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Abstract

Background: Diabetes carries a two-fold risk of Sudden Cardiac Death (SCD). Diabetic Autonomic Neuropathy (DAN), often progressing to
Cardiovascular Autonomic Neuropathy (CAN, critically low parasympathetic tone [P]), increases death 3.5-fold over 5 years, half sudden or non-
renal. Oxidative stress is a major cause of DAN. Also, increased sympathetic tone (S), High Sympathovagal Balance [SB>2.5] increases SCD
risk. Objective: Dysautonomic diabetic Il patients were treated with the antioxidant (r) Alpha Lipoic Acid (ALA), autonomic function followed,
and Sudden Death (SD) compared to untreated patients. Methods: 133 patients (mean age 66y/0) with DAN or CAN, diagnosed using the ANX
3.0 Autonomic Monitor (Physio PS, Inc., Atlanta, GA) was offered (r)-ALA: 83 agreed (Group 1), and 50 refused (Group 2). P and S were re-
measured up to 3 times/yr (mean f/u 6.31 yrs); SCDs were recorded. Results: A 43% Relative Risk Reduction (RRR) in SCD occurred with (r)-
ALA (25% SCD Group 1 vs. 44% SCD Group 2, p=0.0076). Initial to final patients with high SB or CAN were 21.7%-12% (p=0.010), 10.8%-
15.7% (p=0.045), Group 1 vs. 24%-22% (p=ns), 6%-12% (p=0.083), Group 2. Only Group 1 survivors increased mean resting P. The progressive
increase in P’s decline, increasing CAN risk, in the other patients correlated with mortality (p<0.001) and (r) ALA dose. Initially, Group 1 had
insignificantly less high SB (p=0.449) and significantly more CAN (p=0.013) vs. Group 2. Finally, Group 1 had significantly less high SB
(p=0.0967) vs. Group 2, also improving to insignificantly more CAN (p=0.261). Conclusion: (r)-ALA was associated with a 43% RRR of SCD
and favorable P and S changes.

Keywords: Alpha Lipoic Acid, Diabetic Autonomic Neuropathy, Sudden Death.

Abbreviations: SCD-Sudden Cardiac Death, DAN-Diabetic Autonomic Neuropathy, CAN-Cardiovascular Autonomic Neuropathy, P-Parasympathetic tone, S-Sympathetic tone, ALA-Alpha Lipoic Acid,
SD-Sudden Death, NOH-Neurogenic Orthostatic Hypotension, DMII-Type 2 Diabetics, RA-Respiratory Activity, HRV-Heart Rate Variability, RFa-Respiratory Frequency area, FRF-Fundamental
Respiratory Frequency, LFa-Low Frequency area, ACS-Acute Coronary Syndromes, VT/VF-Ventricular Tachycardia/Fibrillation, CART-Cardiovascular Autonomic Reflex Test, BMI-Body Mass Index,
Bx-Baseline, dBP-Diastolic Blood Pressure, HL-Hyperlipidemia, HR-Heart Rate, LVEF-Left Ventricular Ejection Fraction, PE-Parasympathetic Excess, QTc-corrected QT, SB-Sympathovagal Balance,
sBP-systolic BP, SW-Sympathetic Withdrawal, CKD-Chronic Kidney Disease.
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Introduction

Diabetics have a two-fold increased risk of Sudden Cardiac Death
(SCD), the most common cause of death in adult diabetics. Subgroup
analyses have not explained this adequately [1]. Diabetic Autonomic
Neuropathy (DAN) [2], carries a 53% 5yr. mortality, half of the deaths
sudden [3]. DAN can progress to Cardiovascular Autonomic
Neuropathy (CAN) in approximately 65% of patients with aging and
diabetes duration [4]; CAN, critically low Parasympathetic tone (P),
increased SCD in the Framingham Study [5]. Hyperglycemic-
oxidative stress causes dysautonomia [6-8]. We hypothesized (r)-ALA,
a natural, potent anti-oxidant, might reduce SCD in Type 2 Diabetics
(DMII) with dysautonomias. We have shown previously (r)-ALA
improves autonomics in Hypertension (HTN) [9] as well as Neurogenic
Orthostatic Hypotension (NOH) [10].

