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OBJECTIVE

Cardiovascular autonomic diabetic neuropathy (CAN) is a serious complication of di-
abetes. No reliable data on the prevalence of CAN among patients with newly diagnosed
type 2 diabetes are available. Therefore, the aim of this study was to estimate the
prevalence of CAN among patients with newly diagnosed type 2 diabetes.

RESEARCH DESIGN AND METHODS

A cohort of 557 patients with newly diagnosed type 2 diabetes with cardiovascular
autonomic test results available was selected. Early and confirmed neuropathy
were assessed using a standardized methodology and their prevalences deter-
mined. A multivariate logistic regression analysis was modeled to study the fac-
tors associated with CAN.

RESULTS

In the entire cohort, the prevalence of confirmed CAN was 1.8%, whereas that of early
CAN was 15.3%. Prevalence did not differ between men and women. In the multivariate
analyses BMI results were independently and significantly associated with CAN after
adjusting for age, sex, hemoglobin A, pulse pressure, triglyceride-to-HDL cholesterol
ratio, kidney function parameters, and antihypertensive treatment.

CONCLUSIONS

CAN could be detected very early in type 2 diabetes. This study may suggest the
importance of performing standardized cardiovascular autonomic tests after di-
agnosis of type 2 diabetes.

Autonomic nervous system dysfunction occurs as a classic complication of diabetes
once other causes have been excluded (1). Diabetic autonomic neuropathy is a
widespread disorder potentially involving adrenergic, cholinergic, dopaminergic
autonomic fibers as well as peptidergic neurons (1). The traditional view of cardiac
autonomic neuropathy (CAN) encompasses damage to the autonomic nerve fibers
that innervate the heart and blood vessels, resulting in abnormalities in heart rate
control and vascular dynamics (2). In the natural progression of diabetes, neuro-
pathic complications generally occur after several years of disease. However,
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1488 Autonomic Neuropathy at Diabetes Diagnosis

epidemiological evidence showed that a
“precocious” involvement in terms of an
imbalance of the autonomic system, re-
lated principally to an impaired vagal
influence and relative sympathetic
predominance on the heart, can be
present at the time of diagnosis of di-
abetes mellitus (3). Of particular inter-
est are studies reporting enhanced
sympathetic nervous activity as key
components associated with poor
health outcomes, such as a high risk of
cardiac arrhythmia, sometimes culmi-
nating in sudden cardiac death (4). The
prevalence of confirmed CAN, based on
at least two abnormal heart rate test
results (5-7) varies from 16.6% to 20%
and increases to 65% with age and
duration of diabetes (7-9). Despite its
prevalence and clinical impact, CAN is
still widely underdiagnosed, probably
because of the need for training and ex-
pertise in the performance of cardiovas-
cular autonomic tests (10). In particular,
information on the prevalence of CAN in
patients with newly diagnosed type 2 di-
abetes is scarce and not easy to interpret
because of both the different diagnostic
approaches in terms of the number and
types of tests performed and the differ-
ences in the diagnostic cutoff points
(11-15). The prevalence of CAN at diagno-
sis of diabetes is still uncertain (16).

Therefore, the main aim of this study
was to estimate the prevalence of CAN
by using standardized Ewing tests and
validated diagnostic cutoff points in a
large cohort of patients with newly di-
agnosed type 2 diabetes. Moreover, the
factors associated with CAN were esti-
mated in multivariate models.

RESEARCH DESIGN AND METHODS

Subjects

The Verona Newly Diagnosed Type 2 Di-
abetes Study (VNDS) is an ongoing study
of patients with newly diagnosed type 2
diabetes. The study has been registered
as a clinical trial (ClinicalTrials.gov identi-
fier NCT01526720). As of 1 January 2002,
all patients referred to the Division of
Endocrinology and Metabolic Diseases of
the University of Verona School of Medi-
cine whose diabetes was diagnosed in the
past 6 months were asked to participate
in this research. The clinical evidence on
which the diagnosis of type 2 diabetes
was made is reviewed and the diagnosis
confirmed. Patients are drug-naive or, if
already treated with antidiabetic drugs,

