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Background: The Survey of Autonomic Symptom (SAS) scale was reported as an easy instrument to assess the autonomic symp-
toms in patients with early diabetic neuropathy. In this study, we investigated the relationship between the SAS scale and the pa-
rameters of cardiac autonomic neuropathy (CAN) in Korean patients with diabetic peripheral neuropathy (DPN). 
Methods: The SAS scale was tested in 30 healthy controls and 73 patients with DPN at Chonbuk National University Hospital, in 
Korea. The SAS score was compared to the parameters of the CAN test and the total symptom score (TSS) for DPN in patients 
with DPN.
Results: The SAS symptom score and total impact score were increased in patients with DPN compared to the control group 
(P=0.01), particularly in sudomotor dysfunction (P=0.01), and vasomotor dysfunction (P=0.01). The SAS score was increased 
in patients with CAN compared to patients without CAN (P<0.05). Among the diverse CAN parameters, the valsalva ratio and 
postural hypotension were associated with the SAS score (P<0.05). However, there was no association between the SAS scale and 
TSS for DPN, and TSS for DPN did not differ between patients with and without CAN.
Conclusion: SAS is a simple instrument that can be used to assess autonomic symptoms in patients with diabetes and can be used 
as a screening tool for autonomic neuropathy, particularly for CAN. 
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INTRODUCTION

Patients with diabetes have various chronic complications, such 
as retinopathy, neuropathy, nephropathy, and other cardiovas-
cular diseases. Among them, previous studies have reported 
that the prevalence of autonomic neuropathy was between 
7.7% and 90% on the based of autonomic testing [1], and auto-
nomic symptoms may occur frequently in patients with diabe-

tes. However, they could not be detected easily because of sev-
eral reasons. For example, autonomic symptoms are diverse 
and vague, and autonomic examinations were not performed 
due to their diversity and complexity and because these exami-
nations are time-consuming. Thus, there is a need for simple 
devices and methods for the evaluation of autonomic functions 
in clinical practice.
 Previously, various instruments were developed to measure 
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these autonomic symptoms [2]. One validated scale is the Au-
tonomic Symptom Profile (ASP) and the Composite Auto-
nomic Symptom Scale (COMPASS), which was developed to 
provide a score of the autonomic symptoms. The COMPASS 
scores correlated well with the Composite Autonomic Scoring 
Scale (CASS), which were obtained from autonomic testing. 
However, the correlation between autonomic symptoms and 
CASS was weak overall [3]. Furthermore, these instruments 
had many items to check; thus it was time-consuming to use in 
everyday clinical practice. Therefore, Zilliox et al. [4] developed 
the Survey of Autonomic Symptom (SAS) scale to easily mea-
sure autonomic symptoms in patients with early diabetic neu-
ropathy. 
 Diabetic autonomic neuropathy can occur in many diverse 
internal organs, such as those in cardiovascular, metabolic, 
gastrointestinal, genitourinary, sudomotor and papillary sys-
tems [1]. Previous studies have reported that cardiac autonom-
ic neuropathy (CAN) was associated with major mortality and 
morbidity in patients with diabetes [5-7]. Thus, CAN testing is 
needed to care for patients with diabetes; however, it could not 
be performed in everyday clinical practice for several reasons. 
There is also no simple assessing tool for autonomic neuropa-
thy symptoms in Korea. Furthermore, diabetic peripheral neu-
ropathy (DPN) can be easily assessed using the clinical score, 
total symptom score (TSS), monofilament test, vibration test, 
or quantitative sensory test (QST) in clinical practice. However, 
there were a few studies that have examined the relationship 
between the autonomic neuropathy and the DPN. Thus, we 
studied the relationship using the SAS instrument and a series 
of CAN tests in patients with DPN in Korea. 

