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experimental Control Mean Difference Mean Difference
Fry DK 2007 766 233 20 718 27 21 77% 480[1062,2022

Ghannadi § 2022 4975 11885 17 47.647 16074 19 216%  2.10(-7.07,11.28]

Gosselink R 2000 3753 18 9 2442 10 9 104% 13.11[-0.34,26.56] S

Huang MH 2020 306 176 36 259 164 36 205% 470[-3.16,1256] =

Klefbeck B 2003 7447 2015 7 6039 4044 B  18% 14.08[-17.67,4583] S
Martin-Sanchez C2020 ~ 624 2441 36 6054 27.73 31 114% 1.86[-10.74,14.46] =
RayAD2013 94 33 11 58 21 10 33% 3600[12555045] —F
Smeltzer SC 1996 509 193 10 521 11 5 7.7% -120[-1662 14.22] “

Westerdah E 2016 77 3% 23 8 24 25 70% -500[21.11,11.11] =%

Total (95% CI) 169 164 100.0%  4.74[0.48,9.01] .
Heterogeneity: Chi* = 11.14, df = 8 (P = 0.19); I = 28%

-100 50 0 50 100

Test for overall effect: Z = 2.18 (P = 0.03) Favoursfcontol] Favours experimental]

B
Experimental Control Mean Difference Mean Difference

_Study or Subgroup _Mean SO Total Mean _SD Total Weight IV.Random.95%Cl _ IV.Random.95%Cl
Fry DK 2007 94 303 20 779 255 21 187% 16.10(-1.08,33.28] T
Huang MH 2020 306 223 36 332 198 36 255%  6.40[:3.34,16.14] il
Kiefbeck B 2003 97.33 2565 7 5808 3661 8 96%  39.25(7.55,7095] -
Plaizer L 2011 948 308 20 793 26 19 18.1% 1550(-2.36,33.36] T
Ray AD 2013 19 39 11 78 30 10 105% 4100(1139,7061) ——
Westerdah! E 2016 95 36 23 102 28 25 17.7% -7.00(-25.36,1136] —
Total (95% CI) 7 119 100.0%  14.27 [2.45, 26.00] -
Heterogeneity: Tau® = 118.04; Chi* = 12.12, df = 5 (P = 0.03); I = 59%

Test for overall effect: Z = 2.37 (P

C

02) Favours [control]  Favours [experimental]

Experimental Control Mean Difference Mean Difference
—StudyorSubgroup  Mean  SD Total Mean  SD Total Weight IV.Random.95%Cl  IV.Random.9§%Cl
Chiara T 2007 11473 4236 17 8573 3645 17 49%  29.00[244,55.56]
Fry DK 2007 732 227 20 85 462 21 63% -1230[-34.42,982 ==
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Gosselink R 2000 403 21 9 204 7 9 101% 17.26[280,31.72) =
Huang MH 2020 244 129 36 235 157 36 154%  0.90[-5.74,7.54] &
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Martin-Sanchez C2020 ~ 6226 2844 36 5916 3051 31 102% 3.10[-11.10,17.30) =
Ray AD 2013 17 30 11 85 26 10 57% 3200(8.04,5596] .=
Siverman E P 2017 99 3297 20 9938 3759 16 59% -0.38[:2379,2303] e
Smeltzer SC 1996 733 198 10 622 201 5 66% 11.10[-10.37,3257) T =
Stp M 2021 1143 308 26 879 253 26 95% 2640[11.08,4172 =
Westerdahl E 2016 9% 28 23 100 23 25 100% -200[1657,1257) -
Total (95% CI) 232 223 1000%  8.50[1.59,15.42] >

Heterogeneity: Tau* = 69.36; Ch
Testfor overalleffect: Z = 2.41 (P = 0.02)

1(P=001); 1= 53% o s 3 - oo

Favours [experimental] - Favours [control]

D
Experimental Control Mean Difference Mean Difference
_Study or Subgroup _ Mean _SD Total Mean  SD Total Weight _IV. Fixed, 95%Cl IV, Fixed. 95% Cl
Fry DK 2007 492 166 20 501 211 21 158% -0.90[-12.49, 10.69] %
Huang MH 2020 274 134 36 258 144 36 514%  1.60(4.83,803]
Klefbeck B 2003 65.59 11.73 7 47.82 27.54 8  48% 17.77[-3.20, 38.74) TF
Pfalzer L 2011 492 166 20 51 213 19 14.7% -1.80[-13.83, 10.23] -
Ray AD 2013 116 31 1 83 24 10 3.8% 33.00[9.40, 56.60] —
Westerdahl E 2016 104 27 23 107 26 25 9.4% -3.00[-18.02 1202 —_—r
Total (95% 1) 19 100.0%  225(:2.36, 6.86] *»
Heterogeneity: Chi? = 9.85, df = 5 ({ S00 100