undergo a treatment washout of at least
1 week before tests are performed.
Among the exclusion criteria are age
>75 years, non-ltalian ancestry, insulin
treatment, and presence of anti-GAD
antibodies, malignancies, and any condi-
tion severely impairing liver and/or
kidney function. In this observational
cross-sectional analysis we report the
data collected from 557 patients, all of
whom have cardiovascular autonomic
tests available. The cohort comprised 68%
of all subjects evaluated (n = 813). Seventy-
three subjects did not have complications
evaluated and 183 refused to be tested for
CAN. Patients included in the study have
similar characteristics as those not included
in the analyses, as shown in Table 1.
Subjects under study consumed a
weight-maintaining diet containing 200-
250 g carbohydrate/day for at least 3
days before studies. Body weight of all
subjects was stable for at least 1 month
before studies. No subject participated in
any heavy exercise. Each subject gave in-
formed written consent before participat-
ing in the research, which was approved
by the Human Investigation Committee of
the Verona City Hospital. Standard clinical
phenotypes were measured in all patients.

Clinical and Laboratory Data

BMI was calculated by dividing weight in
kilograms by the square of height in me-
ters. Blood pressure was measured with a
standard mercury manometer. Venous
blood was drawn in the morning after
an overnight fast in all patients. Serum
creatinine (measured using a Jaffé rate-
blanked and compensated assay), lipids,
calcium, and other biochemical blood
measurements were determined by stan-
dard laboratory procedures (DAX 96;
Bayer Diagnostics, Milan, Italy). Hemoglo-
bin A;. (HbA;.) was measured according
to the standard operating procedure of
the International Federation of Clinical
Chemistry and Laboratory Medicine (IFCC)
Reference using an automated high-
performance liquid chromatography
analyzer (Bio-Rad Diamat, Milan, Italy);
the upper limit of normal for our labora-
tory was 5.8% (40 mmol/mol). Patients
were considered to have arterial hyperten-
sion if their blood pressure values were
>140/90 mmHg or they were taking any
antihypertensive drugs. Glomerular filtra-
tion rate (GFR) was estimated from the
four-variable Modification of Diet in Renal
Disease (MDRD) study equation (17). The
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urinary albumin excretion rate was mea-
sured from a 24-h urine sample by an
immunonephelometric method. The pres-
ence of albuminuria (defined as urinary
excretion of >30 mg albumin/day) was
confirmed by at least two of three con-
secutive samples. Nephropathy was de-
fined as albuminuria and/or estimated
GFRypro <60 mL/min/1.73 m2. Presence
of diabetic retinopathy was diagnosed
with indirect ophthalmoscopy after pupil-
lary dilation by a single ophthalmologist
(S. Casati, Azienda Ospedaliera Universitaria
Integrata Verona).

Cardiovascular Autonomic Tests
Cardiovascular autonomic function was as-
sessed by a computerized system, as previ-
ously described (18), following the criteria
presented by Ewing and Clarke (5). Quanti-
tative studies of autonomic function are
also well described elsewhere (10). Patients
should be requested to avoid strenuous
physical exercise in the 24 h preceding the
cardiovascular tests. We recommended not
consuming beverages containing caffeine,
as well as not smoking or drinking alcohol,
at least 2 h before the tests. The three heart
rate tests were performed while the pa-
tient was fasting or at least 2 h after a light
meal. A personal computer collected,
stored, and processed R-R intervals and
blood pressure (systolic, diastolic, and
mean) and analyzed heart rate and blood
pressure variations during lying to standing
(LS), deep breathing (DB), and Valsalva ma-
neuver (VM). The diagnostic definition of
CAN based on this battery of tests allows
an indication of the severity of the neurop-
athy, showing independent parasympa-
thetic and sympathetic functions and
reducing the probability of false positives.
No agreement exists on the number
of abnormal cardiovascular tests re-
quired to reach a diagnosis of CAN (7).
In the light of the evidence available,
experts have proposed that at least
two abnormal heart rate tests (below
the 5th percentile) are required for the
diagnosis of CAN (confirmed autonomic
neuropathy). Only one abnormal test or
two borderline tests (between the 5th
and 10th percentiles) identifies the condi-
tion of “early or uncertain” CAN. The se-
vere form of autonomic neuropathy is
diagnosed when confirmed CAN is associ-
ated with orthostatic hypotension. DB, LS,
and VM are considered indexes of mainly
“cardiovagal” function, with similar high
sensitivity and specificity, whereas the
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Table 1—Clinical characteristics of the 557 subjects with newly diagnosed type 2 diabetes compared with subjects with no
cardiovascular autonomic tests (CATs), stratified by the absence or presence of early and confirmed CAN

