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OBJECTIVE — Diabetic patients with incapacitating orthostatic hypotension can have either
a “hyperadrenergic” or “hypoadrenergic” presentation. Although the latter is related to overt
autonomic neuropathy, the former is proposed to be explained by appropriate autonomic re-
sponses. We hypothesize, however, that both conditions are part of a spectrum of autonomic
dysfunction.

RESEARCH DESIGN AND METHODS — We studied 16 consecutive diabetic patients
with preserved renal function referred for incapacitating orthostatic hypotension and character-
ized their autonomic and neurohumoral cardiovascular regulation.

RESULTS — Six patients had a hyperadrenergic orthostatic response: systolic blood pressure
fell 42 � 15 mmHg, heart rate increased 20 � 3 bpm, and plasma norepinephrine increased
from 340 � 80 to 910 � 100 pg/ml. Ten patients had a hypoadrenergic response: systolic blood
pressure fell 78 � 5 mmHg, heart rate increased only 7 � 3 bpm, and norepinephrine increased
only from 130 � 28 to 230 � 40 pg/ml. Vagal (sinus arrhythmia, Valsalva ratio) and sympathetic
(response to hyperventilation, postprandial hypotension) responses were impaired in both
groups, but to a greater extent in the hypoadrenergic group. Notwithstanding severe orthostatic
hypotension, the postural increase in plasma renin was blunted in both groups, more so in the
hypoadrenergic group. Despite preserved renal function, patients had mild anemia due to
impaired erythropoietin release, as seen in primary cases of autonomic failure.

CONCLUSIONS — Our results suggest that diabetic patients presenting with hyperadren-
ergic orthostatic hypotension have an initial stage of autonomic neuropathy, with overtly ab-
normal vagal function and early signs of sympathetic impairment. Furthermore, altered renin
response can contribute to the patients’ orthostatic hypotension.
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Autonomic cardiovascular neuropa-
thy is a common finding in diabetic
patients, affecting 5–10% of long-

term diabetic patients (1) and as many as
35% of diabetic patients with subclinical
peripheral neuropathy (2). Once auto-
nomic neuropathy becomes clinically ap-
parent, it compromises blood pressure
regulation. Whereas the parasympathetic
control of heart rate can be detected first
(3), the disease usually compromises

sympathetic control of the circulation.
The main consequence is that orthostatic
hypotension may be so severe and dis-
abling that it may dominate the patient’s
clinical course. Autonomic neuropathy
may also impair the counterregulatory
mechanisms of hypoglycemia (4,5), and
its presence may increase the risk of se-
vere hypoglycemia (6), a complication of
increasing importance given the broader
use of intensive insulin therapy.

Two distinct clinical presentations of
orthostatic hypotension have been de-
scribed in diabetic patients, depending on
their norepinephrine response to upright
posture. The “hypoadrenergic” ortho-
static hypotension form is associated with
low plasma norepinephrine response to
posture and is related to established auto-
nomic failure. On the other hand, there is
a group of patients in whom plasma nor-
epinephrine can be greatly increased on
standing (“hyperadrenergic” orthostatic
hypotension) (7–9), but the underlying
pathophysiology of this form of ortho-
static hypotension has not been defined.
Only a few such patients have been re-
ported in the literature. It has been as-
sumed that these patients have an intact
autonomic function (10,11), but details
of their autonomic and neurohumoral
cardiovascular regulation have not been
previously provided. A similar “hyperad-
renergic” condition has been described in
nondiabetic patients (12–14), and it is
proposed to be due to a partial autonomic
neuropathy (14 –17). We hypothesize,
therefore, that autonomic impairment
also underlies the hyperadrenergic ortho-
static intolerance described in diabetic
patients. The goal of this study, therefore,
was to investigate the autonomic function
in diabetic patients with hyperadrenergic
orthostatic hypotension and compare
them with a hypoadrenergic group.

