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ABSTRACT

Objective: To quantify polyneuropathy impairments and comorbidities utilizing the Rochester Epi-
demiology Project (2010 census 5 148,201).

Methods: ICD-9-CM coding identified polyneuropathy cases (2006–2010) and their 5:1 age- and
sex-matched controls. Mortality and impairments were evaluated while identifying and adjusting
for Charlson Index comorbidities.

Results: Overall prevalence of polyneuropathy was 1.66%, and markedly rose to 6.6% in persons
older than 60 years. Cases (n 5 2,892) had more comorbidities than controls (n 5 14,435) with
higher median Charlson Index (6 vs 3, p , 0.001). Diabetes with end-organ disease represented
the largest increased comorbidity in cases compared with controls (46.8% vs 6.5%). Diabetic
polyneuropathy was the most common specific subtype (38.2%). Miscoded idiopathic cases and
false-negative controls also commonly had diabetic polyneuropathy. Median modified Rankin
Scale score was considerably higher for cases than controls (4 vs 1, p , 0.001). Multiple comor-
bidities were found associated with polyneuropathy after adjusting for diabetes co-occurrence,
including pulmonary disease, dementia, and others. Polyneuropathy was an independent contrib-
utor to multiple functional impairments including difficulty walking (odds ratio [OR] 5 1.9), climb-
ing stairs (OR52.0), using an assistive device (OR52.0), fall tendency (OR52.4), work disability
(OR 5 4.2), lower limb amputations (OR 5 3.9), and opioid use (OR 5 2.7). Prevalent cases had a
younger median age at death than controls (80 vs 86 years, p, 0.001), and incident cases had a
6-month shorter survival.

Conclusions: Polyneuropathies have notable neurologic impairments beyond their identified mul-
tiple comorbidities. Life expectancy is shortened. Diabetic polyneuropathy is underidentified. The
quantified extent of the disease burden and refined comorbidity associations emphasize that
greater research efforts and health care initiatives are needed. Neurology® 2015;84:1644–1651

GLOSSARY
ADL 5 activities of daily living; CI 5 confidence interval; CPT 5 current procedural terminology; ICD-9-CM 5 International
Classification of Diseases, Ninth Revision, Clinical Modification; IQR 5 interquartile range; mRS 5 modified Rankin Scale;
OR 5 odds ratio; REP 5 Rochester Epidemiology Project.

Underrecognition of common contributors to poor health and physical impairments poses an
obstacle to establishing best health care policies.1 Previous studies assessing polyneuropathy
prevalence2–10 or disease burden11–15 have focused on specific polyneuropathy subtypes or used
small cohorts with limited demographics. From those studies, certain polyneuropathies have
been suggested to have substantial disease burden from physical impairments16,17 or even mor-
tality.18,19 However, mortality and disease burden quantification of polyneuropathies irrespec-
tive of etiology through a large population-based study has not been performed.

Because diabetes9,10 and other vascular risk factors are common in patients with polyneu-
ropathy, associated impairments could be related to nonneuromuscular sources (i.e., peripheral
vascular, cardiovascular, and cerebrovascular disease). It is therefore important to assess whether
polyneuropathy is independently a risk factor for impairment and mortality beyond its
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comorbidities. Such quantification is war-
ranted as world populations are shifting into
older and heavier populations with greater dia-
betes prevalence.20,21

The Rochester Epidemiology Project (REP)
is an NIH-funded resource that comprehen-
sively links the medical records of 95% of
Olmsted County, MN, residents, irrespective
of their health care provider.22,23 It has been used
extensively in many important population-based
epidemiologic disease studies including several
specific peripheral nerve diseases10,24–28 and has
been shown to be representative of US popula-
tions.22 In the present study, we estimated the
prevalence of disease burden and mortality for
all polyneuropathy cases in Olmsted County,
MN. Disease burden was measured using death
and multiple markers of impairment while ad-
justing for Charlson Index comorbidities29 com-
pared with age- and sex-matched controls.

