerbate
functional limitations, frailty, and risk of falls. Future studies
are needed to clarify the association between motor nerve
function and dementia in larger samples and to investigate the
underlying mechanisms. This work highlights an intriguing
but underappreciated link between the peripheral nervous
system and dementia.

Neurology.org/N Neurology | Volume 98, Number 18 | May 3, 2022 e1843

Copyright © 2022 American Academy of Neurology. Unauthorized reproduction of this article is prohibited.

http://neurology.org/n


Acknowledgment
The authors are grateful to all Health ABC study participants,
clinicians, and other workers who made this research possible.

Study Funding
This research was supported by National Institute on Aging
(NIA) contracts N01-AG-6-2101, N01-AG-6-2103, and
N01-AG-6-2106; NIA grant R01-AG028050; and National
Institute of Nursing Research grant R01-NR012459. This
research was funded in part by the Intramural Research
Program of the NIH, NIA. This research was also sup-
ported by NIA grant K24-AG031155 and a grant from the
Alzheimer’s Association (AARF-18-565846).

Disclosure
The authors report no disclosures relevant to the manuscript.
Go to Neurology.org/N for full disclosures.

Publication History
Received by Neurology August 24, 2021. Accepted in final form
January 26, 2022. Submitted and externally peer reviewed. The handling
editor was Linda Hershey, MD, PhD, FAAN.

References
1. Strotmeyer ES, de Rekeneire N, Schwartz AV, et al. The relationship of reduced

peripheral nerve function and diabetes with physical performance in older White and
Black adults. Diabetes Care. 2008;31(9):1767-1772.

2. Ward RE, Caserotti P, Cauley JA, et al. Mobility-related consequences of reduced
lower-extremity peripheral nerve function with age: a systematic review. Aging Dis.
2016;7(4):466-478.

3. Ward RE, Boudreau RM, Caserotti P, et al. Sensory and motor peripheral nerve
function and longitudinal changes in quadriceps strength. J Gerontol A Biol Sci Med Sci.
2015;70(4):464-470.

4. Correia C, Lopez KJ, Wroblewski KE, et al. Global sensory impairment in older adults
in the United States. J Am Geriatr Soc. 2016;64(2):306-313.

5. Robbins NM, Bujarski KA, Stark AC et al. Vibrotactile perception depends on
cognition–not just sensory nerve function [abstract]. Presented at the Ameri-
can Academy of Neuromuscular and Electrodiagnostic Medicine Annual
Meeting; October 7-10, 2020.

6. Palladino T, Bujarski KA, Stark-Laudate AC, et al. Peripheral nerve degeneration is
associated with cognitive impairment [abstract]. Poster presented at the American
Academy of Neurology Annual Meeting; April 17-22, 2021.

7. Ward RE, Boudreau RM, Caserotti P, et al. Sensory and motor peripheral nerve
function and incident mobility disability. J Am Geriatr Soc. 2014;62(12):2273-2279.

8. Moorthi RN, Doshi S, Fried LF, et al. Chronic kidney disease and peripheral nerve
function in the Health, Aging and Body Composition study. Nephrol Dial Transpl.
2019;34(4):625-632.

9. Leishear K, Boudreau RM, Studenski SA, et al. The relationship of vitamin B12 and
sensory and motor peripheral nerve function in older adults. J Am Geriatr Soc. 2012;
60(6):1057-1063.

10. Wang HX, Wahlin A, Basun H, Fastbom J, Winblad B, Fratiglioni L. Vitamin B(12)
and folate in relation to the development of Alzheimer’s disease. Neurology. 2001;
56(9):1188-1194.

11. Albers MW, Gilmore GC, Kaye J, et al. At the interface of sensory and motor dys-
functions and Alzheimer’s disease. Alzheimers Dement. 2015;11(1):70-98.

12. Hackett RA, Davies‐Kershaw H, Cadar D, Orrell M, Steptoe A. Walking speed,
cognitive function, and dementia risk in the English Longitudinal Study of Ageing.
J Am Geriatr Soc. 2018;66(9):1670-1675.

13. Livingston G, Huntley J, Sommerlad A, et al. Dementia prevention, intervention, and
care: 2020 report of the Lancet Commission. Lancet . 2020;396(10248):413-446.

14. Moreira RO, Soldera AL, Cury B, Meireles C, Kupfer R. Is cognitive impairment
associated with the presence and severity of peripheral neuropathy in patients with
type 2 diabetes mellitus? Diabetol Metab Syndr. 2015;7:51.

15. Harris TB, Visser M, Everhart J, et al. Waist circumference and sagittal diameter reflect
total body fat better than visceral fat in older men and women: the Health, Aging and
Body Composition study. Ann NY Acad Sci. 2000;904:462-473.

16. Ward RE, Boudreau RM, Vinik AI, et al. Reproducibility of peroneal motor nerve
conduction measurement in older adults. Clin Neurophysiol. 2013;124(3):603-609.

17. Deshpande N, Ferrucci L, Metter J, et al. Association of lower limb cutaneous sen-
sitivity with gait speed in the elderly: the Health ABC study. Am J Phys Med Rehabil.
2008;87(11):921-928.