Whereas adrenergic responses to pos-
ture have been the focus of most previous
studies, alterations in the renin-angioten-
sin-aldosterone system have also been
explored as potential contributors of or-
thostatic hypotension in diabetic patients.
These studies, however, have found low,
normal, or high values of plasma renin
activity (18,19). Furthermore, the corre-
lation between these diverse levels of
plasma renin activity and the two presen-
tations of diabetic orthostatic hypoten-
sion are not known. A second goal of this
study was to test the hypothesis that the
renin-angiotensin-aldosterone system is
altered in diabetic autonomic neuropa-
thy. For this purpose, we compared dia-
betic patients who had hyper- and
hypoadrenergic orthostatic hypotension
with both a group of healthy control sub-

● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ●

From the 1J. Recanati Autonomic Dysfunction Center, Rambam Medical Center, Haifa, Israel; and the
2Departments of Medicine and Pharmacology, Autonomic Dysfunction Center, Vanderbilt University, Nash-
ville, Tennessee.

Address correspondence and reprint requests to Italo Biaggioni, MD, Clinical Trials Center, 1500 21st
Ave. South, Suite 3500, Vanderbilt University, Nashville, TN 37212. E-mail: italo.biaggioni@vanderbilt.
edu.

Received for publication 5 November 2002 and accepted in revised form 14 April 2003.
A table elsewhere in this issue shows conventional and Système International (SI) units and conversion

factors for many substances.
© 2003 by the American Diabetes Association.

P a t h o p h y s i o l o g y / C o m p l i c a t i o n s
O R I G I N A L A R T I C L E

2174 DIABETES CARE, VOLUME 26, NUMBER 7, JULY 2003

D
ow

nloaded from
 http://ada.silverchair.com

/care/article-pdf/26/7/2174/655988/dc0703002174.pdf by guest on 09 April 2024



jects and a group of patients with idio-
pathic orthostatic hypotension (pure
autonomic failure).

RESEARCH DESIGN AND
METHODS — The study group con-
sisted of 16 consecutive patients with di-
abetes, age 53 � 4 years, who were
referred to the Autonomic Dysfunction
Center at Vanderbilt University Medical
Center for evaluation and treatment of
symptomatic orthostatic hypotension. All
patients complained of frequent and dis-
abling presyncopal episodes; 50% had re-
current syncopal episodes. Orthostatic
hypotension was defined by the American
Autonomic Society criteria: a decrease in
upright systolic/diastolic blood pressure
of at least 20/10 mmHg in the setting of
frequent orthostatic symptoms, such as
lightheadedness, presyncope, and syn-
cope (20). All medications were discon-
tinued except for those required for
glucose control. Patients with congestive
heart failure, renal failure (glomerular fil-
tration rate �40 ml/min), or apparent pe-
ripheral vascular disease were excluded.
Patients with amyloidosis or other causes
of autonomic failure were also excluded.
Short-acting insulin was withheld at least
2 h before autonomic testing, and no pa-
tients had a recent episode of hypoglyce-
mia before testing.

The control groups consisted of 12
age-matched normal subjects and 25 con-
secutive patients with disabling pure au-
tonomic failure, who underwent the same
investigational procedures described be-
low. Diagnostic criteria for pure auto-
nomic failure are described elsewhere
(21). All investigational procedures were
approved by the institutional review board,
and subjects gave informed consent.

Procedures
Subjects were admitted to Vanderbilt’s
General Clinical Research Center and
were fed a low-monoamine caffeine-free
diet containing 150 mEq sodium and 70
mEq potassium per day. Patients were
kept off medications and in sodium bal-
ance for at least 3 days before evaluation.
Autonomic function tests were performed
as previously described (22). The respira-
tory arrhythmia ratio was used as a
marker of cardiac parasympathetic activ-
ity. To assess cardiovascular sympathetic
function, we used the response to hyper-
ventilation for 30 s (23), coldpressor
test, and isometric handgrip. We also de-

termined the cardiovascular effects of in-
gesting a standardized meal, because
postprandial hypotension is a sensitive in-
dicator of autonomic failure (24).

