Diabetologia (2011) 54:3143-3149
DOI 10.1007/s00125-011-2303-5

ARTICLE

Heat shock protein 27 is associated with better nerve
function and fewer signs of neuropathy

K. Pourhamidi - L. B. Dahlin - K. Boman -
O. Rolandsson

Received: 7 June 2011 / Accepted: 11 August 2011 /Published online: 10 September 2011

© Springer-Verlag 2011

Abstract

Aims/hypothesis High levels of serum heat shock protein
27 (sHSP27) have been associated with distal symmetric
polyneuropathy in patients with type 1 diabetes. Our
objective was to investigate the association between
sHSP27, neuropathic signs and nerve function in individuals
with normal glucose tolerance (NGT), impaired glucose
tolerance (IGT) and type 2 diabetes.

Methods Participants were recruited consecutively from the
population-based Vésterbotten Intervention Program (NGT,
n=39, IGT, n=29, and type 2 diabetes, n=51) and were
matched for age and sex. sHSP27 levels were measured and
nerve conduction studies were performed (peroneal and
sural nerves). z Scores for each nerve conduction measure
were calculated and compiled into a composite z score for
the leg. Neuropathy disability score (NDS) was used to
assess neuropathic signs.

Results Patients with diabetes had significantly lower
sHSP27 levels (geometric mean sHSP27 206 pg/ml, 95%
CI 142, 299) than those with IGT (geometric mean sHSP27
455 pg/ml, 95% CI 319, 650, p<0.05) and controls
(geometric mean sHSP27 361 pg/ml, 95% CI 282, 461,
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p<0.05). Participants with few signs of neuropathy (first
tertile, NDS <2) had significantly higher sHSP27 levels
(geometric mean sHSP27 401 pg/ml, 95% CI 310, 520) than
participants with many signs (third tertile, NDS >7) (geomet-
ric mean sHSP27 192 pg/ml, 95% CI 128, 288, p=0.007). The
highest sHSP27 tertile was associated with better nerve
function, adjusted for age, sex, statin medication and HbA .
(OR 2.51, 95% CI 1.25, 5.05, p<0.05).

Conclusions/interpretation High sHSP27 levels were asso-
ciated with better nerve function and fewer neuropathic
signs in NGT, IGT and type 2 diabetes.

Keywords Complications - Diabetes mellitus - Heat shock
protein - Metabolism - Neuropathy

Abbreviations

2hPG 2 h plasma glucose
CVD Cardiovascular disease
fPG Fasting plasma glucose

hsCRP  High-sensitivity C-reactive protein
HSP27  Heat shock protein 27

IGT Impaired glucose tolerance

NDS Neuropathy disability score

NGT Normal glucose tolerance

sHSP27  Serum HSP27

VIP Visterbotten Intervention Program
Introduction

Heat shock protein 27 (HSP27) has been reported to be
involved in survival of neurons [1, 2] and hereditary types
of neuropathy [3]. Overproduction of HSP27 has been
observed in some target tissues of diabetes complications
[4-7], but not in all [8]. Proposed mechanisms mediating a
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neuroprotective effect include stabilisation of actin cyto-
skeleton [9] and inhibition of apoptosis [10].

High levels of serum HSP27 (sHSP27) have been
associated with distal symmetric sensorimotor polyneuro-
pathy in patients with type 1 diabetes [11]. Thus, it has been
hypothesised that a reduced nerve function might be
associated with increasing levels of sHSP27, and might be
an indicator of neuropathy [11]. The association between
nerve function and sHSP27 has not been studied in individuals
with type 2 diabetes and impaired glucose tolerance (IGT).

Thus, our objective was to investigate the association
between nerve function and signs of neuropathy and
sHSP27 in individuals with different glycaemic status.

Methods
Study population

In this exploratory cross-sectional study we recruited partici-
pants with normal glucose tolerance (NGT) and IGT, and type
2 diabetes patients, aged 60+1 years, from the population-
based Visterbotten Intervention Program (VIP) [12]. The
NGT and IGT individuals performed two standardised OGTT
after overnight fasting with about 1 week’s interval to verify
their glucose status. Both OGTT results should be within the
cut-off values for fasting plasma glucose (fPG) and 2 h plasma
glucose (2hPG) according to 1999 WHO recommendations
(NGT: fPG <7.0 mmol/l and 2hPG <8.9 mmol/l, IGT:
fPG <7.0 mmol/l and 2hPG >8.9 to <12.2 mmol/l) [13].
All individuals underwent a physical examination, by the same
physician, including assessment of their medical history and
medications. A history of peripheral artery disease, coronary
artery disease or stroke was used to identify cardiovascular
disease (CVD). Initially 129 individuals were recruited: four
individuals withdrew, three individuals were excluded due to
nutritional deficiencies (vitamin B;, and folate) and three
were excluded due to neuropathy asymmetry caused by
sciatica or stroke; this left 119 individuals in the study.

