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The Prevalence, Predictors, and Consequences of
Peripheral Sensory Neuropathy in Older Patients
James W. Mold, MD, MPH, Sara K. Vesely, PhD, Barbara A. Keyl, RN,
Joan B. Schenk, RN, and Michelle Roberts, BA

Background: The prevalence, predictors, and consequences of peripheral neuropathy in the elderly
have not been well defined.

Methods: Seven hundred ninety-five noninstitutionalized patients 65 years of age and older, re-
cruited from the practices of family physicians, completed questionnaires and underwent peripheral
neurologic examinations and tests of gait and balance. Variables included sociodemographic informa-
tion, medical conditions, symptoms (numbness, pain, trouble with balance or walking, and restless
legs), quality of life measures, ankle reflexes, position sense, vibratory sense, fine touch sensation,
Tinnetti balance examination, and a 50-foot timed walk.

Results: The prevalence of at least one bilateral sensory deficit rose from 26% for 65- to 74-year-
olds to 54% for those 85 and older. The most common deficit was loss of ankle reflex followed by loss
of fine touch. Only 40% of those with bilateral deficits reported having a disease known to cause periph-
eral neuropathy. Predictors of bilateral deficits included increasing age, income less than $15,000, a
history of military service, increasing body mass index, self-reported history of diabetes mellitus, Vita-
min B12 deficiency or rheumatoid arthritis, and absence of a history of hypertension. Deficits were asso-
ciated with numbness, pain, restless legs, trouble walking, trouble with balance, and reduced quality of
life.

Conclusions: Peripheral sensory deficits are common in the elderly. In most cases, a medical cause
is not obvious. Their consequences may not be as benign as often supposed. (J Am Board Fam Pract
2004;17:309–18.)

Peripheral neurologic deficits are commonly found
during physical examination of older patients. In
fact, losses of vibratory sensation and ankle reflexes
are so common that they are often listed in geriatric
textbooks as normal physical findings in very old
people.1,2 However, there is very little published
information about their actual prevalence, patterns,
and predictors.
Common causes of peripheral neuropathy in-

clude diabetes mellitus, alcoholism, and nutritional
deficiencies (eg, thiamine, B12), infections (eg,
HIV, Lyme disease), malignancies (eg, broncho-

genic carcinoma, renal cell carcinoma, lymphoma,
multiple myeloma), and autoimmune diseases (eg,
systemic lupus erythematosus, Sjogren syndrome,
rheumatoid arthritis). A long list of environmental
and pharmacological agents can also damage pe-
ripheral nerves. There are also many hereditary
neuropathies (eg, hereditary sensory neuropathy
types I, II, III, and IV, Krabbe disease, Charcot-
Marie-Tooth disease). Among adult patients re-
ferred for subspecialty evaluation, a specific cause
can be identified in 72% of cases.3 However, re-
ferred patients are likely to have more severe or
unusual symptoms and syndromes and therefore
are probably not representative of the majority of
patients seen by primary care physicians. The pro-
portion of primary care patients with peripheral
neuropathy for which a cause can be identified,
other than age, is currently unknown.
There are changes in the structure and function

of peripheral nerves that may be the result of the
aging process itself.4–7 However, in the absence of
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disease, these changes are relatively minor and
have, for the most part, not been associated with
changes in clinical signs, symptoms, or the func-
tional status. Just as Alzheimer disease, osteoarthri-
tis, and presbycusis were once considered inevitable
consequences of aging, “idiopathic” peripheral
neuropathy has been neglected as a potentially pre-
ventable and/or treatable condition. Vrancken et
al8 have demonstrated that age at onset of chronic
idiopathic axonal polyneuropathy makes little dif-
ference in the neurological and electrophysiologi-
cal findings, although patients with early onset and
more rapid progression are more likely to become
disabled, characteristics reminiscent of Alzheimer
disease.
Idiopathic or age-related sensory neuropathy

has received less attention than it deserves because
it often seems to be asymptomatic. However, sev-
eral researchers have identified a link between pe-
ripheral neuropathy and impaired balance and
falls.9–14 Those prone to falls often limit their ac-
tivities, leading to premature functional decline. It
is also possible that a variety of lower extremity
complaints such as leg cramps, restless legs syn-
drome, and nonspecific leg pains can result from
neuropathy.15 An association between peripheral
neuropathy and lower extremity ulcers, cellulitis,
and amputations has not been excluded.
The purpose of the present study was to estimate

the prevalence of peripheral neurological deficits in
elderly primary care patients, to identify associated
variables that might provide clues to the etiology of
“idiopathic” peripheral neuropathy in this popula-
tion, and to evaluate associations between neurop-
athy and adverse outcomes, including falls and
health-related quality of life.