Blood samples for catecholamine lev-
els, plasma renin activity, and aldosterone
were obtained through an indwelling
catheter placed in an antecubital vein.
Samples were obtained after patients had
been lying down overnight (supine posi-
tion) and after they had been standing for
a maximum of 30 min (upright position).
Patients were encouraged to stand as long
as possible during this period but were
allowed to sit at intervals if presyncopal
symptoms developed. Plasma catechol-
amine levels were determined as previ-
ously described (25). Plasma renin
enzymatic activity was assessed by the
conversion of angiotensinogen to angio-
tensin I and expressed as nanograms of
angiotensin I produced per milliliter of
plasma per hour (26). Plasma aldosterone
was measured by radioimmunoassay
(Coat-a-Count; Diagnostic Products, Los
Angeles, CA). Plasma erythropoietin was
measured by an enzyme-linked immu-
nosorbent assay method, using a com-
mercial kit (Quantikine IVD; R&D
Systems, Minneapolis, MN)

Statistical analysis
Results are expressed as mean � SE. Data
were analyzed with GraphPad Prism (ver-
sion 3.0; GraphPad Software, San Diego,
CA). Associations between two study
variables were determined by linear re-
gression. Group comparisons were made
by paired or unpaired t tests as appropri-
ate. Multiple group comparisons were
made using ANOVA. Criterion for signif-
icance was P � 0.05.

RESULTS

Clinical characteristics
Seven patients had type 1 diabetes and
nine had type 2 diabetes. Fourteen pa-
tients were being treated with insulin, and
only 2 patients were receiving oral hypo-
glycemic drugs. The mean age was 53 � 4
years, and the mean duration of the dis-
ease was 17 � 2 years. The progression of
orthostatic symptoms in these patients
was gradual but variable, ranging from a
few months to several years. Most patients
had associated somatic and sensory
symptoms of peripheral neuropathy. Re-
garding major complications of diabetes
(target organ damage), peripheral neu-

ropathy was found in all patients, retinop-
athy in 50%, symptomatic coronary heart
disease in 35%, hypertension in 55%, gas-
troparesis in 30%, diarrhea in 15%, sig-
nificant proteinuria (�300 mg/24 h) in
25%, and neurogenic bladder in two
(15%) patients (Table 1). Four of the male
patients had impotence, and these data
were not available in the remaining three
male patients. The information about di-
abetes complications was obtained as part
of the clinical evaluation of these patients
and not primarily as part of this research.
We cannot be certain, therefore, that
these complications were absent in the
patients in whom it was not reported.

Patients had a mean fasting glucose of
214 � 14 mg/dl and a mean HbA1c of
10.5 � 0.4%, suggesting poorly con-
trolled diabetes (normal values 4.0 –
6.5%). Mean creatinine was 1.4 � 0.2
mg/dl (median 1.1), blood urea nitrogen
25 � 3 mg/dl, and glomerular filtration
rate 78 � 5 ml/min (median 76). Signifi-
cant proteinuria (as defined above) was
present in only four patients. Plasma total
protein and albumin were in the normal
range; serum sodium, potassium, and
magnesium were 138 � 0.8 mEq/l, 4.4 �
0.1 mEq/l, and 2.0 � 0.04 mg/ml, respec-
tively. Urinary sodium and potassium
were 134 � 5 and 52 � 3 mEq/24 h,
respectively.