All individuals gave informed consent and the study was
approved by the ethics committee of Umed University,
Umea, Sweden.

Measurements

The participants’ height, weight and blood pressure were
measured and their BMI calculated (kg/m?). Blood samples
were drawn and measured for HbA;., (HPLC, TOSOH,
Tokyo, Japan), high-sensitivity C-reactive protein (hsCRP)
(Chemiluminescent Immunoassay System on Immulit,
Siemens, Deerfield, IL, USA) and creatinine (Vitros 5.1
FS analyzer, Johnson&Johnson, Raritan, NJ, USA). HbA
values were converted to the DCCT standard values using
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the formula: HbA;. (DCCT)=0.923xHbA;. (Mono S)+
1.345 and are shown in both the DCCT (%) and the
International Federation of Clinical Chemistry and Labora-
tory Medicine (IFCC) (mmol/mol) units. Conversion
between DCCT and IFCC is by the following equation:
HbA . (mmol/mol)=[HbA. (%) — 2.15]%10.929. Serum
HSP27 levels were measured by ELISA (Calbiochem, San
Diego, CA, USA) and the calculated coefficient of variation
for the analysis in our study was 10.6%. In order to rule out
other possible causes of neuropathy, e.g. thyroid disease,
chronic alcoholism and nutritional deficiencies, blood
samples were analysed for vitamin B, folate, homocys-
teine, methylmalonic acid, thyroid stimulation hormone,
thyroid hormones T, and Tj, y-glutamyl transferase and
carbohydrate deficient transferrin.

Neurophysiological assessment

Electrophysiology A neurophysiologist, who was blinded
to the group identity of the individuals, performed the
standardised motor and sensory nerve conduction studies.
Measurements were performed on the right leg, including
the conduction velocity of the peroneal and sural nerve and
the amplitude of the sural nerve. A z score for each nerve
measurement was calculated using the formula: z score=
individual value of participant—mean value of control group
(NGT individuals) divided by SD of mean value for control
group.

A composite z score leg, reflecting the nerve function in
the leg, was calculated: (z score conduction velocity
peroneal nerve—+z score conduction velocity sural nerve+
z score amplitude sural nerve)/3. The summation of nerve
conduction attributes has been used elsewhere [14]. Tertiles
of composite z score leg were obtained for comparison.

Neuropathy disability score A modified version [15] of
Dyck’s original neuropathy disability score (NDS) [16] was
used to evaluate signs of neuropathy in the lower extremities.
The modified version of NDS included examination of
sensory perception, reflexes and muscle strength, and has
been used elsewhere [17]. Tertile score categories of NDS
were formed for comparison.

Statistical analyses Data are presented as numbers (n),
proportions (%) and distribution as mean and SD or median
and interquartile range (IQR). For log-transformed data,
geometric means with a 95% CI were used. Differences
between groups were tested by ANOVA and subsequent
Student’s ¢ test for normally distributed variables. For non-
normally distributed variables, the Kruskal-Wallis test was
applied with subsequent Mann—Whitney U testing. Varia-
bles with non-normal distribution were also used after
logarithmic transformation (sHSP27, creatinine, hsCRP,
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HbA,.). For log-transformed variables, differences between
groups were tested with ANOVA and Dunnett’s post hoc
analysis and are presented as geometric means (95% CI).
Differences in proportions were tested using the x* test.
Spearman’s correlation coefficient was used in bivariate
correlation analysis between independent variables. Uni-
variate logistic regression analyses were performed for both
composite z score leg tertiles and sHSP27 tertiles as the
dependent variable. In addition to age and sex, independent
variables that were significantly associated (p<0.05) with
the dependent variables in the univariate analyses were
used in the final multinomial logistic regression models
(Table 3). When having composite z score leg tertiles as the
dependent variable against levels of sHSP27, the indepen-
dent variables were entered in a forward stepwise manner in
the following order: age, sex, height, weight and HbA,..
When having sHSP27 tertiles as the dependent variable
against composite z score leg values, the independent
variables were entered in a forward stepwise manner in
the following order: age, sex, statin medication, HbA .. A
p value <0.05 was considered statistically significant.
Statistical analyses were performed with SPSS 19.0 (SPSS
Inc., Chicago, IL, USA).

