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Abstract

Aims—To determine if diabetes or pre-diabetes is associated with monofilament insensitivity and
peripheral neuropathy symptoms.

Methods—The 10-g Semmes-Weinstein monofilament test and Michigan Neuropathy Screening
Instrument symptom questionnaire were administered to participants in the Study of Women’s
Health Across the Nation — Michigan site (n=396). We determined the concordance of
monofilament insensitivity and symptoms and used chi-square tests, ANOVA, and logistic
regression to quantify the relationships among diabetes status, monofilament insensitivity, and
symptoms.

Results—The prevalence of monofilament insensitivity was 14.3%, and 19.4% of women
reported symptoms of peripheral neuropathy. With monofilament testing, 11.7% of women with
normal fasting glucose, 14.4% of women with impaired fasting glucose (IFG), and 18.3% of
women with diabetes had monofilament insensitivity (p-value=0.33). For symptoms, 14.0% of
women with normal fasting glucose, 16.5% of women with IFG, and 31.2% of women with
diabetes reported symptoms of peripheral neuropathy. Women who reported symptoms of small
fiber nerve dysfunction alone were unlikely to have monofilament insensitivity. Compared to
women with normal fasting glucose, women with diabetes were more likely to report peripheral
neuropathy symptoms [OR 2.8 (95% CI: 1.5, 5.1)]. Women with diabetes were also more likely to
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report symptoms than women with IFG (p=0.02). There was no difference in the frequency of
symptoms between women with normal fasting glucose and IFG.

Conclusions—Women with diabetes were more likely to report peripheral neuropathy
symptoms. The prevalence of monofilament insensitivity and peripheral neuropathy symptoms did
not differ between women with normal fasting glucose and IFG.
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Introduction

Peripheral neuropathy is a complication of overt type 1 and type 2 diabetes, but the question
of whether impaired fasting glucose causes peripheral neuropathy remains open to debate
[1-6], especially as there is controversy about the best definition of peripheral neuropathy in
epidemiologic investigations. We assessed the prevalence and concordance of monofilament
insensitivity and peripheral neuropathy symptoms, and described the association of
peripheral neuropathy with diabetes and pre-diabetes in a population-based cohort.

Materials and Methods

The Study of Women’s Health Across the Nation [7] — Michigan site conducted a peripheral
neuropathy sub-study in study year 12 (2008) among 396 participants. Monofilament
insensitivity was assessed using a 10-gram Semmes-Weinstein monofilament [8] on the
dorsal side of the great toe, midway between the nail fold and the distal interphalangeal joint
briefly placed (<1 second) for 10 repetitions [9] and defined as 80% or fewer correct
responses to the brief sensation in either foot [10]. The Michigan Neuropathy Screening
Instrument (MNSI) symptom questionnaire [9,11] acquired information about the presence
of 15 neuropathy signs and symptoms. Participants who reported =4 symptoms [12] were
further classified into women with symptoms of small fiber nerve dysfunction only (burning
pain, sensitivity, prickling feelings, lack of hot/cold differentiation, and severe dryness in the
foot), or women with symptoms of large fiber nerve dysfunction (humbness, open sores, and
amputations) with or without symptoms of small fiber nerve dysfunction (see Appendix A)
[13-16]. The MNSI symptom questionnaire was evaluated by a panel of four neuropathy
experts to determine which questions identified small and large fiber symptoms,
respectively. Monofilament and questionnaire assessments were selected based on previous
use in large-scale epidemiologic investigations [10, 17-19] and acceptability to our
observational cohort.

Race/ethnicity was self-identified. Body mass index (BMI) was calculated as weight (kg)/
height (m?2). Waist circumference (cm) was measured using a non-stretching tape measure.
Current smokers were defined as smoking regularly since their last study visit. Less than 5%
of our study population reported more than one alcoholic drink per day, so current alcohol
consumers were defined as consumers of more than one drink per month (>180 grams/year).
Participants were classified as hypertensive if their average systolic blood pressure was
>140mmHg, average diastolic blood pressure was =90mmHg, or if they reported current use

Prim Care Diabetes. Author manuscript; available in PMC 2014 December 01.



1duosnue Joyiny vd-HIN 1duosnue Joyiny vd-HIN

1duosnuely Joyny vd-HIN

Ylitalo et al.

Results

Page 3

of antihypertensive medications. Diabetes was defined as fasting glucose =7.0 mmol/L or
diagnosis, treatment, or current use of diabetes medication; impaired fasting glucose was
defined as fasting glucose 5.6 — 7.0 mmol/L; and normal was defined as fasting glucose <5.6
mmol/L.

We reported characteristics of the total study population and by diabetes status using
frequencies and means. Chi-square tests, ANOVA, and logistic regression were used to
compare the prevalence of monofilament insensitivity and symptoms by diabetes categories.
SAS (version 9.3) was used for all data management and analyses. Statistical tests were 2-
sided with the level of significance defined as p-value <0.05.

The prevalence of monofilament insensitivity was 14.3% (n=53), and 19.4% (n=77) of
women reported peripheral neuropathy symptoms. Thirty-three (43%) reported only small
nerve fiber symptoms and 44 (57%) reported large fiber with or without small fiber
symptoms. Of the 53 women with monofilament insensitivity, 33 (62%) did not report any
peripheral neuropathy symptoms and 20 (38%) were identified by the symptom
questionnaire (Figure 1). Women with monofilament insensitivity were significantly more
likely to report large nerve fiber symptoms (p=0.02) and significantly less likely to report
small nerve fiber symptoms (p=0.01).