Methods

In 2006, 133 consecutive DMII referrals for cardiovascular evaluation
underwent P and S testing via ANX 3.0 Autonomic Monitoring (P&S
Monitoring, Physio PS, Inc., Atlanta, GA). P&S were computed

simultaneously and independently by concurrent, continuous time-
frequency analysis of Respiratory Activity (RA) and Heart Rate
Variability (HRV), as we detailed previously [11-17]. P&S
srenormally; sitting LFa and RFa=0.5 to 10.0 bpm? SB is age
dependent=0.4 to 1.0 for geriatrics; stand LFa is > 10% increase with
respect to (wrt) sit; stand RFa is a decrease wrt sit. High SB is defined
as>2.5, as established in our 483 patient study [18]. High SB and CAN
define a high risk of mortality, Acute Coronary Syndromes (ACS),
CHF, and Ventricular Tachycardia/Fibrillation (VT/VF) alone or as a
composite endpoint [18].

In the 83 (r)-ALA patients (Group 1), P&S were recorded 2-3 mo.
afterwards until maintenance dosage, then yearly. Non-(r)ALA patients
(Group 2, refused (r)-ALA) were tested yearly. Exclusion criteria were
(1) arrhythmia precluding HRV measurement, and (2) cancer within 5
yrs. The inclusion criterion was DM Il with any abnormality of P or S.
Informed consent was obtained for this open-label, un-blinded study.
The cause of SD was determined from hospital records or death
certificates. Out of hospital SCD was defined as pulse less SD of
cardiac origin.
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Group 1 patients were subcategorized: survivors, Group AA; non-
survivors Group AD. Group 2 (Controls): survivors, Group NA; non-
survivors, Group ND. All patients took aspirin. All patients had
Cardiovascular Autonomic Reflex Test (CART) w/o isometric grip
(grip has only 25% sensitivity for CAN) [19]. DAN was defined as any
abnormality of S or P, or high SB. CAN was defined as P<0.10bpm?,
or 2 abnormalities of CARTSs. Median follow-up was 5 yrs. Mean age
was 66 y/o. There were 83 males, 50 females. Upon referral, rhythm
assessment (Holters + event monitors) were performed if clinically
indicated: Groups AA 60%, AD 57.1%, NA 60.7%, ND 31.8%.

The abbreviations are: A, change from initial to final; AI1C, glucose
form hemoglobin; (r) ALA ((r)Alpha-Lipoic Acid) (the r-isomer
functional in humans); BMI (Body Mass Index); Bx (Baseline); CAN;
DAN; dBP (Diastolic Blood Pressure); HL (Hyperlipidemia); HR
(Heart Rate); Init (Initial); LFa ((Low Frequency area)=S)); LVEF
(Left Ventricular Ejection Fraction); mg (milligrams); N (number);
Nml (normal); ns (not significant); P (Parasympathetic tone); PE
(Parasympathetic Excess); QTc (corrected QT); RFa ((Respiratory
Frequency area)=P)); S (Sympathetic tone); SB (Sympathovagal
Balance); sBP (systolic BP); SW (Sympathetic Withdrawal). Given the
size of the cohort, statistical significance is p<0.100. Statistical
significance was determined with either a two-tailed, student T-test or a
Pearson correlation.

Results

25% of (r)-ALA patients experienced SCD vs. 44% non-(r)-ALA
patients, a 43% Relative Risk Reduction (RRR, p=0.0076 [Figure 1]),
altering the natural history of DAN [3].

‘ /;1 1%

43%RRR
p=00076

Figure 1: Sudden Death Mortality risk of a Diabetic type 2 cohort
from a south-central USA cardiology practice. (r)ALA (blue curve)
reduced this cohort’s relative risk ratio (RRR) by 43% (p=0.0076) as
compared to controls (brown curve).

