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Introduction

 

Neuropathy is one of the most common long-term complica-
tions of diabetes, but there is still uncertainty regarding the
mechanisms underlying the nerve degeneration in diabetic
subjects. Metabolic and vascular factors are known to be
important in the pathogenesis of diabetic polyneuropathy
(DPN) [1–4], but more research is needed to understand better

the influence of the different risk factors, in particular in Type
2 diabetes. Several cross-sectional studies have investigated
the frequency of DPN and consistently identified diabetes
duration, HbA

 

1c

 

, and demographic variables such as age, male
sex and height as risk factors [5–7]. A few longitudinal studies
looked at dichotomous measures of DPN [8,9], but longitud-
inal data on the severity of DPN, or its change in time, and
associated risk factors are limited [10].

Severity of DPN has been defined by several clinical scoring
systems [11–14], each consisting of a different set of variables
used to score DPN, resulting in inconsistent results. The
clinical neurological examination (CNE) scoring system is a
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Abstract

 

Aims

 

To longitudinally assess risk factors for diabetic polyneuropathy (DPN)
severity, and to longitudinally assess risk factors for the change of DPN severity
during 2–4 years of follow-up.

 

Methods

 

From 1995 to 1999, 486 Type 2 diabetes patients in general practice
were examined annually with regard to DPN severity and its possible risk fac-
tors. DPN severity was assessed with a clinical neurological examination (CNE)
which included pinprick sense, light touch sense, vibration sense and ankle jerk.
Longitudinal (multivariate) linear associations of (change of) CNE score and
predicting variables were analysed using multilevel analyses.

 

Results

 

In this population, 50% of participants were men and had a mean age
of 65.4 years, almost one-third (31.7%) of the participants had a CNE score > 4
at baseline and were classified with DPN. CNE score significantly increased
during follow-up. Among participants not graded with DPN at baseline, 21.3%
progressed towards a CNE score > 4 after 3 years of follow-up. Longitudinal
multivariate analyses showed that age, diabetes duration, HbA

 

1c

 

, height, body
mass index and ankle-arm index together best predicted CNE score during
follow-up. Change of CNE score during follow-up was best predicted by age,
diabetes duration and HbA

 

1c

 

, with the latter being the strongest predictor.

 

Conclusions

 

Although several factors are longitudinally associated with DPN,
HbA

 

1c

 

, age and diabetes duration were the best predictors of CNE change
during follow-up. Therefore, improving glycaemia remains an important
amenable factor in preventing worsening of diabetic polyneuropathy.
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simple, sensitive and inexpensive screening method which
includes pinprick sense, light touch sense, vibration sense and
ankle jerk [11]. The CNE has been validated [15], and shown
to be adequate for use in daily clinical practice in different
study populations [15–18].

The objectives of our study were to (i) longitudinally assess
risk factors for DPN severity (defined by CNE score), and to
(ii) longitudinally assess risk factors for the change of DPN
severity during 2–4 years of follow-up.

 

Patients and methods

 

From 1995 to 1999 a longitudinal dynamic cohort of Type 2
diabetes patients from 26 general practices in three regions
(Amsterdam, Twente, Enkhuizen) of The Netherlands was
annually examined with regard to diabetes-related complica-
tions including DPN and their risk factors. Participants were
identified by their general practitioner (GP). Known and newly
diagnosed patients with Type 2 diabetes who received diabetes
care in general practice and were able to complete a question-
naire in Dutch were eligible if the diagnostic evidence met the
1985 WHO criteria for Type 2 diabetes [19]. Patients were
excluded if they received diabetes care in hospital out-patient
clinics, but not if they were under specialist care for retinopathy
or cardiovascular co-morbidity. Participating GPs were known
to refer about 30% of their Type 2 diabetes patients to hospital
out-patient clinics for diabetes care [20]. Patients with other
aetiological factors that might influence sensory functions of
the skin of the lower extremities (e.g. alcohol abuse, use of
neurotoxic drugs, abnormal kidney function) were excluded
from the analyses. Patients who met the criteria, agreed to
participate and gave written informed consent were included in
the study. As the study population was a dynamic cohort, every
year new patients were included whereas others quit participat-
ing. For this analysis, patients were included only if they had a
baseline CNE measurement with at least one annual follow-up
examination (

