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* COMPASS 31 is a validated questionnaire for assessing autonomic symptoms in DM.
* We compared the diagnostic accuracy of COMPASS 31 between T1DM and T2DM.
* The association of COMPASS 31 with autonomic deficits was weaker in T2DM than T1DM.

* Fair diagnostic accuracy for confirmed CAN was only achieved in T1DM.

* The potential multifactorial origin of symptoms should be considered in T2DM.
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Does the Relationship of the Autonomic Symptoms
Questionnaire COMPASS 31 with Cardiovascular
Autonomic Tests Differ between Type 1 and Type 2
Diabetes Mellitus?

Ilenia D’Ippolito, Marika Menduni, Cinzia D'Amato, Aikaterini Andreadi, Davide Lauro, Vincenza Spallone

Endocrinology Section, Department of Systems Medicine, University of Rome Tor Vergata, Rome, Italy

Background: The aim was to investigate if autonomic symptoms questionnaire Composite Autonomic Symptom Score (COM-
PASS) 31 has different association with cardiovascular autonomic neuropathy (CAN) and diagnostic performance between type
1 diabetes mellitus (T1DM) and type 2 diabetes mellitus (T2DM).

Methods: Seventy-nine participants with TIDM and 140 with T2DM completed COMPASS 31 before cardiovascular reflex tests
(CARTs) for CAN, and assessment of symptoms, signs, vibration, and thermal perception thresholds for diabetic polyneuropathy
(DPN) diagnosis.

Results: COMPASS 31 total weighted score (TWS) was similar in the two groups, but significantly associated with confirmed
CAN only in TIDM (P=0.0056) and not T2DM group (P=0.1768) and correlated with CARTS score more strongly in TIDM
(rho=0.356, P=0.0016) than in T2DM group (rho=0.084, P=0.3218) (P=0.016). Only in T1IDM and not T2DM group, the area
under the receiver operating characteristic curve (AUC) reached a fair diagnostic accuracy (>0.7) for confirmed CAN (0.73+0.07
vs. 0.61£0.08) and DPN (0.75+0.06 vs. 0.68 +0.05), although without a significant difference. COMPASS 31 TWS (cut-oft 16.44)
reached acceptable diagnostic performance in T1DM, with sensitivity for confirmed CAN 81.2% and sensitivity and specificity
for DPN 76.3% and 78%, compared to T2DM group (all <70%). AUC for DPN of orthostatic intolerance domain was higher in
T1DM compared to T2DM group (0.73+0.05 vs. 0.58 +0.04, P=0.027).

Conclusion: COMPASS 31 is more weakly related to CAN in T2DM than in T1DM, with a fair diagnostic accuracy for confirmed
CAN only in TIDM. This difference supports a multifactorial origin of symptoms and should be considered when using COM-
PASS 31.

Keywords: Autonomic nervous system diseases; Diabetes mellitus, type 1; Diabetes mellitus, type 2; Diabetic neuropathies; Diag-
nosis; Neurologic manifestations; Orthostatic intolerance; Surveys and questionnaires

INTRODUCTION

Given their epidemiological impact [1,2], and influence on
morbidity and quality of life [3], guidelines recommend look-
ing for autonomic symptoms in any patient with diabetes [4-
6], while recognizing their low specificity and limited diagnos-
tic accuracy [7].

To provide a systematic and quantitative assessment of auto-
nomic symptoms the Autonomic Symptom Profile [8], and re-
cently, easy-to-use questionnaires were developed like the Sur-
vey of Autonomic Symptoms (SAS) [9,10] and Composite Au-
tonomic Symptom Score (COMPASS) 31 [11]. This latter, a sim-
plified version of COMPASS [11] has 31 items in six domains
(i.e., orthostatic intolerance, gastrointestinal symptoms, secreto-
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COMPASS 31 in type 1 and type 2 diabetes mellitus

motor, vasomotor, bladder, and pupillomotor dysfunction) and
has been translated in many languages, including Italian [12-16],
and validated for diabetic cardiovascular autonomic neuropathy
(CAN) with a sensitivity of 75% and a specificity of 65% when
using as cut-off of total weighted score (TWS) of 16 [17]. After-
ward other studies found a sensitivity between 65% and 75%
and a specificity between 56% and 83% for confirmed CAN at
cut-off values between 15 and 19 [18-21].

This study starts from the lack of any comparison between
type 1 diabetes mellitus (T1IDM) and type 2 diabetes mellitus
(T2DM), and from the suggestion that autonomic symptoms
might be more weakly associated with autonomic deficits in
T2DM than in T1DM as documented for overall autonomic
symptoms and for [22] orthostatic symptoms when related to
systolic blood pressure (BP) fall on standing [23]. Thus, the ob-
jective of our work was to answer the question if autonomic
symptoms measured using COMPASS 31 are more weakly as-
sociated with autonomic deficits in T2DM than in TIDM and
therefore to evaluate if the diagnostic performance of COM-
PASS 31 for CAN differs between diabetes types. As a second-
ary aim, the diagnostic performance of COMPASS 31 for dia-
betic polyneuropathy (DPN) was assessed.