Results
Baseline characteristics

As expected, those with diabetes had higher BMI and
HbA . than those in the control and IGT groups (Table 1),
but sHSP27 levels in the diabetes group were significantly
lower than in the control and IGT groups (Table 1). We
found no association between sHSP27 and CVD.

Spearman’s rank correlation analysis revealed that sSHSP27
was significantly and negatively correlated to HbA;.
(r=-0.26), diabetes status (¥=—0.27) and NDS (r=-0.30),
but positively correlated to composite z score leg (r=0.23),
amplitude of the sural nerve (#=0.22) and conduction
velocity of the peroneal nerve (#=0.18, all p<0.05). The
diabetes group had a significantly greater proportion of
individuals with statin and renin—angiotensin system (RAS)
inhibitor medication compared with controls (Table 1).

The conduction velocity of the peroneal nerve was
significantly decreased in the IGT and diabetes groups
compared with controls, and the conduction velocity of the
sural nerve was significantly lower in the diabetes group
than in controls (Table 1). The calculated composite z

Table 1 Clinical characteristics
of the study population and

results from nerve conduction

studies and NDS by glucose
status

Data are given as mean=SD or
median (interquartile range
Q1-Q3) and proportions (%),
or geometric means (95% CI)
for log-transformed data
(HbA ., creatinine, hsCRP,
sHSP27)

The score range for each NDS
tertile is shown

*p<0.05 vs controls, [p<0.05
vs IGT

Variable Controls IGT Type 2 diabetes
n (male/female) 39 (19/20) 29 (15/14) 51 (30/21)
Age (years) 61+0.6 61+0.8 61+1.3
Duration of diabetes (years) - - 7.2+0.9

CVD, n (%) 3(8) 5(17) 9 (18)

BMI (kg/m?) 26.0+£3.6 26.9+5.4 29.4+4.6"
HbA . (%) 54 (53,54 5.5(5.4,5.6) 7.3 (7.0, 7.7)°F
HbA . (mmol/mol) 36 (34, 36) 37 (36, 38) 56 (53, 61)"F
Systolic blood pressure (mmHg) 128+17 128+16 13114
Diastolic blood pressure (mmHg) 767 75+11 767
Creatinine (pumol/1) 74 (69, 79) 72 (67, 78) 73 (67, 79)

hsCRP (mg/l)
sHSP27 (pg/ml)
Statin medication, n (%)
RAS-inhibitor medication, n (%)
Nerve conduction study
Conduction velocity peroneal nerve (m/s)
Conduction velocity sural nerve (m/s)
Amplitude sural nerve (LV)
Composite z score leg
NDS
Score tertiles, n (%)
First tertile (0-2)
Second tertile (3—6)
Third tertile (>7)

0.99 (0.71, 1.38)
361 (282, 461)
3(1.7)

6 (15.4)

50.0 (45.0-52.0)
49.0 (44.0-53.0)

1.15 (0.81, 1.65)
455 (319, 650 )
4 (13.8)
3(10.3)

48.0 (43.0-50.0)"
47.0 (43.0-51.5)

1.54 (1.14, 2.09)
206 (142, 299)°F
28 (54.9)°
18 (35.3)"

45.0 (41.0-50.0)
45.0 (42.0-49.8)"

10.0 (6.0-14.5) 9.5 (5.3-15.0) 8.0 (3.3-14.0)
0.009+0.781 —0.298+0.881 ~0.531+0.864"
3.0 (1.0-6.0) 4.0 (1.3-6.0) 5.5 (2.0-12.0)""
17 (43.6) 11 (39.3) 13 (26.0)

13 (33.3) 12 (42.9) 16 (32.0)

9 (23.1) 5(17.9) 21 (42.0)°F
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score, reflecting the nerve function in the leg, was
significantly lower in the diabetes group than in controls
(Table 1).

sHSP27 and nerve conduction

Individuals in the highest tertile of composite z score leg
had significantly higher sHSP27 levels (geometric mean
sHSP27 435 pg/ml, 95% CI 339, 559) than individuals in
the lowest tertile (geometric mean sHSP27 229 pg/ml, 95%
CI 159, 329, p=0.027).