Demographics

Table 1 Survivor demographics Group AA had significantly more
males and higher final A1C; their initial LVEF was insignificantly
lower, factors not favoring survival [20-24]; tending to favor survival
were insignificantly fewer with CAD (although all AA and NA patients
were vascularized with normal stress tests), less Chronic Kidney
Disease (CKD); and significantly more Angiotensin blocker therapy
(ACEI or ARB, p<0.100) [20,25]. 11% more (r)-ALA patents required

insulin. Control Group NA had significantly more females and lower
final ALC; there were insignificantly higher initial LVEFs and
insignificantly more patients on Empagliflozin, Liraglutid, and
Metformin, tending to favor survival [26-29].

Group Group p
AA NA
N 62 28
Male 61% 39% p<0.100
Age (mean yrs) 67 64 p>0.100
Ethnicity
Caucasian 74% 73% ns
African Am 23% 24% ns
Other 3% 2% ns
2 Dx
HTN 95.00% 86.00% ns
HL 80.00% 82.00% ns
CAD 24.00% 37.00% ns
CHF 21.00% 20.00% ns
CKD 25.00% 35.00% ns
Smoker 5.00% 4.00% ns
AODM Rx
Insulin 25.00% 14.00% ns
Metformin 14.50% 36.00% ns
Sulfonylurea 9.70% 11.00% ns
Sitagliptin 5.00% 7.00% ns
Empagliflozin 1.50% 11.00% ns
Liraglutid 5.00% 36.00% ns
Pioglitazone 5.00% 0% ns
Anti-HTN Rx
ACEI/ARB 64% 41% p<0.100
CCB 39% 30% p<0.100
BB 36% 35% p>0.100
Clonidine 9% 3% p<0.100
(ALA 634 + 0
(mean mg) 458.5
Initial Final Initial Final
BMI 316+ 321+ 327+ 321+ p>0.100
(mean kg/m2) 5.6 6.6 9.3 6.5
Alc 6.22+ 6.61+ 6.7+ 6.25+ p=0.047
(meanmol/mol) 0.9 0.6 0.9 0.5
LVEF 60 + 60+ 11.0 68 + 60 + p<0.100
(mean %) 111 11.8 8.1
QTc 373+ 380+ 370+ 379+ p>0.100
(mean msec) 475 50.3 39.7 44.5

Note: 2 Dx=Secondary Diagnosis; ACEI=Angiotensin Converting Enzyme Inhibitor;
ARB=Angiotensin Renin Blocker; BB=Beta-Blocker; CCB=Calcium Channel Blocker;
HL=Hyperlipidemia; Rx=therapy.

Table 1: Survivor Patient Demographics.

Table 2 Non-Survivors. Group AD had significantly more males and
higher ALC; there were insignificantly higher final BMI [24], lower
LVEFs, more CHF, and less Metformin use, all tending unfavorably
regarding survival. But 9% more took ACEI/ARBs (p<0.100). Control
Group ND was 4 years older (p>0.100); QTc had no significance on
SD, as SD increases when QTc is >450ms in males or >470ms in
females [30]. Insignificantly more Group ND African Americans tends
to favor SD [31]. CAD causes most adult SDs [24]. Although more SD
patients had CAD vs. survivors, CAD prevalence was insignificantly
different in Groups AD, ND.