 

n

 

 = 486).
All four annual examinations during the 4 years of follow-up

were performed by six trained research assistants in diabetes,
and took place at the practice of the patient’s own GP. The study
was approved by the Medical Ethics Committee of the Vrije
Universiteit Medical Centre in Amsterdam, The Netherlands.

 

Measurements

 

Outcome variable

 

Scoring system for the CNE

 

 All patients underwent a CNE as
described by Valk 

 

et al

 

. [11] and reported in a previous cross-
sectional study [16]. The CNE involved assessment of the
sensory functions and the ankle reflexes. Pinprick sense and light
touch sense (cotton wool) of the dorsum of the feet, vibration
sense (128-Hz tuning fork) of first toes and vibration sense of
ankles and ankle jerks were separately scored for both feet as:
0, normal; 1, impaired in comparison with proximal; and 2,
absent, summing up to a maximum score of 20. Additionally,
light touch sense was related to the anatomical level below
which it was impaired, and was scored as: 0, no abnormalities;
1, toe; 2, mid-foot; 3, ankle; 4, mid-calf; and 5, knee. If there

was a difference at this level between the right and the left side,
the more abnormal side was scored. A total score > 4 was graded
as polyneuropathy [15].

 

Predicting variables

 

The GP provided information on age, gender and diabetes
duration of the patients. Height and weight were measured
with the patients wearing light clothes and no shoes. Body mass
index (BMI) was calculated as weight/height (kg/m

 

2

 

). Sitting
blood pressure (BP) was measured on both arms after at least
5 min rest, using a random-zero sphygmomanometer (Hawskley-
Gelman, London, UK). Three readings were recorded of the
systolic blood pressure (SBP) and diastolic blood pressure
(DBP). The average of the second and third reading of the ‘high-
est arm’ was used for the analyses. Ankle-arm indexes were
measured with Doppler, taken from the brachial and posterior
tibial arteries on both sides.

Blood samples were drawn within 1 week after the clinical
examination, after an overnight fast. An early morning urine
sample was also collected at this time.

 

Laboratory methods

 

Glucose, glycosylated haemoglobin (HbA

 

1c

 

), insulin, lipid
measurements, serum creatinine, urinary albumin and urinary
creatinine were determined in the laboratory of the Vrije
Universiteit Medical Centre. Fasting plasma glucose levels were
determined with a glucose dehydrogenase method (Merck,
Darmstadt, Germany). HbA

 

1c

 

 was determined by ion-exchange
high performance liquid chromatography, using a Modular
Diabetes Monitoring System (BioRad, Veenendaal, The
Netherlands; normal range 4.3–6.1%). High-density lipo-
protein (HDL)-cholesterol (after precipitation of the low and
very low-density proteins) and triglycerides were measured
by enzymatic techniques (Boehringer, Mannheim, Germany).
Both urinary and serum concentrations of creatinine were
determined by means of the Jaffé method (Boehringer).
Microalbuminuria was measured in an early morning urine
sample and expressed as the mean of the ratio of the albumin
(analysed rate nepholometrically; Beckman Instruments GmbH,
München, Germany) to the creatinine concentration.

 

Statistical analysis

 

Results were analysed with SPSS for windows software [21],
and MlwiN (1998, version 1.02.0002). The analysis of vari-
ance and the paired 

 

t

 

-test were used to compare means. Values
for CNE, diabetes duration, and triglyceride levels were log-
transformed to improve normality.

