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Individuals with impaired glucoses tol-
erance (IGT) or impaired fasting glucose
(IFG) are at substantially increased risk

of developing diabetes and cardiovascular
disease (1). The extent to which individ-
uals with IGT/IFG are also at risk of mi-
crovascular complications, such as
neuropathy, retinopathy, and nephropa-
thy, has not been as well defined. Some
(2,3), but not all (4 –7), studies have
shown that microvascular complications
are more common in individuals with
IGT/IFG than those with normal glucose
metabolism.

Peripheral neuropathy, a common
microvascular complication of diabetes
(8), is often associated with concomitant
retinopathy (9) and albuminuria (9,10).
Whether peripheral neuropathy is also as-
sociated with retinopathy and albumin-
uria in people with IGT/IFG is unclear
and is examined in the current study.

RESEARCH DESIGN AND
METHODS — The Australian, Diabe-
tes, Obesity, and Lifestyle Study (Aus-
Diab) is a population-based survey of
Australian adults aged �25 years (11).

Glucose tolerance status was determined
by a 75-g oral glucose tolerance test (12).
The prevalence of diabetes in the AusDiab
was 7.4%, while 16.4% had IGT or IFG
(13). All participants with diabetes, IGT,
IFG, and a random sample of normal con-
trol subjects were invited for complica-
tions testing (6). This analysis is based on
the 1,154 individuals with IGT or IFG who
attended the complications screening.

Neuropathy was classified by 1) the
modified neuropathy symptom score
(NSS), 2) the modified neuropathy dis-
ability score (NDS), 3) the pressure per-
ception score (PPS), and 4) a postural
systolic blood pressure drop score of �20
mmHg. The NSS measured symptoms
such as burning and numbness. The NDS
examined ankle reflexes, vibration per-
ception on the great toe, pin-prick per-
ception on the dorsal surface of the great
toe, and temperature perception on the
dorsal surface of the metatarsals. The PPS
assessed pressure perception on the plan-
tar surface of both feet, at the great toe and
the first and fifth metatarsal heads using a
10-g monofilament. Postural hypoten-
sion was determined by subtracting

standing (taken after standing for 60 s)
from supine systolic blood pressure. An
NSS �4, an NDS �5, a PPS �6 (each site
scored as 1 if normal and 0 if abnormal),
and a fall in systolic blood pressure of
�20 mmHg were considered abnormal.
An overall abnormal neuropathy score
was defined as abnormal if two or more of
the four scales were abnormal (6,14–16).

Nonmydriatic retinal photographs
(macula centered and nasal-to-disc) of
each eye were taken (Canon CR6 –
45NM) (7) and graded according to a sim-
plified version of the Wisconsin grading
system (17). The presence of retinopathy
(at least one definite retinal hemorrhage
and/or microaneurysm) was determined
for each eye, and individual classification
was based on grading of the worst eye.
Random regrading showed a high level of
intrarater agreement (� � 0.73).

A spot morning urine specimen was
used to determine urinary albumin and
creatinine levels (Olympus AU600 ana-
lyzer). Albuminuria was defined as pres-
ence of microalbuminuria (an albumin-
to-creatinine ratio of 2.5–25 mg/mmol in
men and 3.5–25 mg/mmol in women) or
macroalbuminuria (albumin-to-creatinine
ratio of �25 mg/mmol). Participants also
had other laboratory measures and an-
swered questionnaires on health status.
Ethics committee approval and informed
consent were obtained (11).

Statistical analysis
The proportions of participants with con-
comitant complications were assessed.
Multiple logistic regressions were used to
estimate the odds of neuropathy associ-
ated with retinopathy and albuminuria,
while controlling for potential confound-
ers. Analyses were performed with SPSS
(SPSS 11.5; Chicago, IL).

RESULTS — Of 1,154 subjects with
IGT or IFG, 1,150 had complete data re-
garding their neuropathy status, 1,027
had gradable eye photos, and 1,104
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had data on their urinary albumin-to-
creatinine ratio.

In individuals with IGT or IFG,
21.7% had at least one microvascular
complication. In those who were classi-
fied as abnormal on the overall neuropa-
thy score, 20.4% were classified as having
retinopathy and 28.8% had albuminuria
(microalbuminuria or macroalbumin-
uria). Older age, higher systolic blood
pressure, hypertension (�140/90 mmHg
or taking antihypertensive medication),
lower total cholesterol, lower LDL choles-
terol, use of lipid-lowering medication,
and abnormal albumin-to-creatinine ex-
cretion rate were all significantly associ-
ated with an abnormal overall neuropathy
score (P � 0.05). The associations be-
tween each of the neuropathy scales with
both retinopathy and albuminuria are
outlined in Table 1. The overall neuropa-
thy score was independently associated
with both retinopathy and albuminuria
after adjusting for the effects of age, sex,
hypertension, lipid-lowering medication
use, and total cholesterol (model 1). The
association between neuropathy and reti-
nopathy persisted despite further adjust-
ment for albuminuria (model 2); however,
the relationship between neuropathy and
albuminuria was no longer significant af-
ter adjustment for retinopathy. The inclu-
sion of fasting blood glucose, postload
glucose, or HbA1c in the model did not
alter the strength of the association be-
tween the overall neuropathy score and
retinopathy or the overall neuropathy
score and albuminuria (data not shown).

Finally, in a subsidiary analysis where
abnormal postural hypotension was de-
fined as a drop of 30 mmHg or higher (6),
the results were largely similar, with a
multivariate adjusted odds ratio associ-
ated with an abnormal hypotension score
of 4.1 (95% CI 0.8–21.2; adjusting for
variables in model 1) for retinopathy and
4.5 (1.2–17.4) for albuminuria.

CONCLUSIONS — In this study, we
have demonstrated associations between
three microvascular complications in a
population-derived sample of individuals
with IGT or IFG. Compared with those
without neuropathy, individuals with
neuropathy were nearly four times
more likely to have retinopathy and two
times more likely to have albuminuria, in-
dependent of age, sex, hypertension, lip-
id-lowering medication use, and total
cholesterol.

These results extend upon the find-
ings of other population-based studies
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that have found a relationship between
neuropathy and other microvascular
complications in people with diabetes
(9,10). Our study suggests that neuropa-
thy is associated with other microvascular
complications among those without dia-
betes. It is difficult to distinguish whether
these complications are associated with
small- or large-fiber neuropathy deficits
because although there was a lack of as-
sociation of retinopathy and albuminuria
with the NSS, there was a stronger asso-
ciation with postural hypotension. Pro-
spective studies are required to examine
the temporal relationships between risk
factors and the development of these micro-
vascular complications among people with
normal and impaired glucose metabolism.
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