Group AA vs. Group ND: Improved Group AA survival occurred
despite Group ND having a normal final BMI (p=0.067), less HTN
(p=0.021), greater use of Empagliflozin (p<0.100), Metformin
(p<0.100), lower final A1C (p=0.034), and fewer males (p<0.100), all
favoring less SCD in Group ND. DMII attenuates gender differences in
SD [22]. Group ND was 3 yrs. Older (p=0.067) with more CAD
(p<0.100); all were revascularized (normal myocardial perfusion stress
tests). Fewer in Group AA took insulin (p<0.100). Initially, Group AA
had 18.4% VT (1sustained) vs. 14.3% non-sustained in Group ND,
p=0.3559.
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Group AD Group p consequently, BRS improved. One more patient demonstrated PE
N T ':ZD (p=0.098) (standing RFa increased) proportional to (r)-ALA dosage.
Male 91% 41% p<0.100 : -
Age (mean yrs.) 66+ 12.3 70% 115 p>0.100 N S“r‘ég’m Sudden Czr:;jlac Death
Ethnlc!ty Initia Fina Initia Fina
Caucasian 81% 73% ns | | A% p | | A% P
Afr;ag?m 11% 28% ns Sitting (Rest
HTN 68.00% 59.00% ns LFa 125+ | 11z | ., p= 089+ 0',?3 45 p=
HL 96.00% 86.00% ns (bmp?) 2.19 1.55 0.045 1.60 159 ’ 0.039
CAD 67.00% 73.00% ns 135 045 -
CHF 38.00% 23.00% ns RFa 12+ + 12. p=007 | 111+ + 59. p=
CKD 27.00% 30.00% ns (bmp?) | 233 | 45 | 5 ° 198 | 047 | s 0054
A%'g‘:\jeéx 2.00% 4.50% s SB1.23 | 176+ 2;‘37 17. p= 203+ 2'f3 29. p=
Insulin 12.00% 45.00% ns 150 | 14T ] gg9 | 8 0064 | 192 | 569 | 5 0.064
Metformin 10.00% 45.00% ns Standing
Sulfonylurea 19.00% 13.60% ns 11 1 - . 0.68 - _
Sitagliptin 1L.00% 9.00% ns (b';nF:z) '2_(?; 1o | B ohes igg 2| | b
Empagliflozin 5.00% 13.60% ns 8 0.91 4
Pio_glitazone 5.00% 0% ns RFa 097+ 1.15 80. p= 082+ O.EB 2;’ p<0.00
Anti-HTN Rx (bmp?) 170 | 3 4 0.051 121 < : 1
ACEI/ARB 73% 64% p<0.100 95 _ _ 0.66 3 |
cCB 27% 11% p<0.100 Note: HCTZ, hydrochlorot_hlaude; Standing represents positive head-L_Jp posture, equivalent to
BB 50% 54% p>0.100 head-up tilt. See Table 1 or Methods for other abbreviations.
HCTZ 25% 25% p>0.100 Table 3: Comparison between Survivors and Sudden Cardiac Death
(NALA (mean mg) 548 + 306.8 0 patients, Mean P&S Measures. See Methods for parameters’ normal
ranges.
Initial Final Initial Final
BMI (mean kg/m2) 30.7+10.3 324112 30.3£10.2 szoi p<0.100 DMII(NALA N=62
ALC (mranmmolimol) 7.74%1.0 63%0.6 659+09 | 6£06 | p<0.100 Survivors
LVEF (mean %) 571105 48201 59£104 | 61t | p<0.100 (Group AA)
8.4 Age 66.5 Range: 48t0 89
QTc (mean msec) 390 £51.2 430 £54.6 386 £ 41 454 + p>0.100 (n)ALA (mg) 637.1 + 458.5
433 Population Initial Final A p:A p:ALA
Note: HCTZ, hydro_chlorothia_zide. See Table 1 or Methods for other abbreviat ons. SB>2.5 13 4 9 ns ns
Table 2: Non-Survivor Patient Demographics (Sudden Death Patients). CAN 8 5 3 0.08 0.004
BMI 32.2+5.6 32.1+6.6 -0.1 ns ns
Group NA vs. Group AD: NA patients were 2 yrs. Younger LVEF 63.2+11.1 60.7 +£11.0 25 ns ns
(p=0.081); more hypertensive (p=0.086); had greater use of QTc 375.2+475 380.7 £ 50.3 25 ns ns
Empagliflozin (p<0.100), Metformin (p<0.100), Liruglutid (p<0.100), ALC 6.2+09 6.6 + 0.6 0.3 0.047 | 0.071
higher final LVEFs (60% vs. 48%, p<0.100), fewer males (p<0.100), BxLFa 103+20 108+17 006 | 0095 | ns
and less CAD (p<0.100; revascularized with normal stress tests), BxRFa 08+13 1.09£0.6 029 | 007 | 0014
mostly favoring survival. Fewer in Group NA took insulin (p<0.100). gi E'i %6821+1f3 = gélgt+1f2 5 01'331 :: 85089
iti 0 - i % i L= 29 -2 L. et -
Irllgallels)glGroup NA had 0% non-sustained VT vs. 16.7% in Group AD, T 0D oL 177 385170 15 - ps
p=0. ' BxdBP 73.8+12.2 68.5+ 10.1 5.3 0.019 | 0.009
. . . . . _ Stand LFa 1.01+ 1.55 0.9 +1.16 -0.11 | 0073 | ns
Autonomlc M_easures. Table 3: Survivors and SCD patle_nts |n|t|_a| to Stand RFa 058+ 1.85 091%0.77 034 0053 | s
final auton_omlc Measures. Mean Bx LFa, decregsed in_survivors SW 37 33 ) s 0.097
(p=0.045), increasing in SCD (p=0.039). Bx RFa, increased in 55/90 PE 26 27 1 ns 0.098
patients (60%), by a mean 12.5% in survivors and severely decreased Individuals N= NoA | (®) O
in 29/43 (67%) non-survivors, mean -59.5%, (p<0.0001). SB increased ASB 16 6 40
17.6% in survivors, but had a greater increase in SCD to >2.5: +29.5% AHR 4 53 5
(p=0.064). AsBP 10 15 37
AdBP 14 43 5
Non-Survivors demonstrated a more abnormal final alpha-S-response ABP 21 37 4
standing, SW (-24.4% vs. -13.8% [p=0.066]), indicating greater Bar i‘I’EV 2‘3‘ ill g

