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Abstract
Background and Objectives
There are limited population-based data on small fiber neuropathy (SFN). We wished to
determine SFN incidence, prevalence, comorbid conditions, longitudinal impairments, and
disabilities.

Methods
Test-confirmed patients with SFN in Olmsted, Minnesota, and adjacent counties were com-
pared 3:1 to matched controls (January 1, 1998–December 31, 2017).

Results
Ninety-four patients with SFN were identified, with an incidence of 1.3/100,000/y that in-
creased over the study period and a prevalence of 13.3 per 100,000. Average follow-up was 6.1
years (0.7–43 years), and mean onset age was 54 years (range 14–83 years). Female sex (67%),
obesity (body mass index mean 30.4 vs 28.5 kg/m2), insomnia (86% vs 54%), analgesic-opioid
prescriptions (72% vs 46%), hypertriglyceridemia (180 mg/dL mean vs 147 mg/dL), and
diabetes (51% vs 22%, p < 0.001) weremore common (odds ratio 3.8–9.0, all p < 0.03). Patients
with SFN did not self-identify as disabled with a median modified Rankin Scale score of 1.0
(range 0–6) vs 0.0 (0–6) for controls (p = 0.04). Higher Charlson comorbid conditions
(median 6, range 3–9) occurred vs controls (median 3, range 1–9, p < 0.001). Myocardial
infarctions occurred in 46% vs 27% of controls (p < 0.0001). Classifications included idiopathic
(70%); diabetes (15%); Sjögren disease (2%); AL-amyloid (1%); transthyretin-amyloid (1%);
Fabry disease (1%); lupus (1%); postviral (1%); Lewy body (1%), and multifactorial (5%).
Foot ulcers occurred in 17, with 71% having diabetes. Large fiber neuropathy developed in 36%,
on average 5.3 years (range 0.2–14.3 years) from SFN onset. Median onset Composite Au-
tonomic Severity Score (CASS) was 3 (change per year 0.08, range 0–2.0). MedianNeuropathy
Impairment Scale (NIS) score was 2 at onset (range 0–8, change per year 1.0, range −7.9 to
+23.3). NIS score and CASS change >1 point per year occurred in only AL-amyloid, hereditary
transthyretin-amyloid, Fabry, uncontrolled diabetes, and Lewy body. Death after symptom
onset was higher in patients with SFN (19%) vs controls (12%, p < 0.001), 50% secondary to
diabetes complications.

Discussion
Isolated SFN is uncommon but increasing in incidence. Most patients do not develop major
neurologic impairments and disability but have multiple comorbid conditions, including car-
diovascular ischemic events, and increased mortality from SFN onsets. Development of large
fiber involvements and diabetes are common over time. Targeted testing facilitates interven-
tional therapies for diabetes but also rheumatologic and rare genetic forms.
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Small fiber neuropathy (SFN) is reported to be a common
disorder with population prevalence in a large study being 53
per 100,000.1 The typically painful nature of symptoms, au-
tonomic involvement, and lack of data surrounding clinical
features and outcomes can be distressing for both patients and
providers, reducing quality of life.2 A specific SFN ICD-10
diagnostic code (G628) has been provided only recently in
the United States (October 2015). Consensus diagnostic
criteria have emerged and will aid anticipatory guidance,
population classification, and study design.3,4 The current
diagnostic criteria emphasize the value of quantitative testing,
aiding diagnostic precision. Different SFN quantitative ap-
proaches such as intraepidermal nerve fiber (IENF) density,
thermoregulatory sweat test (TST), quantitative sensory
testing (QST) (heat-pain, cold sensation), and autonomic
reflex screen (ARS), including Quantitative Sudomotor Au-
tonomic Reflex Test (QSART), enhance localization and
objective measurement.5

Much of the earlier research on SFN individually or in com-
bination has not included longitudinal outcomes or detailed
neurologic examinations or excluded patients with the de-
velopment of large fiber involvement. This is important be-
cause small fiber dysfunction and large fiber dysfunction often
coexist, but painful SFN symptoms are often the presenting
symptom and the predominant patient concern.4,6,7 One
study examining quality of life with the Short Form-36
questionnaire found significantly worse physical functioning
scores at the time of assessment.2 Progressive IENF loss has
been reported but without correlation to clinical disability.8

Two studies have documented clinical and neurophysiologic
stability over time in a portion of patients with SFN: 46% (n =
21) over 22 months7 and 75% (n = 16) over a mean of 5.3
years.6

The aims of this study were to evaluate patients with SFN
without large fiber involvement (pure) at onset for incidence
and prevalence and to longitudinally evaluate patients for
comorbid conditions, cumulative neurologic impairments
(somatic and autonomic), disabilities, and mortality from a
population perspective. Idiopathic vs presumed secondary
(causal) forms were considered separately for impairments
and disability. Outcomes of patients receiving immunother-
apy were also reviewed. A geographic, population-based ap-
proach was used to allow matched controlled longitudinal
follow-up including comparison to patients without neurop-
athy and our earlier generalized neuropathy cohort.9

Methods
Standard Protocol Approvals, Registrations,
and Patient Consents
The study was performed with patient written consent and
institutional research board approval.

