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Abstract
Aims/hypothesis The aim of this study was to assess the
relationships between lipid-lowering therapy and the preva-
lence and incidence of peripheral sensory neuropathy in
type 2 diabetes mellitus.
Methods We analysed data from an observational cohort
study, the Fremantle Diabetes Study (FDS), specifically, (1)
a cross-sectional sample comprising 1,237 FDS participants
with type 2 diabetes mellitus, and (2) a longitudinal sub-
group of 531 individuals who had attended six consecutive
annual assessments. Neuropathywas identified using the clinical
portion of the Michigan Neuropathy Screening Instrument.
Results At entry, the cross-sectional sample had a mean±
SD age of 63.8±11.3 years, 48.7% were men, median
(interquartile range) diabetes durationwas 4.0 (1.0–9.0) years,
and 30.9% had peripheral neuropathy. Fibrates and statins
were used by 3.5 and 6.8%, respectively. Multiple logistic
regression analysis showed that older age, longer diabetes
duration, central adiposity, increased height, higher fasting
serum glucose, albuminuria and aboriginality were significant
independent positive predictors of prevalent neuropathy,
while systolic blood pressure and fibrate use (odds ratio
0.30, 95% CI 0.10–0.86; p=0.025) were negatively associ-
ated. In the longitudinal subgroup, fibrate and statin use
increased to 10.4 and 36.5%, respectively, over 5 years. In

time-dependent Cox proportional hazards modelling, fibrate
use [hazard ratio (HR) 0.52, 95% CI 0.27–0.98] and statin
use (HR 0.65, 95% CI 0.46–0.93) were significant determi-
nants of incident neuropathy (p≤0.042).
Conclusions/interpretation These preliminary observational
data suggest that therapy with a statin or a fibrate may protect
against the development of diabetic peripheral sensory
neuropathy, but there is a need for additional confirmatory
evidence, preferably from randomised clinical trials.
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FIELD Fenofibrate and Event-Lowering in Diabetes
HR hazard ratio
MNSI Michigan Neuropathy Screening Instrument

Introduction

Epidemiological studies have suggested that dyslipidaemia
is a risk factor for diabetic neuropathy [1], and case series
dating from the 1960s [2] have provided evidence that
lipid-lowering therapy might be neuroprotective. However,
the use of fibrates and statins is also associated with an
increased risk of reversible peripheral neuropathy in the
general population [3]. Because of these apparently contra-
dictory findings and the paucity of diabetes-specific descrip-
tive data, we have assessed the relationship between serum
lipids, lipid-lowering therapy and the prevalence and inci-
dence of peripheral neuropathy in a representative, well-
characterised cohort of patients with type 2 diabetes mellitus.
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Methods

Patients The Fremantle Diabetes Study (FDS) was a
longitudinal observational study conducted in a community
of 120,097 people. Details of recruitment and sample
characteristics (including non-recruited subjects) have been
published elsewhere [4]. Of 2,258 patients identified
between 1993 and 1996, 1,426 (63%) were recruited and
1,294 had type 2 diabetes [Electronic supplementary
material (ESM) Table 1]. The FDS protocol was approved
by the Fremantle Hospital Human Rights Committee and
all participants gave informed consent. Annual follow-up
continued until November 2001. The cohort of FDS
patients with type 2 diabetes contained 531 patients with
complete data at baseline and at least five subsequent
consecutive annual reviews. Compared with the 763
remaining participants with type 2 diabetes, these patients
were younger and more often male, and had shorter
diabetes duration, lower HbA1c levels, fewer vascular
complications and lower subsequent mortality (p≤0.001).

Baseline and annual assessments Patient assessment at
baseline and each review included a questionnaire and
physical examination [4]. Prescribed therapies were docu-
mented at each visit and missing details collected by
telephone and/or review of hospital records. Lipid-lowering
drugs available during all/part of the FDS were fluvastatin,
simvastatin, pravastatin, cerivastatin, atorvastatin, gemfi-
brozil and fenofibrate. Biochemical tests were performed on
fasting blood and urine using standard methods [4]. Serum
cholesterol, HDL-cholesterol and triacylglycerol were meas-
ured enzymatically and the serum LDL-cholesterol calcu-
lated using the Friedewald equation for serum triacylglycerol
<4.5 mmol/l.

Definition of sensory neuropathy and other complications
Neuropathy was defined using the clinical portion of the
Michigan Neuropathy Screening Instrument (MNSI), which
has high diagnostic sensitivity and specificity for distal
symmetrical polyneuropathy, including patients with dia-
betes [5]. It incorporates assessment of both feet for skin
changes/ulceration, reflexes and vibration perception, gen-
erating a score out of 8 points (ESM Table 2). Scores >2
(or >1 for single-leg amputees) indicate neuropathy. Other
complications were identified using standard procedures
(ESM Table 3).