receptor Reflex dysfunction, which increases SCD risk. PE upon
standing developed more significantly in survivors (+65%) vs. SCD
(+29%) because initial to final standing RFa increased in survivors vs.
decreasing in SCD (p=0.022). In parallel, SCD patients experienced a
dramatic 59.5% decrease in resting P in addition to SW. All P- and S-
final values were lower in SCD, the lowest being resting P. Since
HRV=S+P, HRV was lower in SCD (p<0.0001) mainly due to lower P.

Survivors

Group-AA, Survivors with (r)-ALA: (Table 4) A1C increased
(increasing oxidative stress, p=0.047), inversely proportional to (r)-
ALA dosage (p=0.071); but resting RFa increased proportionally
(p=0.014). Average resting Bx LFa increased (p=0.095) as did resting
Bx RFa (p=0.070). HRV increased. The mean initial standing response
was SW. At final testing, 4 patients’ SW were relieved (p=0.097);

Note: (+), improved; (-), declined; A, change? Demonstrated; ns, not significant (p>0.100); See
Table 1 or Methods for other abbreviations.

Table 4: Mean P&S measures for DM Il Survivors on (r)ALA
(GroupAA).

Group-NA, Survivors without (r)-ALA: (Table 5) Similar to Group-
AA the average initial P&S levels are normal, and given their age, SB
is high (but lower than Group AA and not >2.5). Contrary to Group
AA, final BxLFa decreased (p=0.075), as did BxRFa (and HRV). SB
increased (p=0.088). Standing, Group-NA initially demonstrated
normal P- and slightly low S-responses. Individually, 57.1%
demonstrated SW. Of these, 81.3% demonstrated PE. At final testing, 2
patients’ SW were relieved; 5 relieved PE, different from the Group
AA patients (p<0.027).
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DMIINo (r)ALA N=28 normalized. The P-responses as compared with the Group-AA are
Survivors different (p=0.106).