Subjects by CAN category

Subjects with no CAT Subjects with CAT Absent Early Confirmed
(n = 256) (n =557) P value* (n =461) (n =86) (n =10) P value*
Age (years) 58.1 = 10.3 58.3 = 10 0.78 57.8 9.8 58 = 9.6 56.7 = 6.6 0.92
Weight (kg) 84.4 = 18 82.7 = 16 0.17 81.9 +153 87.2*17.8 97.25+*29.1 0.001
BMI (kg/m?) 30.3 £5.8 29.8 £ 5.2 0.31 29.54 =50 314=*52 33779 0.001
Systolic blood pressure (mmHg) 135.3 = 18.6 135.8 * 16.7 0.73 136 £ 16.5 136.9 £ 17.3 134.2 = 13.7 0.85
Diastolic blood pressure (mmHg) 83.2 = 10.1 83.7x9 0.52 83.8 £85 84.2*10.6 84 + 11.6 0.93
Pulse pressure (mmHg) 52.1 + 13.7 52.1 = 13.6 0.99 52.1 £ 15,5 52.7 =13.7 488 *17.2 0.70
Fasting glycemia (mmol/L) 74 *+18 7.2 £1.7 0.25 7.15 £ 16 7.58 £ 2.1 6.91 £ 1.0 0.87
HbA . (%) 7.0+ 15 6.9+ 1.2 0.06 6.8+ 1.1 7+11 6.9+ 13 0.39
HbA,. (mmol/mol) 53.0 = 16.2 519 = 12.3 0.06 50.8 £ 12.2 53.0 %123 519 *14.6 0.39
LDL cholesterol (mmol/L) 3.0+ 0.9 3.0 0.9 0.89 3.02 £ 0.9 3.1 0.9 2.92 = 0.6 0.19
HDL cholesterol (mmol/L) 1.2 +04 1.2 +0.3 0.68 1.18 = 0.3 1.14 = 0.3 132 £ 0.7 0.20
TGs (mmol/L) 1.7 £11 1.6 = 0.9 0.12 1.62 £ 0.9 1.6 =+ 1.0 1.32 £ 0.6 0.93
TG-to-HDL cholesterol ratio 38*+33 3.5*27 0.19 3.5*26 3.7*£33 26*16 0.501
Estimated GFRyprp
(mL/min/1.73 mz) 83.6 = 21.2 849 + 213 0.42 844213 869 * 220 889 * 18.5 0.52
Statins 21.1 19.6 0.627 18.8 224 30.0 0.528
Antihypertensive drugs 57.2 53.9 0.09 50.4 68.2 90.0 0.001
Central sympatholytics 6.7 9.4 10.0 0.63
Diuretics 10.6 18.8 0.0 0.05
B-Blockers 21.9 38.8 40.0 0.002
Calcium antagonists 17.3 24.7 10.0 0.21
ACE inhibitors 29.9 24.7 40.0 0.47
Angiotensin Il antagonists 8.4 24.7 10.0 0.001
Antiplatelets drugs 21.5 14.8 0.02 133 22.4 20.0 0.080
Background retinopathy 3.2 4.2 0.76 3.9 5.3 10.0 0.249
Preproliferative retinopathy 0.9 0.6 0.76 0.2 2.6 0.0 0.249
Microalbuminuria 15.1 11.0 0.14 10.0 17.6 0.0 0.260
Macroalbuminuria 1.8 0.8 0.14 0.7 1.4 0.0 0.260
Cardiac frequency (bpm) 66.3 = 10.4 659 *10.1 67.6 = 10.5 0.889
LS 1.19 £ 0.14 112 =£0.12 1.01 £0.17 <0.001
DB 20.8 = 8.4 122 £71 11.2 £ 4.8 <0.001
VM 1.56 £ 049 1.27 =£0.19 1.20 £0.08 <0.001
Postural hypotension (mmHg) —5.4+127 —-55*+134 -23+*203 0.767

Data are mean * SD or percentages, unless otherwise specified. *Significance was tested using a t test or x* test. TG, triglyceride.

orthostatic hypotension test is consid-
ered a test of sympathetic function (19).
None of the three heart rate tests is
clearly superior to the other two in terms
of diagnostic characteristics. However, al-
though the three heart rate tests explore
mainly parasympathetic function, the ner-
vous pathways and reflex mechanisms in-
volved are not identical; the sympathetic
activity and baroreflex have a contribu-
tory role in the orthostatic test and VM
(10,18,20). Hence, experts generally
consider a hierarchy of levels of sensitivity
in these measures. For example, an abnor-
mality in the heart rate variability alone,
as shown in DB, may be the earliest stage;
an abnormality in the Valsalva response
may define an intermediate stage; and

the presence of postural hypotension
may define a more severe stage (21).