Cohort Identification
Institutionally available electronic software was used to re-
trieve patients diagnosed with SFN who presented from
January 1, 1998, to December 31, 2017, having had a
neurology evaluation who were living in Olmsted or adja-
cent counties (Dodge, Goodhue, Wabasha, Winona, Fill-
more, Mower). Institutional software able to retrieve any
chart with specified text was used to retrieve all people with
SFN or painful neuropathy, with additional screening using
the ICD-10 code for SFN once available (October 2015).
All electronically identified charts were reviewed to confirm
diagnosis, date of symptom onset (pain, burning, tingling,
loss of feeling, autonomic symptoms), and all demographic
data. Pain and immunotherapy prescriptions were also
queried electronically. Our institution is the only facility
offering both EMG and small fiber confirmatory testing in
southeastern Minnesota, so all patients meeting inclusion
diagnostic testing criteria should be captured. Inclusion
required patients with SFN to have had nerve conductions,
EMG, and neurology consultation with standardized neu-
romuscular neurologic examinations scored for motor, re-
flex, and sensory changes (vibration, proprioception, light
touch, pinprick). Patients had to have symptoms of SFN
and bedside testing abnormality of small fiber function ei-
ther pinprick, heat pain, or cold sensation to be included.
Onset exclusionary criteria included any weakness attrib-
uted to neuropathy at onset, nonsmall fiber sensory loss
(proprioception and vibratory loss), absent ankle reflexes
in those <65 years of age or those without musculoskeletal
or spine explanation, and nerve large fiber peripheral in-
volvement by nerve conductions and EMG. An SFN di-
agnosis had to be confirmed by TST (anhidrosis at affected
site), QSART (below fifth percentile of normal), QST-
CASE IV (>97th percentile of normal heat pain or cold
sensation), or IENF biopsy (below first percentile of
normal).5,10-12 For patients undergoing QST, vibration-
detection abnormality (>97th percentile of normal) was
exclusionary. These quantitative measures of small fiber
function have been available for diagnosis throughout the
entire study period excluding IENF density, which began in
October 2012.10

Glossary
ARS = autonomic reflex screen; BMI = body mass index; CASS = Composite Autonomic Severity Score; CCI = Charlson
Comorbidity Index; CI = confidence interval; ICD-10 = International Classification of Diseases, 10th revision; IENF =
intraepidermal nerve fiber; IgG = immunoglobulin G; mRS = modified Rankin Scale; NIS = Neuropathy Impairment Scale;
QSART = quantitative sudomotor autonomic reflex test; QST = quantitative sensory testing; SFN = small fiber neuropathy;
TST = thermoregulatory sweat test; VGKC = voltage gated potassium channel.
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Causal Investigations
For idiopathic vs causal designation, all patients had measures
for serum glucose (including fasting glucose, glucose chal-
lenge, or hemoglobin A1c), vitamin B12, thyroid-stimulating
hormone, monoclonal protein testing by immunofixation,
autoimmune cascade testing (antinuclear, extractable nuclear
antigen, Sjögren SSA and SSB antibodies), and review for
excess alcohol or chemotherapeutic exposure. Family history
of neuropathy and a complete medical history were reviewed
in all patients. Causal association was made for SFN on the
basis of known reported causes and temporal association with
those disorders and disease onsets.13-15 For patients with SFN
in whom >1 temporally associated cause was identified,
multifactorial cause was listed. To be considered inherited, a
known pathogenic genetic mutation16 needed to be found,
and family history alone was not adequate to be considered
genetic. American Diabetes Association definitions of di-
abetes were used (hemoglobin A1c ≥6.5%, fasting blood
glucose on 2 separate occasions ≥126 mg/dL, or glucose
challenge at 2 hours ≥200 mg/dL). We included patients with
diabetic treatment–induced SFN as causal with defined rapid
correction of hemoglobin A1c.17 However, for glucose im-
pairment (hemoglobin A1c 5.7%–6.4%, fasting glucose
100–125mg/dL, glucose challenge 2 hours 140–199mg/dL),
given the debate of its causal potential,18,19 those patients were
designated as idiopathic. Expanded testing was also reviewed for
those undergoing testing for paraneoplastic or voltage gated
potassium channel VGKC immunoglobulin G (IgG) complex
disease (LGI1-IgG and CASPR2-IgG subtypes), Lyme disease,
α-galactosidase enzymatic and gene sequencing assays, HIV,
hepatitis C, cryoglobulins, proteinase-3, celiac disease,
angiotensin-converting enzyme, transthyretin-amyloidosis,
and SCN9A gene sequencing, among others.

Matched Control Subset
The Rochester Epidemiology Project database was used to
match patients with SFN 3:1 (3 controls per 1 case) for sex
and age with randomly selected persons in the geographic re-
gion, excluding all neuropathy ICD-9 and ICD-10 codes. Con-
trol demographic variables, diagnostic codes, and medications
were queried with institutional software. Charlson Comorbidity
Indices (CCIs) in this SFN cohort were compared to those in
our earlier generalized neuropathy publication9 (January 1,
2006–December 31, 2010) generated from ICD-9 codes.