18. Lange-Maia BS, Newman AB, Cauley JA, et al. Sensorimotor peripheral nerve func-
tion and the longitudinal relationship with endurance walking in the Health, Aging
and Body Composition study. Arch Phys Med Rehabil. 2016;97(1):45-52.

19. Maser RE, Nielsen VK, Dorman JS, Drash AL, Becker DJ, Orchard TJ. Measuring
subclinical neuropathy: does it relate to clinical neuropathy? Pittsburgh epidemiology
of diabetes complications study–V. J Diabet Complications. 1991;5(1):6-12.

20. Deal JA, Betz J, Yaffe K, et al. Hearing impairment and incident dementia and cog-
nitive decline in older adults: the Health ABC study. J Gerontol A Biol Sci Med Sci.
2017;72(5):703-709.

21. Yaffe K, Freimer D, Chen H, et al. Olfaction and risk of dementia in a biracial cohort of
older adults. Neurology. 2017;88(5):456-462.

22. Teng EL, Chui HC. The Modified Mini-Mental State (3MS) examination. J Clin
Psychiatry. 1987;48(8):314-318.

23. Hanewinckel R, van Oijen M, Ikram MA, van Doorn PA. The epidemiology and risk
factors of chronic polyneuropathy. Eur J Epidemiol. 2016;31:5-20.

24. Andresen EM, Malmgren JA, Carter WB, Patrick DL. Screening for depression in well
older adults: evaluation of a short form of the CES-D (Center for Epidemiologic
Studies Depression Scale). Am J Prev Med. 1994;10(2):77-84.

25. Hernán MA, Hernández-Dı́az S, Robins JM. A structural approach to selection bias.
Epidemiol Camb Mass. 2004;15(5):615-625.

26. Efron B, Tibshirani R. An Introduction to the Bootstrap. Chapman & Hall; 1994.
27. NIH. Health ABC. Accessed January 1, 2021. healthabc.nia.nih.gov/
28. Boyle PA, Buchman AS, Wilson RS, Leurgans SE, Bennett DA. Association of muscle

strength with the risk of Alzheimer’s disease and the rate of cognitive decline in
community-dwelling older persons. Arch Neurol. 2009;66(11):1339-1344.

29. Swenor BK, Wang J, Varadaraj V, et al. Vision impairment and cognitive outcomes in
older adults: the Health ABC study. J Gerontol A Biol Sci Med Sci. 2019;16(74):
1454-1460.

30. WardME, Gelfand JM, Lui LY, et al. Reduced contrast sensitivity among older women
is associated with increased risk of cognitive impairment. Ann Neurol. 2018;83(4):
730-738.

31. Brenowitz WD, Kaup AR, Lin FR, Yaffe K. Multiple sensory impairment is associated
with increased risk of dementia among Black and White older adults. J Gerontol Ser A.
2019;74(6):890-896.

32. Fischer ME, Cruickshanks KJ, Schubert CR, et al. Age‐related sensory impairments
and risk of cognitive impairment. J Am Geriatr Soc. 2016;64(10):1981-1987.

33. Wilson RS, Schneider JA, Bienias JL, Evans DA, Bennett DA. Parkinsonianlike signs
and risk of incident Alzheimer disease in older persons. Arch Neurol. 2003;60(4):
539-544.

34. Yang J, Ogasa T, Ohta Y, Abe K, Wu J. Decline of human tactile angle discrimination
in patients with mild cognitive impairment and Alzheimer’s disease. J Alzheimers Dis.
2010;22(1):225-234.

35. Yan JH, Rountree S, Massman P, Doody RS, Li H. Alzheimer’s disease and mild
cognitive impairment deteriorate fine movement control. J Psychiatr Res. 2008;
42(14):1203-1212.

Appendix Authors

Name Location Contribution

Willa D.
Brenowitz,
MD, MPH

University of California
San Francisco

Drafting/revision of the
manuscript for content,
including medical writing for
content; study concept or
design; analysis or
interpretation of data

Nathaniel M.
Robbins, MD

Geisel School of
Medicine, Dartmouth,
Hannover, NH

Drafting/revision of the
manuscript for content,
including medical writing for
content; study concept or
design; analysis or
interpretation of data

Elsa S.
Strotmeyer,
PhD, MPH

University of Pittsburgh,
PA

Drafting/revision of the
manuscript for content,
including medical writing
for content; major role in
the acquisition of data;
study concept or design;
analysis or interpretation of
data

Kristine
Yaffe, MD

University of California
San Francisco

Drafting/revision of the
manuscript for content,
including medical writing for
content; major role in the
acquisition of data; study
concept or design; analysis or
interpretation of data

e1844 Neurology | Volume 98, Number 18 | May 3, 2022 Neurology.org/N

Copyright © 2022 American Academy of Neurology. Unauthorized reproduction of this article is prohibited.

https://n.neurology.org/lookup/doi/10.1212/WNL.0000000000200185
http://healthabc.nia.nih.gov/
http://neurology.org/n


36. Brenowitz WD, Kaup AR, Yaffe K. Incident dementia and faster rates of cognitive
decline are associated with worse multisensory function summary scores. Alzheimers
Dement. 2020;16(10):1384-1392.
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