Mean hemoglobin was 12.8 � 0.4
g/dl for the whole group. However, if the
World Health Organization definition of
anemia is followed (hemoglobin �12 g/dl
for women and �13 for men), then ane-
mia was present in 65% of the patients;
three patients in the hyperagrengic group
(50%) and seven in the hypoadrenergic
group (70%), which is unexpected in the
setting of normal kidney function. Mean
hematologic values in the subset of pa-
tients with anemia were hemoglobin
11.5 � 0.2 g/dl (range 10.7–12.5 g/dl),
mean corpuscular volume 89 � 2 �m3,
mean corpuscular hemoglobin 30 � 0.4
pg, reticulocytes 1.6 � 0.2%, total iron
binding capacity 234 � 14 �g/dl, ferritin
246 � 35 �g/l, serum iron 74 � 10 �g/dl,
folic acid 12.5 � 1.5 ng/ml, and vitamin
B12 660 � 190 pg/ml. Only one patient
had demonstrable iron-deficient anemia.
All others had normocytic normochromic
anemia of unknown etiology. Plasma
erythropoietin was available in only four
patients, for whom it was inappropriately
low (5.5 � 0.5 mU/ml) for their hemoglo-
bin levels (11.2 � 0.3 g/dl). Predicted
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plasma erythropoietin levels for this level
of hemoglobin should be 28 mU/ml (27).

Autonomic response to posture
Patients were classified as hyperadrener-
gic or hypoadrenergic depending on their
plasma norepinephrine response to pos-
ture (8,28). Six patients with upright
plasma norepinephrine 600 pg/ml or
higher were considered hyperadrenergic
and 10 patients with plasma norepineph-
rine �600 pg/ml were classified as hypo-
adrenergic. The mean patient age in these
two groups was similar. The duration of
the disease was shorter in the hyperadren-
ergic group (15 � 3 years) than in the
hypoadrenergic group (18 � 1.5 years)
(P � 0.07).

Hemodynamic and neurohumoral
characteristics
The hemodynamic and humoral charac-
teristics of the patients are shown in Ta-
bles 1 and 2. Although the mean supine
systolic and diastolic blood pressure
tended to be higher in the hypoadrenergic
group than in the hyperadrenergic group,
the upright systolic and diastolic blood

pressures dropped significantly more in
the hypoadrenergic group (Table 1 and
Fig. 1). Supine heart rate was not different
between the groups, but standing heart
rate was significantly higher in the hy-
peradrenergic group (P � 0.01). The in-
cidence of supine hypertension (systolic
blood pressure �160 or diastolic blood
pressure �95 mmHg) was similar in both
the hyper- and hypoadrenergic groups
(50% of the patients) and was also similar
to that found in the patients with pure
autonomic failure (57%).

Mean upright plasma norepinephrine
levels were 253 � 40 pg/ml in the hypo-
adrenergic group and 915 � 100 pg/ml in
the hyperadrenergic group (Table 2). Su-
pine plasma norepinephrine was also sig-
nificantly lower in hypoadrenergic
patients than in the hyperadrenergic
group (141 � 30 and 324 � 80 pg/ml,
respectively, P � 0.005) (Fig. 2). Supine
mean plasma epinephrine was similar in
the hyper- and hypoadrenergic groups
(23 � 6 and 23 � 7 pg/ml, respectively),
but the upright values were higher in the
hyperadrenergic group (50 � 18 pg/ml)

than in the hypoadrenergic group (25 �
5, P � 0.04).

Both supine and upright plasma renin
activity were significantly lower in the hy-
poadrenergic group than in the hyperad-
renergic group. Plasma renin activity for
the hypo- and hyperadrenergic groups
were 0.5 � 0.1 and 0.9 � 0.2 ng � ml�1 �
h�1, respectively, in the supine posture
(P � 0.04 for the difference between
groups) and 0.6 � 0.1 and 1.4 � 0.6 pg �
ml�1 � h�1, respectively, in the upright
posture (P � 0.03) (Fig. 2). Low plasma
renin activity that was unresponsive to
posture was also found in pure autonomic
failure patients, as previously described
(29). Supine and upright aldosterone lev-
els in the hyper- and hypoadrenergic dia-
betic groups were not significantly
different, although upright aldosterone
tended to be higher in the hyperadrener-
gic group (Table 2 and Fig. 2). Both su-
pine and upright plasma aldosterone
values were significantly lower in both di-
abetic groups than in normal control sub-
jects (P � 0.01 and 0.04, respectively).
We found significant correlations be-
tween plasma renin activity and aldoste-