METHODS

Patients with diabetes were prospectively recruited between
October 2013 to November 2019, among the outpatients who
underwent routine screening for diabetic neuropathy at the
secondary care diabetes clinic of the University Hospital of Tor
Vergata, Rome, Italy.

Inclusion criteria were the diagnosis of TIDM or T2DM, dia-
betes duration of at least 5 years for TIDM, and age 18 to 80
years. Exclusion criteria were severe comorbidities as recent
cardiovascular events, heart failure, estimated glomerular filtra-
tion rate (eGFR) <45 mL/min/1.73 m’, peripheral or autonom-
ic neuropathies from other causes than diabetes, advanced pe-
ripheral arterial disease, active limb ulcers, major amputations,
psychiatric disorders, and conditions preventing questionnaires
understanding.

The study was performed in accordance with the ethical stan-
dards of the Declaration of Helsinki as revised in 2013 and was
approved by the Ethics Committee of the University Hospital of
Rome Tor Vergata (approval no. 92/18). All participants gave
their written informed consent prior to inclusion in the study.

As a first step, participants were requested to complete COM-

https://e-dmj.org  Diabetes Metab J 2024;48:1114-1125

dmj

PASS 31 in its Italian version before undergoing the other ex-
aminations. Operators were blinded to the COMPASS 31 re-
sults. Clinical history and smoking, drinking habits, and physi-
cal activity were recorded. Anthropometric, clinical, and meta-
bolic parameters were measured, as well as casual BP. Diabetic
chronic kidney disease (CKD) diagnosis was based on the
presence of micro- and macroalbuminuria and/or the presence
of reduced eGFR (using Chronic Kidney Disease Epidemiolo-
gy Collaboration system) (<60 mL/min/1.73 m?) and consid-
ered present with the stages of A1G3a, A2G1-G2, A2G3a,
A3G1-G2, A3G3a [24,25]. Diabetic retinopathy diagnosis was
based on a dilated and comprehensive eye examination by an
ophthalmologist. Peripheral vascular disease was assessed by
clinical criteria, and coronary and/or cerebrovascular events by
history and medical record.

Neurological examination was performed in a quiet room
through the assessment of neuropathic symptoms and signs
using the Michigan Neuropathy Screening Instrument Ques-
tionnaire (MNSI-Q), and the Michigan Diabetic Neuropathy
Score (MDNY) [26]. Quantitative sensory testing measured
the vibration perception threshold (VPT) at the hallux dorsum
and at the lateral malleolus according to the limits method,
and the warm thermal perception threshold (WTT) and cold
thermal perception threshold (CTT) at the dorsum of feet ac-
cording to the levels method by using TSA-II Neurosensory
Analyzer (Medoc, Ramat Yishai, Israel). DPN was defined with
the degree of certainty of probable DPN in the presence of at
least two abnormalities among neuropathic symptoms, signs,
VPT, or thermal thresholds [4,27]. The presence of neuropath-
ic pain was evaluated using the validated questionnaire Dou-
leur Neuropathique en 4 questions (DN4) [28].

Autonomic function was measured using four cardiovascular
reflex tests (CARTS), that is, heart rate response to deep breath-
ing, lying to standing, and Valsalva maneuver to obtain expira-
tion: inspiration ratio, 30:15 ratio and Valsalva ratio, and the or-
thostatic hypotension test [4,5]. The computerized system for
data acquisition and analysis DAN test (Microlab Elettronica
Sas, Padua, Italy), standard procedures and age-related reference
values were used [7]. A CARTS score was obtained from the
sum of scores given to each CART (0 for a normal, 1 for a bor-
derline, and 2 for an abnormal result, range 0 to 8) [7]. Early and
confirmed CAN were defined according to the presence of at
least one abnormal and two abnormal tests, respectively [4,5,7].

COMPASS 31 questionnaire was analyzed to get the six do-
main weighted scores and the TWS and we considered a value
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of TWS greater than 16.44 as abnormal [11,17].