In this study, following the recom-
mendations for the diagnosis of CAN,
we adopted the following criteria: 1)
early CAN, the presence of one abnor-
mal or two borderline heart rate tests;
2) confirmed CAN, the presence of two
or more abnormal tests; and 3) severe
CAN, orthostatic hypotension is also
present in addition to two or more ab-
normal tests (6).

Reproducibility of the data available
in the literature provides coefficients of
variation generally lower than 10% for
DB and LS and slightly higher (10-15%)
for VM (22). Moreover, a progressive re-
duction in autonomic reactivity with age

has been described, and test abnormal-
ities were defined using age-based val-
ues. The correction by age is based on
data obtained by our center. Ten normal
subjects for each of the following classes
of age were studied: 20-29, 30-39,
40-49, 50-59, 60-69 and 70-79 years;
cardiovascular autonomic tests were
used to construct the age-specific refer-
ence values (23). The results are expressed
as the average of three successive
measurements.

Statistical Analysis

Data are presented as means *= SDs or
proportions. Skewed variables were log-
arithmically transformed to improve
normality before analysis. The one-way
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ANOVA and the x? test with Yates correc-
tion for continuity were used to analyze
the differences among the clinical and
biochemical characteristics of participants
stratified by status of CAN (absent, early,
and confirmed). Three forced-entry multi-
variate logistic regression analysis were
performed to assess the factors indepen-
dently associated with the presence of
CAN (dependent variable). The dependent
variable was included as a composite end
point: CAN absent (coded as 0) and early
and confirmed CAN combined (coded as
1). Covariates were chosen as potential
confounding factors on the basis of their
significance in univariate analysis or on
the basis of their biological plausibility.
Results are presented as odds ratios
(ORs) with 95% Cls. Statistical analysis
was performed using SPSS 19.0 statistical
package software. P values <0.05 were
considered statistically significant.

RESULTS

Among the whole cohort, the average val-
ues of LS, DB, and VR were 1.18 =+ 0.14,
19.4 = 8.9, and 1.51 = 0.47, respectively.
Only two patients were affected by ortho-
static hypotension, but none had severe
autonomic neuropathy. When consider-
ing at least two pathologic tests to define
autonomic neuropathy (defined as con-
firmed CAN), the prevalence was 1.8%.
When considering at least two borderline
tests and one pathologic test to define
early CAN, the prevalence of CAN in-
creased to 15.3%. Table 2 shows the prev-
alence of CAN divided by sex; even though
men tended to have a higher frequency of
CAN, the differences were not statistically
significant. Table 1 summarizes the main
clinical characteristics of the 557 subjects
with newly diagnosed type 2 diabetes
stratified by levels of CAN. Age was similar
in the three groups, whereas BMI was sig-
nificantly higher in subjects with con-
firmed CAN. Glycated hemoglobin, blood
pressure and pulse pressure, lipids, and
estimated GFRy,prp Were not significantly
different in the three groups. Also, the
frequency of microvascular complications
did not differ among groups. Subjects with

confirmed CAN were more frequently re-
ceiving treatment for hypertension. The
following classes of antihypertensive
drugs were used by patients: central sym-
patholytics (7.6%), diuretics (12.4%),
B-blockers (27.1%), calcium antagonists
(19.8%), ACE inhibitors (30.8%), and an-
giotensin Il antagonists (10.9%); no pa-
tients were using a-antagonists. Only the
use of B-blockers and angiotensin Il antag-
onists were significantly different among
the classes of CAN, as reported in Table 1.
Figure 1 shows the prevalence of each
single cardiovascular autonomic test (DB,
LS, VM, and orthostatic hypotension). The
least frequently observed alterations
were orthostatic hypotension and LS,
respectively.

To identify possible predictors asso-
ciated with the presence of CAN, we
modeled different multivariate logistic
regression models. We found that the in-
dependent and significant predictors of
the presence of CAN were BMI, with an
OR of 1.07 (95% Cl 1.02-1.12; P = 0.003),
and the treatment for hypertension
(yes/no), with an OR of 2.12 (95% ClI
1.25-3.60; P = 0.005) in the fully adjusted
regression model (Table 3). When the
categories of physical activity (available
for 449 patients) were introduced in the
logistic multivariate model, the results did
not change. Physical activity was not a sig-
nificant predictor, whereas both BMI and
antihypertensive treatment maintained
their significance, with ORs of 1.06 (95%
Cl 1.01-1.11; P = 0.01) and 2.42 (95% ClI
1.39-4.21; P = 0.002), respectively.