sHSP27 and NDS

Members of the diabetes group had significantly higher
NDS than those of the control group (Table 1). In line
with the electrophysiological findings, individuals with
few neuropathic signs (i.e. lowest tertile score; n=41)
had significantly higher sHSP27 levels (geometric
mean sHSP27 401 pg/ml, 95% CI 310, 520) than
individuals with more signs (i.e. highest tertile score;
n=35) (geometric mean sHSP27 192 pg/ml, 95% CI 128,
288, p=0.007).

sHSP27, nerve conduction and NDS

Individuals with good nerve function and few neuropathic
signs, i.e. those in the highest tertile of composite z score
leg and lowest tertile of NDS, were compared with
individuals with poorer nerve function and many neuro-
pathic signs, i.e. those in the lowest tertile of composite
z score leg and in the highest tertile of NDS. Individuals
with the best function had significantly higher sHSP27
levels (geometric mean sHSP27 443 pg/ml, 95% CI 338,
580) than individuals with poor function (geometric mean
sHSP27 207 pg/ml, 95% CI 126, 337, p=0.048).

Associations with composite z score leg and sHSP27

Univariate linear regression analysis revealed that HbA . was
negatively associated with sHSP27 ($3=-0.279, p=0.002).
Adjusting for CVD did not attenuate the association between
HbA . and sHSP27 (3=-0.256, p=0.005). However, after
adjustment for diabetes status the association was attenuated
(=-0.132, p=0.33). Univariate multinomial logistic regres-
sion analyses for both composite z score leg and sHSP27
tertiles are shown in Table 2. Variables that were significant

Table 2 Univariate multinomial logistic regression analysis of composite z score tertiles and sHSP27 tertiles

Variable Composite z score leg”

sHSP27°

Second tertile Third tertile

Second tertile Third tertile

OR (95% CI) p value OR (95% CI) p value OR (95% CI) p value OR (95% CI) p value

Age (years) 1.44 (0.90, 2.29) 0.13 1.13 (0.73, 1.73)  0.59 1.30 (0.84, 2.02) 0.24 1.27 (0.82, 1.98)  0.28
Sex (male vs female) 2.34 (0.87, 6.29)  0.09 10.0 (3.47,28.9)° <0.001 0.70 (0.29, 1.71) 0.44 1.11 (0.46, 2.69)  0.82
Diabetes status 0.53 (0.21, 1.32)  0.17 0.27 (0.10, 0.71)"  0.01 0.57 (0.23, 1.39) 0.22 0.30 (0.12, 0.78)"  0.01
CVD status 0.38 (0.09, 1.60)  0.19 0.54 (0.14, 2.02) 0.36 0.68 (0.21, 2.19) 0.52 0.32 (0.08, 1.32) 0.12
Weight (kg) 0.97 (0.94, 0.99)" 0.05 0.94 (0.91, 0.97)" <0.001 1.00 (0.98, 1.02) 0.94 1.01 (0.98, 1.03) 0.67
Height (m) 0.94 (0.89, 0.99)"  0.02 0.84 (0.79, 0.90)" <0.001 1.02 (0.98, 1.07) 0.33 1.01 (0.96, 1.05) 0.82
BMI (kg/m?) 0.95 (0.86, 1.04)  0.27 0.94 (0.85, 1.03) 0.18 0.96 (0.87, 1.05) 0.36 1.02 (0.93, 1.12)  0.67
HbA . (%) 0.68 (0.47, 0.97)" 0.04 0.43 (0.26, 0.71)"  0.001 0.80 (0.58, 1.11) 0.18 0.65 (0.44, 0.95)"  0.03
HbA,. (mmol/mol) 0.97 (0.93, 0.99)" 0.04 0.93 (0.88, 0.97)" 0.001 0.98 (0.95, 1.01) 0.18 0.96 (0.93, 0.99)"  0.03
Systolic blood pressure  0.99 (0.96, 1.02)  0.45 1.00 (0.97, 1.03)  0.94 1.00 (0.97, 1.03) 0.96 1.01 (0.98, 1.04)  0.50

mmH
Dgastolif)blood pressure  0.97 (0.93, 1.04)  0.61 0.96 (0.91, 1.02) 0.18 0.97 (0.92, 1.03) 0.31 1.01 (0.96, 1.07)  0.69

