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Introduction

Abstract

Aims To examine the relationship between parasympathetic neuropathy, hy-
perinsulinaemia, glycaemic control (HbA, ), and future diabetic complications.

Methods We assessed parasympathetic nerve function [expiration/inspiration
(E/T) ratio], glomerular filtration rate (GFR), glycaemic control (HbA, ), fasting
plasma (f-p-) C-peptide in 82 Type 2 diabetic patients (age 61 £ 1 years) 5 and
12-15 years after diagnosis. Diabetic retinopathy was assessed 15 years after
diagnosis.

Results High HbA,_values in the first study were associated with retinopathy
(with 8.6 £ 2.0 vs. without retinopathy 6.2 + 1.9%; P < 0.0001) and disturbed
parasympathetic nerve function (low E/I ratio; r,=—-0.41; P = 0.0061) in the
second study, as well as with deteriorations in GFR between the first and second
study (7, = 0.62; P < 0.0001). Patients with parasympathetic neuropathy in the
first study had significantly higher f-p-C-peptide concentrations than those
without 3 years (1.20 £ 0.43 vs. 0.86 + 0.40 nmol/l; P = 0.0015) and 5 years (1.20 +
0.44 vs. 0.82 £ 0.33 nmol/l; P < 0.0001), but not 15 years after diagnosis.

Conclusion High HbA,_ values 5 years after diagnosis of Type 2 diabetes were
associated with retinopathy, disturbed parasympathetic nerve function, and de-
terioration in GFR 7-10 years later. Parasympathetic neuropathy 5 years after
diagnosis was associated with high C-peptide concentrations. Parasympathetic
nerve function has to be considered when B-cell function is evaluated. Hyper-
glycaemia is an important factor for the development of complications in Type 2
diabetes.
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parasympathetic neuropathy may predominate [4,5]. To
evaluate the association between autonomic neuropathy and

Autonomic neuropathy occurs frequently in diabetes [1] and is
associated with a serious prognosis [2,3]. Both sympathetic
and parasympathetic nerves may be affected. In Type 2 diabetes,
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cardiovascular risk factors, we have previously assessed auto-
nomic nerve function in a well-defined group of Type 2 diabetic
patients 5 years after diagnosis of diabetes. The evaluation
demonstrated that parasympathetic neuropathy was associated
with features of the metabolic syndrome, including hyperin-
sulinaemia [6] and has been confirmed by others [7,8]. We
have now re-evaluated our patients for retinopathy, nephro-
pathy, and parasympathetic neuropathy in a second study
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performed 12-135 years after diagnosis of Type 2 diabetes, i.e.
7-10 years after the first study.

The main aim of the new study was to explore whether the
presence of parasympathetic neuropathy in the first study
influenced future complications. We also evaluated whether
the hyperinsulinaemia shown in those with parasympathetic
neuropathy 5 years after diagnosis was still present after 12—
15 years.

Patients and methods

Subjects

Between September 1985 and August 1987, all (1 = 244) new
consecutively diagnosed diabetic patients in the city of Malmo
(230 056 inhabitants, 1986), Sweden, were classified as having
Type 1 (clinical need for insulin treatment 1 week after diagnosis
[9]) or Type 2 diabetes, and tested for islet cell antibodies (ICA)
as well as fasting C-peptide [9]. Of the 244 patients, 184 were
classified as having Type 2 diabetes without ICA, 18 as Type 2
diabetes with ICA [latent autoimmune diabetes in adulthood
(LADA)], and 42 as having Type 1 diabetes. The design of this
prospective study was originally focused on the aetiopathogen-
esis of adult-onset diabetes [9,10], and features related to dia-
betic complications were therefore not primarily included in the
protocol. Since Type 2 diabetic patients with ICA at diagnosis
comprise a subgroup of diabetes that within 3 years after diag-
nosis are insulin deficient and insulin dependent [10,11], these
as well as those with Type 1 diabetes were excluded.