Among 403 subjects whose smoking
habit and alcohol consumption data
were available, we evaluated the impact
of these variables. BMI maintained its
significance (adjusted OR 1.06 [95% CI
1.01-1.12]; P = 0.02) and neither smok-
ing nor alcohol consumption were sig-
nificant predictors of CAN.

CONCLUSIONS

This study is the largest study carried out
to estimate the prevalence of CAN in pa-
tients with newly diagnosed type 2 diabe-
tes. It suggests that very early in the

Table 2—Prevalence of confirmed and early CAN among 557 subjects with newly
diagnosed type 2 diabetes, divided by sex

Absent Early Confirmed
Men 305 (82.2%) 59 (15.9%) 7 (1.95%)
Women 156 (83.9%) 27 (14.5%) 3 (1.6%)
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course of type 2 diabetes—often just at
diagnosis—an imbalance between the
cardiac and vasomotor nervous systems is
present in some patients. This imbalance is
characterized by precocious vagal involve-
ment, with consequent relative release of
adrenergic tone. This evidence is in keeping
with previous reports, suggesting that sub-
tle autonomic function abnormalities may
begin before diabetes and even before in-
sulin resistance is displayed during the ini-
tiation of metabolic syndrome (24). Other
evidence showed that autonomic impair-
ment across different glycemic statuses is
not apparent initially, for example, in im-
paired fasting glucose but appreciable only
in impaired glucose tolerance (25).

The three rate tests (DB, LS, and VM)
mainly explore parasympathetic functions,
but the reflex mechanisms involved are not
identical. Therefore, the diagnostic defini-
tion of CAN based on several tests allows
an indication of the severity of this impor-
tant diabetes complication (6,7,23).

Previous studies examining the prev-
alence of autonomic neuropathy in pa-
tients with newly diagnosed type 2
diabetes were mainly carried out using
either very small samples of patients or
different tests, thus leading to large dif-
ferences in estimates. A case—control
study (41 patients with newly diagnosed
type 2 diabetes and 49 controls) reported
significantly reduced vasoconstriction re-
sponses in patients with diabetes com-
pared with controls (11). In 95 patients
with newly diagnosed type 2 diabetes
with a mean age of 49.7 years, the prev-
alence of three abnormal tests ranged
between 2.1% and 7.3% (12). Another
study of 132 patients with newly diag-
nosed type 2 diabetes (45—64 years old)
reported a prevalence of autonomic neu-
ropathy of 9.2% in men and 3.3% in
women (13). In 145 patients with recently
detected type 2 diabetes, combined para-
sympathetic dysfunction (abnormal and
borderline) was found in 44.2% of pa-
tients, whereas combined sympathetic
dysfunction occurred in 51.9% (14). In
39 patients with newly diagnosed type 2
diabetes, DB was abnormal in 28% of pa-
tients, and 6% had postural hypotension
(15). Considering all these disparities in
estimates of autonomic dysfunction as a
result of small samples, differences in
tests applied, and differences in the
methodology of the interpretation of
tests results, our study adds important
information; we evaluated a very large
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Figure 1—Percentages of normal, borderline, and abnormal results for VM, deep breathing, lying

to standing, and orthostatic hypotension.

sample of patients with newly diagnosed
type 2 diabetes and used a standardized
methodology to assess CAN. Moreover,
our findings may have clinical implications
suggesting that CAN should be evaluated
as soon as possible after the diagnosis of
type 2 diabetes.