L Z= -50 o 50
Test for overall effect: Z = 0.96 ( Favours [control] Favours [experimental]
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Demographic information Mean (+ SD) or Frequency (%)

Participant characteri Present age (years) 4715153
Age of diagnosis (years) 3874123
Duration of ME/CFS (years) 84595

Country of residence (N) Canada 90(66.7)
United States 45(33.3)

Ethnicity (N) Caucasian 121 (89.6)
Asian/Pacific Islander 6(44)
Hispanic/Latino 3(22)
Multiracial 5037

Highest education (N) High school 20(148)
“Trade, Technical, Vocational 8(59)
College Diploma 22(16.3)
University Undergraduate Degree 49 (36.3)
Advanced/Professional Degree 33 (24.4)
Other 107)
Prefer not to disclose 2(15)

Disease characteristics

Primary symptoms* Post-exertional malaise (physical/emotional) 114 (84.4)
Dificulty with Memory/Concentration/Focus 91(67.4)
Sleep that is not refreshing 78 (57.8)
Decline in social/work/educational activities 59 (437)
Unexplained muscle and/or joint pain 49(36.3)
Exercise intolerance 40/(29.6)
Dizziness from sitting/lying to standingsitting 31(230)
Temperature Instability (heat/cold intolerance) 28(20.7)
Headaches/Migraine 28(207)
Weakness. 207.0)

‘Descriptive and frequency statstis of participans.
A total of 38 symptoms were listed, participants could also select other’ for those not listed.
In total participants selected their top 5 symptoms. Only the top 10 symploms are shown.
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Medication use Mean + SE
Number of total medications* 42403
United States (n = 35) 49+0.5%
Canada (n = 67) 38403
Number of ME/CFS-related symptom medications* 30403
United States (n = 23) 3707
Canada (n = 47) 26403
Medication class Frequency (%)
General prescribed medication' 102(75.6)
Medication prescribed specifically for ME/CFS® 70 (68.6)
Analgesic 66 (31.7)
Psychotropic 55(264)
Immune-related 22(106)
Gl-related 21 (10.1)
Musculoskeletal 17(82)
Cardiovascular 15(7.2)
Hormonal 8(38)
Respiratory 304
Metabolic 1035)

‘Descriptive and frequency statstics for medication use and class among participants.
This category was evaluated in comparison to all elgible participants (N = 135).

‘Only those who reported ME/CFS-specific medication use were included in these categories.
‘Due o polypharmacy; numbers are not exclusive. Calculation for total medications also
include those for ME/CFS.

GI, gastrointestinal. “p < 0.05 between US and Canadian participants.
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TRREST TRCONT EO REST EO IORESTr(p) 10 CONT DXREST

r(p) r(p) r(p) CONT r r(p) r(p)
TIS 0244 ~014 0.43 0.487 0.386 (p = 0.05) 0.551 ~0.018 014 0071
(p=023) (p=047) (p=0028)  (p=001) (p=0004)  (p=093)  (p=058) (p=0732)
TISSTA 0153 ~0.08 0.26(p=02) 0348 0.385 (p=0.05) 0.655 ~0.009 0.184
(p=0.454) (p=0.67) (p=0.081) (p<0.001) (p=0967) (p=0369)
TIS DYN 0245 ~018 0326 0377 0218 (p=0.28) 0229 0110 0.106
(p=0228)  (p=036)  (p=0104)  (p=0058) (p=026) (p=0594)  (p=0.606)
IS 099 ~0.182 0362 0.491 0.459 (p=0.018) 0.641 ~0133 0176 0.081
coo (p=063) (p=037) (p=0.069) (p=013) (p<000) | (p=0517)  (p=039)  (p=069)
BBS 0.204 0.147 0218 0.262 0,054 (p = 0.793) 0175 0253 0.089 0233
(p=032) (p=047) (p=028) (p=0.19) (p=039) (p=0213)  (p=0666)  (p=0252)
FVC -o011s ~0.181 0121 0.116 0,055 (p = 0.786) ~007 0213 ~0.066 0.489
(p=057) (p=036) (p=054) (p=056) (p=0.73) (p=0.285) (p=0.742) (p=0.01)
FEVI ~0019 ~0.292 0059 021 ~0.17(p = 0.397) ~0.246 0.257 ~0046 0333
(p=092) (p=077) (p=0917) (p=0217) (p=0.195) (p=0.821) (p=0.09
FEVI/ 0.275 ~096 ~0.095 0.162 0.15 (p = 0.939) ~0.027 0033 0.102 ~0.043
FVC (p=0.16) (p=063) (p=063) (p=042) (p=089) (p=087)  (p=0614)  (p=0833)
mIp 0073 0.106 032(p=0.1) 0.295 0194 (p=033) 0326 ~0.237 ~0307 ~0081
(p=071) (p=0599) (p=0.136) (p=0.09) (p=0235) (p=0.119) (p=0.687)
MEP 0065 0.09(p=064) 0.454 0355 0.119(p=0556) 027 (p=0.16) -014 ~0376 ~0.072
(p=0.74) (p=0017)  (p=007) (p=0487)  (p=0.05) (p=0723)
MFIS ~0326 ~0.023 ~039 -132 ~006 (p=0.767) ~0.085 ~0.629 ~0345 ~0.032
(p=0.09) (p=09) (p=0847) (p=0512) (p=067) (p<0.001) (p=0.078) (p=0875)