Statistical analysis

According to a power of 0.90 and a significance level alpha of
0.05 (two-sided), we calculated the optimal sample size for the
primary outcome of COMPASS 31 TWS considering the small-
est effect of clinical interest (standardized difference) from the
means and standard deviation (SD) observed in groups with and
without CAN in previous studies [17,21]. The maximum esti-

mate was 33 subjects in each group with and without CAN in
both types of diabetes. Moreover, we calculated the sample size
according to the expected prevalence of CAN, i.e., 20% [5] and
obtained a value of 16 subjects in each group with and without
CAN in the T1DM and T2DM groups. Finally, we considered as
the effect of interest a difference of 0.25 between the area under
the receiver operating characteristic (ROC) curve (AUC) of
COMPASS 31 TWS for confirmed CAN in T1DM and T2DM
groups and obtained an estimate of 80 for each of TIDM and

Table 1. Anthropometric, clinical, and metabolic characteristics of patients with TIDM and T2DM

Variable T1DM (n=79) T2DM (n=140) Pvalue
Sex, males:females 30:49 93:47 <0.0001*
Age, yr 42.0(33.0-49.8) 64.0 (57.0-69.0) <0.0001*
Disease duration, yr 24.0 (16.0-43.0) 10.0 (5.0-18.5) <0.0001*
BMI, kg/m? 24.3(22.3-26.7) 28.9 (25.7-32.4) <0.0001°
HbAlc, % 7.5(6.8-8.3) 6.8 (6.2-7.6) 0.0001°
HbA1c, mmol/mol 58.0 (50.7-67.0) 51.0 (45.0-59.7) 0.0001°
Total cholesterol, mg/dL 176.0 (157.0-201.5) 169.0 (138.5-132.0) 0.095
LDL cholesterol, mg/dL 96.1 (77.0-117.0) 89.4 (67.0-114.0) 0.365
HDL cholesterol, mg/dL 60.0 (48.5-70.0) 44.5 (37.0-55.0) <0.0001*
Triglycerides, mg/dL 82.0(59.5-98.5) 117.0 (92.00-162.5) <0.0001*
With retinopathy, %" 33(46.7) 32(24.2) 0.009*
With microalbuminuria, %° 10 (14.1) 23 (19.0) 0.433
eGFR, mL/min/1.73 m? 96.0 (80.8-111.7) 84.6 (71.0-99.0) <0.0001*
With chronic kidney disease, %" 10 (14.7) 33(27.2) 0.070
Casual systolic B>, mm Hg 121.7+16.9 133.1+19.1 <0.0001*
Casual diastolic BB, mm Hg 71.4+10.8 76.8+10.2 <0.001*
With hypertension, % 31(39.2) 107 (76.4) <0.0001*
With cardiovascular disease, % 9(11.4) 34(24.3) 0.022*
With peripheral vascular disease, %° 10(13.2) 29(21.2) 0.195
Alcohol consumption, %" 15(19.2) 30 (21.7) 0.729
Current smokers, %*# 21(26.9) 26 (18.6) 0.171
Regular physical activity, %" 26 (33.8) 52(37.9) 0.558
With CAN (early and confirmed) 29 (36.7) 31(22.1) 0.027*
With confirmed CAN 16 (20.3) 15 (10.7) 0.068
With DPN 38(48.1) 81(57.9) 0.204

Values are presented as median (interquartile range), number (%), or mean+standard deviation. Unpaired Student’s t-test (parametric) and
Mann-Whitney U test (non-parametric) as tests of significance for means and the chi-square test for categorical variables were used.

T1DM, type 1 diabetes mellitus; T2DM, type 2 diabetes mellitus; BMI, body mass index; HbAlc, glycosylated hemoglobin; LDL, low-density li-
poprotein; HDL, high-density lipoprotein; eGFR, estimated glomerular filtration rate; BP, blood pressure; CAN, cardiovascular autonomic neu-
ropathy; DPN, diabetic polyneuropathy.

“Significant P value, Missing data for "T2DM patients (n=8), “T1DM (n=8) and T2DM (n=18) patients, “T1IDM (n=11) and T2DM (n=18) pa-
tients, “T1IDM (n=3) and T2DM (n=3) patients, "TIDM (n=1) and T2DM (n=2) patients, *T1DM (n=1) patient, "T1IDM (n=2) and T2DM
(n=3) patients.
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T2DM groups.

Data distribution was evaluated using the Shapiro-Wilk W
test of normality and provided as mean+ SD or median and in-
terquartile range based on distribution. Descriptive statistics
to characterize clinical variables, unpaired Student’s ¢-test,
analysis of variance (ANOVA) test, Mann-Whitney U test and
Kruskal-Wallis test as tests of significance for means, and the
chi-square test for categorical variables were used. Bonferroni
correction and Dunn’s test were used in order to account for
multiple comparisons. Spearman coefficient correlations for
non-normally distributed variables evaluated the reciprocal re-
lationships (being rho corrected for ties applied).