Table 1—Clinical characteristics of patients with diabetic autonomic neuropathy

Patients Race/Sex
Age

(years)

Diabetes
duration
(years)

Diabetes
complications

SBP (mmHg) DBP (mmHg) Heart rate (bpm)

Supine Upright Supine Upright Supine Upright

Hyperadrenergic
1 II-med W/F 62 20 N, C 190 170 100 132 78 90
2 II-ins W/F 53 14 N 128 95 70 60 80 95
3 I-ins B/M 31 14 R, N 142 54 102 40 84 110
4 II-ins W/F 62 7 N, P 178 95 69 53 82 113
5 II-ins W/M 65 5 N, P 90 54 60 40 80 88
6 I-ins W/F 48 30 R 116 100 74 65 100 125
Mean � SE 53 � 4 15 � 3 140 � 12 99 � 15 80 � 6 65 � 10 84 � 3 80 � 6

Hypoadrenergic
7 II-ins W/F 68 22 N, C, P 158 104 88 69 68 85
8 I-ins W/F 27 17 R, N 146 66 99 45 82 83
9 I-ins W/F 43 20 R, N, C 130 80 79 56 98 104
10 I-ins B/M 43 8 N 110 55 88 30 100 104
11 II-med W/M 82 10 R, N 151 64 83 48 79 80
12 II-ins W/M 57 23 N 152 74 84 45 75 90
13 I-ins W/M 33 17 N 144 50 110 30 96 100
14 I-ins B/F 49 20 N, P 175 90 101 57 57 69
15 II-ins W/F 66 18 R, N, C 182 83 80 51 51 72
16 II-ins W/M 62 24 N, C 186 90 110 50 80 86
Mean � SE 54 � 5 18 � 2 151 � 6 73 � 5 90 � 3 45 � 4 83 � 3 90 � 3

All Patients
Mean � SE 53 � 4 17 � 2 148 � 7 84 � 8 87 � 4 54 � 6 82 � 3 95 � 3

Diabetes was treated with oral hypoglycemic agents (med) or insulin (ins). C, coronary disease; DBP, diastolic blood pressure; N, neuropathy; P, proteinuria (�300
mg/day); R, retinopathy; SBP, systolic blood pressure.

Diabetic autonomic neuropathy
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rone (r � 0.54, P � 0.015) and between
plasma renin activity and norepinephrine
(r � 0.65, P � 0.008).

Characterization of autonomic
function
Autonomic cardiac vagal function, as de-
termined by the Valsalva ratio and sinus
arrhythmia, was abnormal in both dia-
betic groups and in pure autonomic fail-
ure patients (Table 3). On the other hand,
indices of sympathetic function were not
as affected in the hyperadrenergic group
as they were in the hypoadrenergic and
pure autonomic groups. A meal challenge
produced profound postprandial hypo-
tension in the hypoadrenergic group and
pure autonomic failure patients. Hyper-

adrenergic patients also had significant
postprandial hypotension compared with
control subjects (P � 0.01), but this was
less pronounced compared with hypoad-
renergic patients (P � 0.07). These results
suggest that both groups of diabetic pa-
tients with orthostatic hypotension had
impaired cardiac vagal function and that
sympathetic involvement was more se-
vere in the hypoadrenergic group.

Long-term follow-up was available in
one patient in the hyperadrenergic group
(patient 3). This patient was seen 5 years
after initial evaluation. His upright
plasma norepinephrine had decreased
from 663 pg/ml at his initial evaluation to
284 at follow-up. This was also associated
with a blunting of orthostatic tachycardia.