Methods
Recruitment and Enrollment
Between January 1, 1999, and December 31, 2000,
patients �65 years old were recruited from the
practices of family physician members of the Okla-
homa Physicians Resource/Research Network
(OKPRN), a primary care practice-based research
network in Oklahoma. Participating physicians
generated lists of their patients �65 years old who
had been seen by them within the previous 18
months. From these lists, they deleted those who
were no longer their patients, who were currently
living in nursing homes, who were too confused to

sign informed consent, or who had died. The prac-
tices sent a letter to the remaining patients on the
lists explaining the study and inviting them to par-
ticipate, followed in 2 weeks by a telephone call
from the project coordinator.
Patients who agreed to participate were asked to

complete a questionnaire sent to them 2 weeks
before their enrollment visit. The questionnaire
included demographic information (age, gender,
ethnicity/race, education, income, history of mili-
tary service), habits (use of alcohol and tobacco,
dietary habits), medical conditions (diabetes melli-
tus, B12 deficiency, chronic hepatitis, renal failure,
autoimmune diseases, peripheral neuropathy, etc),
symptoms (numbness or weakness of extremities,
trouble with balance, pain in extremities, restless
legs, orthostatic lightheadedness, incontinence,
etc), history of recent falls (within 3 months), func-
tional status (activities of daily living, instrumental
activities of daily living), and 3 measures of health
related quality of life, the Quality of Well-Being
Self-Administered Scale (QWB-SA),16 the Health
Utilities Index (HUI-3),17 and the Medical Out-
comes Study Short Form 36 (SF-36).18,19 Those
who declined to participate were asked to provide
information about why they were not interested,
their current age and race, and their self-perceived
state of health.

Data Collection
Patients were enrolled in their own family physi-
cians’ offices by one of 2 research nurses. At the
enrollment visit, the nurses reviewed the study
protocol and obtained informed consent. They re-
viewed the questionnaire for missing data and con-
ducted a focused physical examination including
weight, height, blood pressure and pulse in 3 posi-
tions, and examinations of fine touch in the feet,
position of the great toe, vibration at the medial
malleoli, and deep tendon reflexes at the ankles.
Gait was assessed using a timed 50-foot walk,20 and
balance was scored using the Tinetti Balance
Scale.21

The 2 research nurses were trained by a neurol-
ogist to perform the peripheral neurological exam-
ination. The procedures used were as follows.
Fine touch was measured using a 5.07 Semmes-
Weinstein monofilament. With eyes closed, the
subject was asked to identify the number (1 or 2,
called out by the examiner) coincident with the
filament that touched the sole of the foot at each of
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8 different sites (1st, 3rd, and 5th toes and 1st, 3rd,
and 5th metatarsals, and medial and lateral sole at
the mid-foot). To be considered neurologically in-
tact, the subject was required to be correct at 6 or
more of the sites.
Position sensation was tested by asking the sub-

ject to indicate the direction (up or down) that the
examiner manually moved their great toe while
holding it lateromedially between thumb and first
finger. To be considered intact, the subject had to
be correct on 4 of 5 movements. Vibratory sense
was tested using a C 128 tuning fork, struck with
moderate force against the examiner’s thenar emi-
nence to produce vibration and applied to the sub-
ject’s medial malleoli. Intact vibratory sensation
was defined as a perception of vibration, buzzing,
or tingling.
Ankle reflexes were tested using a standard tri-

angular rubber-headed reflex hammer. Subject
were seated with knees bent at 90°. With the ankle
also at 90°, they were asked to gently press the sole
of the foot into the examiner’s hand as the Achilles
tendon was tapped with moderate force. Any re-
flexive response was considered intact. Once the
research nurses were comfortable with these skills,
they separately examined the same group of 25
patients, blinded to the other’s conclusions. Their
findings were identical for all neurological findings
(Chronbach � � 100%) except ankle reflex (87%).
The questionnaire data were collected on Tele-

forms22 that were scanned directly into a Microsoft
Access database by a research assistant and then
manually checked for accuracy. The physical exam-
ination data were collected on paper forms and
entered manually into the same database.