The diagnostic accuracy of the COMPASS 31 TWS in distin-
guishing between patients with and without CAN was assessed
using AUC, and a comparison between the AUCs was done
through the test of equality of ROC areas (roccomp). The sen-
sitivity, specificity, positive and negative predictive value, and
the Youdens J index (J=sensitivity+specificity—1) were calcu-
lated through the chi-square test, including two-sided 95%

dmj

confidence intervals. The StatView IV program (SAS Institute
Inc., Cary, NC, USA) and Statistics/Data Analysis (STATA)
(StataCorp., College Station, TX, USA) were used. A two-
tailed value of P<0.05 was considered significant. Fisher’s exact
Pvalue was considered for chi-square test.

RESULTS

According to selection criteria, 79 patients with TIDM and
140 with T2DM were included. CAN (early and confirmed)
was present in 36.7% of participants with TIDM and in 22.1%
of those with T2DM (P=0.0269), while confirmed CAN was
present in 20.3% and 10.7%, respectively. DPN was present in
48.1% and 57.9% of participants with TIDM and T2DM, re-
spectively. Table 1 describes their clinical characteristics and the
differences between the groups. Supplementary Tables 1 and 2
show in detail the characteristics of TIDM and T2DM groups
according to their CAN state (no, early, and confirmed CAN).
There were 10 participants with proliferative retinopathy in

Table 2. COMPASS 31 WS in patients with TIDM and T2DM according to the presence of CAN and DPN

COMPASS 31 WithCAN  Without CAN "Vith é‘;fgrmd Confvl;’ri::(’luct ANy WIhDPN  WithoutDPN  Pvalue'  Pvalue’  Pvalue
T1DM
Orthostatic 12.0 (0-24.0) 0.0 (0-16.0)  16.0 (4.0-28.0) 0.0 (0-16.0)  16.0 (0-24.0) 0.0 (0-6.0) 0.123 0.020¢ <0.001¢
intolerance WS
Vasomotor WS 0.0 (0-2.5) 0.0 (0-1.8) 0.0 (0-2.5) 0.0 (0-0) 0.0 (0-2.5) 0.0 (0-0) 0.864 0.257 0.166
Secretomotor WS 2.1 (0-8.6) 2.1(0-4.3) 3.2(1.1-8.6) 2.1(0-6.4) 4.3 (0-8.6) 0(0-4.3) 0.246 0.246 0.009¢
Gastrointestinal 8.0(4.0-134) 4.5(1.8-8.0) 10.3(5.8-14.3) 45(1.8-8.4) 8.5(2.7-13.3) 4.5(1.8-6.5) 0.010¢ 0.009¢ <0.001¢
symptoms WS
Bladder WS 1.1 (0-3.6) 0(0-1.1) 2.2 (0-4.4) 0.0 (0-1.1) 1.1(0-3.3) 0.0 (0-1.1) 0.029¢ 0.029¢ <0.001¢
Pupillomotor WS 2.0 (1.0-3.7) 1.6 (1.0-2.7) 2.5(1.0-4.0) 1.6 (1.0-2.7) 2.6(1.3-3.7) 1.3(0.7-2.3) 0.180 0.180 0.001¢
Total WS 25.3(10.0-50.7) 12.1(5.2-34.0) 35.1(22.7-56.7) 13.0(5.2-34.2) 34.1(17.0-50.6) 8.8 (4.5-42.0) 0.006¢ 0.006° <0.0001¢
T2DM
Orthostatic 8.0 (0-24.0) 0.0 (0-16.0) 0.0 (0-24.0) 0.0 (0-16.0) 0.0 (0-20.0) 0.0 (0-12.0) 0.084 0.819 0.159
intolerance WS
Vasomotor WS 0.0 (0-2.3) 0.0 (0-1.7) 0.0 (0-3.1) 0.0 (0-0.4) 0.0 (0-2.5) 0.0 (0-0) 0.661 0.307 0.005¢
Secretomotor WS 4.3 (2.1-6.4) 43(2.1-6.4) 43(2.1-6.4) 4.3 (0-6.4) 43(2.1-64) 2.1(0-4.3) 0.120 0.358 <0.0001¢
Gastrointestinal 7.1(5.3-11.6) 5.4(2.4-8.0) 8.0 (4.0-11.6) 5.4 (2.7-8.0) 6.2 (4.5-10.0) 4.5(0.9-7.1) 0.013¢ 0.089 <0.0001¢
symptoms WS
Bladder WS 1.1(0-2.2) 1.1(0-2.2) 1.1(0-2.2) 1.1(0-2.2) 1.1(0-2.2) 0.0 (0-1.1) 0.370 0.455 0.023¢
Pupillomotor WS~ 2.0(1.0-27)  1.3(0.6-2.3)  2.0(1.3-2.7) 16(0.7-2.3)  2.0(1.0-3.0)  13(0.1-20)  0.132 0.223 0.001¢
Total WS 27.7 (11.0-41.6) 15.4 (8.2-32.3) 24.1(11.0-39.7) 16.7(8.8-34.0) 22.8(10.9-40.0) 12.0(43-25.9) 0018  0.177  <0.001¢

Values are presented as median (interquartile range). Mann-Whitney U test as test of significance was used.