Assessment Scales
Disability was evaluated with serial standardized question-
naires provided at 6-month intervals for all patients returning
for care. Surrogate markers included ability to perform ac-
tivities of daily living; limb weakness; loss of feeling; fall
tendency; pain; stair-climbing difficulty; reliance on assistance
from gait aid or others; employment status; and living envi-
ronment. These questions were used in our earlier review of
generalized neuropathy.9 Neurologic large fiber neuropathy
and SFN impairments were assessed by institutional stan-
dardized neurologic examination calculating Neuropathy
Impairment Scale (NIS)20 score (0 being normal and 244

being unable to feel all sensory modalities in hands and feet
[32 points], having no reflexes, and complete paralysis of all
muscles in the body). Because the NIS is predominately a
large fiber and motor measurement, a maximal deficit for SFN
would be limited to pinprick sensation with loss in hands and
feet equating to 8 points. Autonomic impairment was evaluated
with the Composite Autonomic Severity Score (CASS) when
autonomic testing was available.21 The score is graded from 0 to
10, with 4 points for adrenergic dysfunction and 3 points each for
sudomotor and cardiovagal failure. Scores of ≤3 indicate mild
impairment, and scores of ≥7 indicate severe autonomic im-
pairment. To assess for progression of neurologic impairments,
the NIS and CASS scores were calculated for change over time
for patients with SFN when repeat examinations were available.

Disability was scored by modified Rankin Scale (mRS) score
(0 = no symptoms; 1 = nondisabling symptoms that do not
interfere with daily activities; 2 = no significant disability de-
spite symptoms, able to carry out all usual duties and activi-
ties; 3 = moderate disability, requiring some help, but able to
walk or dress oneself and eat without assistance; 4 = moder-
ately severe disability, unable to walk, dress self without as-
sistance, and attend to own bodily needs without assistance;
5 = severe disability, bedridden, and requiring constant care
and attention; 6 = dead).22 The breakdown of the scoring of
mRS based on self-reported surrogate markers is identical to
the approach we previously reported in generalized neurop-
athy.9 Common symptoms reported in SFN with and without
autonomic dysfunction were recorded as outlined in Com-
posite Autonomic Symptom Scale 31.23,24

Mortality data were obtained beyond the case ascertainment
study period through May 30, 2020. CCIs using ICD-9 and
ICD-1025 coding were calculated from chart-extracted di-
agnoses at the study end date to calculate the scores and
comorbid conditions. Causes of death were reviewed in pa-
tients with SFN against comorbid conditions.

Statistical Analysis
All statistical analysis was performed on JMP 14.1.0 (SAS
Institute Inc, Cary, NC) software, with significance recorded
at p < 0.05. Categorical data were analyzed with 2 × 2 testing.
Continuous variables were assessed with the Wilcoxon 1-way
analysis of variance. Surrogate markers of disability and CCI
were compared between patients with SFN and controls.
Kaplan-Meier survival curves were plotted for those with and
without SFN. Cox proportional hazards regression was used
to estimate hazard ratios for survival. The annual incidence
and prevalence were calculated from the summed county US
Census Bureau decennial censuses and intercensal estimates
for 1998 to 2017. The population was stable over time, in-
creasing on average 0.8%/y during the study period. From
these results, the means were generated; disease onset was
defined as the year of symptom onset; and patients who died
were not included in prevalence calculations. Linear slope R2

value correlation was used to assess the incidence trend over
the study period.
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Data Availability
Deidentified data are available on reasonable request.

Results
Quantitative Testing Confirmed SFN Incidence
and Prevalence
Over the study period, 183 patients had SFN mentioned in
the diagnosis or assessment fields of the electronic medical
record, with 94 meeting all inclusion criteria. Of the 89 pa-
tients in whom SFN was excluded, 45% (40 of 89) had onset
generalized (large and small fiber involvement by neurologic
examination, nerve conduction study/EMG abnormality, or
QST abnormality); 24% (21 of 89) had myofascial pain, in-
cluding fasciitis and tendonitis; 22% (20 of 89) had gout; 15%
(13 of 89) had fibromyalgia; and 4% (4 of 89) had other
diagnoses. The quantitative testing–confirmed SFN incidence
(95% confidence interval [CI]) over the entire study period
was 1.3/100,000 inhabitants/year (95% CI 0.9–1.6) with
quantitative testing–confirmed SFN prevalence of 13.3/
100,000 inhabitants (95% CI 9.9–16.6). There was a signifi-
cant upward trend in incidence over the study period with a
slope of 1.66 (R2 = 0.40, p = 0.02, Figure 1). Increased SFN
incidence over time could not be attributed to availability of
IENF density testing because 5 of 7 patients with confirmed
IENF density reductions with SFN also had multiple positive
confirmatory tests (TST, QST, QSART).

Demographics
Demographic data are summarized in Table 1. The median
age at onset was 54 years (range 14–83 years); average follow-
up was 6.1 years (0.7–43 years). There was female pre-
dominance (67%). Patients with SFN were significantly more
likely than controls to be obese (body mass index [BMI] 30.4
vs 28.5 kg/m2; healthy 18.5–24.9 kg/m2, obese ≥30.0 kg/m2),
have higher triglyceride levels (180mg/dLmean vs 147mg/dL:

normal <150 mg/dL), have sleep difficulties (86% vs 54%), use
nonopioid pain prescriptions (67% vs 18%), use opioid analge-
sics (72% vs 46%), and have higher education (81% vs 66%).
Patients with SFN trialed a higher number of different pre-
scription analgesic medications (opioids 2.7 vs 1.8; nonopioids
2.4 vs 1.8). There was no significant difference in reported
substance abuse or psychiatric illness compared to controls.