We found that BMI was the only signif-
icant factor associated with CAN. Altered
autonomic function is a well-known find-
ing in obesity (26,27), but the mecha-
nisms by which excess weight favors
autonomic dysfunction are still unclear.
Alterations of several intertwined func-
tional elements, such as inflammation
(28), impaired endothelial function (29),
dysfunctional leptin (30), and ghrelin reg-
ulation (31), might be involved, leading to
an increase in sympathetic activity, a re-
duction of cardiac baroreflex sensitivity,
and facilitating an increase in arterial

pressure (32). Hypertension has been
found to be a predictor of CAN in type 2
diabetes in cross-sectional studies (33—
36), whereas the use of antihypertensive
drugs was associated with autonomic in-
dexes in the Hoorn Study (34). Consistent
with this evidence, our patients with CAN
were more frequently treated for hyper-
tension. Both 3-blockers and angiotensin
Il antagonists were proposed among the
treatment options for autonomic dys-
function because they influence the sym-
pathovagal balance by decreasing the
function of the sympathetic nervous sys-
tem (37). Therefore, the overall effect of
these drugs could lead to a likely under-
estimation of the prevalence of CAN as a
consequence of the release of parasym-
pathetic tone. BMI maintained its statis-
tical significance, however, even with
antihypertensive treatment in the model.

Zoppini and Associates

We did not observe an association of
CAN with either retinopathy or ne-
phropathy, probably because of the
small numbers of subjects affected by
these complications.

Cardiovascular autonomic dysfunction,
as observed in this study, can be detected
very early in the natural history of type 2
diabetes, sometimes just after hyperglyce-
mia is discovered. Hence, although the
Standards of Medical Care in Diabetes
2015 (38) do not yet recommend the eval-
uation of CAN in patients with newly di-
agnosed type 2 diabetes, in agreement
with our results, showing that the diagno-
sis of an early cardioautonomic involve-
ment is not infrequent, we suggest
performing cardiovascular autonomic
tests as soon as possible for the following
reasons: 1) CAN was found to be highly
prevalent 6 years after a screening-based
diagnosis of type 2 diabetes (39); 2) the
Steno-2 Trial showed that in patients
with longstanding type 2 diabetes inten-
sive multifactorial intervention can re-
duce the risk of developing CAN by 68%
(40); and, finally, 3) Vinik and Murray (37)
suggested treating autonomic dysfunc-
tion earlier because it is easier to correct
during early stages since there are a
greater number of therapeutic options,
compared with advanced-stage auto-
nomic neuropathic damage (18,37). Clini-
cians should be aware of the possibility of
autonomic dysfunction soon after diag-
nosis in type 2 diabetes, and, conse-
quently, researchers should intensify
efforts to examine whether specific treat-
ments to ameliorate CAN at an early stage
are beneficial in the long term. If that is
proven to be the case, then early screen-
ing should be considered.

The strengths of our study are the large
cohort, the standardized methodology
in assessing cardiovascular autonomic

Table 3—ORs (95% ClIs) of predictors of CAN in subjects with newly diagnosed type 2 diabetes (n = 557)

Model 1 P value Model 2 P value Model 3 P value
Age (years) 1.00 (0.98-1.02) 0.957 1.01 (0.98-1.03) 0.643 1.01 (0.98-1.03) 0.731
Male sex 1.12 (0.69-1.81) 0.643 1.25 (0.76-2.07) 0.385 1.34 (0.79-2.30) 0.278
BMI (kg/m?) 1.08 (1.04-1.13) <0.001 1.07 (1.02-1.12) 0.003
HbA;. (% [mmol/mol]) 1.11 (0.91-1.35) 0.297 1.14 (0.92-1.40) 0.232
TG-to-HDL cholesterol ratio 0.98 (0.89-1.08) 0.761
Pulse pressure (mmHg) 0.99 (0.98-1.02) 0.663
eGFRypro (ML/min/1.73 m?) 1.01 (0.99-1.02) 0.233
Antihypertensive drugs (yes/no) 2.12 (1.25-3.60) 0.005

TG, triglyceride.
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neuropathy, and the completeness of the
database. The study has some limitations.
The cross-sectional design of this study,
using standard cardiovascular reflex tests
in patients with newly diagnosed type 2
diabetes (and not more sensitive auto-
nomic measures such as baroreflex sensi-
tivity or spectral analysis of heart rate
variability) does not allow us to draw
conclusions on the natural course of
autonomic control of the cardiovascular
system in type 2 diabetes. The cohort
comprised patients referred to the Divi-
sion of Endocrinology and Metabolic Dis-
eases at the University of Verona School
of Medicine; therefore, the results of this
study cannot be generalized to other di-
abetic populations. Diabetic polyneurop-
athy was not assessed.

In conclusion, cardiovascular auto-
nomic dysfunction can be detected
very early in the natural history of type
2 diabetes, just after hyperglycemia is
discovered. We therefore consider it ap-
propriate to perform cardiovascular
tests in order to identify, and eventually
to treat with physical activity or com-
mon medications, the sympathovagal
imbalance.
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