METHODS

From November 2012 to March 2013, a total of 77 patients with 
DPN and 30 normal participants were enrolled at Chonbuk 
National University Hospital in Korea. The demographic infor-
mation and important medical histories of patients were re-
viewed by medical records, including age, sex, race, type of dia-
betes, duration of diabetes, height, body weight, body mass in-
dex (BMI), hypertension, hemoglobin A1c (HbA1c), fasting 
plasma glucose (FPG), and postprandial glucose (PPG). The 
participants’ medical records were carefully reviewed to ex-
clude subjects with other neurological or autonomic disorders. 
A diagnosis of type 2 diabetes was made based on the Ameri-
can Diabetes Association (ADA) guidelines. The normal group 

was made based on patients’ medical history, FPG, PPG, and 
HbA1c levels. The normal group was not included in the predi-
abetic range. In both groups, patients who had coronary heart 
disease or renal dysfunction were not included in this study. 
Among the diabetes group, two patients were taking medica-
tion with significant anticholinergic properties, antidepressants 
or β-blockers, which may influence neuropathy. Thus, these 
patients were excluded in this study. Both the diabetes and nor-
mal groups were asked to respond to the SAS scale. In addition, 
patients with DPN underwent cardiac autonomic neurological 
examinations on the same day. Caffeine, smoking and some 
medications that may affect CAN, and these were discontinued 
for at least 12 hours prior to performing CAN. We compared 
the SAS scale to a series of CAN tests respectively. These stud-
ies were approved by the Institutional Review Board of Chon-
buk National University Hospital for research.
 The SAS scale consists of 11 items in females and 12 in males 
(Table 1). It assessed both the presence of autonomic symp-
toms and the degree of severity. Each item was rated using an 
impact score ranging from 1 (least severe) to 5 (most severe). 
These questions assessed the following autonomic symptom 
domains: orthostatic, sudomotor, vasomotor, gastrointestinal, 
urinary, and sexual dysfunction (for males). It was translated 
into the Korean language with the consent of the developer of 
the SAS scale. The transcript was also retranslated by experts of 
the English and Korean languages.
 CAN was diagnosed according to the ADA guidelines [8]. 
CAN testing was performed using a devise (DiCAN; Medicore, 
Seoul, Korea) by one physician. They consisted of the valsalva 
ratio (changes in heart rate during the valsalva maneuver), ly-
ing standing heart rate (30/15 ratio), R-R interval variation 
(maximum-minimum heart rate during expiration and inspi-
ration), postural hypotension (change in systolic blood pres-
sure after standing), and sustained handgrip (increase in dia-
stolic blood pressure after the handgrip exercise). All of these 
tests and their normal values have been used according to ADA 
recommendations (normal valsalva ratio >1.2, normal lying 
standing heart rate >1.04, normal R-R interval variation >15 
bpm, normal postural hypotension <10 mm Hg, and normal 
sustained handgrip >16 mm Hg). These results were reported 
as either normal or abnormal. The existence of CAN was based 
on the sum of the CAN test score (using Ewing methods). 
 DPN was diagnosed by the clinical score (Michigan Neu-
ropathy Screening Instrument questionnaire), TSS for pain, 
medical record review, electrophysiology study, or QST. QST 
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testing was performed using the device (TSH II; Medoc, Ra-
mat Yishai, Israel). All participants of the DPN group had 
small or large fiber neuropathy at the QST examinations. The 
TSS consisted of the frequency and intensity for pain, burning, 
paresthesia, and numbness.
 All of the statistical analyses were performed using the SPSS 
version 18 (IBM Co., Armonk, NY, USA). Continuous vari-
ables were described using the mean±standard error of the 
mean (SEM), and categorical variables were presented as per-
centages. The Mann-Whitney U test was used to compare be-
tween groups for variables with a skewed distribution. The 
Spearman correlation method was used to evaluate whether 
there was a significant correlation between variables. Receiver 
operating characteristic (ROC) curves were calculated to assess 
the SAS cutoff value. P values <0.05 were considered statisti-
cally significant for all calculations. 

RESULTS

Baseline characteristics of the participants
The demographics of the participants are listed in Table 2. The 
mean age of 73 patients with DPN was 58.4±12.9 years. The 
subjects consisted of 42 males (57.5%) and 31 females (42.5%). 
The race of all participants was Asian. The type of diabetes of 
all patients was type 2 diabetes. The mean HbA1c was 62.8±4.0 
mmol/mol (7.9%±1.8%). The normal group (n=30) consisted 
of four males (13.3 %) and 26 females (86.7%). Despite of the 
female predominance and lower body weight in the normal 
group, there was no difference between the age, blood pressure, 
height, or BMI in either the normal controls or patients with 
DPN.