Painful cutaneous symptoms at onset were reported most
commonly in the lower extremities (77%, 72 of 94), while
12% (11 of 94) had upper and lower extremity involvement,
5% (5 of 94) had upper extremity involvement only, 3% (3 of
94) had truncal involvement only, and 3% (3 of 94) had
truncal and extremity involvement. Chronic onset was typical
(80%, 75 of 94), excluding those with truncal only onset (n =
6), of whom 4 presented subacutely. Nociceptive painful
symptoms (burning 25%, paresthesia 30%, shock-like pain
29%) often overlapped and occurred in 95% (89 of 94), while
complaint of loss of feeling occurred in only 32% (30 of 94).
Over the study period, 17 patients with SFN developed foot
ulcers (1 requiring toe amputation), and all but 2 of these
patients had developed large fiber neuropathy at time of ul-
cers. Of those, 71% (12 of 17) had diabetes, 18% (3 of 17) had
dysproteinemia (2 AL-amyloid, 1 lymphoplasmacytic lym-
phoma), and 12% (2 of 17) were idiopathic.

Autonomic symptoms were common and generally mild, af-
fecting 85% of patients with SFN. Included among the
symptoms were male erectile dysfunction in 58% (18 of 31);
constipation in 36% (33 of 94); lightheadedness and palpi-
tations in 36% (33 of 94); urinary symptoms in 33% (31 of
94); diarrhea in 22% (20 of 94); dry eyes and mouth in 22%
(20 of 94); sweat abnormalities in 19% (18 of 94); gastro-
paresis in 6% (6 of 94); and multiple autonomic symptoms in
65% (61 of 94). Quantitative measures of small fiber dys-
function most commonly were found by TST but typically by
multiple tests. More than half of the cohort (52%, 49 of 94)
had positive SFN-quantified test abnormalities by multiple
modalities: TST 75% (70 of 94), ARS 64% (60 of 94), QST
25% (24 of 94), and IENF density 8% (7 of 94). On the ARS,
the QSART was the most common abnormality (77%, 46 of
60), with mild often asymptomatic abnormalities of either
Valsalva ratio (52%) or head-up tilt (28%).

Polyneuropathy on nerve conductions and EMG evaluations
at the first visit was absent (by inclusion), with a median sural
sensory amplitude being 8 μV (range 0–26 μV, normal ≥6 μV if
age <60 years and ≥0 μV if age ≥60 years). Follow-up EMGs at a
median time interval of 18 months (range 6–415 months) were
available in 61 patients with SFN. Of those, 36% (22 of 61)
evolved to a large fiber length–dependent axonal sensory and
motor polyneuropathy consistent with their large fiber sensory
and motor and reflex abnormalities on clinical examination.

Causality
Idiopathic SFN was the most common diagnosis (70%), fol-
lowed by diabetes (15%). A summary of causal forms is given

Figure 1 Incidence of SFN per 100,000 Inhabitants per Year

Incidence of small fiber neuropathy (SFN) in Olmsted County, Minnesota,
and adjoining counties from January 1, 1998, through December 31, 2017.
There was a significant positive upward trend in incidence over the study
period.
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in Table 2. Glucose impairment or impaired glucose tolerance
occurred in 15% at first SFN evaluation. It is important to note
that 51% (48 of 94) of the cohort would eventually develop
diabetes compared to 22% of controls throughout the study
period (p < 0.001). All 14 with glucose impairment and an
additional 20 initially normal developed diabetes. Of these
diabetics 63% (30 of 48) would develop other end-organ
complications of diabetes (retinopathy, nephropathy). Two
patients with SFN had treatment-induced diabetic SFN, 1
with a drop in hemoglobin A1c from 9.1% to 6.6% over 2
months after initiation of insulin and another having a drop in
hemoglobin A1c from 19% to 11% over 5 months after gastric
bypass surgery with normal vitamin B12 and thiamine levels.
Five patients with SFN labeled multifactorial had both di-
abetes and rheumatologic or endocrine disorders (psoriatic
arthritis n = 1, ankylosing spondylitis [HLAb27 positive] n =
1, seronegative rheumatoid arthritis n = 1, multiple autoim-
mune markers n = 1, gigantism n = 1). For most lone rheu-
matologic disorders, causality was not assigned due to lack of
definitive literature establishing causality. Most were instead
listed as comorbid conditions within idiopathic classification.
Serologic testing for paraneoplastic including VGKC-
associated SFN was performed on 36% (34 of 94) with 1
VGKC positive at 0.15 nmol/L (normal <0.03 nmol/L) but
negative for the specific LGI1-IgG and CASPR2-IgG targets.
Genetic cause was found in only 2 patients with SFN.One had
hereditary transthyretin-amyloidosis p.A36P (Ala36Pro)
c.166 G>C (GCT>CCT) with strong family history. Her
initial symptoms were of burning feet and loss of pinprick

sensation for several years before reflex, motor, and auto-
nomic symptoms and signs. One male patient had Fabry
disease with chronic intermittent foot pain and irritable bowel
diagnosed with SFN at 30 years of age with renal insufficiency.

Table 2 Breakdown of Patients With Causal SFN at Onset
(n = 28)

Primary cause n (%)

Diabetesa 14 (50.0)

HIV 1 (3.5)

Sjögren syndromeb 2 (7.1)

Systemic lupus 1 (3.5)

AL-amyloid 1 (3.5)

Hereditary transthyretin-amyloid 1 (3.5)

Fabry disease 1 (3.5)

Lewy body disease 1 (3.5)

Postviral 1 (3.5)

Multifactorial including diabetesc 5 (17.9)

Abbreviation: SFN = small fiber neuropathy.
a Two patients with diabetes had treatment-induced small fiber neuropathy:
1 after gastric bypass surgery, another from insulin, both with rapid he-
moglobin A1c correction.
b Met seropathologic diagnostic criteria for Sjögren syndrome.26
c Diabetes plus a rheumatologic or endocrine syndrome (n = 1 psoriatic
arthritis, n = 1 ankylosing spondylitis [HLAb27 positive], n = 1 seronegative
rheumatoid arthritis, n = 1 multiple autoimmune markers, n = 1 gigantism).