Heart rate increased by 26 bpm on stand-
ing during his initial evaluation but only
by 5 bpm at follow-up.

CONCLUSIONS — This study high-
lights the wide spectrum of autonomic
neuropathy seen in patients with diabe-
tes. Two distinct clinical presentations of
orthostatic hypotension have been de-
scribed in diabetic patients. The distinction
was based on their plasma norepineph-
rine response to standing (7–9). Patients
with a blunted norepinephrine response,
“hypoadrenergic” orthostatic hypotension,
were considered to have true autonomic
neuropathy. Other patients appeared to
have an exaggerated norepinephrine re-
sponse to standing, a condition termed
“hyperadrenergic” orthostatic hypoten-
sion (8), for which the pathophysiology
has not been completely elucidated. Only
a few such patients have been described in
detail in the literature. Cryer (9) studied
four hyperadrenergic patients and found
their response to exogenous norepineph-
rine to be intact, excluding an impaired
vascular response to norepinephrine as
the cause of their orthostatic hypotension.
Plasma aldosterone was also normal. The
only abnormality previously described in
these patients has been a reduced eryth-

Figure 1—Hemodynamic re-
sponse to orthostatic stress.
Scatter bars show systolic (SBP)
and diastolic (DBP) blood pres-
sures in the supine (f) and
standing (o) posture in normal
control subjects (NLS), patients
with hyperadrenergic (HYPER)
and hypoadrenergic (HYPO) di-
abetic orthostatic hypotension,
and patients with pure auto-
nomic failure (PAF). F—F, cor-
responding heart rate changes.

Table 2—Humoral effects of posture in patients with diabetic autonomic neuropathy

Patients

Norepinephrine
(pg/ml)

Epinephrine
(pg/ml)

Plasma renin activity
(ng � ml�1 � h�1)

Aldosterone
(ng/ml)

Supine Upright Supine Upright Supine Upright Supine Upright

Hyperadrenergic
1 190 1,187 NA NA 2.2 4.4 NA NA
2 232 774 3 8 0.6 0.9 6.7 13
3 217 663 23 89 0.4 0.6 9 22
4 218 600 27 75 0.3 0.6 9.8 18
5 720 1,219 42 77 0.8 1 NA NA
6 478 1,060 21 2 0.9 1 5.3 6
Mean � SE 342 � 80 920 � 110 23 � 6 50 � 18 0.87 � 0 1.4 � 0.6 7.5 � 1 15 � 3

Hypoadrenergic
7 281 465 31 28 0.5 0.8 13 31
8 57 180 11 15 0.2 0.3 3.6 4
9 283 281 17 26 0.5 0.7 2.5 8
10 88 309 14 18 NA NA NA NA
11 58 94 5 15 0.4 0.4 9.1 15
12 101 108 25 25 0.4 0.4 2 3
13 91 175 5 7 0.6 0.6 4.3 3.1
14 NA 270 NA NA 0.2 0.2 5.2 4
15 212 328 73 66 0.2 0.2 2.5 2.5
16 101 338 24 24 1.4 1.5 13 18
Mean � SE 141 � 30 253 � 40 23 � 7 25 � 5 0.5 � 0 0.6 � 0.1 6 � 1 10 � 3

NA, not available.

Jacob, Costa, and Biaggioni

DIABETES CARE, VOLUME 26, NUMBER 7, JULY 2003 2177

D
ow

nloaded from
 http://ada.silverchair.com

/care/article-pdf/26/7/2174/655988/dc0703002174.pdf by guest on 09 April 2024



rocyte mass, whereas plasma volume was
found normal (9). It has been assumed,
therefore, that these patients have an in-
tact autonomic function and that their
hyperadrenergic state is an adequate com-

pensatory response to a reduced intravas-
cular volume (10,11).