METHODS Health care visit dates are linked to addresses

within the REP database, and this information has been used

to define who resided in Olmsted County (REP Census) at any

given point in time since 1966.22,23,30 The population counts

obtained by the REP Census exceed those obtained by the US

Census, indicating that virtually the entire population of the

county is captured by the system.23,30 We used the REP Census

to identify all individuals who resided in Olmsted County from

January 1, 2006, through December 31, 2010 (the “study

period”).

ICD-9-CM administrative codes31 that most clearly repre-

sented polyneuropathy (table e-1 on the Neurology® Web site at

Neurology.org) were used to screen the study population for

prevalent cases. These codes were assigned by providers or pro-

fessional coders. Others have used a similar method with slightly

different lists of codes on 2 other populations.8,9 Up to 5 age- and

sex-matched controls per case were identified from the REP pop-

ulation within the study period. Population point prevalence was

calculated for December 31, 2010; however, all prevalent cases

(even those that died before study’s end) were included for disease

burden analysis. To assess the effect of comorbid medical con-

ditions on impairment markers, Charlson Comorbidity Index29

was calculated for each patient. The effect of diabetes contribu-

tion to peripheral neuropathy comorbidities was also assessed.

To estimate the false-positive and -negative rates of ICD-9-
CM ascertainment for polyneuropathy, electronic health records

of 289 (10%) randomly selected polyneuropathy cases and 289 of

our nonneuropathy controls were reviewed by the investigators

for documentation supporting a diagnosis of distal symmetric

polyneuropathy, as defined by the American Academy of

Neurology.32 Clinical documentation of symptoms, examina-

tion findings, and neurophysiologic test results were reviewed

(table e-2). When coexisting polyneuropathy subset codes existed

with idiopathic diagnosis, the more specific code was selected

away from idiopathic. In the instance of 2 or more specific codes,

chart review was utilized to place most accurate single coding.

All cases were included in subsequent analyses of electronically

extracted data.

Current procedural terminology (CPT) codes were used to

identify which patients had the following neurophysiologic test-

ing from 2000 to 2011: nerve conduction studies (CPT codes

95860–95864, 95870), EMG (CPT codes 95900, 95903,

95904, 95934, 95936), autonomic testing (CPT codes 95921–

95923), and quantitative sensory testing (0106 T-0110T).

Whether results of such testing supported a diagnosis of polyneu-

ropathy was ascertained for the 10% of randomly selected prev-

alent cases whose charts were reviewed.

The REP was electronically queried for prescriptions for neu-

ropathic pain medications prescribed to polyneuropathy cases and

controls. Prescription of any dose of one of the queried medica-

tions for any length of time within the study period was consid-

ered positive use. The REP was also electronically queried for

ICD-9-CM procedural or diagnostic codes for lower limb ulcers

(707.1x), lower limb amputation (84.1x), excision and repair of

bunion and other toe deformities (77.5x), and arthrodesis and

arthroereisis of foot and ankle (81.1x) for all cases and controls. A

single occurrence of one of these procedures or diagnoses within

the study period was considered a presence of that complication.

Mayo Clinic patients are administered standardized question-

naires periodically at clinical encounters, which, among other

things, ask about ability to perform activities of daily living

(ADL), limb weakness, numbness, fall tendency, pain, stair-

climbing difficulty, reliance on assistance from gait aid or others,

employment status, and living environment. Answers from the

most recent questionnaire within the study period were obtained

via automated electronic retrieval for cases and controls. Each

self-reported marker of impairment was assigned an equivalent

modified Rankin Scale (mRS)33 score; the highest equivalent

mRS score for each patient was set as that patient’s mRS score

(table e-3).