Table 1 Demographic Characteristics of SFN Cohort

Patients with SFN (n = 94) Controls (n = 282) p Value OR (95% CI)

Mean and median age at symptom onset, y 54 (14–83)

Female sex, % (n) 67 (63/94) 67 (189/282)

Higher education (some college or higher), % (n) 81 (75/93) 66 (165/250) 0.0068 2.1 (1.2–3.8)

History of alcohol use, % (n) 70 (66/94) 67 (175/261) 0.5717 1.2 (0.7–1.9)

History of tobacco use, % (n) 68 (64/94) 57 (149/260) 0.0649 1.6 (1.0–2.6)

History of psychiatric illness, % (n) 19 (16/84) 16 (36/229) 0.4884 1.3 (0.7–2.4)

History of recreational/illicit drug use, % (n) 3 (2/59) 6 (7/117) 0.4459 0.6 (0.1–2.7)

Use of nonopioid pain medications, % (n) 67 (63/94) 18 (52/282) 0.0001 9.0 (5.3–15.2)

Use of opioid pain medications, % (n) 72 (68/94) 46 (130/282) 0.0001 3.1 (1.8–5.1)

Insomnia, % (n) 86 (81/94) 54 (139/259) 0.0001 5.4 (2.9–10.1)

Diabetes during the study period, % (n) 51 (48/94) 22 (61/282) 0.0001 3.8 (2.3–6.2)

SD of patients with SFN|SD of controls

Mean body mass index, kg/m2 30.4 (94/94) 28.5 (237/282) 0.0300 ±7.5|6.5

Mean average triglyceride level, mg/dL 180 (90/94) 147 (222/282) 0.0031 ±81.5|79.6

Mean age at death, y 70 73 0.5474 ±13.9|11.6

Abbreviations: CI = confidence interval; OR = odds ratio; SFN = small fiber neuropathy.
Categories not summing to the total patients with SFN or controls represented absent data.
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He had no family history but reduced α-galactosidase enzy-
matic testing and confirmatory Fabry genetic mutation testing.

Comorbid Conditions
Comorbid conditions by CCI are shown in Table 3 for pa-
tients with SFN and controls without neuropathy compared
to CCI data from our historical generalized neuropathy
cohort.9 Ten patients with SFN who developed large fiber
involvements were included in the earlier study. The me-
dian CCI in the controls was 3 (range 1–9) and significantly
less (p < 0.001) than the median CCI of 6 (range 3–9) for
patients with SFN but similar to our historical general
polyneuropathy cohort. In all CCI categories, patients with
SFN had greater prevalence of comorbid conditions com-
pared to controls with no neuropathy. However, compared
to the earlier generalized neuropathy cohort, more preva-
lent comorbid conditions were limited largely to myocar-
dial infarction (23% more prevalent) and rheumatologic
disease (18% more prevalent) despite less peripheral vas-
cular disease (p < 0.001). However, among patients with
myocardial infarction, peripheral vascular disease was sig-
nificantly more common (35% vs 9%; p < 0.001) and
rheumatologic disease was even more strongly associated
(35% vs 6%; p < 0.0003).

Rheumatologic or inflammatory immune-mediated disorders
occurred in 28 patients with SFN: rheumatoid arthritis (n =
6); discoid and systemic lupus (n = 3); polymyalgia rheu-
matica (n = 2); Sjögren disease (n = 2) seropathologically
diagnosed26; sicca (n = 5); inflammatory arthritis not oth-
erwise specified (n = 7); Crohn disease (n = 2); and primary
biliary cirrhosis (n = 1). In all but 2 patients with Sjögren
disease, the rheumatologic inflammatory immune-mediated
diagnosis occurred years before the development of SFN
while on stable long-term immunotherapies (azathioprine
[n = 7]; hydroxychloroquine [n = 12]; infliximab [n = 4];
mycophenolate [n = 1]; oral steroids [n = 20]; methotrexate
[n = 6]; and IV immunoglobulin [n = 4]). The 2 patients
with Sjögren disease who presented with SFN (designated
causal) at the time of their rheumatologic diagnosis reported
improvement of neuropathic pain with methotrexate and
hydroxychloroquine.

Impairments and Disability
The mean NIS score at the first visit was 2 (range 0–8) and at
the last visit was 6 (range 0–65). The average time to develop
large fiber involvement was 5.3 years (range 0.2–14.3 years).
Among the 18 patients with idiopathic SFN having follow-up
neurologic examinations ≥12 months (mean 73 months,

Table 3 Comparison of SFN Comorbidity Prevalence Among Cohorts

Medical comorbid conditions
Patients with SFN
(n = 94), n (%)

Controls
(n = 282), n (%)

Historical neuropathy
controls
(n = 2,892), n (%)

SFN vs control
OR (95% CI)

SFN vs historical
neuropathy,
OR (95% CI)

Myocardial infarction 43 (46) 65 (27) 678 (23) 3.0 (1.8–4.9)b 2.8 (1.8–4.2)b

Congestive heart failure 25 (27) 29 (12) 957 (33) 2.6 (1.4–4.8)b 0.7 (0.5–1.2)