Statistical analysis SPSS statistical software (version 14.0,
for Windows; SPSS, Chicago, IL, USA) was used for
statistical analysis. Univariate and independent baseline
associates of prevalent and incident neuropathy were
determined using logistic regression analysis and Cox
proportional hazards modelling, respectively. Because of

increased use during follow-up, statin and fibrate therapy
were considered as time-dependent covariates using a step
function at the time of initiation. In both analyses, forward
conditional modelling was employed.

Results

Cross-sectional data Data allowing characterisation of
neuropathy were available for 1,237 participants with
type 2 diabetes (95.6% of the total sample). At baseline,
they were aged (mean±SD) 63.8±11.3 years, 48.7% were
men, their median diabetes duration was 4.0 years
(interquartile range, 1.0–9.0 years) and 30.9% had
peripheral neuropathy. Univariate associates of prevalent
neuropathy are summarised in Table 1. All potential
baseline risk factors with p<0.20 in univariate logistic
regression (ESM Table 4) were considered for entry into
the multivariate analysis (Table 2), except that (1) the rate-
corrected electrocardiographic QT interval was excluded
because it was measured in only 60.0% of participants; and
(2) aboriginality was included despite p>0.20 because this
group was young and considered high-risk. Fibrate therapy
was independently associated with less than one-third the
risk of prevalent neuropathy.

Longitudinal data There were 136 (25.6%) in the 5 year
cohort with peripheral neuropathy at baseline. Of the
remaining 395 patients, 248 (62.3%) developed neuropathy
subsequently (crude incidence 16.4%/patient-year). As with
prevalent neuropathy, univariate analysis revealed that
those with incident neuropathy were older and had longer
diabetes duration, worse blood pressure and glycaemic
control, and a higher urinary albumin:creatinine at baseline
(Table 1). There were additional socioeconomic/ethnic
differences not observed in the cross-sectional analyses,
but neither baseline fibrate nor statin use was associated
with subsequent neuropathy.

During follow-up, the use of lipid-lowering therapy
increased in the patients without neuropathy at baseline.
There were 24 (6.1%) on fibrates, 30 (7.6%) on statin
therapy and 1 (0.3%) on combination statin/fibrate therapy
at entry, increasing to 35 (8.9%), 138 (34.9%) and 6 (1.5%),
respectively, (p<0.001) after 5 years. All baseline risk
factors with p<0.20 in univariate regression (ESM Table 4)
were considered for entry into the time-dependent Cox
proportional hazards model of incident neuropathy (Table 3).
Both time-dependent statin and fibrate use were negatively
associated with new neuropathy, with hazard ratio (HR)
reductions of nearly two-thirds and one-half, respectively.
After further adjustment for time-dependent serum lipid
concentrations, time-dependent use of statin (p=0.018) but
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Table 1 Characteristics of all 1,237 FDS patients with valid neuropathy data at baseline and the 395 patients in the 5 year subgroup without
neuropathy at baseline who did or did not develop this complication during follow-up