TS, Trank Impairment Scale; TIS STA, Trunk Impairment Scale Static; T1S DYN, Trunk Impairment Scale Dynamic; TIS COO, Trunk Impairment Scale Coordination; BB, Berg Balance
Scale; FVC, Forced Vital Capacity; FEV1, Forced Expiratory Volume in the first second; MIP, Maximal Inspiratory Pressure; MEP, Maximal Expiratory Pressure; MFIS, Modified Fatigue
Impact Scale; TR REST, Thickness of transverse muscle during rest; TR CONT, Thickness of transverse muscle in contractio EST, Thickness of the external oblique at rest; EO CONT,

O RE
Thickness of the external oblique during contraction; 10 REST, Thickness of the internal oblique at rst; 10 CONT, Thickness of the internal oblique during contraction; DX REST,
diafragmatic thickness at rest; DX CONT, Diafragmatic thickness during the contraction; DX EX, Diafragmatic Excursion during inspiration.

Bold type in tables indicates statistical significance.
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* Indicates p < 0.05 over Baseline

Improvement
over baseline

Chalder fatigue score, all participants
Chalder fatigue score, trial completed participants
CES, N of enhanced responders >25% improvement
OAA enhanced responders % fatigue improvement
CES, McNemar’ shift analysis, full set P value

MeNemar’ shift analysis, completed participants P

Oxaloacetate  Improvement Control
Baseline Ena  OVerPaseline Baseline  End
9.1 6.6 o Lol 85 71
9.1 6.2 329%*** T (over control) 8.1 7.0
17/42 40.5% * (over control) 8/40
prn
P=0.0039 =+

P=0.0039 ***

17%*

14%

20%

1094

P=04531
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Step  Variable entered quare  Model R-squ: C (p) F value
1 Bimodal CFS baseline value 01749 01749 21134 123 0.0009
2 Duration of ME/CFS 0.0995 0.2744 -28935 7.82 0.007

3 RAND-36 fatigue baseline 0.0357 03101 -3.4053 289 0.0944

4 Looking for work, unemployed 0032 0342 36579 267 0.1077
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Characteristic Oxaloacetate Control

(N =42) (N =40)
Age (years)
Mean (SD) 44.2(12:63) 458 (11.71)
Median (Q1,Q3) 435(350,560) 450 (35.5,55.0)
Min, Max 20,65 27,64
Sex
Female 34 (81.0%) 32(80.0%)
Male 8(19.0%) 8(200%)
Ethnicity
ispanic or Latino 4(9.5%) 1(2.5%)
Not Hispanic or Latino 38 (90.5%) 36 (90.0%)
Unknown 0 1(2.5%)
Not reported 0 1(25%)
Missing 0 1(25%)
Race
White 39 (92.9%) 39 (97.5%)
Multiple 3(7.1%) 0
Missing 0 1(2:5%)

Duration of ME/CES

310 6months 2(48%) 2(5.0%)
6months to 1year 4(9.5%) 4(10.0%)
1o 2years 5(11.9%) 5(12.5%)
210 3years 3(7.1%) 8(20.0%)
3to4years 3(7.1%) 1(25%)
4to Syears 1(2.4%) 2(5.0%)
50 6years 6(143%) 3(7.5%)
610 7years 1(24%) 5(12.5%)
7 to 8years 2(4.8%) 1(25%)
10 9years 2(48%) 1(25%)
910 10years 2(4.8%) 0

> 10years 11(26.2%) 7(17.5%)
Missing 0 1(25%)