Our results, however, challenge this
notion. Our study is the first to correlate
the “adrenergic state” of patients with di-

abetic orthostatic hypotension to their au-
tonomic function and their renin-
aldosterone system. As expected, diabetic
patients with hypoadrenergic orthostatic
hypotension had overt autonomic failure.
This was evidenced by clearly abnormal
responses to autonomic function tests,
with a severity similar to that observed in
patients with severe and disabling pure
autonomic failure. A novel and seemingly
paradoxical finding in our study is that
patients with hyperadrenergic orthostatic
hypotension also have evidence of auto-
nomic impairment. This was most evi-
dent by their impaired sinus arrhythmia,
which depends, to a large extent, on an
intact parasympathetic function. Para-
sympathetic involvement can be the first
evidence of autonomic impairment in
diabetes, preceding evidence of sympa-
thetic involvement. Hyperadrenergic pa-
tients also had significant postprandial
hypotension, a sensitive indicator of au-
tonomic impairment (24). We postulate,
therefore, that this apparent “hyperadren-
ergic state” may be the initial presentation
of neuropathic autonomic failure in some
diabetic patents. The apparent conversion
of a patient from a “hyperadrenergic” to a
“hypoadrenergic” form of orthostatic hy-
potension 5 years after initial evaluation is
in agreement with this interpretation, al-
though this observation remains anec-
dotal. The longer duration of disease in
the hypoadrenergic group also suggests
that hyper- and hypoadrenergic forms of
orthostatic hypotension represent ex-
tremes of the same spectrum of disease.

Another novel finding is that hypera-
drenergic patients have a low renin re-
sponse to posture compared with normal
control subjects. This is remarkable con-
sidering that they should have a much
greater renin response to compensate for

Figure 2—Neurohormonal re-
sponse to orthostatic stress. Bar
graphs show supine (f) and stand-
ing (o) plasma norepinephrine
(NE; A), plasma renin activity
(PRA; B), and plasma aldosterone
(C) in normal control subjects
(NLS), patients with hyperadrener-
gic (HYPER) and hypoadrenergic
(HYPO) diabetic orthostatic hypo-
tension, and patients with pure au-
tonomic failure (PAF).

Table 3—Comparison of autonomic function tests between the different groups

Control subjects

Diabetes

Pure autonomic failureHyperadrenergic Hypoadrenergic

Valsalva ratio 1.58 � 0.08 4*3 1.14 � 0.04 1.1 � 0.01 1.1 � 0.02
Sinus arrhythmia ratio 1.25 � 0.03 4*3 1.07 � 0.01 1.04 � 0.01 1.06 � 0.01
Hyperventilation �BP (mmHg) �3/�3 � 2/1 4*3 �14/�15 � 2/4 4*3 �29/�17 � 4/4 �22/�11 � 4/2
Hyperventilation �HR (bpm) 6 � 2 10 � 2 4 � 1 6 � 1
Handgrip �BP (mmHg) 20/17 � 2/2 20/12 � 8/4 4*3 5/3 � 2/1 4/2 � 3/4
Cold pressor test �BP (mmHg) 21/15 � 4/2 13/7 � 2/2 4*3 3/2 � 2/1 3/2 � 2/2
Postprandial �BP (mmHg) 1/�4 � 1/1 4*3 �12/�7 � 3/2 �21/�13 � 3/2 �15/�10 � 4/3

4*3 denotes significant differences between adjacent groups. �BP, blood pressure changes; �HR, heart rate changes.