Statistical Analyses
The dichotomized variables considered in these
analyses included presence or absence of deep ten-
don reflexes at the ankles, position sense at the
great toes, vibratory sense at the medial malleoli,
and fine touch sensation in the soles of the feet.
The prevalence of individual and combinations of
peripheral sensory abnormalities were tabulated by
age group (65 to 74, 75 to 84, and 85 and older) and
for participants with and without a disease known
to cause peripheral neuropathy (diabetes, vitamin
B12 deficiency, chronic hepatitis B or C, Crohn
disease, lupus, scleroderma, rheumatoid arthritis,
hereditary neuropathy, neurofibromatosis, or sar-
coidosis).

Peripheral neuropathy was arbitrarily defined as
the presence of one or more complete bilateral
peripheral neurologic deficits. The decision to con-
sider only bilateral deficits was intended to exclude
cases of mononeuritis, radiculopathy, injuries, and
strokes and to improve inter-rater reliability.
Bivariate (�2 and independent t tests) and mul-

tivariable logistic regression methods were used
to identify significant associations between periph-
eral neuropathy and sociodemographic variables,
known disease-related risk factors, and other com-
mon diseases. Variables, which in the bivariate
analyses had P values less than .2, were considered
for inclusion in the models. They were then re-
moved one at a time based on highest P value. The
final models included all variables with P values less
than .05.

�2, independent t tests, and multiple logistic and
linear regression methods were then used to exam-
ine the association between peripheral neuropathy
and various outcomes, including symptoms, func-
tional status, falls, and quality of life scores.

Results
Population
Twenty-three physicians from 9 different practices
within a 75-mile radius of Oklahoma City partici-
pated in the study. The total number of patients
included on the physicians’ original lists, before
applying exclusion criteria, was 4025. Three hun-
dred twenty-six were known to have died, 209 were
currently in nursing homes, 159 were believed to
be too confused to sign consent, and 778 had
switched physicians, leaving 2553 potentially eligi-
ble patients. Seven hundred seventeen of these
were unreachable by telephone after 3 or more
attempts. One thousand twenty-six declined to par-
ticipate; 87 cited transportation problems, 21 out-
of-state travel plans, 245 personal illness or illness
of spouse, 406 lack of interest, and 267 said that
they were just too busy.
Of the 810 who agreed to participate, 11 were

excluded by the project coordinator because they
were unable to understand the telephone instruc-
tions. The remaining 799 were enrolled. Among
those who were enrolled, 4 had incomplete data
and were excluded from these analyses. Participants
were more likely than nonparticipants to be male
(43% vs. 37%; P � .002), younger (P � .0001),
better educated (P � .0001), and in better (self-
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rated) health (P � .0001). African Americans
tended to be less willing to participate (P � .06).
Participants had a mean age of 73.4 years (5.9),

with a range of 64 to 94 (one patient aged 64 was
inadvertently included). Fifty-six percent were fe-
male, and 86% were white. The mean body mass
index of participants was 28.6. Two hundred nine-
teen (27.5%) gave a history of at least one disease
known to cause peripheral neuropathy. Other char-
acteristics of the study population are shown in
Table 1. There were relatively few participants
�85 years old, and most participants were high-
functioning and in relatively good health.

Prevalence of Peripheral Neuropathy
The prevalence of peripheral neuropathy by age
group and by presence or absence of diseases
known to cause peripheral neuropathy (diabetes,
autoimmune diseases, chronic hepatitis B or C,
sarcoidosis, Crohn disease, and hereditary periph-
eral neuropathies) are shown in Table 2. Preva-
lence rates increased with increasing age only for
those without a predisposing disease. Overall, those
with a predisposing disease were twice as likely to
have peripheral neuropathy (45% vs. 26%; P �
.0001). Only 17 participants (2%) gave a history of
peripheral neuropathy. Of these, 6 had no detect-
able bilateral sensory deficits. Table 3 shows the
distribution of specific bilateral deficits and deficit
patterns.