(Group NA)

Age 63.2 Range: 4510 88 DMII  (DALA N=21
(NALA (mg) 0 Non-Survivors

Population Initial Final A p:A (Group AD)

SB>2.5 5 6 1 ns Age 65.7 Range: 47 t0 89

CAN 0 1 1 ns (NALA (mg) 528.6 + 306.8

BMI 342+93 32.1+£6.5 2.1 ns Population Initial Final A p:A p:ALA
LVEF 68+ 11.0 62.8+8.1 -5.2 ns SB>2.5 5 6 1 ns ns
QTc 372.3+£39.7 379.2+ 445 6.9 ns CAN 1 8 7 0.08 0.014
AlC 6.7+0.9 63+05 -0.4 ns BMI 321+103 314 + | 08 ns ns
BxLFa 174%26 11411 0.6 0.075 112

BxRFa 21+36 194+37 -0.16 ns BxLFa 0.44+0.9 092+1.1 0.48 0.047 ns
Bx SB 167+16 173+15 0.06 0.088 BxRFa 0.38+0.4 0.34+0.4 [ -0.04 0.098 | 0.033
BxsBP 135.3+21.1 138.1+20.8 28 ns Bx SB 213+23 272+2.4 0.59 ns 0.028
BxdBP 728+12.4 70.8+8.9 2 0.049 BxsBP 133.9+22.7 139+ 244 5.1 ns ns
Stand LFa 1.86 +2.82 116+ 1.35 -0.7 0.092 BxdBP 71.1+14.8 68.2+7.9 -2.9 ns ns
Stand RFa 166+271 1.06+2.19 -0.6 ns Stand LFa 071+1.2 0.68+0.9 -0.03 ns 0.092
SW 16 14 -2 ns Stand RFa 058+1.1 0.24+0.2 -0.34 ns ns
PE 13 8 -5 ns SW 16 12 -4 0.037 0.06
Individuals N= No A @ 0) PE 12 7 5 0.061 | ns
ASB 9 6 13 Individuals N= No A (+) Q)
AsBP 5 10 13 ASB 4 6 11
AdBP 4 22 2 AsBP 6 2 13
ABP 8 19 1 AdBP 7 11 3
SW 14 8 6 ABP 11 9 1

PE 19 7 2 SW 11 3 7
Note: (+), improved; (-), declined; A, change demonstrated; ns, not significant (p>0.100); PE 10 3 8

See Table 1 or Methods for other abbreviations.
Table 5: Mean P&S measures for DM Il Survivors not on (r)ALA
(Group NA), the control group.

Survivers’ Mortality Risk: 13% Group AA patients demonstrated
CAN initially, improving to 8.1%, proportional to (r)-ALA dose
(p=0.004). Group AA was the only Group that increased resting
BxRFa, (Table 4). Group-AA’s final RFa increased 36.2%, correlating
with the dose of (r)-ALA (p=0.014). Group AA’s increase in resting
BxLFa (Table 4) was mitigated by the increase in resting BxRFa, so
the SB change was insignificant. Group NA had no CAN initially;
increasing to 3.6%. This group’s average resting BxLFa decreased
(34.5%); BxRFa fell 7.6%. SB (the average of 4 sec. ratios, not the
ratio of these reported averages) significantly increased 3.6%
(p=0.088), increasing MACE risk. In Tables 4 and 5, Group AA’s
BxLFa and BxRFa were initially lower than Group NA’s (p<0.100),
indicating lower HRV. Group AA increased both, decreasing mortality
risk (Table 4). Group NA decreased both BxLFa (Table 5) (p=0.075)
and BxRFa (p=ns), indicating an accelerated progression towards
increased mortality risk (decreased HRV).

Non-Survivors

Group AD, Non-Survivors with (r)-ALA: (Table 6) Initial P&S
levels are below normal and lowest of all Groups (lowest HRV). Given
their age, SB is high (but not >2.5). Final LFa increased (p=0.047);
RFa decreased (p=0.098); and SB increased to 2.72. Resting P protects
against VT/VF and silent ischemia [21,32-36]; seven progressed to
CAN (p=0.080), not surprising since initial BxRFa was so severely
depressed. Group AD was beyond help. Standing, 57% of Group AD
initially demonstrated PE; 33% ended with PE (p=0.061) and 57%
ended with SW (p=0.037) indicative of BRS dysfunction (increases
SCD). Finally, Group AD’s, average stand LFa was SW. These
Sympathetic results are significantly similar to Group AA (p=0.061).
However, the P-responses, are different (p=0.185).