COMPASS, Composite Autonomic Symptom Score; WS, weighted score; T1DM, type 1 diabetes mellitus; T2DM, type 2 diabetes mellitus;
CAN, cardiovascular autonomic neuropathy; DPN, diabetic polyneuropathy.

“With vs. without CAN, *With vs. without confirmed CAN, “With vs. without DPN, “Significant P value.
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the T1IDM group and nine in the T2DM group who did not
perform Valsalva maneuver. The lack of one out of four CARTs

in this subset might have underestimated the diagnosis of
CAN.

COMPASS 31 according to CAN and DPN

The weighted scores of the single domains and the TWS of
COMPASS 31 did not significantly differ between the T1IDM
and T2DM groups (Supplementary Table 3). In both types of
diabetes, participants with CAN (early and confirmed) com-
pared to those without CAN showed significantly higher TWS
and weighted score of gastrointestinal domain, while only those
with T1IDM and CAN had significantly higher weighted score
of bladder domain. On the other hand, only in TIDM and not

in T2DM participants with confirmed CAN compared to those
without had higher TWS and weighted score of orthostatic in-
tolerance, gastrointestinal and bladder symptoms (Table 2).
When considering DPN, in both groups, participants with
DPN showed significantly higher TWS and weighted scores of
almost all domains (Table 2).

In TIDM group COMPASS 31 TWS was correlated to the
CARTs score, expiration:inspiration ratio, 30:15 ratio and or-
thostatic systolic BP fall, whereas in T2DM group only a corre-
lation with the Valsalva ratio was observed (Table 3). When
splitting the T1IDM and T2DM groups into three subgroups
with early CAN, confirmed CAN and without CAN, the only
significant correlations still present were those of COMPASS
31 TWS with CARTs score (P=0.009) and with expiration: in-

Table 3. Correlations of COMPASS 31 TWS with CAN and DPN measures in participants with TIDM and T2DM

CAN DPN
CARTs . E)'(plr.atlon: . 30:}5 Valsz?lva Orthosta.tlc MNS.Q MDNS  DN4 VPT WTT CTT
score  inspirationratio  ratio ratio  hypotension
T1DM
Rho 0.356* -0.282° -0.283"  -0.228 0.246" 0.631° 0.286" 0.707° 0353 0.329" -0.351°
Pvalue  0.0016" 0.013" 0.012° 0.075 0.030° <0.0001° 0.011° <0.0001° 0.002° 0.006" 0.003"
T2DM
Rho 0.084 -0.107 -0.087 -0.225 0.089 0.570° 0.335° 0.595° 0.132 0.169  -0.183
Pvalue  0.322 0.210 0.303 0.017° 0.298 <0.0001° <0.0001° <0.0001° 0.151 0.073 0.052

Spearman’s rank correlations coefficients (rho) are presented with P value.

COMPASS, Composite Autonomic Symptom Score; TWS, total weighted score; CAN, cardiovascular autonomic neuropathy; DPN, diabetic
polyneuropathy; T1DM, type 1 diabetes mellitus; T2DM, type 2 diabetes mellitus; CART, cardiovascular autonomic reflex test; MNSI-Q, Michi-
gan Neuropathy Screening Instrument Questionnaire; MDNS, Michigan Diabetic Neuropathy Score; DN4, Douleur Neuropathique en 4 ques-
tions; VPT, vibration perception threshold; WTT, warm thermal perception threshold; CTT, cold thermal perception threshold.

*P=0.016 between T1DM and T2DM rho, "Significant P value, ‘P=0.038 between T1DM and T2DM rho.
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Fig. 1. Spearman’s rank correlation coefficients of Composite Autonomic Symptom Score (COMPASS) 31 total weighted score
(TWS) with cardiovascular autonomic reflex tests (CARTS) score in (A) type 1 diabetes mellitus (T1IDM) and (B) type 2 diabetes
diabetes mellitus (T2DM). There was a significant difference of the correlations in T1IDM and T2DM groups (P=0.016).
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spiration ratio (P=0.039) in the group with TIDM and con-
firmed CAN (Supplementary Table 4). Regarding DPN, COM-
PASS 31 TWS was related to all DPN measures in T1DM and
only to MNSI-Q, MDNS, and DN4 in T2DM (Table 3). A com-
parison analysis of the Spearman’s rho showed a significant dif-
ference between T1DM and T2DM groups for the correlations
of COMPASS TWS with CARTS score (P=0.016) (Fig. 1) and
with VPT (P=0.038).