All analyses were performed with JMP Pro 9.0.3 software (SAS

Institute, Cary, NC). Prevalence estimates were calculated using the

REP population census rather than the US Census estimates. The

Wilcoxon rank sum test was used to compare Charlson Comorbid-

ity Indices, mRS scores, and age at death between cases and controls

with interquartile ranges (IQRs) calculated. Logistic regression

models were used to estimate associations between polyneuropathy

and surrogate markers of impairment with ORs and 95% confi-

dence intervals (CIs). Multivariate models were used to adjust for

potentially confounding effects of Charlson comorbidities. Effect

of diabetes on each Charlson comorbidity was assessed for all pol-

yneuropathy subtypes in consideration of its contribution to the

comorbidity (table e-4). Accuracy of the type of polyneuropathy

documentation and ICD-9 coding was reviewed among the 289

randomly selected cases (table e-5). Specific question to surrogate

markers of impairment for idiopathic polyneuropathy and diabetic

neuropathy were reviewed compared with matched controls (tables

e-6 and e-7).

Death data were obtained beyond the case ascertainment

period (through September 30, 2013) for all cases and controls.

Survival analyses were performed to determine whether patients

with newly diagnosed (incident) polyneuropathy had shorter sur-

vival times compared with patients without polyneuropathy. Inci-

dent polyneuropathy was defined as a polyneuropathy diagnosis

between January 1, 2006, through December 31, 2010, without

a previous polyneuropathy ICD-9-CM code between January 1,

1995, and December 31, 2005. Patients were right-censored on

the date of their last documented day of Olmsted County residence

or September 30, 2013, whichever was later. Kaplan–Meier

survival curves were plotted for those with and without polyneu-

ropathy. Cox proportional hazards regression was used to estimate
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hazards ratios for survival. Multivariate models were adjusted for

potentially confounding effects of Charlson comorbidities.

Standard protocol approvals, registrations, and patient
consents. The institutional review boards of both Mayo Clinic

and Olmsted Medical Center approved the study.

RESULTS There were 2,892 prevalent polyneuropa-
thy cases in Olmsted County from 2006 to 2010, and
on December 31, 2010, there were 2,455 patients
alive with polyneuropathy, making the point preva-
lence 1.66% (table 1). Polyneuropathy prevalence
consistently increased with age and was more com-
mon in male patients. In patients 60 years and older,
the point prevalence was markedly increased to 6.6%.
To assess the accuracy of polyneuropathy diagnosis
through administrative coding, we randomly selected
289 cases (10%) and carefully reviewed their clinical
documentation. Among them, 270 (93.4%) had suf-
ficient documentation to meet the diagnosis criteria
(table e-2), whereas 19 cases (6.6%) either did not
have sufficient documentation or had another diag-
nosis after testing (table e-2). The false-negative rate
of case ascertainment by ICD-9 coding among the
controls was 5.1%, but only 38% of the reviewed
controls had a comprehensive neurologic examination
in the study period (table e-2). Subtypes were assigned
as per table 2. Approximately half (50.1%) of all
polyneuropathy cases were coded as idiopathic, and
diabetic polyneuropathy was the second most
common subtype, accounting for 38.2% of all cases.
Idiopathic polyneuropathy coding was the most
frequently identified inaccurate classification based on
subset chart review (19% inaccurate) with diabetic
polyneuropathy identified to be most frequently
missed (52%) among those patients (table e-5).

From 2000 through 2011, 1,421 polyneuropathy
cases (49.1%) had nerve conduction and/or EMG stud-
ies, 166 (5.7%) had autonomic testing, and 75 (2.6%)
had quantitative sensory testing. The review of 289 ran-
domly selected polyneuropathy cases showed that 115
(39.8%) had nerve conduction studies, and in 94
(81.7%), polyneuropathy was confirmed.