All surviving Type 2 diabetic patients (7 = 153) were invited
to a follow-up study 5 years after diagnosis [6,12]. Out of 153
Type 2 diabetic individuals without ICA at diagnosis (age 61 £
1 years), 82 (54%) accepted; with regard to age and gender
these were representative of all 153 Type 2 diabetic patients.
Twelve years after diagnosis, all surviving individuals were
invited to a new follow-up study including anthropometrical
data, measurements of blood pressures (BP), glycaemic control
(HDbA, ), and residual B-cell function (fasting plasma C-peptide,
f-p-C-peptide). Of the 82 examined 5 years after diagnosis, 62
completed this new examination, seven had died, four had moved
from the area, and nine refused or were unable to participate.
Fifteen years after diagnosis, all surviving patients were invited
to an evaluation of autonomic nerve function comprising the
heart rate reaction to deep breathing, an established test of par-
asympathetic nerve function [13-15], urinary albumin excre-
tion (UAE), and glomerular filtration rate (GFR; 3'Cr-EDTA
clearance). Of the 62 evaluated 12 years after diagnosis, 52
completed this examination, seven had died, and three refused
or were unable to participate. Diabetic retinopathy was assessed
15 years after diagnosis in 63 of the original 82 subjects. The
Ethics Committee of the University of Lund approved the
study. Informed consent was obtained from all subjects.

Analytical methods

Body mass index (BMI) was calculated as weight (kg)/height
(m?). Blood pressures were measured with a sphygmomanometer
in the right upper arm, with the patient in the supine position
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and after 1 min in the upright position. HbA, . was measured by
high-performance liquid chromatography [16]; reference val-
ues 3.90-5.30%. Radioimmunoassay was used in the assess-
ment of fasting C-peptide concentrations [17]; reference values
0.25-0.75 nmol/l. Comparisons with HbA, and C-peptide
data from diagnosis and 3 years after diagnosis [6,11] were also
made in this study. U-albumin was determined by rate neph-
elometry. At our hospital, the method used for the evaluation of
albuminuria changed between the first and second study. In the
first study, urine was collected during 24 h and the albumin ex-
cretion was expressed as g/24 h. In the second study, urine was
collected during the night and the albumin excretion was expressed
as ug/min. Microalbuminuria in the first study was therefore
defined as an albumin excretion of 0.03-0.3 g/24 h and in the
second study 20-200 pg/min [18]. Concentrations above these
levels defined macroalbuminuria. As two different methods for
quantitative albumin excretion were used, we could not com-
pare the albumin excretion directly between the two studies (g/
24 h vs. ug/min) because of the differences in urine collection.
Therefore, we could only use micro- and macroalbuminuria as
dichotomized variables whereas the concentration of albumin
(g/1) had to be used as a continuous variable in comparisons be-
tween the first and second studies. GFR was evaluated by the
S1Cr-EDTA plasma clearance method [19]. To age adjust GFR,
standard deviation scores (z-scores) were calculated using age-
related normal GFR values [20]. Age-adjusted deterioration of
GFR was calculated as the GFR deterioration index [21].

Parasympathetic nerve function

The deep breathing test assessed parasympathetic nerve func-
tion. In the deep breathing test, six maximal expirations and
inspirations are performed continuously during 1 min in the supine
position during the recording of a continuous electrocardio-
gram (ECG). The expiration/inspiration (E/I) ratio was calcu-
lated from the mean value of the longest R-R interval during
expiration (E) and the shortest during inspiration (I) [14]. The
E/Iratio is not affected by gender, but decreases with advancing
age [22], and is the most informative test of parasympathetic
nerve function also when compared with 24-h spectral analysis
[23]. As in our previous study [6], the E/I ratio was expressed in
age-adjusted standard deviation scores, and an abnormal auto-
nomic nerve function test was defined as a value > 1.5 sp below
the age corrected value [24].

Assessment of diabetic retinopathy

Diabetic retinopathy was assessed by an experienced ophthal-
mologist (M.K.) from fundus photography (z = 46) or by clinical
examination (z = 17). Results were graded as no retinopathy,
non-proliferative (NPDR) or proliferative (PDR) diabetic
retinopathy.