Marital status

Married or living with a partner 26 (61.9%) 25(62.5%)
Separated 0 1(1.2%)
Divorced 5(11.9%) 7017.5%)
Widowed 0 1(2.5%)
Never married 11(26.2%) 5(125)
Missing 0 1(25%)

Education level

High school graduate 5(11.9%) 1(25%)
GED or equivalent 1.4%) 0

Some college, no degree 6(14.3%) 8(20.0%)
Associate degree: occupational 4(9.5%) 4(10.0%)
Associate degree: academic 248%) 4(10.0%)
Bachelor’s degree 11(26.2%) 13 (325%)
Master’s degree 8(19.0%) 6(15.0%)
Professional school degree 2(48%) 1(25%)
Doctoral degree 0 1(25%)
Refused 3(7.1%) 1(2.5%)
Missing 0 1(25%)

Number of children

0 15 (35.7%) 11(27.5%)
1 49.5%) 3(7.5%)
2 9(21.4%) 10(25.0%)
3 8(19.0%) 8(20.0%)
4 or more 4(9.5%) 6(15.0%)
Missing 2048T) 2(5.0%)

Working status

Working now 15 (35.7%) 14(35.0%)
Only temporarily laid off 1(24%) 1(25%)
Looking for work, unemployed 2(4.8%) 2(5.0%)
Retired 2(4.8%) 1(2.5%)
Disabled 13 (31.0%) 15(37.5%)
Keeping house 5(11.9%) 4(10.0%)
Student 1(24%) 0
Other 3(7.1%) 2(25%)

Missing 0 1(25%)
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Related treatment- Oxaloacetate  Control

emergent adverse events (N =42) (N =40)
Reported term

Headache 3(7.1%) 0
Nausea 3(7.1%) 1(2.5%)
Diarrhea 124%) 1(25%)
Abdominal cramping 2(4.8%) 0
Abdominal pain 2(48%) 0
Change in bowel habits 1(24%) 1(25%)
Chest pain 0 125%)
Migraine 0 1(2:5%)
Urinary tract infection 0 1(25%)
Anorexia 1(24%) 0
Cervicogenic headache 1(24%) 0
Dry nostril 1(24%) 0
Jackhammer esophagus 0 1(25%)
Hot flashes 1(24%) 0
Intermittent chest pressure 1(24%) 0
Lower abdominal pain 1(24%) 0
Myalgias of thomboids along the spine 1(24%) 0
Numbness of left leg 0 12:5%)
Numbness of the face 0 1(25%)
Numbness of the left arm 0 1(2.5%)
Pain in the leftside of the jaw 0 1(25%)
Pruritic left arm 0 1(25%)
Sinus infection 0 1(2.5%)
Sore muscles 1(24%) 0
Stomach upset 124%) 0
Thoughts of self-harm 0 1(25%)
Vomit 0 1(2.5%)
Word finding difficulty 124%) 0

Worsening of hypertension 0 1(2:5%)
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Oxaloacetate Control (N =40)
(N=42)

Total number of TEAEs 4 40

Number (%) of participants reporting at least one

TEAE 22(52.4%) 16 (40.0%)
Serious TEAE. 0 3(7.5%)
Related TEAE 12/(28.6%) 7(17.5%)

Maximun severity
Mild 10/(23.8%) 5(12.5%)
Moderate 11(26.2%) 5(12:5%)

Severe 2(4.8%) 6(15.0%)
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TIS r (p) TIS STAr (p) TISDYN r (p) TISCOO r (p)

FVC 0.194 (p=0341) 0.207 (p=0310) 0.125 (p=0543) 0.276 (p=0.173)
FEVI 0.344 (p = 0.085) 0.146 (p = 0.477) 0427 (p=0.030) 0260 (p=02)

FEVI/EVC 0.375 (p = 0.059) 0217 (p=0287) 0.425 (p=0.030) 0252 (p=0214)
MIP 0.345 (0.08) 0319 (p=0.112) 0.226 (p=0.267) 0.344 (p = 0.085)
MEP 0.324 (p=107) 0.206 (p=312) 0413 (p=0.036)
MFIS ~0.275 (p=174) ~0.206 (p = 313) ~0.098 (p=063)
BBS 0,422 (p=0.032) 0,545 (p=0.004) 0,474 (p=0.015)

BBSr (p)
0.443 (p =0.023)
0.5 (p=0.009)
0.091 (p=0659)
0.199 (p=0331)
0.286 (p=0.157)
~0.402 (p=0.04)

MFIS r (p)
~0.073 (p=0.719)
~0.019 (p=0.104)

0.320 (p=0321)
0.000 (p =0.99)
—0.028 (p

.89)