Group ND, Non-Survivors without (r)-ALA: (Table 7) Initial
resting BxLFa, resting BxRFa, were normal; SB high for age (but not
>2.5 Final BxLFa decreased, p=0.100; BxRFa severely decreased,
p=0.020. Two more patients (67%) developed CAN (p=0.020) in spite
of initially good BxRFa. Group ND’s initial standing P was normal,
but S showed SW. Final average S-stand remained SW; P barely

Note: (+), improved; (-), declined; A, change? Demonstrated; ns, not significant (p>0.100);
See Table 1or Methods for other abbreviations.

Table 6: Mean P&S measures for DM Il Non-Survivors on (r)ALA

(Group AD).

DMII No (P)ALA Non- N=22
Survivors (Group ND)
Age 70.2 Range: 4710 90
(ALA (mg) 0
Population Initial Final A p:A
SB>2.5 7 5 -2 ns
CAN 3 5 2 0.02
BMI 30.6+7.5 28.8+7.3 -1.8 ns
BxLFa 14+20 0.86+1.1 -0.54 0.1
BxRFa 169+25 0.55+ 0.5 -1.14 0.02
Bx SB 193+ 1.5 2.55+2.8 0.62 ns
BxsBP 136.6 + 15.7 135.8+19.4 -0.9 0.059
BxdBP 71.9+19.2 66.8+11.0 -5.1 0.034
Stand LFa 1.05+13 0.69+0.9 -0.36 ns
Stand RFa 1.05+13 0.54+0.9 -0.51 ns
SW 13 15 2 ns
PE 10 10 0 ns
Individuals N= No A (+) (-)
ASB 7 3 12
AsBP 17 5 0
AdBP 1 16 5
ABP 11 9 2
SW 10 5 7
PE 16 3 3

Note: (+), improved; (-), declined; A, change demonstrated; ns, not significant (p > 0.100);

See Table 1or Methods for other abbreviations.
Table 7: Mean P&S measures for DM Il Non-Survivors not on (r)ALA
(Group ND).

Mortality Risk: Resting BxRFa decreased in both Groups (Tables
6&7): 10.5%, Group AD and 67.5%, Group ND (p=0.033); a higher
risk of developing CAN. Final SB was >2.5 in both, which we have
shown increases MACE 700% [18]. SB greater than 2.5 with CAN is
particularly deadly in both Groups, and final average standing response
was SW (impaired BRS), increasing SCD as well. BXLFa increased in
Group AD (Table 6) by 109.1% vs. decreasing 38.6% in Group ND
(Table 7, p=0.100), causing increased SB in Group AD.
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In Group ND, despite the decrease in S, the severe decrease in resting
BxRFa increased SB anyway. Two more patients had CAN. Non-
survivors’ (r)ALA preserved their severely lowest P and S (LOWEST
HRV) even in death. Group ND’s final BxLFa and BxRFa fell severely
to the 2™ lowest among all Groups. CAN and high SB were most
frequent in Groups AD and ND.

Traditional Standards Comparison: Comparing the gold standard of
CARTSs, without isometric hand-grip, to any abnormality of P&S
Monitoring for diagnosing DAN or CAN, CARTSs’ sensitivity was
48.2% of Group 1 and 30.0% of Group 2 patients; an overall
unsatisfactory sensitivity of 41.4%.

Discussion

Administration of (r)ALA resulted in a 43% RRR of SCD, rather than
the demographics that may have favored survival in Controls. Rapid
separation of the SCD curves (Figure 1) strongly implies treatment
effect. Lower initial HRV, Group 1 vs. Group 2, p<0.0001, predicted
SCD: AA 1.83 vs. AD 0.82, p=0.0171; NA 4.14 vs. ND 3.09,
p=0.0051. More initial CAN ((rALA 10.8% vs. Controls 6%,
p=0.0013) and initial BRS dysfunction ((r)ALA 63.9% vs. Controls
58%, p=0.0044) predicted SCD better than recorded VT. (r)ALA
preserved P and S vs. Controls. Those with the lowest P&S (HRV)
died. Reduced HRV is a common thread in SCD Only Group AA
demonstrated an increase in final, resting P (and HRV); P reduces
VT/VF and silent ischemia [21,32-36], increasing 36.2% vs. a 7.6%
decrease for Group NA, a 10.5% decrease for Group AD, and a 67.5%
decrease for Group ND.