Difference in the SAS scale between patients with DPN and 
the normal group
We compared the SAS scale between patients with DPN and 

Table 1. Survey of autonomic symptoms

Q1a. Have you had any of the following  
   health symptoms during the past 6  
   months? (1, yes; 2, no)  

Q1b. If you answered yes in Q1a, how  
   much would you say the symptom 
   bothers you? (1, not at all; 2, a little; 3, 
   some; 4, a moderate amount; 5, a lot)  

Symptom/health problem

     1. Do you have lightheadedness? 1   0 1   2   3   4   5

     2. Do you have a dry mouth or dry eyes? 1   0 1   2   3   4   5

     3. Are your feet pale or blue? 1   0 1   2   3   4   5

     4. Are your feet colder that the rest of your body? 1   0 1   2   3   4   5

     5. Is sweating in your feet decreased compared to  
          the rest of your body? 1   0 1   2   3   4   5

     6. Is sweating in your feet decreased or absent (for  
          example, after exercise or during hot weather)? 1   0 1   2   3   4   5

     7. Is sweating in your hands in creased compared to  
          the rest of your body? 1   0 1   2   3   4   5

     8. Do you have nausea, vomiting, or bloating after  
          eating a small meal? 1   0 1   2   3   4   5

     9. Do you have persistent diarrhea (more than 3  
          loose bowl movements per day)? 1   0 1   2   3   4   5

   10. Do you have persistent constipation (less than 1  
          bowl movement every other day)? 1   0 1   2   3   4   5

   11. Do you have leaking of urine? 1   0 1   2   3   4   5

   12. Do you have difficulty obtaining an erection  
          (men)? 1   0 1   2   3   4   5

Adapted from Zilliox et al. Neurology 2011;76:1099-105, with permission from Lippincott Williams & Wilkins [4]. Number of symptoms re-
ported: sum of column a, 0–12 for men, and 0–11 for women; total symptom impact score: sum of column b, 0–60 for men and 0–55 for women.
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addition, the orthostatic dysfunction item (Q1a-1) was also 
significantly associated with the valsalva ratio and postural hy-
potension (P<0.05). Among the CAN test, postural hypoten-
sion and changes in diastolic blood pressure during sustained 
handgrip exercise represent an abnormality of the sympathetic 
nerve. The sudomotor dysfunction item significantly correlated 
with postural hypotension (P<0.05).
 We compared the autonomic dysfunction symptom fre-
quency, SAS scales, and TSS in patients with DPN, according 
to the presence of CAN (Table 5). Patients with CAN mostly 
reported that they had sudomotor dysfunction (86.2%). Both 
the SAS symptom score and TIS significantly increased in the 
patients with CAN compared to patients without CAN (re-
spectively P=0.01, and P=0.02). The sudomotor dysfunction 
item also significantly differed in each group (P=0.03).
 Furthermore, we studied the SAS cutoff value using ROC 
curves (Fig. 1). The area under the curve was as follows: the 
SAS symptom score was 0.813 (SEM, 0.042; 95% confidence 
interval [CI], 0.731 to 0.894) and SAS TIS was 0.802 (SEM, 
0.043; 95% CI, 0.718 to 0.896). Based on the SAS symptom 
score, a cutoff value to determine CAN existence was 1.5, 
which would provide greater than 91.7% sensitivity and 63.4% 
specificity. On the basis of SAS TIS, the cutoff value to deter-
mine CAN existence was 3.5. This point would provide greater 

Table 2. Baseline characteristic of the participants 

Characteristic Patients with  
DPN (n=73)

Normal 
group (n=30) P value

Age, yr 58.4±12.9 55.2±10.5 0.22

Sex

   Male 42 (57.5) 4 (13.3)

   Female 31 (42.5) 26 (86.7)