Longitudinal (multivariate) linear associations of predicting
variables with the CNE score were analysed using multilevel
analyses [22]. This type of analysis accounts for repeated meas-
urements that are clustered (correlated) under one patient, and
patients that are clustered within one general practice. There-
fore, in the present study three levels were initially defined in
the multilevel analysis (Fig. 1).

Longitudinal (multivariate) linear associations were analysed
with adjustments for the clustering of patients, with a three-
level structure (time, patient and general practice) and with a
two-level structure (time and patient). Repeated (annual)
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measurements of the outcome variables (CNE score and
change of CNE score) and predicting variables were used in the
models. In the models analysing predictors of change of CNE
score, baseline CNE score was added to the predicting vari-
ables. Predicting variables chosen for the multivariate analyses
were significant at the 

 

P

 

 = 0.05 level in univariate analysis, or
biologically plausibly related. The best predicting model was
based on changes in 

 

−

 

2*loglikelihood.

 

Results

 

Four hundred and eighty-six participants had a baseline
CNE score with at least one follow-up examination: 208
participants had two examinations; 98 had three examina-
tions; and 180 had four examinations. The number of CNE
measurements during follow-up was inversely associated
with age (

 

P

 

-trend = 0.010) and baseline CNE score (

 

P

 

-trend
< 0.001). Number of CNE measurements was not associated
with baseline glucose, HbA

 

1c

 

, BMI or diabetes duration (data
not shown).

Fifty percent of participants were men and the mean age was
65.4 years (Table 1). One hundred and fifty-four participants

(31.7%) had a CNE score > 4 at baseline and were classified
with DPN. Figure 2 shows the geometric means of the CNE
scores during the years of follow-up, for those with two, three
or four examinations. Starting with a different baseline CNE
score, all three groups showed a significant increase of CNE
score during follow-up. Also, the percentage of participants
with CNE > 4 increased during the years of follow-up. Suba-
nalyses showed that among participants not graded with DPN
(CNE = 4) at baseline, the mean CNE score and the proportion
of patients graded with DPN, increased during the years of
follow-up, which was strongest in the first year (Table 2).
Among participants graded with DPN (CNE > 4) at baseline,
the mean CNE score decreased at year 2 and then increased
again.

Age, diabetes duration, waist, BMI, systolic BP, ankle-arm
index, HbA

 

1c

 

 and albumin/creatinine ratio were significantly
associated with CNE score during follow-up (

 

P

 

 < 0.05)
(Table 3). Change of CNE score during 2–4 years of follow-up
was univariately associated with age, diabetes duration and
HbA

 

1c

 

. Separate analyses for participants graded with or with-
out DPN at baseline identified the same variables associated
with CNE score and its change during follow-up (data not
shown). Further results will therefore be presented for the
whole group. General practice was initially included as a
separate level in the multilevel analyses, but as adjustment for
clustering within this level did not give significantly different

Figure 1 Multilevel analysis.

Table 1 Baseline characteristics of patients with a baseline and one or 
more follow-up measurements of the clinical neurological examination 
(CNE) (n = 486)
  

  

Variable

Sex (men) 243 (50%)
Age (years) 65.4 ± 10.6
Diabetes duration (years); median 25–75% 4.2 (1.9–7.8)
CNE score; median 25–75% 4 (0–6)
CNE > 4 (neuropathy) 154 (31.7%)
Height (cm) 169.1 ± 9.8
Waist (cm) 100.6 ± 11.7
BMI (kg/m2) 28.8 ± 4.8
Diastolic blood pressure (mmHg)  83 ± 12
Systolic blood pressure (mmHg)  147 ± 21
Ankle-arm index 1.08 ± 0.21
Glucose (mmol/ l) 9.1 ± 2.5
HbA1c (%) 7.2 ± 1.3
Total cholesterol (mol/ l) 5.8 ± 1.2
HDL-cholesterol (mmol/ l) 1.17 ± 0.33
Triglycerides (mmol/l); median 25–75% 1.7 (1.2–2.3)
Serum creatinine 90.2 ± 21.5
Albumin/creatinine ratio; median 25–75% 1.0 (0.6–2.2)