The progressive increase in the decline of resting P indicated mortality,
from the lowest decline in resting P in Group NA, to the next greater
decline in Group AD, to those with the greatest decline, Group ND
(p<0.001). Changes in P were proportional to (r)ALA dose. These
trends are not found in the other physiologic measures: BMI, LVEF,
and QTc; and only different between the survivors’ A1Cs (Group AA
vs. Group NA, p=0.034). Since SW and PE can cause both NOH and
systemic HTN [9,10]. DMII patients not on (r)ALA might experience
orthostasis, or labile HTN. HTN could be secondary (neurogenic), and
is over twice as well controlled treating the primary SW + PE [9] than
treating the BP per se. (r)ALA preserved P and S, especially P, in
survivors and non-survivors. (r)ALA is a natural, powerful thiol
antioxidant. (r)ALA restores and recycles vitamins A,C,E and
glutathione [9,10,34].

It improves hyperglycemia, endothelial dysfunction, nitric oxide levels
(protective against VT/VF, silent ischemia [37-40]), reduces nuclear
kappa B, and is essential for certain mitochondrial oxidative enzymes.
(NALA prevents diabetic-induced reduction of the afferent limb
function of the baroreceptor reflex (BR) [41], reducing MACE. SW,
found in 50% to 74% of patients, failed to correct in 88% of Group NA
and all SCD patients. SW disappeared substantially only in Group AA,
59.7% reduced to 53.2%, p=0.097, decreasing SCD risk. The other
most common, and most important, P&S finding was low resting P in
56% to 81% of patients, improving only in Group AA (initial 56%,
final 9%; p=0.070), vs. Group NA (initial 29%, final 43%; p=0.098),
and worsening most severely in Group ND patients, a 67% reduction in
RFa vs. 10.5% reduction in Group AD (p=0.020).

CAN decreased 37.5% in Group AA vs. an increase of 67% in Group
ND. 29% of Group AD had high SB vs. 50% in Group ND (p=0.037).
More CAN in Group 2 increased mortality; high SB increased
mortality risk in Group 1. Group 1’s autonomic profiles generally
stabilized or improved (HRV); Group 2’s deteriorated, especially a
59.5% decrease in resting P, reducing Group 2’s ability to combat
VT/VF, silent ischemia, and life stresses. Standard deviations
decreased over time, with the most decreases correlating with the
(NALA dosage. The pleotropic effects of (r)ALA likely contributed to

SCD reduction. Increased nitric oxide improves P&S, endothelial
dysfunction, protects against VT/VF and silent ischemia [37-40].
Decreased nitric oxide levels prolong QTc [37]. Improved
mitochondrial function should reduce SCD also [42]. Asymptomatic
SW (BR dysfunction) was the most common presentation of DAN.
Approximately 90% of patients had HTN, presumed to be essential
(primary), not possibly secondary to DAN. Ultimately, CAN with, or
without, dangerously high SB can develop while under our care. How
simple it is to diagnose and treat dysautonomia early; how tragic it may
be not to.

Limitations

This was not a double-blind, randomized, placebo-controlled study.
Also, in autopsy studies, not all SDs are cardiac.

Conclusions

(NALA given to geriatric DMIIl patients with even minimal
dysautonomia reduced SCD 43%, p=0.0076, due to improved P&S,
increasing HRV, probably assisted by its pleotropic effects, altering
DAN’s natural history. Since CARTs detected only 41% of
dysautonomia, non-CARTSs screening of DMII is recommended. The
ANX 3.0 Autonomic Monitor provides the only independent measures
of P&S. It is our preferred assessment, allowing (r)ALA titration. If
CARTs is done and normal, non-diagnostic, or not done, we
recommend empiric (r)-ALA 600mg/d.
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