(mmHg)
Creatinine (pmol/l) 1.00 (0.98, 1.03) 0.81 1.00 (0.98, 1.03) 0.73 1.03 (0.99, 1.05) 0.08 1.01 (0.98, 1.04) 0.49
hsCRP (mg/l) 2.00 (0.72, 5.58)  0.19 1.30 (0.46, 3.68)  0.63 1.37 (0.48, 3.90) 0.56 2.71 (0.95, 7.72)  0.06
Medication with RAS 1.00 (0.35,2.88) 0.99 0.62 (0.20, 1.97) 0.42 0.97 (0.34, 2.77) 0.95 0.86 (0.29, 2.52)  0.78

inhibitor
Medication with statins  0.77 (0.29, 2.09)  0.61 0.70 (0.25, 1.92)  0.49 1.19 (0.48, 2.96) 0.71 0.26 (0.08, 0.83)"  0.02
sHSP27 (pg/ml) 1.12 (0.76, 1.65)  0.56 1.79 (1.12, 2.87)"  0.02 - - - -

Composite z score leg - - -

- 1.67 (0.96, 2.90) 0.07 2.18 (1.24, 3.85)" 0.01

Reference category is the first tertile of composite z score leg; ° reference category is the first tertile of sHSP27

*p<0.05
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in the univariate multinomial logistic regression analyses, in
addition to age and sex, were used in the adjusted multinomial
logistic regression models. As HbA;. and diabetes status
were highly correlated to each other (#=0.79), we chose to
include only HbA,. in further multivariate analyses as we
perceive HbA;. to be the possible biological variable
affecting the nerve function. Using tertiles of composite
z score leg as the dependent variable revealed that increasing
sHSP27 levels were significantly associated with the highest
tertile of composite z score leg, after adjustment for age, sex,
height and weight, and was not attenuated by inclusion of
HbA,. (Table 3).

Using tertiles of sHSP27 as the dependent variable revealed
that increasing composite z score leg, i.e. better nerve
function, was associated with high sHSP27 levels after
adjustment for statin medication, age and sex; this association
was not attenuated after adjustment for HbA,. (Table 3).

Discussion

In this exploratory cross-sectional study we observed,
counter to our hypothesis, that high levels of sHSP27 were
associated with better nerve function than in those with
reduced nerve function. In addition, individuals with few
neuropathic signs, based on the NDS, had higher sHSP27
levels than those with many neuropathic signs.

Type 1 and type 2 diabetes mellitus
Our results are in contrast to the study by Gruden et al. [11],

who found an association between high levels of sHSP27
and neuropathy in patients with type 1 diabetes, using the

same ELISA kit as in our study for measuring sHSP27. In
order to explain the differing results one could speculate
that type 1 diabetes, which is an autoimmune disease, may
have a different HSP27 regulation compared with individuals
with type 2 diabetes and IGT. Anti-HSP27 autoantibodies
have been observed to damage nerve cells by inducing
neuronal apoptosis [18]. However, it has been shown that
anti-HSP27 antibody levels were not associated with the
presence of neuropathy in individuals with type 1 diabetes
[19]. In addition, the association between sHSP27 levels and
nerve function could be dependent on the methods of
defining neuropathy and nerve function. This may partially
explain our divergent results to the study by Gruden et al.
[11], where the severity of neuropathy was assessed
relatively crudely by symptoms, loss of ankle reflexes and
vibratory perception threshold. Such a method possibly
identified patients with significantly worse neuropathy than
in our study, where nerve conduction was used for
assessment of nerve function.

IGT, HbA . and sHSP27

We found a significant negative association between HbA .
and sHSP27, and observed a rising HbA . throughout the
NGT, IGT and type 2 diabetes groups. However, the
sHSP27 levels were higher in the IGT group than both
the NGT and type 2 diabetes groups. We have no obvious
explanation for this observation but we speculate that it
might have to do with the heterogeneity of IGT; a small
proportion go on to develop diabetes, whereas others
continue to have IGT for many years and some even revert
to NGT. As this is a cross-sectional study, we have no
control of how long the different individuals have been in

Table 3 Multinomial logistic regression models of composite z score leg tertiles or sHSP27 tertiles as the dependent variable

Variable First tertile

Third tertile
OR (95% CI)

Second tertile
OR (95% CI)