All 17 medical comorbidities were more common
in polyneuropathy cases than in controls (table 3).
The median Charlson Comorbidity Index was signif-
icantly greater for cases (6; IQR 3–10) than controls
(3; IQR 1–6; p, 0.001). Chronic pulmonary disease
was the most prevalent comorbidity in both cases and
controls, but significantly more common in polyneu-
ropathy. Diabetes with and without end-organ dam-
age was the comorbidity with the largest prevalence
difference between polyneuropathy cases and con-
trols. Diabetes was present in 57.3% of polyneurop-
athy cases, but only 38.2% of polyneuropathy cases
were coded as diabetic polyneuropathy. Peripheral
vascular disease, myocardial infarct, renal disease,
and congestive heart failure were notably overrepre-
sented in polyneuropathy cases with diabetes
(table e-4). However, not accountable by co-
occurrence of diabetes, multiple comorbidities were
also overrepresented in polyneuropathy, including
pulmonary disease, dementia, metastatic solid tumor
cancer, and others.

Morbidity data on analgesic usage and lower limb
complications were available for 100% of cases and
controls. Individuals with polyneuropathy were more
likely to be prescribed pain medications even after ad-
justing for medical comorbidities (table 4). Except for
ankle fusions, all other lower limb complications
had significant independent associations with

Table 1 Demographics of all polyneuropathy cases and matched controls from 2006 to 2010

Age, y

2010 REP population
Prevalent cases
2006–2010 Prevalent cases Dec. 31, 2010 Matched controls

All Women Men All Women Men All Women Men All Women Men

0–9 22,411 10,955 11,456 8 3 5 8 (0.0) 3 (0.0) 5 (0.0) 35 14 21

10–19 18,921 9,370 9,551 9 6 3 9 (0.0) 6 (0.1) 3 (0.0) 48 29 19

20–29 23,364 13,131 10,233 54 35 19 54 (0.2) 35 (0.3) 19 (0.2) 272 175 97

30–39 19,654 10,125 9,529 93 50 43 89 (0.5) 48 (0.5) 41 (0.4) 459 250 209

40–49 19,382 10,087 9,295 235 127 108 221 (1.1) 119 (1.2) 102 (1.1) 1,167 636 531

50–59 19,707 10,373 9,334 486 232 254 448 (2.3) 215 (2.1) 233 (2.5) 2,425 1,150 1,275

60–69 12,073 6,437 5,636 584 255 329 528 (4.4) 238 (3.7) 290 (5.1) 2,876 1,263 1,613

70–79 7,421 3,995 3,426 642 253 389 537(7.2) 221 (5.5) 316 (9.2) 3,218 1,273 1,945

80–89 4,310 2,625 1,685 587 286 301 453 (10.5) 219 (8.3) 234 (13.9) 2,962 1,443 1,519

901 958 699 259 194 117 77 108 (11.3) 69 (9.9) 39 (15.1) 973 594 379

Totals 148,201 77,797 70,404 2,892 1,364 1,528 2,455 (1.66) 1,173 (1.51) 1,282 (1.82) 14,435 6,827 7,608

Abbreviation: REP 5 Rochester Epidemiology Project.
Data are counts or n (%).
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polyneuropathy, even after adjustment for comorbid-
ities. Data for ADLs and self-reported disabling
symptoms were less available than analgesic usage
and lower limb complications, but missing data were

similar for each metric between cases and controls.
Impairment in performing most ADLs (except for
feeding oneself) was more likely in those with poly-
neuropathy than controls. Disabling symptoms, such
as limb weakness, numbness, fall tendency, pain, stair
intolerance, reliance on assistive devices or assistance
from others, or work-disabled status, were all more
likely to be reported by polyneuropathy cases than
controls, independent of comorbidities. Those with
polyneuropathy were also more likely to report living
in a skilled nursing or assisted-living facility, but this
effect was attenuated after adjusting for comorbid-
ities. The median mRS score was higher for cases than
controls (4 vs 1), which was statistically significant
both before (OR per 1-point mRS increase 1.27,
95% CI 1.25–1.30) and after (OR 1.18, 95% CI
1.15–1.21) adjustment for comorbidities. Patients
with idiopathic polyneuropathy had comparable im-
pairments to the entire cohort for analgesic use, lower
limb complications, and self-reported impairments, but
with fewer significant difficulties of ADL (table e-6). Of
interest, it is evident that increased risk of “lower limb
amputation” and “work-disabled” is largely attributable
to diabetic neuropathy (table e-7).