Peripheral vascular disease 21 (22) 15 (6) 1,406 (49) 4.0 (1.9–8.1)b 0.3 (0.2–0.5)b

Stroke 23 (24) 24 (10) 1,024 (35) 2.8 (1.5–5.3)b 0.6 (0.4–0.9)b

Dementia 13 (14) 19 (8) 544 (19) 0.8 (0.6–1.2) 0.7 (0.4–1.3)

Chronic obstructive pulmonary disease 20 (21) 29 (12) 1,677 (58) 1.9 (1.0–3.6) 0.2 (0.1–0.3)b

Peptic ulcer disease 4 (4) 7 (3) 547 (19) 1.2 (0.3–4.2) 0.2 (0.1–0.5)b

Moderate to severe liver disease 3 (3) 2 (1) 149 (5) 3.1 (0.5–19) 0.6 (0.2–1.9)

Mild liver disease 1 (1) 0 (0) 691 (24) 6.0 (0.2–149) 0.0 (0.0–0.2)b

Diabetes 48 (51) 53 (22) 1,658 (57) 4.6 (2.8–7.6)b 0.8 (0.5–1.2)

Diabetes with end-organ damage 40 (43) 19 (8) 1,354 (47) 8.8 (4.7–16.4)b 0.8 (0.6–1.3)

Hemiplegia 8 (9) 7 (3) 235 (8) 2.6 (0.9–7.3) 1.1 (0.5–2.2)

Moderate to severe CKDa 19 (20) 27 (11) 1,026 (36) 1.9 (1.0–3.7) 0.5 (0.3–0.8)b

Cancer 35 (36) 61 (25) 1,246 (43) 2.1 (1.3–3.6)b 0.8 (0.5–1.2)

Solid tumor with metastasis 2 (2) 2 (1) 301 (10) 2.0 (0.3–14.7) 0.2 (0.1–0.8)b

AIDS 1 (1) 0 (0) 6 (0.2) 6.0 (0.2–149.1) 5.2 (0.6–43.4)

Rheumatologic disease 28 (30) 17 (7) 357 (12) 5.3 (2.8–10.4)b 3.0 (1.9–4.8)b

Abbreviations: CI = confidence interval; CKD = chronic kidney disease; OR = odds ratio; SFN = small fiber neuropathy.
a We assessed for moderate to severe CKD; the Hoffman et al.9 cohort looked at all renal disease.
b Significant.
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range 12–476 months), the mean NIS score worsened by 1.7
points per year (0–7 points). In contrast, among 11 patients
with SFN with a known cause having neurologic examination
follow-up ≥12 months (mean 50 months, range 12–180
months), the mean NIS score increase was 9.7 points per year
(−8 to 32). Of patients with SFNwith known SFN cause, only
4 had NIS score worsening >8 points per year. One patient
had hereditary transthyretin amyloidosis; 1 had gigantism
from endocrine tumor and poorly controlled diabetes; and 2
other isolated poorly controlled diabetes. Only 1 patient had
significant improvement in NIS score. That patient with
systemic lupus (designated causal) had been changed on
immunotherapy (azathioprine to hydroxychloroquine), im-
proving −8 points on NIS. She also reported improvement in
pain. No patient with diabetes had clear improvements in
their NIS scores, but all patients with diabetes with a hemo-
globin A1c ≤7.0% had an NIS score change per year <8 (n =
6). The median CASS of 60 patients with SFN undergoing
evaluations at time of diagnosis was 3 (range 0–10) at the first
visit, and among 12 patients with SFN with follow-up studies,
the mean increase in CASS was only 0.08 per year (range
0.0–2.0) with a median follow-up of 36 months (range 2–144
months).

Review of 67,940 patient-years of standardized questionnaire
responses among patients with SFN and controls assessing
disability across 12 different surrogate markers revealed 7
having significant difference compared to controls with no
neuropathy (Table 4). Despite greater progression of NIS

scores in patients with causal SFN vs idiopathic SFN, as a
group, statistical differences in surrogate markers of disability
were not found except for difficulty taking medications. For
the question “Are you disabled?” there was no significant
difference between patients with SFN and controls. However,
as a group, the SFN cohort at that last visit was more likely
than controls to have a higher calculated mRS score (median
1.0, range 0–6 vs 0.0, range 0–6 for controls, p = 0.04).

Mortality
Although mean age at death compared to controls was not
significantly different at 70 years for patients (interquartile
range 57–79 years) vs 73 years (interquartile range 67–82
years, p > 0.05) for controls, there was a significantly higher
number of deaths (19%, 18 of 94) in patients with SFN vs
controls (12%, 35 of 282, p < 0.0001) from time of symptom
onset. In addition, subset analysis of idiopathic vs causal
demonstrated greater number of deaths from time of SFN
diagnosis in patients with SFN with a known cause vs idio-
pathic vs controls (Figure 2). Table 5 lists causes of death
related to coexisting comorbid conditions, with 50% (9 of 18)
associated with diabetic complications.