Statistical analysis

Differences between groups were evaluated with the Mann—
Whitney U-test and the ¥ test, whereas Wilcoxon’s signed
rank test was used within groups. Spearman’s correlation
coefficient (r,) was calculated for correlations and regression
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coefficients were calculated in a simple regression model. All
tests were two-tailed and P < 0.05 was considered significant.
Results are presented as mean % sp or # (%). StatView 4.5
(SAS Institute, Cary, NC, USA) was used for the statistical
calculations.

Results

All patients

Patient characteristics are shown in Table 1. This survivor
analysis showed that those with parasympathetic neuropathy
5 years after diagnosis of diabetes were slightly younger and
more obese than those without. Fifteen years after diagnosis of
Type 2 diabetes, parasympathetic neuropathy (abnormal E/I

VI

ratio) was found in 14/52 (27%) subjects, retinopathy in 39/
63 (62%; five had proliferative retinopathy), microalbuminu-
ria in 19/52 (37%), macroalbuminuria in 7/52 (13%), and
abnormally low (< 1.5 sp) GFR in 3/52 (6%). Table 2 shows
the development of complications in relation to early parasym-
pathetic neuropathy. Amongst the 24 patients with parasym-
pathetic neuropathy in the first study, seven had normal
parasympathetic nerve function in the second study, six had
died and five were not followed up. Amongst the 58 individuals
without parasympathetic neuropathy in the first study, eight
had developed this complication in the second. These patients
showed significantly higher HbA,_values 5 years after diagno-
sis compared with those remaining without parasympathetic
neuropathy 10 years later (10.4+£2.1% vs. 6.9+ 1.9%;
P =0.0012).

Table 1 Age, body mass index (BMI) and HbA, _at, and 3, 5, and 12 years after diagnosis in Type 2 diabetic patients with and without parasympathetic
neuropathy [abnormal age-adjusted expiration/inspiration (E/I) ratio, value < 1.5 sb [31]] 5 years after diagnosis (mean % sp)

With parasympathetic Without parasympathetic

neuropathy at 5 years neuropathy at 5 years P-value
At diagnosis n=24 n=358
Age (years) 48+£10 S6+11 0.0011
Gender (male/female) 15/9 36/22 0.9708
Body mass index (kg/m?) 30.9+4.7 28.2+3.5 0.0068
HbA, (%) 74+1.7 7.5+2.3 0.6465
After 3 years n=24 n=>58
Body mass index (kg/m?) 29.9+£3.8 27.4+£3.6 0.0117
HbA,_ (%) 7.3+1.9 7.1+1.6 0.4145
After S years n=24 n=358
Body mass index (kg/m?) 29.1£3.5 27.0£3.8 0.0151
HbA, . (%) 8.2+2.2 7.7+2.2 0.3719
After 12 years n=20 n=42
Body mass index (kg/m?) 28.7+3.6 26.4%3.1 0.0117
HbA, . (%) 7.5%£1.8 7.4£2.0 0.4845
Antihypertensive treatment (%) 14 (70) 28 (67) 0.7930
B-Blocker treatment (%) 420) 5(12) 0.3980

Table 2 Parasympathetic nervous function [age-adjusted expiration/inspiration (E/I) ratio], glomerular filtration (Cr-EDTA clearance and age
adjusted z-score), and U-albumin 5 and 15 years after diagnosis in Type 2 diabetic patients without and with parasympathetic neuropathy (abnormal
age-adjusted E/I ratio, value < 1.5 s [31]) 5 years after diagnosis (mean * sp or 72 (%))

Parasympathetic neuropathy

Without

With

Time after diagnosis S years (n = 58)

15 years (n = 38)

S years (n = 24) 15 years (n = 14)

E/I ratio (sp) -0.69+£0.74 -1.04£0.7% -1.82£0.25 -1.43£0.51*
Cr-EDTA clearance

(ml/min) 93+23 73+£27% 97 £24 89 +28%§
Age adjusted z-score (D) 0.52+1.56 -0.52+1.94% 0.38+1.82 0.30+2.19

U-albumin (g/1) 0.04+£0.10 0.06 £0.1171 0.10+£0.27 0.24+£0.45*

*P < 0.05 compared with same group 5 years after diagnosis.
1P < 0.001 compared with same group 5 years after diagnosis.
1P < 0.0001 compared with same group 5 years after diagnosis.