Diabetic autonomic neuropathy
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the magnitude of their orthostatic hypo-
tension. The dissociation between the ex-
aggerated norepinephrine response to
posture and this impaired renin response
is also noteworthy. Renin impairment was
even greater in hypoadrenergic patients.
This finding raises the possibility that the
low plasma renin activity may be due to
autonomic denervation of the kidney, as
suggested in patients with pure auto-
nomic failure (29). This “relative hy-
poreninemia” may contribute to these
patients’ orthostatic hypotension through
lack of vascular actions normally pro-
vided by angiotensin II, as well as indi-
rectly through altered sodium handling.
We excluded patients with overt renal
failure, but we cannot completely exclude
that subtle impairment of renal function
can contribute to our findings. Of inter-
est, Hoeldtke et al. (30) recently found
that diabetic patients without overt auto-
nomic impairment had a decrease in
plasma renin activity during a 3-year fol-
low-up. The possibility that impaired re-
nin secretion is an early marker of
autonomic neuropathy deserves further
study.

Previous reports (31,32) have sug-
gested that erythropoietin, another renal
hormone, is also impaired in diabetic au-
tonomic neuropathy. We found a high in-
cidence of low-production anemia in our
patients, and this was associated with im-
paired erythropoietin production in the
patients in whom this was measured. This
type of anemia is also present in pure au-
tonomic failure, and its magnitude corre-
lates with the severity of autonomic
impairment (33). The reduced erythro-
poietin response may explain the reduced
red cell mass previously found in hypera-
drenergic patients (9). Recombinant
erythropoietin has been successfully used
to treat diabetic patients with hypoadren-
ergic neuropathy (34) and patients with
primary autonomic failure (33–35). The
goal of this approach would not be to treat
the anemia, which is usually mild, but to
improve intravascular volume.

If, as we propose, hyperadrenergic
patients have initial autonomic failure,
how can we explain the increased upright
plasma norepinephrine? We speculate
that autonomic neuropathy in these pa-
tients is not global but circumscribed to a
subpopulation of noradrenergic neurons;
thus, some vascular beds may be rela-
tively spared. A similar pattern of “partial
dysautonomia” has been described in pa-

tients with idiopathic orthostatic intoler-
ance (13,14,16,17,28,36,37). The
clinical presentation of this condition is
similar to that of diabetic patients with the
hyperadrenergic syndrome: orthostatic
intolerance, postural tachycardia, and in-
creased upright norepinephrine. It should
be noted that an increased plasma norepi-
nephrine could be the result of a reduc-
tion in its clearance rather than an
increase in norepinephrine release (38).
Antecubital vein norepinephrine may
overestimate overall norepinephrine re-
lease in these patients, and plasma norepi-
nephrine may be lower if sampled from
other sites.

In summary, we propose that diabetic
autonomic neuropathy is associated with
reduced renin release to upright posture
and that all of these factors contribute to
the severity of orthostatic hypotension.
Our results suggest that autonomic func-
tion is impaired in diabetic patients with
hyperadrenergic orthostatic hypotension.
Their abnormal vagal function, the pres-
ence of postprandial hypotension, and
their impaired renin response to upright
posture are consistent with this conclu-
sion. We propose that hyperadrenergic
orthostatic hypotension is the clinical
presentation of a partial autonomic neu-
ropathy.

Potential clinical implications
The presence of autonomic neuropathy is
a recognized risk factor that worsens the
prognosis in diabetic patients. Intensive
insulin treatment remains the most effec-
tive treatment for this condition. Overt
autonomic failure, however, can theoret-
ically increase the incidence of hypogly-
cemic episodes because of impaired
counterregulatory mechanisms. Early
recognition of autonomic neuropathy
would be clinically desirable. Our results
suggest that hyperadrenergic orthostatic
hypotension is an early form of auto-
nomic impairment. Before making this di-
agnosis, it is important to rule out first
volume depletion and medications that
can induce this condition. Impaired renin
response to upright posture also appears
to be an early indicator of autonomic im-
pairment. The high incidence of low-
production anemia found in diabetic
patients with autonomic neuropathy pro-
vides a rationale for the use of recombi-
nant erythropoietin as a therapeutic trial
for those in whom impaired erythropoie-
tin production is documented, as sug-

gested in recent publications. The goal is
not only to reverse the anemia, which is
usually mild, but also to treat orthostatic
hypotension.
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