Baseline 5 year cohort

No neuropathy Neuropathy No neuropathy New neuropathy

Number, (%) 855 (69.1) 382 (30.9) 147 (37.7) 248 (62.3)
Age (years) 61.5 (11.2) 69.0 (9.6)*** 56.9 (9.4) 63.6 (8.7)***
Men (%) 46.0 55.0** 53.7 50.0
Diabetes duration (years), median (IQR) 3.0 (0.7–7.0) 5.0 (2.1–11.0)*** 2.0 (0.6–5.0) 3.0 (0.5–7.0)*
Height (m) 1.64 (0.10) 1.66 (0.10)** 1.65 (0.08) 1.66 (0.10)
BMI (kg/m2) 29.7 (5.5) 29.1 (5.2) 29.2 (5.5) 29.2 (4.6)
Waist circumference (% overweight/obese)a 85.2 88.2 78.8 87.9*
Fasting serum glucose (mmol/l), median (IQR) 8.2 (6.8–10.5) 9.0 (7.0–11.7)*** 7.5 (6.3–9.5) 8.4 (7.0–10.3)**
HbA1c (%), median (IQR) 7.3 (6.3–8.7) 7.8 (6.6–9.2)** 6.7 (6.0–8.0) 7.3 (6.5–8.6)**
Diabetes treatment (%)
Dietb 36.5 23.2 40.4 37.5
Oral hypoglycaemic agents 54.9 60.2*** 54.1 54.0
Insulin ± oral hypoglycaemic agents 8.6 16.6*** 5.5 8.5
Blood pressure (mmHg)
Systolic 149 (23) 153 (24)** 143 (19) 148 (22)*
Diastolic 81 (11) 80 (12) 81 (10) 80 (10)
On blood pressure-lowering medication (%) 47.6 57.3** 40.8 46.4
Angiotensin converting enzyme inhibitor (%) 19.8 25.9* 17.0 19.4
Total serum cholesterol (mmol/l) 5.5 (1.1) 5.5 (1.1) 5.5 (1.2) 5.4 (0.9)
Serum HDL-cholesterol (mmol/l) 1.05 (0.33) 1.06 (0.32) 1.08 (0.34) 1.05 (0.32)
Serum LDL-cholesterol (mmol/l)c 3.5 (0.9) 3.5 (0.9) 3.4 (0.9) 3.4 (0.8)
Serum triacylglycerol (mmol/l) 1.9 (1.1–3.4) 1.9 (1.1–3.2) 2.0 (1.1–3.5) 1.8 (1.0–3.1)
On lipid-lowering medication (%)
Any 12.3 6.6** 16.3 12.9
Statins 7.5 5.2 9.5 6.9
Fibrates 4.6 1.0** 7.5 5.6
Urinary albumin:creatinine (mg/mmol) 2.5 (0.6–9.9) 4.6 (1.0–21.7)*** 1.6 (0.6–4.7) 2.3 (0.7–7.9)**
Retinopathy (%) 12.3 22.8*** 6.8 12.2
Coronary heart disease (%) 29.2 36.1* 20.7 30.9*
Cerebrovascular disease (%) 9.1 11.0 2.7 6.9
Peripheral arterial disease (%) 25.9 35.2** 16.3 24.9
Rate-corrected QT interval (m/s0.5)d 410 (27) 419 (32)*** 403 (24) 405 (25)
Ethnic background
Anglo-Celtb 61.1 67.0 70.7 64.5
Southern European 19.9 15.2* 14.3 21.8
Other European 8.5 8.4 6.1 9.7
Asian 3.5 3.1 5.4 0.8*
Mixed/other 5.8 4.5 3.4 2.8
Aboriginal 1.2 1.8 0 0.4
Limited English-speaking ability (%) 15.3 15.5 9.5 14.9
Educated beyond primary school level (%) 75.5 71.0 84.2 73.8*
Married/de facto relationship (%) 67.2 64.2 80.3 69.0*
Any exercise in past 2 weeks (%) 75.0 66.0*** 84.9 78.9
Smoking status (%)
Neverb 46.6 40.7 45.6 49.8
Ex 37.5 46.0* 42.9 36.8
Current 15.9 13.3 11.6 13.4
Alcohol consumption (standard drinks/day), median (IQR) 0 (0–0.8) 0 (0–0.8) 0 (0–0.8) 0 (0–0.8)

Data are means (SD) or geometric mean (SD range) unless otherwise stated
aWaist circumference ≥94.0 cm (men), ≥80.0 cm (women)
b Reference group
c n=794 (92.9%) without and 357 (93.5%) with neuropathy at baseline, and 139 (94.6%) and 231 (93.1%), respectively, in the 5 year cohort
d QT/√RR, n=499 (58.4%) without and 243 (63.6%) with neuropathy at baseline, and 74 (50.3%) and 131 (52.8%), respectively, in the 5 year cohort
*p<0.05, **p<0.01, ***p<0.001 vs no neuropathy
IQR, interquartile range
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not fibrate (p=0.09) therapy remained negatively associated
with neuropathy (ESM Table 5).

Discussion

The present study provides preliminary observational
evidence that lipid-lowering therapy may protect against
peripheral sensory neuropathy complicating type 2 dia-
betes. This apparent benefit was observed in both cross-
sectional and longitudinal analyses, was independent of
other determinants of neuropathy, and is consistent with
evidence from in vitro and animal studies that lipid-
lowering therapy has multiple neuroprotective effects
through improvement in Schwann cell [6] and polyol
pathway [7] function, and improved neuronal blood supply
[6]. Our findings should also help allay fears, based largely
on case reports [3], that these drugs could increase the
incidence of neuropathy and associated complications such
as ulceration and amputation in diabetic patients.

In the placebo-controlled Fenofibrate and Event-Lower-
ing in Diabetes (FIELD) study of fenofibrate for cardio-
vascular disease in type 2 diabetes [8], laser-treated
retinopathy and microalbuminuria were significantly re-
duced in those allocated active drug. In the present study
and the FIELD study, the lack of a specific indication for

statins or fibrates to be used for diabetic microangiopathy
strengthens the case for an association between lipid-
lowering therapy and the prevention of these complications.
It avoids potential allocation bias that would require careful
case–control matching such as is used in propensity
analysis of longitudinal observational data. Although
neuropathy data have not been reported from the FIELD
study [8] or major statin treatment trials, the detailed
assessments required for instruments such as MNSI are
unlikely to have been performed.