§P < 0.05 compared with Type 2 diabetic patients without parasympathetic neuropathy.

© 2004 Diabetes UK. Diabetic Medicine, 21, 1304-1309
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Figure 1 Relation between metabolic control (HbA, ) in the first study
and age adjusted expiration/inspiration (E/I ratio) 10 years later in Type
2 diabetic patients in patients with (O) and without ({J) parasympathetic
neuropathy $ years after diagnosis of diabetes (r, =—0.41; P = 0.0061).

Factors affecting the development of complications

Neuropathy

Figure 1 shows that high HbA, _ values in the first study were
associated with disturbed parasympathetic nerve function (low
E/Iratios) in the second study 10 years later (z = 52,7, = —0.41;
P =0.0061) in all patients. Those with parasympathetic neu-
ropathy in the second study had significantly (# = 38, 9.8 +
2.6% vs.n=14,7.0£1.7%; P = 0.0016) higher HbA, _values
in the first study. A similar difference for HbA,_ was not found
in the second study (8.5 £2.3% vs. 7.4 £ 1.8%; P = 0.1014).
Amongst those with parasympathetic neuropathy in the first
study, three of five with parasympathetic neuropathy in the
second study had high (> 10%) HbA,_ values in the first com-
pared with none of those without (0/7; P = 0.0180). Hence,
hyperglycaemia in the first study was associated with para-
sympathetic neuropathy 10 years later.

GFR

Figure 2 shows that deteriorations in GFR during the 10-year
follow-up period were clearly associated with high HbA | (r, =
0.62; P < 0.0001) but not with parasympathetic neuropathy in
the first study.

Retinopathy

Retinopathy in the second study was associated with high HbA,
values in the first [i.e. 5 years after diagnosis (Fig. 3): retinopathy
8.6 £2.0% vs. without retinopathy 6.2 +1.9%; P < 0.0001]
and second study (8.2+2.0% vs. 6.3+1.2%; P =0.0004).
HbA,_ at diagnosis (7.8 £1.9% vs. 6.8 £ 1.8 %; P = 0.0176) and
3 yearslater (7.4 £ 1.6% vs. 6.5 + 1.4%; P = 0.0180) were also
significantly higher in those with retinopathy in the second
study. Retinopathy at follow-up was more frequent in those
with parasympathetic neuropathy in the first study than in
those without [17 of 21 (81%) vs. 22 0f 42 (52%); P = 0.0179].

In a logistic regression analysis with BMI, parasympathetic

© 2004 Diabetes UK. Diabetic Medicine, 21, 1304-1309
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Figure 2 Relation between metabolic control (HbA, ) in the first study
and deterioration in glomerular filtration rate (GFR deterioration index)
10 years later in Type 2 diabetic patients in patients with (O) and without
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(r,=0.62; P <0.0001).
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Figure 3 HbA,_and age-corrected expiration/inspiration (E/I) ratio

§ years after diagnosis of diabetes in patients with (O) and without ([1)
diabetic retinopathy 15 years after diagnosis of diabetes. Vertical line at
E/I ratio — 1.5 sb marks definition of parasympathetic neuropathy.

nerve function (E/I ratio), HbA,, s-triglycerides, s-LDL-
cholesterol, age, sex and diastolic blood pressure 5 years after
diagnosis as predictive variables and retinopathy 15 years after
diagnosis as outcome variable, only high HbA, (B = 1.815 £
0.616; P = 0.003) and low BMI ( =—0.354 £ 0.175; P = 0.043)
5 years after diagnosis were independent predictors of retino-
pathy 15 years after diagnosis.