Factors Associated with Peripheral Neuropathy
Seventy-one percent of those with bilateral deficits
had only one deficit, 22% had 2, 7% had 3, and 1%
had all 4 deficits. The most common bilateral def-
icit was the absence of ankle reflexes (83% of those
with deficits) followed by insensitivity to touch
(31% of those with deficits), insensitivity to vibra-
tion (15%), and insensitivity to position (7%).
Significant bivariate associations were found be-

tween peripheral neuropathy and lower income and
with self-reported history of military service, dia-
betes, B12 deficiency, and autoimmune disease.
Education was also associated with peripheral neu-
ropathy; high school graduates without further ed-
ucation had somewhat higher rates of neuropathy
than those with either less or more education.
After controlling for all other variables in a mul-

tivariate logistic model, factors associated with pe-
ripheral neuropathy included age, income less than
$15,000, a history of military service, body mass

index, diabetes mellitus, vitamin B12 deficiency,
rheumatoid arthritis, and absence of hypertension.
There was an interaction between income and di-

Table 1. Characteristics of Participants with Peripheral
Neuropathy (PN) (N � 795)

Variables N PN P

Age 795 .0001
65 to 74 494 26%
75 to 84 262 36%
�85 39 54%

Body Mass Index: .0017
�30 264 38%
�30 531 27%

Gender 795 .2053
Female 453 29%
Male 342 33%

Race/Ethnicity 795 .6965
White 683 31%
African American 68 28%
Native American 32 41%
Hispanic 10 30%
Asian/Pacific Islander 2 0%

Education 793 .0387
�High School 120 37%
High School 450 27%
�High School 223 35%

Income 763 .0061
�$15,000 per year 138 41%
$15,000 to $35,000 per year 338 32%
�$35,000 287 25%

History of Military Service 787 .0316
Yes 263 36%
No 524 28%

Current use of alcohol 795 .6150
None 595 32%
1 to 5 drinks per week 140 29%
6 to 10 drinks per week 34 29%
�11 drinks per week 20 20%

Current use of tobacco 795 .4079
Yes 80 35%
No 715 30%

PN Diseases
Diabetes �.0001
Yes 133 47%
No 662 28%

B12 deficiency .0285
Yes 41 46%
No 754 30%

Autoimmune disease .0026
Yes 50 50%
No 745 30%

Chronic Hepatitis B or C .7456
Yes 11 36%
No 784 31%

Hereditary neuropathy .1751
Yes 5 60%
No 790 31%

Crohn disease 1.00
Yes 7 29%
No 788 31%

Other Medical Conditions
Osteoarthritis .8311
Yes 158 32%
No 637 31%

Hypertension .1228
Yes 362 28%
No 433 33%

Hypercholesterolemia .1902
Yes 285 28%
No 510 22%

Thyroid Problem .4246
Yes 122 28%
No 673 31%
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abetes mellitus. For persons with an income of less
than $15,000 or greater than $35,000, diabetes was
associated with peripheral neuropathy, but for
those with an income of $15,000 to $35,000, no
association could be demonstrated. The model is
shown in Table 4.

Possible Consequences of Peripheral Neuropathy
The proportions of patients with one or more def-
icits who reported symptoms were as follows:
numbness of extremities, 28%; pain or discomfort,
48%; restless legs, 31%; trouble walking, 44%; and
trouble with balance, 35%. Twenty-nine percent
(72 of 246) reported none of these symptoms. Back
and neck pain were not associated with neurologic
deficits.

Table 5 shows associations between neurologic
deficits and selected symptoms, functional status
indicators, and health-related quality of life scores
after controlling for other variables. Peripheral
neurologic deficits were associated with numbness
in the extremities, restless legs, subjective trouble
with gait and balance, objective trouble with bal-
ance, and reduced quality of life. There was no
association, however, with number of reported falls
or with more than one fall during the previous 3
months.

Discussion
Literature Review
A major obstacle to epidemiologic studies of sym-
metric peripheral sensory neuropathy has been the
lack of agreement on a suitable operational defini-
tion. Definitions that require electrophysiologic
studies (eg, nerve conduction studies),23 expensive
equipment (eg, computer-assisted sensory exami-
nation),24 or invasive testing (eg, skin or nerve
biopsy)15 make large studies impractical. Defini-
tions that require symptoms (eg, the Michigan Di-
abetes Neuropathy Score)25,26 exclude large num-
bers of people with asymptomatic disease. Many of
the case definitions have been developed for people
with specific diseases, most often diabetes mellitus.
The choice of definition and study population for
epidemiologic investigations should be based on
the purpose of the investigation. We chose to focus
on the objective signs available to primary care
clinicians and on the population of older people
who see them as patients, because we were primar-
ily interested in gathering information that could
inform clinical decision-making in this setting.
In a recent review of what is known about the

prevalence of peripheral neuropathy in adults,

Table 2. Prevalence of Peripheral Neuropathy (PN) by Age Group and Presence of a Disease Known to Cause PN