Figure 2 Follow-up of (geometric) mean clinical neurological 
examination (CNE) scores among participants with two, three or four 
CNE measurements from 1995 to 1999.
CNE1 > 4: 76 (36.5%) 34 (34.7%) 44 (24.4%)
CNE2 > 4: 77 (37.0%) 40 (40.8%) 46 (25.6%)
CNE3 > 4: — 39 (39.8%) 56 (31.3%)
CNE4 > 4: — — 59 (32.8%)

Table 2 Change in clinical neurological examination (CNE) score 
during follow-up for those graded with (CNE > 4) and without (CNE 
≤ 4) diabetic polyneuropathy at baseline (year 1)
  

  

CNE1 ≤ 4 (n = 332) CNE1 > 4 (n = 154)

(Geometric) mean 
CNE score ± SE CNE > 4, n (%)

(Geometric) mean 
CNE score ± SE

CNE1 2.2 ± 1.04 0/332 (0%) 9.7 ± 1.03
CNE2 3.2 ± 1.05 60/332 (18.1%) 7.5 ± 1.05
CNE3 4.1 ± 1.05 38/200 (19.1%) 8.2 ± 1.06
CNE4 4.2 ± 1.06 29/136 (21.3%) 8.7 ± 1.07
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results (data not shown), all analyses were restricted to the
two-level structure (time–patient).

Longitudinal multivariate analyses showed that age,
diabetes duration, HbA

 

1c

 

, height, BMI and ankle-arm index
together best predicted CNE score during the years of follow-
up (Table 4). In contrast, with the univariate analyses height
was significantly associated with CNE, but HbA

 

1c

 

 not. The
univariate association between systolic BP, albumin/creatinine
ratio and CNE was mainly confounded by age. The univariate
association between waist and CNE was mainly confounded
by BMI. Change of CNE during the years of follow-up was
best predicted by age, diabetes duration and HbA

 

1c

 

 (Table 5),
the latter one being the strongest predictor.

There were no significant interactions between number of
CNE measurements, age, diabetes duration, HbA

 

1c

 

, BMI and
height (data not shown), nor did adjustment for number of
CNE measurements change the results. Additional analyses

showed that the results were the same when separately
analysed for men and women.

 

Discussion

 

Among 486 Type 2 diabetes patients in general practice, age,
diabetes duration, height, BMI and ankle-arm index were all
independently associated with CNE score, as a measure of
DPN, during the years of follow-up. The mean CNE score
increased significantly during follow-up. Among participants
not graded with DPN at baseline, 21.3% progressed towards
a CNE score > 4 after 3 years of follow-up. CNE change was
best predicted by age, diabetes duration and HbA

 

1c

 

.
Although there is little agreement about the exact patho-

genesis of DPN, it is widely accepted to be multifactorial.
Hypotheses concerning the aetiology of DPN have involved a
direct metabolic effect of glycaemia on nerve fibres, but also
indirect through a neurovascular effect [1–4].

Glycosylated haemoglobin and diabetes duration, both
measures of glycaemic exposure, have been associated with

  

  

Variable n†

β (95% CI)