The development of f-p-C-peptide

Patients with parasympathetic neuropathy in the first study
showed higher f-p-C-peptide concentrations than those without
3 years (P =0.0015), and § years (P = 0.0002) after diagnosis.
Fifteen years after diagnosis f-p-C-peptide had significantly
decreased (P = 0.0242) and the concentration was not different
(P = 0.6055) compared with those without parasympathetic
neuropathy initially (Fig. 4). There were significant nega-
tive correlations between the E/I ratio in the first study vs.
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Figure 4 The development of fasting plasma C-peptide (C-pep) during
15 years in Type 2 diabetic patients with (®) and without
parasympathetic neuropathy (O) S years after diagnosis. Data are
mean & SEM.

f-p-C-peptide at diagnosis (r, =—0.27; P = 0.0105), 3 years
(ry==0.38; P = 0.0002), 5 years (r,=—0.38; P < 0.0001) after
diagnosis and a lack of association 15 years after diagnosis
(ry==0.05; P=0.7150).

Discussion

This study showed that glycaemic control § years after diagno-
sis of Type 2 diabetes was related to deterioration in GFR, dis-
turbed parasympathetic nerve function, and the development
of retinopathy during the following decade, but unrelated to
parasympathetic neuropathy 5 years after diagnosis. However,
our study is a survivor analysis, and this limits interpretation
of the data.

In those with parasympathetic neuropathy in the first study,
the median E/I ratio was unchanged 10 years later. This might
suggest that once parasympathetic neuropathy has developed,
it does not progress because of structural and irreversible
changes in parasympathetic nerves. However, this was not the
case here. Seven patients with parasympathetic neuropathy in
the first study did not fulfil the criteria for this diagnosis
10 years later. This indicates that early parasympathetic neu-
ropathy may improve. It is possible that a reversible neuropathy
may be related to hyperinsulinaemia.

Hyperinsulinaemia is associated with parasympathetic dys-
function in Type 2 diabetic patients [6-8], and might explain
why obese subjects, with [4] and without [25] diabetes, often
have impaired parasympathetic nerve function. Our previous
finding that parasympathetic neuropathy occurs in impaired
glucose tolerance [26] supports the concept of hyperinsulinaemia-
related parasympathetic dysfunction. Although parasympathetic
neuropathy may be of primary importance for hyperinsulinae-
mia [6,27], insulin resistance in itself or its consequence
(hyperinsulinaemia) may also cause parasympathetic nerve
dysfunction [28]. Indeed, experimental studies have demon-
strated that insulin increases the heart rate [29], a feature of

VI

parasympathetic neuropathy [30]. Hyperglycaemia in combin-
ation with insulinopenia promotes progression of peripheral
neuropathy [31]. This may explain the later development of
parasympathetic neuropathy in patients lacking parasympa-
thetic neuropathy in the first study. Patients who had developed
parasympathetic neuropathy in the second study showed high
HbA, _ and low f-p-C-peptide concentrations initially.

Recently, autonomic neuropathy has been proposed as a
predictor of severe retinopathy [32-36]. In keeping with this,
parasympathetic neuropathy in the first study was associated
with an increased prevalence of retinopathy 10 years later.
However, logistic regression showed that high HbA, _ values
rather than parasympathetic neuropathy were associated with
retinopathy. That HbA, _values in the first study were associated
with later retinopathy might indicate that the development of
both neuropathy and retinopathy is related to hyperglycaemia
[33]. It is also possible, however, that parasympathetic neu-
ropathy might itself aggravate the risk for retinopathy [36].
Alternatively, increased nocturnal blood pressure, a feature of
parasympathetic neuropathy [37], might favour the development
of retinopathy.

A fall in GFR was related to high HbA,_values § years after
diagnosis. We have previously shown that sympathetic neu-
ropathy [21] may promote deterioration in GFR. The current
study confirms that hyperglycaemia is associated with a fall in
GFR. This indicates that both blood pressure and glycaemic
control contribute to diabetic nephropathy.

In conclusion, high HbA, _values 5 years after diagnosis of Type
2 diabetes were associated with retinopathy, disturbed para-
sympathetic nerve function, and deterioration in GFR 7-10 years
later. Parasympathetic neuropathy 5 years after diagnosis, often
reversible in patients with good glycaemic control (low HbA
values), was associated with high C-peptide concentrations.
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