COMPASS 31 diagnostic performance

COMPASS 31 TWS showed a fair diagnostic accuracy (AUC
>0.7), for confirmed CAN (AUC 0.725+0.073) and DPN (AUC
0.753%0.059) only in TIDM. The values of AUC for CAN (early
and confirmed) were similar between the two groups but those
for confirmed CAN and DPN slightly differ in the group with
T2DM diabetes compared to TIDM (Table 4, Fig. 2), and did
not exceed the value of 0.7, in T2DM although a statistical sig-
nificance difference between T1DM and T2DM was not reached
(confirmed CAN: chi-square=1.26, P=0.262; DPN: chi-square=
0.90, P=0.343).

When considering the diagnostic characteristics of COM-
PASS 31 TWS (at the cut-off of 16.44) the best values over 70%
were that of sensitivity for confirmed CAN and those of sensi-
tivity and specificity for DPN but only in T1DM (Table 4). This
was also strengthened by the Youden's indexes with the greatest
values for DPN (0.54) and confirmed CAN (0.41) in T1IDM
compared to T2DM group (0.23 and 0.16).

When considering the AUCs of the single domains of COM-
PASS 31, the best performance was that of the orthostatic intol-
erance and gastrointestinal domains for confirmed CAN and
of orthostatic and pupillometer domains for DPN in TIDM
and of secretomotor and gastrointestinal domains for DPN in
T2DM (Supplementary Table 5). AUC of orthostatic intoler-
ance domain in discriminating the presence of DPN was sig-
nificantly higher in T1IDM group (P=0.0268) (Supplementary
Fig. 1). The Supplementary Table 6 shows in comparison the
diagnostic accuracy for confirmed CAN and DPN of COM-
PASS 31 TWS, CARTs score and VPN.

DISCUSSION

The relationship between the autonomic symptoms and the
objective measures of autonomic function was found of differ-
ent degree in T1IDM and T2DM [22,23,29] with a limited as-
sociation if any in T2DM [30]. Thus, this study aimed at inves-
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Fig. 2. (A) Receiver operating characteristic (ROC) plots for Composite Autonomic Symptom Score (COMPASS) 31 total weight-
ed score (TWS) in distinguishing between participants with and without overall cardiovascular autonomic neuropathy (CAN). (B)
ROC plot for COMPASS 31 TWS in distinguishing between participants with and without confirmed CAN. (C) ROC plot for
COMPASS 31 TWS in distinguishing between participants with and without diabetic polyneuropathy (DPN). Participants with
type 1 diabetes mellitus (T1DM; in blue) and type 2 diabetes mellitus (T2DM; in red). No significant differences of area under the
receiver operating characteristic curves (AUCs) between T1DM and T2DM for overall CAN (chi-square=0.02, P=0.890), con-
firmed CAN (chi-square=1.26, P=0.262), and DPN (chi-square=0.90, P=0.343) were reached. CI, confidence interval.

tigating if COMPASS 31 has different association with CARTs
and different diagnostic performance for the presence of CAN
in TIDM and T2DM.

Association between COMPASS 31 and CAN

The study found that COMPASS 31 total and domain scores
did not differ between the TIDM and T2DM group, suggesting
a similar presence and intensity of autonomic symptoms (Sup-
plementary Table 3). As expected, COMPASS 31 scores were
significantly higher in presence of CAN but this association
was stronger and wider in T1DM than in T2DM group (Table
2). The same was true for the correlations between COMPASS
31 TWS and CARTs with a significantly greater correlation in
T1DM than in T2DM group (Table 3, Fig. 1). Thus, despite
some different clinical characteristics, the participants with
T1DM and T2DM reported a similar distribution and degree
of autonomic symptoms, but the association of the scores of
COMPASS 31 with the presence and severity of CAN seemed
to be stronger in those with T1DM, reaching in this latter
group values of significance not observed with other question-
naires [22,31]. No association at all was found between COM-
PASS 31 TWS and confirmed CAN in the group with T2DM.

Diagnostic performance of COMPASS 31 for CAN

When considering the diagnostic value of COMPASS 31 TWS
for CAN in TIDM and T2DM, a similar diagnostic accuracy
was found for overall CAN with AUC around 0.65 for both types
and comparable sensitivity (65.5% and 67.7%). However, the di-
agnostic accuracy of COMPASS 31 TWS for confirmed CAN
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reached a level of fair accuracy only in T1DM with AUC of 0.72
compared to 0.61 in T2DM group (although without a statistical
significance) (Fig. 2) together with a higher sensitivity (81.2%
compared to 67.7% in T2DM group) (Table 4). Moreover, if in
T1DM, the scores of orthostatic intolerance, gastrointestinal and
bladder symptoms reached an almost fair diagnostic accuracy
for confirmed CAN (AUC >0.65), this was not true in T2DM
(Supplementary Table 5).