TS, Trunk Impairment Scale; T1S STA, Trunk Impairment Scale Stati; TIS DYN, Trunk Impairment Scale Dynamic; TIS COO, Trunk Impairment Scale Coordination; BBS, Berg Balance Scale;
MFIS, Modified Fatigue Impact Scales FVC, Forced Vital Capacitys FEV1, Forced Expiratory Volume in the first second; MIP, Maximal Inspiratory Pressure; MEP, Maximal Expiratory Pressure

Bold type in tables indicates statistical significance.
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cteristic Participants (n = 27)

Age (years) 4741106
Females (%) 17(62.96%)
Males (%) 10 (37.03%)
Weight (kg) 1703 £8.09
Height (cm) 716+ 1343
Primary-Progressive MS 5(1851%)

Secondary-Progressive MS 2(7.40%)

Relapsing- Remitting MS 20 (74.07%)

Data are presented in absolute frequency or in median & standard deviation; MS, Muliple
Sclerosis.
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Variables Median (Q1-Q3) Variables Median (Q1-Q3)
TIS 135 (5.875-21.125) TR REST 0.25(0.165-0.335)
TIS STA 30(2:500-3.500) TR CONT 0.4(0.260-0.540)
TIS DYN 7.0 (5.875-8.125) 10 REST 0.53 (0.360-0.700)
TIS COO 3.5 (2.500-4.500) 10CONT 0.78 (0.605-0.955)
BBS 425 (38.000-47.000) EO REST 0.38(0.235-0.525)
FVC 90.5 (76.750-104.250) EO CONT 0.43 (0.235-0.625)
FEVI 840 (73.125-94.875) DX REST 0.15 (0.120-0.180)
FEV/EVC 780 (68.125-87.875) DX CONT 0.29.(0.230-0.350)
MIp 510 (32.000-70.000) DX EX 5.91(4.450-7.370)
MEP 59.5 (40.750-78.250) MFIS 45.0(38.250-51.750)

TS, Trank Impairment Scale; TIS STA, Trunk Impairment Scale Static; TIS DYN, Trunk Impairment Scale Dynamic; TIS COO, Trunk Impairment Scale Coordination; BBS, Berg Balance
Scale; MFIS, Modified Fatigue Impact Scale; FVC, Forced Vital Capacity; FEV1, Forced Expiratory Volume in the first seconds; MIP, maximal inspiratory pressure; MEP, maximal expiratory
pressure; TR REST, Thickness of transverse muscle during rest; TR CONT, Thickness of transverse muscle in contraction: 10 REST, Thickness of the internal ablique a rest; I0 CONT,
Thickness of the internal oblique during contraction; EO REST, Thickness of the external oblique a rest; EO CONT, Thickness of the external oblique during contraction; DX REST,
iafragmatic thickness at rest; DX CONT, Diafragmatic thickness during the contraction; DX EX, Diafragmatic Excursion during inspirations Q1, First Quartil; Q3, Third Quartil.
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Metabolic nge Effect on ME/CFS patiel Normalization by oxaloacetate

Warburg effect Increased lactate production Reduction in lactate production via inhibition of lctate dehydrogenase in the cytosol
Decrease in NAD+/NADH ratio | Increase in ROS Production Reset of NAD+/NADH ratio and quenching of ROS by antioxidant oxaloacetate

Increased NF-kB movementto | Activation of chronic inflammation | Reset of the inflammation pathway to normal by lowering NF-KB translocation to the nucleus
the nucleus

Mitochondrial damage Reduced ability to process glucose Increased number of mitochondria to produce energy via PGCl-alpha increase

Reduced AMPK activation Reduced cellular glucose uptake Increase in glucose uptake via AMPK activation and more glucose fuel available for the patient
Increased neurological ROS Damage from free radicals Oxaloacetate is a highly effective antioxidant.

production
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Rand 36 scoring Oxaloacetate Control

“ Indicates p < 0.05 over baseline Baseline  Visit4 Improvement  Baseline Visit4  Improvement
T Indicates p < 0.1 over baseline over baseline over baseline
Rand 36 Physical functioning 201 203 1% 194 194 0%

Rand 36 Role limitations due to Physical Health 41 135 233%% 52 143 167%.
Rand 36 Role limitations due to Emotions 477 541 13% 333 405 24%

Rand 36 Energy/fatigue 203 273 35% 207 253 23%

Rand 36 Emotional wellbeing 63.1 639 1% 60.1 603 0%

Rand 36 Social functioning 3233 33.04 —11% 39.19 348 2%

Rand 36 Pain 503 556 10%T 495 55 14%*

Rand 36 General health 328 355 8% 365 382 7%

Rand 36 Health change 473 50 6% 543 554 2%