Diabetes duration, yr 10.3±8.7 -

SBP, mm Hg 127.9±15.1 123.8±9.0 0.30

DBP, mm Hg 74.9±9.6 74.5±7.6 0.51

Height, cm 164.8±7.3 160.1±7.6 0.06

Body weight, kg 69.4±11.0 62.7±9.0 0.02

BMI, kg/m2 29.7±2.6 24.6±3.6 0.56

HbA1c, mmol/mol (%) 62.8±4.0 (7.9±1.8) -

FPG, mmol/L 8.1±3.0 -

PPG, mmol/L 13.2±5.5 -

Values are presented as mean±standard deviation or number (%).
DPN, diabetic peripheral neuropathy; SBP, systolic blood pressure; 
DBP, diastolic blood pressure; BMI, body mass index; HbA1c, hemo-
globin A1c; FPG, fasting plasma glucose; PPG, postprandial glucose.  

Table 3. Survey of autonomic symptoms scales between pa-
tients with DPN and the normal group 

Survey item Patients with 
DPN (n=73)

Normal 
group (n=30) P value

Sum of Q1a
   (symptom score) 4.3±2.2 2.0±1.1 0.01

Sum of Q1b
   (total impact score) 12.9±8.3 5.4±2.5 0.01

Orthostatic dysfunction
   (Q1a-1) 2.9±1.4 2.5±1.1 0.31

Sudomotor dysfunction
   (Q1a-2, 5, 6, 7) 6.5±3.8 3.7±1.2 0.01

Vasomotor dysfunction
   (Q1a-3, 4) 4.2±2.0 2.4±0.7 0.01

Gastrointestinal dysfunction
   (Q1a-8, 9, 10) 3.5±2.3 3.3±1.2 0.95

Urinary dysfunction
   (Q1a-11) 2.4±0.5 2.5±0.8 0.65

Sexual dysfunction (men)
   (Q1a-12) 3.3±1.1 0.0±0.0 0.18

Values are presented as mean±standard deviation.
DPN, diabetic peripheral neuropathy.

the normal group (Table 3). There was a difference in both the 
SAS symptom score (4.3±2.2 in patients with DPN, 2.0±1.1 in 
normal group, and P=0.01) and the SAS total symptom impact 
score (TIS; 12.9±8.3 in patients with DPN, 5.4±2.5 in the nor-
mal group, and P=0.01). Among the SAS items, the scores of 
orthostatic, sudomotor, vasomotor, and sexual dysfunction 
items were increased in patients with DPN compared to the 
normal group. Among them, there was a significant difference 
in the sudomotor dysfunction (P=0.01) and vasomotor dys-
function (P=0.01) items in each groups.

Correlation between the SAS scale and CAN testing in 
patients with DPN
In a total of 73 patients with DPN, 58 patients (79.5%) had one 
or more CAN test abnormality. In patients with CAN (n=58), 
38 patients (65.5%) had autonomic neuropathy according to 
the SAS symptom score and 43 patients (74.1%) had autonom-
ic neuropathy according to the SAS TIS. We assessed the corre-
lation degree between the SAS scale and CAN test in patients 
with DPN (Table 4). There was a significant correlation be-
tween the SAS scale (symptom score, TIS) and CAN test (val-
salva ratio, postural hypotension). At subanalysis, the sudomo-
tor dysfunction item (Q1a-2, 5, 6, 7) was significantly correlat-
ed with the CAN item (valsalva ratio, postural hypotension). In 
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Table 4. Correlations between the SAS scale, cardiac autonomic neuropathy test, and total symptom score in patients with DPN 

Correlation coefficient SAS Q1a SAS Q1b Q1a-1 Q1a-2, 5, 6, 7 Q1a-3, 4 Q1a-8, 9, 10 Q1a-11 Q1a-12

Valsalva ratio –0.34a –0.36a –0.39a –0.30a –0.28 –0.41a 0.19 –0.29

Lying standing HR (30:15) –0.10 –0.10 –0.21 –0.04 0.05 0.13 –0.35 –0.08

R-R interval variation –0.08 –0.08 –0.07 –0.25 –0.34a 0.04 0.11 0.10

Postural hypotension 0.51a 0.51a 0.45a 0.36a 0.03 0.40a 0.48a 0.10

Sustained handgrip –0.26a –0.22 –0.11 0.07 0.04 –0.07 0.06 0.24

TSS 0.14 0.22 –0.05 0.03 0.59a 0.12 –0.59a 0.11

SAS, survey of autonomic symptom; DPN, diabetic peripheral neuropathy; HR, heart rate; TSS, total symptom score (for DPN).
aP<0.05.