Median age at death was younger for prevalent
cases (80 years; IQR 69–88; n 5 602) than controls
(86 years; IQR 80–91; n 5 1,722; p , 0.001). By
September 30, 2013, 307 (19.5%) of 1,574 incident
polyneuropathy cases and 901 (11.8%) of 7,660 con-
trols matched to incident polyneuropathy cases had
died. Mean survival for incident polyneuropathy cases

Table 2 Distribution of polyneuropathy cases by subtype

Subtype of polyneuropathy ICD-9-CM code(s) Cases, n (%)

Idiopathic

Without autonomic involvement 356.4, 356.8, or 356.9 1,333 (46.1)

With autonomic involvement 356.4, 356.8, or 356.9 and
337.0 or 337.1

116 (4.0)

Diabetic

Without autonomic involvement 357.2 622 (21.5)

With autonomic involvement 357.2 and 337.0 or 337.1 482 (16.7)

Inflammatory

Acute infective polyneuritis 357.0 89 (3.1)

Chronic inflammatory demyelinating
polyneuritis

357.81 27 (0.9)

Mononeuritis multiplex 354.4 19 (0.7)

Hereditary 356.0, 356.1, 356.2, or 356.3 89 (3.1)

Toxic

Due to drugs 357.6 62 (2.1)

Alcoholic polyneuropathy 357.5 14 (0.5)

Due to other toxic agents 357.7 8 (0.3)

Other or nonspecific causes 357.3, 357.4, 357.80, 357.82,
357.89, or 357.9

31 (1.1)

Abbreviation: ICD-9-CM 5 International Classification of Diseases, Ninth Revision, Clinical
Modification.

Table 3 Prevalence of medical comorbidities in polyneuropathy cases and matched controls

Medical comorbidity Cases, n (%) Controls, n (%)
Prevalence difference in
cases vs controls, %

Chronic pulmonary disease 1,677 (58.0) 6,274 (43.5) 114.5

Diabetes 1,658 (57.3) 3,202 (22.2) 135.1

Peripheral vascular disease 1,406 (48.6) 4,068 (28.2) 120.4

Diabetes with end-organ damage 1,354 (46.8) 938 (6.5) 140.3

Cancer (not solid tumor metastasis) 1,246 (43.1) 5,117 (35.4) 17.6

Renal disease 1,026 (35.5) 2,494 (17.3) 118.2

Cerebrovascular disease 1,024 (35.4) 3,161 (21.9) 113.5

Congestive heart failure 957 (33.1) 2,373 (16.4) 116.7

Mild liver disease 691 (23.9) 1,909 (13.2) 110.7

Myocardial infarct 678 (23.4) 1,876 (13.0) 110.4

Peptic ulcer disease 547 (18.9) 1,827 (12.7) 16.3

Dementia 544 (18.8) 1,895 (13.1) 15.7

Rheumatologic disease 357 (12.3) 1,120 (7.8) 14.6

Metastatic solid tumor 301 (10.4) 996 (6.9) 13.5

Hemiplegia 235 (8.1) 567 (3.9) 14.2

Moderate or severe liver disease 149 (5.2) 342 (2.4) 12.8

AIDS 6 (0.2) 16 (0.1) 10.1
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and controls over the follow-up period was 6.5 and
7.0 years, respectively (figure). The unadjusted hazard
ratio was 1.74 (CI 1.53–1.98), whereas the hazard
ratio adjusted for medical comorbidities was 1.11
(CI 0.97–1.28).