Age
Group

Patients with PN (n � 246)

AllNo PN Disease PN Disease*

65 to 74 19.3 (69/357) 43% (61/143) 26% (130/494)
75 to 84 31% (61/194) 50% (34/68) 36% (95/262)
�85 58% (18/31) 38% (3/8) 54% (21/39)
�65 (All) 26% (148/576) 45% (98/219) 31% (246/795)

PN disease, self-reported history of diabetes mellitus, vitamin B12 deficiency, chronic hepatitis, Crohn disease, systemic lupus,
scleroderma, rheumatoid arthritis, hereditary neuropathy, neurofibromatosis, or sarcoidosis. Association (�2) between PN and PN
disease (P � .0001). Association (Fisher’s exact test) between age group and PN; for those without PN disease, P � .0001; for those
with PN disease, P � .5918.

Table 3. Distribution of Neurologic Deficits in
Participants with Peripheral Neuropathy (N � 246)

Deficit(s) % (Number with Deficits)

1 deficit 71 (175)
Ankle reflex only 59 (145)
Position only 1 (3)
Touch only 9 (22)
Vibration only 2 (5)

2 deficits 22 (53)
Ankle and position 1 (3)
Ankle and touch 11 (28)
Ankle and vibration 4 (10)
Position and touch 2 (6)
Touch and vibration 2 (6)

3 deficits 7 (16)
Ankle, position, & touch 0.4 (1)
Ankle, position, & vibration 1 (2)
Ankle, touch, & vibration 5 (12)
Position, touch, and vibration 0.4 (1)

4 deficits 1 (2)
Touch (small fibers) involved 32 (78)
Position involved 7 (18)
Vibration involved 15 (38)
Ankle reflex involved 78 (191)
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Martyn and Hughes27 could find only 3 popula-
tion-based studies, none of which was conducted in
the United States. Each of these studies looked
only at people who were symptomatic and included
both symmetric and asymmetric poly- and mono-
neuropathies. The prevalences reported were 8%
in people over 55 years old in Italy,28 2.4% in adults
of all ages in Bombay,29 and 7% of all adults in
Sicily based on symptoms alone.30

Odenheimer et al31 tabulated the neurological
examination findings of a random sample of older

people from East Boston who participated in the
Established Populations for Epidemiologic Study
of the Elderly (EPESE) project. The prevalence of
decreased position sense at the great toe was 6% for
65- to 74-year-olds, 9% for 75- to 84-year-olds,
and 13% for those�85 years old. This is somewhat
higher than the 2%, 2%, and 8% rates that we
found. Decreased vibratory sense at the great toe
was documented in EPESE participants in 23%,
35%, and 47% respectively. Again, this is higher
than our rates of 6%, 13%, and 18%. The differ-

Table 4. Factors Associated with Peripheral Neuropathy after Controlling for All Other Variables in a Logistic
Regression Model

Variables Odds Ratio 95% Confidence Interval

Age 1.08/year 1.05 to 1.11
Body mass index 1.06/unit 1.03 to 1.10
Military service 1.80 1.24 to 2.62
Rheumatoid arthritis 2.92 1.49 to 5.73
Vitamin B12 deficiency 2.37 1.16 to 4.84
Hypertension 0.63 0.44 to 0.89
Diabetes mellitus 2.71 1.67 to 4.39 If income �$15,000/yr

1.18 0.87 If income $15,000–$35,000/yr
1.77 1.40 to 2.25 If income �$35,000/yr

Note: Hosmer-Lemeshow Goodness of Fit test had �2 of 5.5152, P � .7014 (8 df ).

Table 5. Associations between 1 or More and 2 or More Bilateral Peripheral Neurologic Deficits and Various
Outcomes after Adjusting for Age, Gender, Race, Education, Income, Body Mass Index, and Presence of Disease
Known to Cause Peripheral Neuropathy

Outcome Variables 1 � Deficit 2 � Deficits

Symptoms
Numbness arms/legs 1.44 (0.97, 2.14) 2.74 (1.56, 4.79)*
Pain or discomfort 1.68 (1.19, 2.37)* 1.80 (1.03, 3.16)*
Restless legs 1.40 (0.96, 2.04) 2.15 (1.23, 3.74)*
Trouble walking 1.50 (1.04, 2.17)* 2.62 (1.47, 4.67)*
Trouble with balance 1.64 (1.11, 2.43)* 2.65 (1.50, 4.70)*
Falls in last 3 months
One fall 1.22 (0.80, 1.84) 1.07 (0.56, 2.03)
�2 falls 1.53 (0.83, 2.81) 1.17 (0.46, 2.97)