CNE CNE change

Sex (men) 1744 0.16 (−0.94−0.98) −0.01 (−0.60−0.60)
Age 1743 0.33 (0.29−0.37)* 0.10 (0.06−0.14)*
CNE baseline 1744 0.66 (0.63−0.69)* —
Diabetes duration 1646 0.24 (0.14−0.34)* 0.15 (0.09−0.21)*
Height 1741 0.04 (−0.01−0.10) 0.00 (−0.04−0.04)
Waist 1742 0.09 (0.05−0.13)* 0.00 (−0.02−0.02)
BMI 1741 0.13 (0.03−0.23)* 0.03 (−0.03−0.09)
Diastolic blood pressure 1744 0.01 (−0.03−0.05) −0.02 (−0.04−0.00)
Systolic blood pressure 1744 0.05 (0.03−0.07)* −0.01 (−0.03−0.01)
Ankle-arm index 1716 −0.40 (−0.60 to −0.20)* −0.93 (−2.32−0.46)
Glucose 1694 −0.02 (−0.17−0.14) 0.09 (−0.03−0.21)
HbA1c 1629 0.49 (0.16−0.82)* 0.30 (0.08−0.52)*
Total cholesterol (mol/ l) 1697 −0.14 (−0.53−0.25) −0.28 (−0.55−0.03)
HDL-cholesterol 1695 0.12 (−0.01−0.26) 0.46 (−0.34−1.26)
Triglycerides 1696 0.03 (−0.91−0.97) 0.06 (−0.21−0.33)
Serum creatinine 1695 0.12 (−0.84−0.36) 0.00 (0.00−0.00)
Albumin/creatinine ratio 1684 0.50 (0.17−0.83)* −0.13 (−0.37−0.11)

†Number of observations (patients × CNE measurements) available for longitudinal multilevel 
analyses, *P < 0.05.

Table 3 Longitudinal univariate linear 
regression (multilevel) analyses with (ln) 
clinical neurological examination (CNE), 
and change of (ln) CNE as continuous 
outcome variables

Table 4 Longitudinal multivariate linear regression (multilevel) with (ln) 
clinical neurological examination (CNE) as continuous outcome 
variable: best fitting model
  

  

Variable n† β (95% CI)

Age 1507 0.38 (0.32−0.44)*
Diabetes duration 1507 0.13 (0.03−0.23)*
HbA1c 1507 0.30 (−0.01−0.61)
Height 1507 0.14 (0.08−0.20)*
BMI 1507 0.33 (0.23−0.43)*
Ankle-arm index 1507 −0.25 (−0.45 to −0.05)*

†Number of observations (patients × CNE measurements) available for 
longitudinal multilevel analyses, *P < 0.05.

Table 5 Longitudinal multivariate linear regression (multilevel) with (ln) 
clinical neurological examination (CNE) change as continuous outcome 
variable: best fitting model
  

  

Variable n† β (95% CI)

Age 1533 0.10 (0.06–0.14)*
Diabetes duration 1533 0.07 (0.01–0.13)*
HbA1c 1533 0.26 (0.02–0.50)*

†Number of observations (patients × CNE measurements) available for 
longitudinal multilevel analyses, *P < 0.05.
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polyneuropathy in many studies [5,6,8,10,23]. In our study,
HbA1c just failed to reach statistical significance in the longit-
udinal model predicting CNE score, but was the most impor-
tant predictor of change of CNE score during follow-up.
Although age is a potential confounder for the association
between diabetes duration and DPN, diabetes duration
remained significantly associated with CNE score after adjust-
ment for age. Age itself was an independent risk factor for
DPN, as in other reports [7,8]. Age was also independently
associated with CNE change during follow-up.

The contributing role of vascular pathology in DPN has
been studied previously. Markers of diabetic microvascular
and macrovascular disease have been associated with DPN in
previous longitudinal studies [8,10]. Similar to our results,
Adler et al. found a low ankle-arm index, as a measure of arte-
rial disease, to be associated with DPN [8]. In a study among
patients with Type 1 and Type 2 diabetes, ankle-arm index
was a reliable indicator for future amputation [24], emphasiz-
ing the importance of this risk factor.

Anthropometric characteristics together with age and gender
are also contributing factors of DPN [25]. Although height
was not associated with CNE score in our univariate analyses,
we included it in the multivariate analyses as many studies
have shown a strong association between height and DPN as
determined by nerve conduction [8,23,26]. Similar to the
results of Gadia and co-workers, we found height to be more
strongly associated with CNE score when age was included in
the model [23]. Nevertheless, a recent study on morphological
severity of distal diabetic sensorimotor polyneuropathy as
determined by fibre density showed no association with height
[27]. This indicates that the influence of height on conduction
velocity relates to factors such as myelin thickness, the length
of the nerve, and the measurement techniques, but not to fibre
density loss [27]. Independent of height we found that BMI
was significantly associated with CNE outcome. BMI has
previously been correlated with sensory and mixed nerve
amplitudes after adjustment for age, sex, and height in a non-
diabetic population [28], and a diabetic population [25]. This
association may be because those with a higher BMI have a
thicker subcutaneous layer and therefore have less cutaneous
sensation.