DISCUSSION This large geographical population-
based, case-control study of polyneuropathy provides
important new insights. The present study assessed

the most comprehensive range of impairment markers
to date irrespective of polyneuropathy subtype,
utilized a unique database representative of national
demographics, and conducted statistical analysis in
5:1 ratio of age- and sex-matched controls and
polyneuropathy cases correcting for comorbidity
associations. Prior prevalence estimates (2.3%–12.2%)
excluded younger individuals,3,5–8 are sex-specific,11,15 or
are from a consanguineous population.2 Our study

Table 4 Comparison of surrogate markers of impairment between polyneuropathy cases and matched controls accounting for comorbidities

No. (%) with data

Surrogate marker of impairment
Cases,
n (%)

Controls,
n (%)

OR
(95% CI)

Adjusted OR
(95% CI)Cases Controls

Medications

2,892 (100) 14,435 (100) a2d Antagonist (gabapentin and pregabalin) 951 (32.9) 820 (5.7) 8.1 (7.3–9.0) 6.6 (5.9–7.5)

TCA (amitriptyline, clomipramine, desipramine,
doxepin, imipramine, nortriptyline, and
protriptyline)

468 (16.2) 563 (3.9) 4.8 (4.2–5.4) 4.5 (3.9–5.2)

SNRI (desvenlafaxine, duloxetine, milnacipran,
and venlafaxine)

336 (11.6) 433 (3.0) 4.3 (3.7–4.9) 3.8 (3.2–4.5)

Topical analgesic (amitriptyline plus ketamine,
capsaicin, and lidocaine)

332 (11.5) 458 (3.2) 4.0 (3.4–4.6) 3.3 (2.8–3.9)

Opioid analgesic (codeine, fentanyl, hydrocodone,
hydromorphone, meperidine, methadone,
morphine, oxycodone, oxymorphone,
propoxyphene, tapentadol, and tramadol)

2,012 (69.6) 5,921 (41.0) 3.3 (3.0–3.6) 2.7 (2.5–3.0)

Lower limb complications

Lower limb ulcer 589 (20.4) 537 (3.7) 6.6 (5.8–7.5) 3.1 (2.7–3.4)

Lower limb amputation 119 (4.1) 39 (0.3) 15.8 (11.1–23.1) 3.9 (2.6–5.9)

Deformity surgery 75 (2.6) 247 (1.7) 1.5 (1.2–2.0) 1.7 (1.2–2.2)

Ankle fusion 16 (0.6) 31 (0.2) 2.6 (1.4–4.7) 1.9 (0.9–3.8)

Activities of daily living

2,036 (70) 10,035 (70) Preparing meals 335 (16.5) 802 (8.0) 2.3 (2.0–2.6) 1.4 (1.2–1.7)

Feeding yourself 55 (2.7) 174 (1.7) 1.6 (1.1–2.1) 1.0 (0.7–1.4)

Dressing 238 (11.7) 513 (5.1) 2.5 (2.1–3.0) 1.5 (1.2–1.8)

Using the toilet 146 (7.2) 322 (3.2) 2.3 (1.9–2.8) 1.4 (1.1–1.8)

Housekeeping 450 (22.1) 962 (9.6) 2.7 (2.4–3.0) 1.7 (1.4–1.9)

Bathing 282 (13.9) 655 (6.5) 2.3 (2.0–2.7) 1.3 (1.1–1.6)

Walking 518 (25.4) 1,013 (10.1) 3.0 (2.7–3.4) 1.9 (1.7–2.2)

Using transportation 278 (13.7) 639 (6.4) 2.3 (2.0–2.7) 1.5 (1.3–1.8)

Getting in and out of bed 181 (8.9) 374 (3.7) 2.5 (2.1–3.0) 1.6 (1.2–1.9)

Self-reported impairment

Limb weakness 383 (18.8) 724 (7.2) 3.0 (2.6–3.4) 2.2 (1.9–2.6)

Limb numbness or shooting pain 490 (24.1) 759 (7.6) 3.9 (3.4–4.4) 3.8 (3.3–4.1)