Objective Findings
Tinetti Balance Score (0 to 16) �1.12 (�1.54, �0.70)* �1.58 (�2.26, �0.91)*
Timed 50�ft walk (seconds) �0.12 (�1.15, 0.91) �0.08 (�1.73, 1.56)

QOL/Functional Status
Self rated health (0 to 100) �0.82 (�3.53, 1.89) �2.55 (�6.87, 1.77)
SF-36 General Health (0 to 100) �2.42 (�5.47, 2.63) �6.65 (�11.48, �1.83)*
SF-36 Physical Functioning(0 to 100) �7.06 (�11.01, �3.10)* �10.54 (�16.89, �4.18)*
SF-36 Role Physical (0 to 100) �5.09 (�11.73, 1.55) �8.16 (�18.76, 2.44)
SF-36 Bodily Pain (0 to 100) �3.36 (�7.22, 0.49) �5.96 (�12.09, 0.17)
QWB-SA (0 to 1) �0.027 (�0.047, �0.006)* �0.028 (�0.61, 0.004)
HUI-3 (0 to 1) �0.039 (�0.074, �0.004)* �0.046 (�0.102, 0.010)

Odds ratios and 95% confidence intervals derived from logistic regression models are given for symptoms � coefficients and 95%
confidence intervals derived from linear regression models are given for objective findings and QOL/functional status. Numbers are
odds ratios (95% confidence intervals) for symptom variables and � coefficients (95% confidence intervals) for all other variables.
* P � .05
QWB-SA, Quality of Well Being–Self-Administered Scale; HUI-3, Healthy Utility Index 3 Scale.
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ence may be attributed to the fact that the EPESE
group rates represented both unilateral and bilat-
eral decreased responses, whereas ours represent bi-
lateral absent responses.
Impallomeni et al32 carefully assessed the ankle

reflexes of 200 consecutive older patients admitted
to the geriatric inpatient service of a hospital in
England (mean age, 80; range, 65 to 99). They
reported that only 9 patients (4.5%) had bilaterally
absent reflexes. Other researchers have found much
higher percentages of older people to have this
abnormality. For example, Howell33 reported that
more than 50% of a group of community dwelling
elders in England had no ankle reflexes, and
Prakash and Stein34 found the rate of areflexia to be
38% among geriatric inpatients. However, these
studies were published 54 and 30 years ago, respec-
tively.

Accuracy of Physical Examinations
Questions can certainly be raised about the accu-
racy of the physical examination data. Under ideal
circumstances, physical findings correlate closely
but not perfectly with electrophysiological test-
ing.35 Physical findings are obviously somewhat
less sensitive than more sophisticated tests.36

Technique is important. For example, O’Keefe et
al37found that the plantar strike technique was
more reliable than the traditional Achilles tendon
strike method.
To minimize examination errors, we took sev-

eral steps. The 2 examiners were trained by a neu-
rologist, practicing on elderly volunteers with and
without deficits. They then blindly examined the
same set of 25 patients, with almost perfect agree-
ment. For a finding to be considered absent, there
had to be essentially no response.

Prevalence and Significance
It is easy to dismiss common impairments in older
patients, assuming them to be the result of aging
and/or wear and tear. However, when we do this,
we miss opportunities for the development of spe-
cific preventive and therapeutic interventions. Alz-
heimer disease, osteoarthritis, and presbycusis are
good examples of conditions once thought to be the
inevitable consequence of aging. Peripheral sensory
neuropathy could be the result of an unidentified
set of diseases or exposures that could be prevented
and/or treated. Although aging itself may be a con-
tributor, it is not an invariable and sufficient cause,

because 46% of patients �85 years old in our study
had no deficits.
There was no apparent increase in prevalence

with age for patients with a disease known to cause
peripheral neuropathy, which supports the notion
that “idiopathic” (also called “cryptogenic”) periph-
eral neuropathy may have a different set of causes.
In referred populations, the percentage of periph-
eral neuropathy patients with no identifiable cause
ranges from 10% to 23%.38 However, these esti-
mates are likely to be skewed by referral bias, be-
cause older patients with fewer symptoms are less
likely to be referred. In referred populations, how-
ever, idiopathic peripheral neuropathy is more
common with increasing age. For example, Vergh-
ese et al39 found that 39% of those aged �80 but
only 9% of those aged 65 to 79 were classified as
idiopathic.

