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Aim:Neuropathy and neuropathic pain are common complications of type 1 diabetes (T1D). We aimed to deter-
mine if sex-specific differences in neuropathic pain are present in adults with longstanding T1D.
Methods: Canadians with ≥50 years of T1D (n= 361) completed health history questionnaires that included as-
sessment of neuropathy (defined byMichigan Neuropathy Screening Instrument questionnaire components ≥3;
NEUROPATHYMNSI-Q) and neuropathic pain. Multivariable logistic regression was used to determine sex-
differences in neuropathic pain controlling for neuropathy.
Results: Participants had mean age 66 ± 9 years, median diabetes duration 53[51,58] years, mean HbA1c 7.5 ±
1.0%, and 207(57%) were female. Neuropathic pain was present in 128(36%) of all participants, more prevalent
among those with NEUROPATHYMNSI-Q compared to those without [96(63%) vs. 31(15%), p b 0.001], and more
prevalent in females compared to males [87(42%) vs. 41(27%), p = 0.003]. Independent of the presence of
NEUROPATHYMNSI-Q and other factors, female sex was associated with the presence of neuropathic pain [OR
2.68 (95% CI 1.4–5.0), p = 0.002].
Conclusions:We demonstrated a novel sex-specific difference in neuropathic pain in females compared to males
with longstanding T1D, independent of the presence of neuropathy. Further research using more objective mea-
sures of neuropathy than the MNSI is justified to further understand this sex-specific difference.

© 2018 Elsevier Inc. All rights reserved.

1. Introduction

Diabetic neuropathy (DN) is a common complication of diabetes and
is also frequently associated with longer duration of type 1 diabetes
(T1D). Individuals with T1D are likely to experience DN and its symp-
tomatology over their lifetime.1 The most common form of DN is dia-
betic sensorimotor polyneuropathy (DSP), which affects N50% of
individuals with diabetes.2 DSP is characterized by symptoms of pain,

numbness, tingling, and weakness beginning at the feet and extending
proximally in a “stocking and glove” distribution. A predominant fea-
ture of DSP is neuropathic pain which affects 40–60% of individuals,
and it involves “stabbing” or “burning” sensations, allodynia, aching,
or hyperesthesia.3 In due course, DN can lead to decreased quality of
life, distress and depression, increased risks for ulcerations and amputa-
tions, and high healthcare costs; these sequelae have significant impact
on an individual's function and care needs.2–4 Neuropathic pain itself
can have a major impact on quality of life even in the early stages of
DSP.1

Previous adult TID and type 2 diabetes (T2D) research studies dem-
onstrated that females experience greater neuropathic pain compared
tomales despite males generally having a higher prevalence and earlier
age of onset of DSP.5–8 Other research data studying familial risk factors
for microvascular complications reveal the effect of sex such that if a
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T1D proband is a female, the risk for developing neuropathy is 2-fold
higher than the risk for amale.9 Data from general population biochem-
ical, clinical, genetic, and psycho-sociological research studies report
greater levels of pain in females compared to males.10 Rustoen et al.
also found that in a large population study of chronic pain conditions, fe-
male participants had a higher prevalence and intensity of pain com-
pared to males.11 Though the cause of these sex-based differences are
not explicitly known, sex-specific differences in pain may be attributed
to a range of factors such as hormonal system changes, genetics, varia-
tions in the nervous system processing of pain signals, cognitive and
emotional factors, behavioral coping strategies as well as sociocultural
influences.12 It is not known if increased neuropathic pain in females
is related to differences in peripheral nerve dysfunction or due to differ-
ences in pain experience and reporting. A greater understanding of sex
as a mediator of pain-related physiology is of significant clinical impor-
tance since the elucidation of the responsiblemechanismsmay improve
our approach to screening and pain management.

As previous studies have documented a high prevalence of DSP in
adults with longstanding TID, our aim was to determine whether
there are sex-specific differences in neuropathic pain using question-
naire data from the Canadian Study of Longevity in Type 1 Diabetes co-
hort consisting of adults with T1D duration of ≥50 years.

2. Subjects, materials and methods

2.1. Study overview and study population

In this cross-sectional analysis we used baseline data collected from
the Canadian Study of Longevity in Type 1 Diabetes (JDRF operating
grant 17-2013-312), that had a primary objective to establish a registry
to determine factors associated with resistance to the development of
complications after longstanding T1D duration. The Canadian Study of
Longevity in Type 1 Diabetes was initiated in 2013 and established a
nation-wide registry of 474 people with a history of approximately
50 years or more of T1D which was confirmed through medical docu-
mentation or corroboration by a family member or friend. Of these
474 individuals invited to participate, 361 participants were eligible
and completed the questionnaire (Fig. 1). Participants were contacted

with the support of Diabetes Canada and JDRF Canada using public ad-
vertisements, social media, andmailings to health care professionals in-
cluding primary care physicians, endocrinologists, pharmacists and
from the Joslin 50-Year Medal Program which awarded medals from
1970 to individuals with N50 years of TID.13 After establishing contact,
participants were invited to participate in the first phase of the study
which involved completion of a mail-based questionnaire assessing
theirmedical and diabetes history aswell as neuropathyhistory. All par-
ticipants providedwritten informed consent for study participation and
the study protocol was approved by the Research Ethics Board atMount
Sinai Hospital (Toronto, ON, Canada).

2.2. Data collection

Data was collected through a 35-page questionnaire that surveyed
participants about their diabetes management, general medical history,
history of diabetes-related complications, current medication use, de-
mographic details, general psychological well-being, as well as recent
clinical and laboratory results. Data collection was similar to previous
published studies involving this cohort.14 A combination of objective
data, validated questionnaires, and self-reported outcomes were ana-
lyzed. Once participants' consents were obtained, we communicated
with their healthcare providers to obtain recent measurements includ-
ing blood pressure, HbA1c, lipid profile, kidney function, and fundu-
scopic examination results. Participants were given the option to
indicate their gender as male, female or prefer not to disclose; we did
not explore socio-cultural factors related to gender.15 One participant
selected the option “prefer not to disclose” and their datawere excluded
from this current study.

2.2.1. Definition of neuropathic pain
The presence of neuropathic pain (as a binary variable) was deter-

mined from self-report of tingling/pain/burning in the extremities,
allodynia or use of medications for neuropathic pain. The questionnaire
items which were used to determine the presence of neuropathic pain
are as follows: 1) Do you ever have any burning pain in your legs and/
or feet? 2) Does it hurt when the bed covers touch your skin? 3) Do
your legs hurt when you walk? 4) Have you ever experienced painful

Fig. 1. Study flow diagram.
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