Discussion
In this longitudinal population-based study with quantitative
testing–confirmed SFN, the mean annual incidence of SFN
was 1.3 per 100,000 inhabitants with a prevalence of 13.3 per
100,000 (0.013 percentage point prevalence). Incidence

Table 4 Serial Standardized Questionnaire Surrogate Markers of Disability

Surrogate markers

Patients with
SFN (n = 94),
% (n)

Patients with
idiopathic SFN
(n = 67), % (n)

Patients with
causal SFN
(n = 27), % (n)

p Value
(causal vs
idiopathic)

Controls
(n = 282),
% (n)

p Value (patients
with SFN vs control)

OR
(95% CI)

Disabled 13 (9/69) 15 (7/48) 10 (2/20) 0.613 8 (14/195) 0.143 1.9 (0.8–4.7)

Difficulty with pain 67 (63/94) 64 (43/67) 74 (20/27) 0.358 17 (42/251) <0.0001a 10.1 (5.9–17.4)

Difficulty climbing stairs 31 (29/94) 28 (19/67) 37 (10/27) 0.411 7 (18/256) <0.0001a 5.9 (3.1–11.3)

Difficulty dressing 11 (10/94) 9 (6/67) 15 (4/26) 0.375 4 (11/256) 0.032a 2.7 (1.1–6.5)

Difficulty feeding 2 (2/94) 2 (1/67) 4 (1/26) 0.498 1 (3/256) 0.510 1.8 (0.3–11.1)

Difficulty housekeeping 27 (25/94) 28 (19/67) 23 (6/26) 0.607 8 (21/256) <0.0001a 4.1 (2.1–7.7)

Difficulty taking medication 7 (7/94) 5 (2/67) 12 (4/23) 0.033a 5 (16/255) 0.696 1.2 (0.5–3.0)

Difficulty using transportation 7 (7/94) 6 (4/67) 12 (3/23) 0.286 5 (14/255) 0.467 1.4 (0.6–3.6)

Difficulty using the toilet 4 (4/94) 5 (3/67) 4 (1/26) 0.893 2 (6/256) 0.348 1.9 (0.5–6.7)

Difficulty walking 23 (22/93) 24 (16/67) 23 (6/26) 0.935 9 (23/256) 0.0005a 3.1 (1.7–6.0)

Difficulty preparing meals 12 (11/93) 14 (9/67) 8 (2/26) 0.448 6 (16/248) 0.107 1.9 (0.9–4.4)

Limb numbness/shooting pain 48 (45/94) 52 (34/67) 44 (11/27) 0.758 8 (21/250) <0.0001a 10.0 (5.5–18.3)

Fall tendency 19 (18/94) 22 (15/67) 11 (3/27) 0.218 5 (12/250) 0.0001a 4.7 (2.2–10.2)

Abbreviations: CI = confidence interval; OR = odds ratio; SFN = small fiber neuropathy.
When denominator does not add up to the total number of patients with SFN, patients did not fill out the questionnaire item.
a Significant.
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increased over the study period. This may relate to increased
awareness because it was not explained by test availability.
Another possibility is that the increasing BMI in our geo-
graphic region,27 a known risk for type 2 diabetes occurrence
and hypertriglyceridemia, could be increasing the rates of
SFN. Incidence of SFN was much lower compared to the
earlier report from the Netherlands,1 but different method-
ologies were used. In contrast, we did not exclude individuals
<20 years of age, we examined a 20-year period (SFN
quantitative testing readily available at our institution
throughout this time), and we excluded patients with SFN
who died in our prevalence calculations. Other differences in
patient behavior and health care access, population data,
cost, and delivery may also play a role in differing incidence,
but these factors are harder to determine. Nevertheless, in
our geographic region, pure SFN onset is far less common
than generalized neuropathy, for which we found 1.66 percent-
age point prevalence.9

Patients with SFN in this cohort most often had length-
dependent neuropathic pain symptoms that developed in-
sidiously at older age, had frequent autonomic symptoms, and
commonly developed large fiber involvement and diabetes
over time. Autonomic function testing demonstrates that al-
though autonomic involvement is typical, involvement is
generally not severe, and progression is only modest, which
aligns with the observation that most have cutaneous rather
than autonomic symptoms as their primary difficulty.4 We
found higher frequencies of opioid and nonopioid pain
medication use, more common than in our earlier generalized
neuropathy cohort.9 Sleep difficulties were also more

common, consistent with other pain disorders.28 Although
pain was a major problem, foot ulcers with insensate injury
commonly occurred generally after development of large fiber
involvement with diabetes. Patients with SFN were signifi-
cantly more likely to be female and obese and have elevated
triglycerides, consistent with features of the metabolic
syndrome.29-31 Metabolic syndrome is reported to be more
common in patients with diabetes with neuropathy than in
those without neuropathy.30,31 Our findings might also sup-
port an association between metabolic syndrome and SFN.
Whether improvement of triglycerides or BMI could aid
neuropathy severity and pain symptoms will require further
prospective investigation, but earlier work has suggested that
this may be beneficial.32

Our comorbidity findings demonstrate that patients with SFN
are on average sicker than controls without neuropathy have
comorbid conditions similar to large fiber polyneuropathy.9

Rheumatologic disease and myocardial infarction are more
common in SFN compared to generalized neuropathy. Our
finding that the majority of patients with SFN who developed
SFN while on immunotherapy for rheumatologic or in-
flammatory immune-mediated conditions would support a
recent double-blind placebo-controlled trial showing that IV
immunoglobulin is ineffective in idiopathic SFN.33,34 How-
ever, our study also provides anecdotal evidence that rare
patients with SFNwith contemporaneous onset inflammatory
immune disorders can benefit from immunotherapy. Blinded
prospective trials of SFN in persons with rheumatologic or
inflammatory immune-mediated disorders are needed to
clarify the best treatment approaches.