Fall tendency 246 (12.1) 412 (4.1) 3.2 (2.7–3.8) 2.4 (2.0–2.9)

1,627 (56) 7,912 (55) Pain 742 (45.6) 1,975 (25.0) 2.5 (2.3–2.8) 2.2 (2.0–2.5)

1,759 (61) 8,576 (59) Stair intolerance 1,134 (64.5) 3,135 (36.6) 3.1 (2.8–3.5) 2.0 (1.7–2.2)

1,821 (63) 8,722 (60) Assistive device or other assistance 775 (42.6) 1,654 (18.9) 3.2 (2.9–3.5) 2.0 (1.8–2.3)

1,875 (65) 9,022 (63) Work-disabled 126 (6.7) 114 (1.3) 5.6 (4.3–7.3) 4.2 (3.1–5.6)

1,843 (64) 8,964 (62) Assisted living or nursing home 157 (8.5) 458 (5.1) 1.7 (1.4–2.1) 1.1 (0.9–1.4)

Abbreviations: CI 5 confidence interval; OR 5 odds ratio; SNRI 5 serotonin norepinephrine reuptake inhibitor; TCA 5 tricyclic antidepressant.
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screened all demographics of a large population with
documented generalizability22 uniformly for not only
polyneuropathy, but also functional impairments corrected
for associated comorbidities. Very few administratively coded
polyneuropathy cases did not meet established criteria32 of
polyneuropathy, with 49.1% of all polyneuropathy cases in
our population having had nerve conduction studies and/or
needle EMG during the study period. Our estimate of
polyneuropathy point prevalence (1.66%) is less
than earlier studies. However, in persons older than
60 years of age, there was a dramatic increase in point
prevalence to 6.6%, which is consistent with studies of
older populations.3,5–7,9 Some patients (5.1%) with
polyneuropathy were missed in our diagnostic coding,
most commonly having diabetic polyneuropathy.
Therefore, the prevalence of polyneuropathy may be
slightly higher, especially for asymptomatic forms. This
is offset by 6.6% of patients coded as polyneuropathy
who were underdocumented or believed to be
inaccurately coded. Accuracy to the type of
polyneuropathy was fairly high, i.e., 90% or
higher for most forms apart from idiopathic at
81%. Most important, however, multiple quantified
functional impairments are significantly more
common in polyneuropathy cases than their age-
and sex-matched controls even after adjusting for
comorbidities, and these impairments translate to
higher mortalities. These results clearly indicate that
polyneuropathy disease burden will worsen as world
populations are evolving to older demographics,20 and
greater attention should be directed to the care of
polyneuropathy.

Diabetic polyneuropathy was the most frequently
coded specific diagnosis (38.2%). Review of the other
polyneuropathy subtypes by administrative coding is
informative. A majority of polyneuropathy cases
(50.1%) carried idiopathic diagnoses and this was
despite many having concomitant diabetes (57.3%
of all polyneuropathy cases). This observation is
emphasized by the relatively low occurrence of diabe-
tes in our nonpolyneuropathy controls (22.3%). In
fact, we realized many persons coded as idiopathic pol-
yneuropathy had diabetic polyneuropathy, i.e., 52%
of those miscoded (table e-5). Indeed, 485 of the
1,449 patients coded as idiopathic polyneuropathy
also had diabetes, and 226 (46.8%) of those had
end-organ damage. This finding supports the earlier
contention that diabetes is the most commonly iden-
tified cause of polyneuropathy.34 In addition, a previ-
ous study that used administrative coding for case
ascertainment estimated that 66% of polyneuropathy
cases in an elderly population are diagnosed as idio-
pathic and 47.8% of patients with polyneuropathy
and concomitant diabetes are coded as idiopathic, sup-
porting our finding that administrative coding artifi-
cially increases the proportion of idiopathic cases.9