In contrast with other studies [5,7], we did not find an asso-
ciation between CNE and gender, and we have no explanation
for this finding.

As the study population was a dynamic cohort, every year
new patients were included whereas others quit participating.
The number of CNE measurements of each participant during
the years was significantly associated with younger age and a
lower baseline CNE score, implying that subjects participating
more years were the healthier ones with no or less severe
polyneuropathy. However, age was added to both models and
baseline CNE score was added to the CNE change model. In
addition, as no interactions between number of CNE measure-
ments and other predicting variables were found, it is unlikely
that this factor influenced the results of our study.

There was no indication that the patients with a CNE score
> 4 progressed more rapidly than those with a score ≤ 4, or
that other factors were involved in the progression. Rather,
there appeared to be a ‘regression to the mean’ effect in the
second year of measurement. The mean CNE score of those
with a CNE > 4 at baseline decreased (mostly among persons
with scores > 14), whereas the mean CNE score of those with
a baseline CNE score ≤ 4 increased. Of this latter group, 21.3%
of patients progressed to a CNE > 4 after 3 years of follow-up.
Nevertheless, this is probably an underestimation, because of
the selective group of patients that had four CNE measure-
ments (younger and a lower CNE score at baseline).

In contrast with other longitudinal studies, by using multi-
level analysis techniques we were able to correct for the cor-
relation of scores within one patient and also use data of
participants with two, three or four examinations, each adding
information to the final model. Multilevel analyses deal with
repeated measurements; therefore all annual CNE scores and
annually assessed values of predictor variables could be used in
the models. Nevertheless, multilevel analyses does not provide
an R2, and does not give insight into the variability that is
accounted for using specific models. Although our final
models were best predicting, given the variables used, it is not
clear how much variability of the CNE score and its change is
accounted for.

An important problem in research on DPN is how to define
it, i.e. to choose the right set of features of the syndrome that
should be included. Different study groups have used their
own scoring system, each including different aspects of DPN
[12,14,29]. The CNE score has been identified as a useful tool
to measure DPN in daily practice [15–18], but it is possible
that we miss aspects of DPN by using this specific scoring
system. Nevertheless, the 1999 updated ‘standard for type 2
diabetes care’ of the Dutch College of General Practitioners
[30] recommends a clinical neurological examination, based
on the CNE as also used in this study, for the diagnosis of DPN
in daily clinical practice. The use of this scoring system among
Type 2 diabetes in general practice therefore seems justified for
the detection of DPN and measurement of its severity in the
Dutch situation. The reproducibility of the CNE score [15],
and its validity against a neurophysiological examination
(sensory nerve conduction velocity and amplitude of the sensory
nerve action potential) [11] and vibration perception threshold
[15], has been tested before. However, it has not previously
been validated for the use of detecting changes of DPN in time.
Therefore, our results about change in DPN as measured by
CNE score should be interpreted with caution.

In conclusion, our results confirm and extend the very
limited information available from longitudinal studies. Variables
longitudinally associated with CNE score, as a measure of
DPN severity, were age, diabetes duration, height, BMI and
ankle-arm index. The CNE score showed a small, but signi-
ficant increase during 2–4 years of follow-up among Type 2
diabetes patients in general practice. Although several factors
are longitudinally associated with DPN, HbA1c, age and diabetes
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duration were the best predictors of CNE change during
follow-up. Therefore, improving glycaemia remains an
important amenable factor in preventing worsening of diabetic
polyneuropathy.
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