Figure 2 Survival Comparison From SFN Symptom Onset

Kaplan-Meier plot showing all-cause mortality
across the study population. Curves are adjusted
for time of small fiber neuropathy (SFN) symptom
onsetmatching that date in age- and sex-matched
controls. Higher frequency of death events oc-
curred only from time of symptom onsets in pa-
tientswith SFN vs controls withmean age at death
not significantly different. Causal vs idiopathic
patients had greater death events. Informative
risk table set (bottom) displays the number of
patients with SFN who were under observation in
the specific period.
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A potentially important observation from our cohort is that
myocardial infarction occurred in nearly half of all patients
with SFN, much more commonly than in our generalized
neuropathy cohort and no neuropathy controls. This may
relate to their higher cardiovascular risk factors but also to
other unclear polygenic risks, including those described in
metabolic syndrome and rheumatologic disorders.35,36 In
addition, earlier studies have suggested an association with
cardiac disease and autonomic involvements in diabetes.37,38

A lower threshold for cardiovascular screening in patients
with SFN is suggested to be helpful. In addition, our data and
earlier study39 strongly link SFN with the development of
diabetes, including commonly with end-organ damage. More
intense longitudinal glucose monitoring, especially among
idiopathic forms, is needed because nearly half would even-
tually develop diabetes.

Except for rare patients with causal SFN (AL-amyloid, familial
transthyretin amyloid, Fabry disease, uncontrolled diabetes,
and Lewy body disease), NIS and CASS score worsening was
nominal. Most patients with idiopathic and causal SFN did
not develop major impairments; most had nondisabling
symptoms not interfering with daily activities (mRS score 1).
When considering mortality, overall survival was comparable

to that of matched controls, but when looking at survival from
time of SFN onset, mortality was greater in both causal and
idiopathic varieties. Death was linked with complications of
diabetes in half of patients with SFN.

Previous consensus guidelines for testing in polyneuropathy
have included tests for the detection of diabetes, monoclonal
proteins, and genetic forms.40 Transthyretin and α-galacto-
sidase gene sequencing was helpful to confirm one patient
with hereditary transthyretin neuropathy and another with
Fabry disease. Such testing is likely more important now
than ever given the increasing availability of Food and Drug
Administration–approved therapeutic options for both of
those disorders.41,42 While we did not find any patients with
paraneoplastic SFN, various IgG autoantibodies (CASPR2,
LGI1, ANNA1, CRMP5, Amphiphysin)43-46 can be associ-
ated with painful SFN and can lead to a cancer diagnosis.
Most patients with a paraneoplastic etiology having SFN also
have asymmetric polyradiculoneuropathy with subacute
onset, whereas insidious chronic symmetric course is most
typical in idiopathic SFN. Thus, if a patient with negative
standard evaluation develops features of an immune in-
flammatory paraneoplastic neuropathy,47 autoantibody
testing should be considered.

Table 5 Deaths Among Patients With SFN and Comorbid Conditions

Age at death, y
Time of death from
SFN onset, mo Cause of death

Death as complication
of diabetesa

No. of Charlson
comorbid conditions

89 8.4 Diastolic heart failure Yes 11

85 5.9 Pneumonia bacterial No 9

76 12.3 Acute ascending cholecystitis No 13

77 16.1 Large posterior cerebral artery stroke Yes 10

89 8.8 Septicemia with pyuria No 7

79 19.1 Diastolic systolic heart failure No 6

65 7.3 Pneumonia from esophageal adenocarcinoma No 11

51 17.9 STEMI with coronary artery disease No 4

53 17.3 Hemorrhagic stroke Yes 9

81 14.3 Aspiration pneumonia with Lewy body disease No 4

71 6.2 Pontine stroke, dysproteinemia No 10

52 17.9 STEMI with coronary artery disease Yes 6

61 9.7 Pontine hemorrhage Yes 3

75 23.4 Renal failure Yes 8

79 17.5 Cholangiosarcoma No 11

43 8.5 Hereditary transthyretin amyloid renal and heart failure No 6

59 28.5 STEMI with coronary artery disease Yes 2

74 4.2 STEMI with coronary artery disease Yes 6

Abbreviation: SFN = small fiber neuropathy; STEMI = ST-segment–elevation myocardial infarction.
a Diabetes complication specifically mentioned as a cause at the time of death.
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The primary limitation of this study is its retrospective nature.
Prospective studies examining all patients presenting with
symptoms of SFN using detailed histories, examinations, and
a battery of quantitative measures of small fiber dysfunction
are needed to confirm our findings. While we would have
liked to include analog pain scales, these were not uniformly
collected until after 2017, so pain medication prescribing
habits were used as a surrogate, similar to an earlier report.48

Some patients with SFN without quantitative measures of
small fiber dysfunction could have been excluded; however,
we felt that objective measures were necessary given the broad
differential for conditions mimicking SFN.3,4 The small
number of patients found may interfere with our ability to
accurately capture treatment and causal mechanisms. How-
ever, population-based studies are not needed to make those
observations.

This longitudinal, population-based, case-controlled cohort
study of clinically and objectively defined SFN, not excluding
persons developing large fiber dysfunction, provides insights
into SFN demographics and disease progression. The disor-
der appears to be increasing in frequency with greater trends
toward obesity. Most patients with SFN do not develop major
disability, with neurologic impairments more severe in causal
and less severe in idiopathic forms. Cardiovascular ischemic
events, development of diabetes, and coexisting rheumato-
logic comorbid conditions are common, necessitating a
multidisciplinary approach to patient care.
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