Possible explanations of the weaker link between
autonomic symptoms and CAN in T2DM

We used ANOVA analysis to test possible effect modification of
diabetes type on the relation between COMPASS 31 TWS and
confirmed CAN or DPN. We found that diabetes type had no
significant effect modification on the variance of COMPASS 31
TWS according to confirmed CAN (P=0.167) and instead a
significant effect on the variance of COMPASS 31 TWS accord-
ing to the presence of DPN (P=0.044).

The role of different clinical characteristics

The two groups with TIDM and T2DM were not matched.
Some differences were expected according to the epidemiologi-
cal characteristics of TIDM and T2DM, as age, duration, body
mass index (BMI), lipids, BP, eGFR, and percentage of hyper-
tension and cardiovascular disease. Other differences are a lim-
itation of this study as the percentage of females, considered be-
low. To verify the role of those variables that differed between
T1DM and T2DM (Table 1), we performed an exploratory
analysis to assess if the participants with an abnormal COM-
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PASS 31 TWS (>16.44) compared to those with normal TWS
showed association with female sex, retinopathy, hypertension,
cardiovascular disease, or with higher age, duration, BMI, gly-
cosylated hemoglobin (HbAIc), triglycerides, eGFR, and casu-
al BP or lower values of high-density lipoprotein. No significant
difference was found for any variable. Thus, the impact of dif-
ferent characteristics appears of limited value. Moreover, in a
multivariate logistic regression analysis with confirmed CAN
as the dependent variable and COMPASS 31 TWS plus the
variables related to confirmed CAN in univariate analysis (i.e.,
BMI and cardiovascular disease in T1DM, diabetes duration,
HbA1lcand triglycerides in T2DM, and systolic BP, retinopathy,
CKD, and peripheral vascular disease in both groups), COM-
PASS TWS was a significant determinant of confirmed CAN
(P=0.003), together with BMI and systolic BP (both P<0.05),
in TIDM but not in T2DM group where only retinopathy kept
a predictive value for confirmed CAN (P=0.002). This sup-
ported the weaker link of COMPASS 31 with confirmed CAN
in T2DM, however, without elucidating the role of clinical dif-
ferences of two diabetic populations.

Degree of autonomic symptoms

The different association between COMPASS 31 and CAN in
T1DM and T2DM cannot be attributed to a less appearance of
autonomic symptoms in T2DM, confirming previous observa-
tions [22].

Interfering drugs

In patients referred for autonomic testing medications with
known effect on autonomic nervous system seemed to exert a
confounding effect on COMPASS 31 results mainly for the or-
thostatic intolerance and secretomotor domains [32]. Thus, we
conducted an exploratory analysis to investigate the role of
drugs potentially affecting autonomic nervous system (such as
diuretics, alpha-blockers, B-blockers, and psychoactive drugs)
without finding any association apart from the bladder domain
in only the T2DM group (P=0.008). However, given that a
greater percentage of patients in T2DM group were taking these
drugs (46% vs. 25.3%, chi-square=9.48, P=0.002) we cannot
exclude that this fact partially accounts for the observed dispar-
ities between T2DM and T1DM. On the other hand, we have
not found differences in median values of COMPASS 31 results,
including gastrointestinal and bladder domains, among those
under treatment with incretins (n=29) or gliflozins (n=8) com-
pared to other treatments.

https://e-dmj.org  Diabetes Metab J 2024;48:1114-1125
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Psychological aspects

Among healthy partners and caregivers of patients with multi-
ple sclerosis, with a mean age of 40.6 years, 99% and 85.3% had
a score >0 in at least one or two COMPASS 31 domains, and
their median value of COMPASS 31 TWS was 10.2 [33]. This
was attributed to distress and over-sensitization to health prob-
lems, and to a possible role of anxiety or other confounders on
the highly sensitive gastrointestinal domain [33]. Moreover,
veterans with the Gulf War Illness reported elevated COM-
PASS 31 scores that were associated with the presence of anxi-
ety [34]. In patients with multiple system atrophy, depressive
symptoms were associated with an increased self-perceived se-
verity of autonomic symptoms, mainly orthostatic hypoten-
sion [35]. Gastrointestinal symptoms have been found indeed
related to anxiety and depression in people with diabetes [36].
In a large TIDM population, the presence of autonomic symp-
toms assessed with SAS questionnaire was associated with de-
pression in addition to female sex, low income, and opioid use
[31]. Unfortunately, we did not assess anxiety or depression in
this study and we cannot exclude that psychological factors
may affect the perception of autonomic symptoms and be
more common in T2DM participants.