In the Steno 2 study in type 2 diabetes [9], intensive
multifactorial therapy included a significantly greater use of
statins but not fibrates compared with conventional man-
agement. Intensive therapy reduced the risk of autonomic
neuropathy but not peripheral neuropathy. This result is at
odds with the present data and, since the intensive group
had a mean 0.7% lower HbA1c at the end of the trial, with
epidemiological data showing a strong link between gly-
caemia and peripheral neuropathy [1]. Steno 2 had a rela-
tively small sample size (80 per group) and the assessment of
neuropathy was limited to biothesiometry, factors that may
help to explain these apparent discrepancies.

The present cross-sectional and longitudinal data (al-
though the latter were derived from surviving patients)
confirm that peripheral sensory neuropathy is common,
afflicting >50% of type 2 patients 8 years after diagnosis.
We found evidence that particular ethnic/racial groups were
at risk, including Australian aborigines. Our data also
suggest that overweight/obesity may be an additional
modifiable risk factor for diabetic neuropathy. The appar-
ently protective effect of systolic hypertension in cross-
sectional analysis is difficult to explain but there was no
such association with incident neuropathy. We did not find
an independent association between baseline serum lipid
parameters and neuropathy in our patients, but previously
published studies showing such a relationship were done at
a time when the use of lipid-lowering therapy was limited
[1]. In addition, the present data are consistent with beneficial
effects of hypolipidaemic treatment that are largely independ-
ent of effects on lipoprotein metabolism, and with statins and
fibrates exhibiting separate protective mechanisms.

Table 3 Independent risk factors for incident neuropathy in 395
patients initially free of neuropathy as identified by Cox proportional
hazards modelling including time-dependent fibrate and statin use

Incident neuropathy HR (95% CI) p value

Age (increase of 10 years) 1.86 (1.60–2.15) <0.001
Other European ethnicity 1.77 (1.15–2.72) 0.010
Asian ethnicity 0.20 (0.05–0.84) 0.028
Retinopathy (any) 1.61 (1.10–2.37) 0.015
Married/de facto relationship 0.75 (0.57–0.98) 0.038
Time-dependent fibrate use 0.51 (0.27–0.97) 0.040
Time-dependent statin use 0.70 (0.49–0.997) 0.048

Table 2 Independent risk fac-
tors for prevalent neuropathy
as identified by multiple logis-
tic regression analysis in 1,237
patients with type 2 diabetes

a A 2.72-fold increase in urinary
albumin:creatinine ratio corre-
sponds to an increase of 1.0 in
loge(albumin:creatinine ratio)

Prevalent neuropathy Odds ratio (95% CI) p value

Age (increase of 10 years) 2.28 (1.93–2.69) <0.001
Height (increase of 1 cm) 1.04 (1.03–1.06) <0.001
Diabetes duration (increase of 5 years) 1.18 (1.07–1.31) 0.001
Loge(urinary albumin:creatinine)a (mg/mmol) 1.18 (1.07–1.30) 0.001
Fasting serum glucose (increase of 1 mmol/l) 1.08 (1.03–1.12) 0.001
Systolic blood pressure (increase of 10 mmHg) 0.93 (0.87–0.99) 0.020
On fibrate therapy 0.30 (0.10–0.86) 0.025
Aboriginal background 3.70 (1.17–11.70) 0.026
Overweight/obese (by waist circumference) 1.58 (1.05–2.39) 0.029
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The present study had limitations. FDS data are
observational but, in the absence of data from randomised
controlled trials, well-conducted observational studies can
provide reasonable estimates of intervention effects [10]. In
addition, the widespread evidence-based use of statins for
prevention of cardiovascular disease in type 2 diabetes
questions the ethics and feasibility of a randomised
controlled trial with neuropathy as the primary endpoint.
Reduced compliance with lipid-lowering therapy, especially
in diabetic patients on a range of medications, would have
led to an underestimate of possible neuroprotective effects
of lipid-lowering therapy in the present study. It is also
possible that some patients stopped lipid-lowering therapy
because of neuropathic symptoms. However, the low rate of
discontinuation from trials of lipid-lowering therapy was
for reasons other than neuropathy [8]; only one patient in
our 5 year subgroup was hospitalised because of symptom-
atic neuropathy during follow-up and this person was not
taking lipid-lowering therapy at the time.

Our data are in accord with clinical observations [2],
emerging preclinical data [6, 7] and indirect evidence relating
to other microvascular complications [8] that lipid-lowering
therapy may have benefits beyond its anti-atherogenic effects
in type 2 diabetes. Confirmatory evidence of the neuro-
protective effects of statins and fibrates may come from
further in vitro and animal studies, and perhaps from clinical
studies involving single and dual lipid-lowering therapy arms.
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