Clues to Etiologies
After controlling for age and diseases known to
cause peripheral neuropathy, there was an associa-
tion of neuropathy with lower income. This is in
contrast to the findings of Alvarez and Idiaquez,40

who compared the rates of ankle areflexia between
older persons from groups of higher and lower
socioeconomic status and found an overall rate of
6% with no significant difference between groups.
Participants with neurologic diseases and medica-
tions known to cause neuropathy and orthostatic
hypotension were excluded from their study. We
found no relationships between peripheral neurop-
athy and gender, race, education, or occupation
after controlling for income, and we could find no
studies in the literature that investigated these
variables.
The association between neuropathy and past

military service is intriguing. We did not collect
information about past use of alcohol (only current
use), so we cannot rule out alcohol as a confounder.
On the other hand, service in the military may have
been associated with exposure to other neuropathic
agents.
Patients with higher body mass index were more

likely to have neuropathy, even after controlling for
diabetes, which suggests several possibilities. It is
likely that some of these patients had undiagnosed
diabetes, because people who are overweight are
more likely to have diabetes, and there is some
evidence that undetected diabetes is associated with
at least some cases of neuropathy.41 Another pos-
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sibility is that neuropathy is caused in part by nerve
compression or by trauma associated with weight-
bearing. On the other hand, neuropathy may lead
to inactivity with resultant weight gain. Finally,
examination may be less accurate in obese patients.
The relationship between peripheral neuropathy

and hypertension is particularly interesting. If our
findings are correct, hypertension and/or its treat-
ment may actually be protective. This is in sharp
contrast to the findings of Zarelli et al,42 who found
that Italian primary care patients with hypertension
were 4.5 times more likely to have chronic sym-
metrical neuropathy after controlling for diabetes
and other relevant factors. Aside from the differ-
ence in demographics, their study included only
those with symptoms related to their neuropathy,
and they included patients�55 years old. This is an
important issue for further investigation, because
hypertension is a risk factor for vascular disease,
which could be a cause of “idiopathic” neuropathy,
a possibility supported by a case-control study con-
ducted in the Netherlands.43

It is worth mentioning that B12 deficiency (self-
reported and presumably treated) was associated
with peripheral neurologic deficits. It has been
shown in a number of studies done in a variety of
populations that B12 deficiency is extremely com-
mon in the elderly (prevalence 10% to 20% in
unscreened patients) and grossly underdiagnosed.44

Possible Consequences
Peripheral neuropathy was associated with symp-
toms and with lower health-related quality of life.
This has been documented by others,45–47 al-
though we were unable to confirm the association
with falls that others have observed.10–14,32,48 This
supports our contention that peripheral neuropathy
in the elderly is not trivial. However, it certainly
seems to be underdiagnosed. Only 11 of the 175
patients that we identified reported a history of
peripheral neuropathy. Six more gave a history of
neuropathy but did not have bilateral sensory def-
icits. In these cases, the diagnosis may have been
based on symptoms or more sensitive tests.

Limits of Generalizability
Our study population was drawn from the practices
of the physician members of a practice-based re-
search network in Oklahoma, OKPRN. Members
of practice-based research networks have been
shown to be very similar to other primary care

physicians,49 and it is therefore reasonable to as-
sume that the sampling frame chosen was represen-
tative of the patients of family physicians at least, if
not all primary care physicians. However, enrolled
patients were clearly younger and healthier than
those who declined to participate. This may have
resulted in an underestimation of the true preva-
lence of peripheral neuropathy in this population.
Because gender and race were unrelated to preva-
lence of neurologic deficits, differences between
participants and nonparticipants with respect to
these characteristics should have had minimal im-
pact on our findings. Our findings cannot be gen-
eralized to people living in nursing homes or to
those with significant cognitive impairments. All
medical history was by self-report and was uncon-
firmed.
Even with these limitations, our prevalence

estimates and the frequencies of deficit patterns
should be of help to clinicians and researchers,
given the paucity of such data in the prior litera-
ture. Because this study was part of a longitudinal
cohort study, we should have the opportunity to
evaluate the incidence and progression of periph-
eral neuropathy over time and include other out-
come measures, such as hospitalization and death.
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