Variability in symptoms’ perception
There is some evidence of poor relationship of gastrointestinal
and orthostatic symptoms with the correspondent functional
abnormalities [37]. Most patients with orthostatic hypotension
were asymptomatic or mildly symptomatic and there was no
cut-oft of BP fall for symptoms and instead a poor relationship
with the orthostatic BP fall or the upright orthostatic BP [38].
Orthostatic intolerance symptoms might be influenced by the
individual variability of the autoregulated range of cerebral
blood flow, the expansion of this range under 50 mm Hg or by
a failure of autoregulation [39]. It might be possible that multi-
factorial causative mechanisms underlying the orthostatic
symptoms are more prominent in T2DM than in T1DM [23].
In summary, more confounding factors might be present in
patients with T2DM related to quality of life, mood aspects,
comorbidities, and drugs interference. Ad hoc studies are
needed to disentangle all the factors involved.

Diagnostic performance of COMPASS 31 for DPN

As previously described [17], COMPASS 31 TWS was also in-
creased in the presence of DPN and related to DPN measures.
This study shows that the link between COMPASS 31 results
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and DPN is almost of similar degree for both diabetes types with
a stronger relation with DPN than with CAN in T2DM group
(Tables 2 and 3). The values of AUC (0.75 in T1DM and 0.68 in
T2DM group), sensitivity and specificity were slightly higher in
T1DM group (76.3% and 78% vs. 61.7% and 61%) (Table 4) but
without statistical significance. For the orthostatic intolerance
domain, a significant superiority of AUC was reached in the
T1DM group compared to T2DM group (Supplementary Fig. 1).
The fair relation between DPN and its measures with COM-
PASS 31 in both diabetes types might indicate that some symp-
toms explored in COMPASS 31 refer to peripheral small fibre
functions not well represented by CARTSs and closer to DPN
manifestations. Moreover, the very strict correlation between
DN4 and COMPASS 31 TWS might indicate that perhaps
pain-related mood and quality of life consequences might in-
crease the subjective perception of autonomic symptoms.

Strengths and limitations

This the first study that compares the diagnostic accuracy and
performance of COMPASS 31 between T1DM and T2DM and
also the study on COMPASS 31 with the largest population
with diabetes. Moreover, diabetic population was well charac-
terized, and CAN diagnosis was based on the gold standard of
CARTs. The absence of a control non-diabetic group is a limi-
tation of this study, preventing to define the reference values of
COMPASS 31 in a healthy population. However, other studies
have validated COMPASS 31 using the same Italian version
[12], and the aim of this observational study was to compare
participants with TIDM and T2DM.

The studied population is representative of patients followed
at diabetes centers in Italy according to a recent large survey in
T2DM [40] but could not be representative of the general pop-
ulation with diabetes. In this study the percentage of CAN in
T2DM was lower than expected also compared to TIDM
group. The use of strict selection criteria with the exclusion of
severe comorbidities, as a CKD stage >G3b, and the use of age-
related reference values for CARTs might have played a role.
This finding, however, is not unusual, because the few studies
comparing T1DM and T2DM have provided higher preva-
lence in both T1DM [1,41,42] and T2DM [22,43]. Thus, the
prevalence of CAN in this study was not dissimilar from that
observed in previous studies comparing T1IDM and T2DM,
with median values of 23% and 22% for T1DM and T2DM.

On the other hand, DPN prevalence was rather high in both
groups and the use of multiple assessing modalities in addition
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to the long diabetes duration might have increased the number
of DPN diagnoses. There was a different sex composition in the
T1DM and T2DM groups, with a greater prevalence of females
in T1IDM group. Similarly, to what observed by Foschi et al.
[33] in healthy females and those with multiple sclerosis, also
in the present study females reported higher scores of COM-
PASS 31. However, higher values of COMPASS 31 TWS were
not found in T1DM group compared to T2DM group. More
remarkably, we could not find different diagnostic accuracy
of COMPASS 31 TWS for CAN, confirmed CAN or DPN be-
tween females and males when comparing AUCs of ROC anal-
ysis by splitting into groups by sex (P>0.75).

Finally, we cannot exclude that a larger sample size would
have allowed us to find significant differences in the AUCs of
COMPASS 31 for confirmed CAN between the two types of
diabetes.

In conclusion, this study confirms the association between
COMPASS 31 TWS and the presence of CAN and DPN in both
types of diabetes, but with a lesser degree and extent of the asso-
ciations and relationships between COMPASS 31 and CAN or
DPN measures in T2DM than in T1DM. This translates into the
fact that values of fair diagnostic accuracy of COMPASS 31 for
confirmed CAN are reached only in TIDM and not in T2DM.
This should be considered when using this device, without,
however, restraining from the necessary assessment and man-
agement of autonomic symptoms in people with T2DM.

The reason for the lack of fair diagnostic performance of
COMPASS 31 for CAN in T2DM is not known. A multifacto-
rial origin of autonomic symptoms and the presence of more
confounding factors in T2DM might be suggested.

SUPPLEMENTARY MATERIALS

Supplementary materials related to this article can be found
online at https://doi.org/10.4093/dmj.2023.0301.
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