Composite z score leg”

sHSP27 1

Model 1 1

Model 2 1
HSP27°

Composite z score leg 1

Model 3 1

Model 4 1

1.12 (0.76, 1.65)
1.31 (0.86, 2.00)
1.12 (0.72, 1.75)

1.79 (1.12, 2.87)"
2.52 (1.38, 4.60)"
2.11 (1.10, 4.18)"

1.67 (0.96, 2.90)
2.00 (1.07, 3.72)"
1.83 (0.96, 3.47)

2.18 (1.24, 3.85)"
2.59 (1.33, 5.04)"
2.51 (1.25, 5.05)"

Model 1: adjustment for age, sex, height and weight; Model 2: adjustment for age, sex, height, weight and HbA.; Model 3: adjustment for age,
sex and statin medication; Model 4: adjustment for age, sex, statin medication and HbA .

# 1st composite z score leg tertile is the reference group, OR (95% CI) values are for levels of sSHSP27 by composite z score leg tertiles

® 1st sHSP27 tertile is the reference group, OR (95% CI) values are for composite z score leg values by sHSP27 tertiles

* p<0.05 vs first tertile
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the IGT state, and the time in a hyperglycaemic state might
play an important role for HSP27 levels as well as for nerve
function. However, we perceive the glucose level, i.e. HbA .,
to be the biological factor affecting the nerves [20, 21]. Thus,
we interpret our findings as hyperglycaemia having a
negative effect on nerves; an effect that is mirrored by lower
levels of HSP27.

Co-morbidity and sHSP27

Co-morbid states, such as CVD, might affect sHSP27
levels. In our study, we found that sHSP27 levels tended to
be higher in participants with CVD than in those without
CVD. Burut et al. [22] observed that sHSP27 levels were
significantly increased in individuals with glucose intolerance
(IGT and type 2 diabetes) and coexisting CVD compared with
individuals with glucose intolerance but without CVD.
However, Martin-Ventura et al. have shown that circulating
levels of HSP27 were significantly decreased in atheroscle-
rotic individuals compared with healthy controls [8]. They
proposed that circulating HSP27 can be degraded by
enzymes from atherosclerotic plaques [23]. Thus, co-
morbid states such as CVD should be considered when
studying sHSP27 levels in humans.

HSP27 and medication

It has been shown that statins (HMG-CoA reductase
inhibitors) may increase the levels of HSP27 in neural tissue
[24] and that HSP27 is affected by pathways related to the
RAS [25]. In our study the patients with type 2 diabetes had
a greater proportion of individuals on statin and RAS
inhibitor therapy compared with controls. If HSP27 level
can be modulated by pharmacological induction, this effect
should be accounted for as it could possibly confound the
interpretation of data. However, in our study statin or RAS
inhibitor therapy was not a factor that significantly affected
the association between sHSP27 levels and nerve function.

Neuronal aspects of HSP27

Induction of HSP27 has been observed in Schwann cells
and in the regenerating axons after nerve injury [26]. In
addition, HSP27 is also constitutively produced in sensory
and motor neurons, as well as in the surrounding satellite
cells [27]. It has also been reported that endothelial cells
constitutively produce HSP27 in the blood [28]. Whether
upregulation of HSP27 seen in such animal studies [1, 2,
29] holds true for humans is uncertain, and the amount of
overproduced HSP27 from various neuronal and non-
neuronal cells needed for HSP27 to be measurable in the
bloodstream is unknown. However, we observed higher
sHSP27 levels in individuals with better nerve function,
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indicative of a potential neuroprotective function of HSP27,
which is in accordance with the neuroprotective effects of
HSP27 upregulation that have been proposed based on
animal studies [1, 2, 29]. HSP27 may have a rather
dynamic role in neuroprotection and recognising the
mechanisms involved in the regulation of HSP27 in
humans may thus provide important development in
understanding neuropathies and nerve function.

Limitations and strengths

The limitations in our study include the relatively small group
sizes, which might reduce the power, and the cross-sectional
design of our study does not enable us to assess causal and
temporal relationships. The strength of our study is that all
individuals were recruited consecutively from a population-
based sample and were of the same age. In addition, we used a
strict definition of IGT based on two OGTT.

In conclusion, high levels of sHSP27 were associated
with improved nerve function and fewer neuropathic signs
indicative of a neuroprotective role. sHSP27 levels could be
considered for identifying and following the development
of nerve dysfunction.
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