Table 5. Autonomic dysfunction symptom frequency, SAS scales, and TSS in patients with diabetes according to the CAN existence

Item
% Affected Mean score

P value
CAN (+) (n=58) CAN (–) (n=15) CAN (+) (n=58) CAN (–) (n=15)

SAS Q1a (symptom score) - - 4.6±2.3 2.6±1.0 0.01

SAS Q1b (TIS) - - 14.0±8.7 7.2±2.8 0.02

Orthostatic, % 32 (55.2) 8 (53.3) 3.0±1.5 2.0±0.9 0.75

Sudomotor, % 50 (86.2) 12 (80.0) 6.9±3.7 3.6±2.7 0.03

Vasomotor, % 37 (63.8) 9 (60.0) 4.3±2.1 3.0±1.0 0.46

Gastrointestinal, % 37 (63.8) 3 (20.0) 3.5±2.4 4.0±2.0 0.71

Urinary, % 16 (27.6) 5 (33.3) 2.3±0.5 2.3±0.6 0.99

Sexual (men), % 24 (41.4) 4 (26.7) 3.3±1.1 3.3±1.3 0.99

TSS for DPN - - 1.6±0.9 1.3±0.7 0.65

Values are presented as mean±standard deviation or number (%).
SAS, survey of autonomic symptom; TSS, total symptom score; CAN, cardiac autonomic neuropathy; TIS, total impact score; DPN, diabetic 
peripheral neuropathy.

Fig. 1. Receiver operating characteristic curves for the survey of autonomic symptom (SAS) scales. (A) SAS Q1a (symptom score). 
(B) SAS Q1b (total impact score).
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than 93.3% sensitivity and 68.3% specificity.

Correlation between SAS scale and the TSS for DPN
We also examined the relationship between the TSS for DPN 
and SAS scales (Table 4). However, there was no significant 
correlation between the TSS for DPN and SAS scale (symptom 
score, TIS). Among the SAS scales, vasomotor dysfunction and 
urinary dysfunction were associated with the TSS for DPN. 
There was also no significant difference between the TSS for 
DPN in patients with CAN compared to patients without CAN 
(Table 5). 

DISCUSSION

In this study, the SAS scale significantly differed in patients with 
DPN compared to the normal group. Furthermore, there was 
an association between the SAS scale and CAN tests in patients 
with DPN. Diabetic autonomic neuropathy is one of the most 
insidious chronic complications particularly in patients with a 
long-standing and poorly controlled glycemic status. Much at-
tention has been given to the cardiovascular aspect of diabetic 
autonomic neuropathy, which has been associated with in-
creased mortality. However, the diagnostic tests of autonomic 
neuropathy are more complicated and time-consuming com-
pared with other complication assessment tools. Furthermore, 
currently available autonomic neuropathy questionnaires are 
lengthy, complex, and require training and considerable time 
for scoring. There is a need for simple instruments and meth-
ods for the evaluation of autonomic functions. Among the pre-
vious devices, the SAS scale is an easily administered instru-
ment to measure autonomic symptoms in early diabetic neu-
ropathy [4]. Thus, we studied the relationship using this instru-
ment and a series of CAN tests in patients with DPN.
 In our results, there was a significant difference in both the 
SAS symptom score and TIS between the normal group and 
patients with DPN. This finding indicated that the SAS scale 
has the power to distinguish autonomic dysfunction between 
the normal group and patients with DPN. A previous study re-
ported that a cutoff value of greater than three for the SAS 
symptom score would provide greater than 90% specificity and 
65% sensitivity in determining autonomic dysfunction in early 
diabetic neuropathy patients [4]. In addition, a cutoff value 
greater than seven for SAS TIS would provide greater than 90% 
sensitivity and 60% sensitivity. Our results revealed that ap-
proximately 52% to 58% patients with DPN responded that 