Predictively, among patients with diabetes and
polyneuropathy, known comorbidities or end-organ
disease of diabetes were more common (peripheral
vascular disease, myocardial infarction, renal disease,
and congestive heart failure). Diabetes, however,
among patients with polyneuropathy did not account
for the increased comorbidities in patients with poly-
neuropathy for pulmonary disease, dementia, and
many other Charlson comorbidity indices. The aver-
age number of Charlson comorbidities in patients
with polyneuropathy was 6 vs 3 in controls. These
findings warrant a new area of investigation to study
disease associations beyond diabetes. Investigation of
the temporal onset development of comorbidities
among this cohort’s nondiabetic idiopathic polyneu-
ropathy cases in relation to polyneuropathy symp-
toms could considerably improve the understanding
of polyneuropathy pathophysiology and diagnosis.
For example, chronic pulmonary disease was found
to be 14.5% more common in cases compared with
controls. Evaluating the association with smoking and
other risks would be helpful in discovery of a shared
pathogenesis. In addition, the association among obe-
sity, sleep apnea, and chronic pulmonary disease in
patients with polyneuropathy is also an interesting
subject for future investigation. Nevertheless, the
clear importance of identifying and treating diabetes
in polyneuropathy is further emphasized by this
study, especially as world populations are shifting to
older and heavier weight demographics with increased
prevalence of diabetes.27

Our results not only further emphasized that pol-
yneuropathy is disabling,11–15,35 but also provided
new insights that polyneuropathy was independently
associated with greater pain and prescription of anal-
gesics, increased lower limb complication rates
(including ulcers, 20.4%, and amputations, 4.1%),
greater impairment of most ADLs, higher fall ten-
dency, stair climbing difficulty, and reliance on assis-
tive devices or assistance from others. The degrees of
impairment associations were often striking with ORs
frequently greater than 3.0 even after correction for
the associated multiple Charlson comorbidities. This
translated into major work impairment with a
comorbidity-corrected OR of 4.2 and mRS score of
4 for cases (moderately disabled) vs 1 for controls
(some impairment symptoms). There were only a
few impairment markers not independently associ-
ated with polyneuropathy after adjusting for the 17
Charlson comorbidities. While the effect size of most
other surrogate markers of impairment was reduced
after adjustment for comorbidities, it is still statisti-
cally significant (table 4). In addition, this study
showed that individuals with polyneuropathy had sig-
nificantly shorter lives than controls by 6 years and
the rate of death during the relatively short duration
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of follow-up was nearly doubled in cases compared
with controls (figure). Although this effect on mor-
tality was attenuated after adjusting for comorbidities,
the results suggest that polyneuropathy may indepen-
dently contribute to increased mortality, but longer
prospective study is needed to define this better.

As an inherent limitation to all retrospective stud-
ies, asymptomatic cases not detected by the health
care provider would not have been reported, but
our approach would identify the majority of clinically
relevant polyneuropathy cases. Accurate case ascer-
tainment requires that providers or medical coders
assign appropriate administrative codes. Through a
random review of 10% of the entire polyneuropathy
cases and an equal number of controls, we found a
very good agreement with administratively coded pol-
yneuropathy diagnosis. In addition, we recognize that
comorbidities not included in the Charlson index
could have confounded the analysis. However, given
the comprehensive list of comorbidities and impair-
ments associated with morbidity and mortality we
included in this study, that likelihood is very low.
Further validation of the extent of morbidity and
mortality will continue to be of major interest, and
will need confirmation in additional US and world
populations.

This population-based study shows that polyneuro-
pathies are associated with multiple impairments
beyond their associated comorbidities, and it is likely
overlooked as a major disabling medical condition.
Our results demonstrate that patients with polyneurop-
athy are often work-disabled, lose independence, have

pain requiring multiple medications, and die younger,
emphasizing the significance of this problem. The
likely underrecognition of diabetic cause provides a
specific focus for additional research, as do the newly
identified comorbidity associations. Greater public
attention and resources are needed to address polyneu-
ropathy as a major health issue.
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