In this population, 44% had normal fasting glucose, 26% had impaired fasting glucose, and
30% had diabetes. There were no statistically significant differences in the prevalence of
monofilament insensitivity, but the prevalence of peripheral neuropathy symptoms increased
with fasting glucose categories (p-value=0.002; Table 1). Women with diabetes had almost
three times the odds of peripheral neuropathy symptoms (OR=2.8; 95% CI: 1.5, 5.1; p-
value<0.001) compared to women with normal fasting glucose, and women with diabetes
were more likely to report peripheral neuropathy symptoms than women with impaired
fasting glucose (p-value= 0.02). There were no statistically significant differences in
monofilament insensitivity or symptoms between the pre-diabetes and the normal glucose

group.

Conclusions

In this bi-racial cohort of older community-dwelling women, monofilament insensitivity and
peripheral neuropathy symptoms were common. Almost 20% of women in our study
reported =4 symptoms of peripheral neuropathy. Symptoms of peripheral neuropathy were
significantly associated with diabetes but we did not observe significant differences in signs
or symptoms between women with normal and impaired fasting glucose groups. Our results
are consistent in direction with a study that identified the presence of neuropathic pain [19],
but of increased magnitude, perhaps due to the relatively large body sizes of our cohort.
Monofilament testing has been used to identify feet of people with diabetes at high risk for
ulceration and amputation [20], but recent research has applied monofilament testing to
people without diabetes as well [10,17,21,22]. Consistent with our results, these studies
reported no significant differences between normal and impaired glycemic groups [18].
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Monofilament insensitivity correlated relatively well with symptoms of larger fiber nerve
dysfunction but had little overlap with symptoms of small fiber nerve dysfunction. Low
correlation of MNSI-defined symptoms with other neuropathy assessments has been
previously reported [9], but may be explained in part by fiber size. We would expect
transient hyperglycemia/pre-diabetes to affect small nerve fibers first, but investigations
using only monofilament testing may overlook small fiber involvement. In keeping with this
hypothesis, we did not observe a significant association between monofilament insensitivity
and impaired fasting glucose.

Even among persons with diabetes there is a background rate of other etiologies for
neuropathy. Of note, we report that women with diabetes were marginally less likely to
consume alcohol. Since extremely high alcohol consumption is associated with peripheral
neuropathy, our findings suggest alternate etiologies, but we did not differentiate between
other possible disease-causing pathways. Nevertheless, the use of simple screening methods
is desirable and often overlooked in the clinical setting. Our results are consistent with
recent reports of nerve conduction studies demonstrating no association between impaired
fasting glucose and neuropathy [2,3]. Recent reports of diagnostic practice patterns for
neuropathy have suggested that too many patients undergo high-cost, low-yield testing
before cost-effective history and examination practices are employed [23,24]. While the
complexity of the disease suggests a single non-invasive test may not completely capture
peripheral neuropathy, a combined approach, using both monofilament testing and the
symptom questionnaire, is useful for peripheral neuropathy screening of at-risk adults.
Insensitivity in the extremities and burdensome symptoms are important quality-of-life
indicators and detecting peripheral neuropathy in its early stages may prevent or delay
consequences like falls and disability.
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APPENDIX A

The frequency of symptoms and characteristics of peripheral neuropathy are shown below.
Questions 1, 8, 13, and 15 were considered indicators of large fiber nerve dysfunction.
Questions 2, 3, 5, 6, 7, and 14 were considered indicators of small fiber nerve dysfunction.
The most commonly reported symptoms were burning pain (23%), prickling feelings (26%),
and muscle cramps in legs and/or feet (54%). Thirty percent of women reported no
symptoms, while almost 20% of women reported at least four symptoms of neuropathy. Of
the 77 women reporting =4 signs or symptoms, 42% reported only small fiber symptoms and
58% reported large and small fiber symptoms.

Table A.1

Frequency of participant-reported affirmative responses from the Michigan Neuropathy
Screening Instrument symptom questionnaire, Peripheral Neuropathy Substudy, Michigan
SWAN, 2008.

MNSI symptom questionnaire %
1. Are your legs and/or feet numb? 11.8
2. Do you ever have any burning pain in your legs and/or feet? 23.1
3. Are your feet too sensitive to touch? 4.0
4. Do you get muscle cramps in your legs and/or feet? 54.5
5. Do you ever have any prickling feelings in your legs or feet? 26.7
6. Does it hurt when the bed covers touch your skin? 25
7. When you get into the tub or shower, are you able to tell the hot water from the cold water? ~ 96.5
8. Have you ever had an open sore on your foot? 45
9. Has your doctor ever told you that you have diabetic neuropathy? 5.8

10. Do you feel weak all over most of the time? 8.0
11. Are your symptoms worse at night? 13.1
12. Do your legs hurt when you walk? 21.9
13. Are you able to sense your feet when you walk? 96.7
14. Is the skin on your feet so dry that it cracks open? 9.6
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15. Have you ever had an amputation?
Total number of reported symptoms*
0
1

N

3
24

1.0

29.8
24.8
13.9
121
19.4

Abbreviations: SWAN, Study of Women’s Health Across the Nation.

Page 7

*
Total number of reported symptoms based on composite score of MNSI symptom questionnaire "yes" responses with

questions 7 and 13 reverse-scored.
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ETTTTT L A

None = 286
Any =110

Monofilament insensitivity —
Large +/- small nerve fiber symptoms — — -
Small nerve fiber symptoms only """

Figure 1.
Counts of coinciding peripheral nerve dysfunction assessments using three measures,

Peripheral Neuropathy Substudy, Michigan SWAN, 2008.
Abbreviations: SWAN, Study of Women’s Health Across the Nation
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