they had autonomic neuropathy, which was consistent with 
these criteria. A previous study also described that the SAS 
scale demonstrated a strong association with the ASP total 
score in patients with early diabetic neuropathy [4]. Our results 
also showed that patients who had a long duration of diabetes 
showed similar results. Thus, the SAS scale, which is simple to 
complete, may potentially help to detect and diagnose auto-
nomic neuropathy in patients with DPN.
 Among diverse SAS items, sudomotor and vasomotor dys-
functions significantly differed between patients with DPN and 
the normal group. The sudomotor dysfunction item score also 
significantly differed in patients with CAN compared to pa-
tients without CAN. Patients with CAN mostly responded that 
they suffered from sudomotor dysfunction. Similar results have 
also been previously reported. Sympathetic C-fibers innervat-
ing sweat glands can be impaired early in patients with diabe-
tes. Yajnik et al. [9] proposed that an examination for sudomo-
tor dysfunction can be used for early screening of CAN in clin-
ical practice prior to performing the specific CAN test. Our re-
sults revealed that patients with CAN had a higher sudomotor 
dysfunction score compared to patients without CAN. Howev-
er, there were no differences in orthostatic dysfunction, gastro-
intestinal dysfunction, urinary dysfunction, and sexual dys-
function. This finding may indicate that the SAS scale was not a 
sufficient questionnaire to assess these autonomic dysfunc-
tions. Moreover, gastrointestinal, urinary symptoms and vari-
ous features in patients with autonomic neuropathy were non-
specific. Thus, further studies examining these aspects are re-
quired.
 CAN is associated with major mortality and morbidity of pa-
tients with diabetes [5-7]. However, a simple assessment tool for 
autonomic neuropathy is not used in everyday clinical practice. 
Thus, we examine the relationship with CAN using the Ewing 
methods and the SAS scale in patients with DPN. Patients with 
CAN had a higher SAS symptom score and TIS compared to 
patients without CAN. However, there was no association be-
tween the SAS scale and TSS for DPN. In addition, there was no 
difference in the SAS scale and TSS for DPN between patients 
with CAN and without CAN. DPN consisted of painful neu-
ropathy and painless neuropathy. Regrettably, we did not assess 
the DPN according to these features because it would influence 
the result. In our study, the SAS scale was superior to TSS for 
DPN assessment of CAN existence in patients with DPN. Con-
sidering that CAN is associated with the mortality of diabetic 
patients, simple questionnaire scores, such as SAS, may be use-
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ful to assess diabetic autonomic neuropathy, particularly CAN 
compared with TSS for DPN in clinical practice.
 A potential weakness of the study is that it was performed at 
a single center. There was a difference in the sex and obesity of 
the normal group. Regretfully, our study enrolled more females 
and light body weight participants for normal participants 
compared to patients with DPN. Obesity has been previously 
proposed to be associated with impaired autonomic function 
[10]. Second, diabetic autonomic neuropathy was detected in 
52% to 58% of patients with DPN according to the SAS scale. 
However, CAN was detected in 80% of patients with DPN ac-
cording to the Ewing method. This difference may be the limi-
tation of the SAS scale to assess the autonomic neuropathy us-
ing only the subjective symptoms. Third, we could not adjust 
the effect of the glycemic control status, such as HbA1c. This is 
a common influencing factor for neuropathy. Thus, further 
studies to supplement these aspects, which include more di-
verse participants and multicenter data, are needed.
 In conclusion, the SAS scale is an easily administered in-
strument that can be used to measure autonomic symptoms 
and can be useful as a screening tool to assess autonomic neu-
ropathic symptoms in patients with DPN. Furthermore, the 
SAS scale is also helpful for assessing CAN in patients with di-
abetes. In the future, additional studies using a large popula-
tion as well as multicenter oriented studies are needed for the 
clinical adaptation of the SAS scale in the assessment of pa-
tients with diabetes.
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