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Marik Cocktail:

Vitamin C 1.5g IV g6h
Hydrocortisone 50 mg IV q6h
Thiamine 200mg IV q12h

Infused, not stirred. ‘ :

Wt



& %%Ma@. u,.r«w %WM@VJ,/MWMWW - %«%
WS 77N S N T
Tl o G
s EG LT 888 SIS Js
by R S (5505 s
AN R | PV S s
u%n%f%w%%w mw . NMWW%%w§.ﬁw% .
gy LA

. R £ 6’«: Wu
SIS EESEEF g
4 FJT S TIES
3 & W&%@W %&V)W@&M% %,o% %&, & v%r %.WM Q %v%w /70%“.»%. %vamrwvw» %%/, %ﬁ%%».u ,%% '%% %%M:/ W%v
7 i T S S eSS £S S oy .
T R L Gl 7
SARrY TSy SEES Y& S Fé
U #y %ww&%m% GET, 20 GG T
T ELE LTI, o8 S
T EETEIST g
&F

&
§E. / e
S < % «Y %. < 4 0«@%“%6%: )
S Cns %w«,ww% %N%\ of w«x £ é NW\ A8 %&«MW »
s v&%ﬁo% &c%% %&W% m.%vrw oxWo( m.hm.% u.\v% %«W & %.\w m@&«%%&%ﬂ%«w@%«%
T e e D Sy
G EATS w&wm%%% @M&&%%m o L IE Ll s AL,
P BRI SLNN

z @\06 w.%v&Q( %«%
B R Q.« A \“« %%@%Wmm«w M«% Qn
‘ F¥ s &8 T .,o%%w% o8
S S w% »Q%%% L F 8 & é
/Y o&mv&v \%. )%o MM%W‘WWW«% »Mw%%%ﬂo@.“v m««( %..&»v«.vv M@»Mr%d s 0%\. %vo %%W
DY v DGR IL 575
g £ Onse . .
R T LTINS,

&
% & F &,
& , .” %
% % B V o%l / :.IrQ
been ki for Refe, & & SR Wv
?uﬂmu.:!ﬂ?ied b Marik ) %Wm»\ P I.H!l-...s.l:.: ‘ ~v %m..u%&l%l% .
iesnal) Ty wilamin (- n..am.ﬂ.nmiﬁnznaws..nr .i.: S N » E@iﬂhﬂﬁﬂﬁuﬂ. M% . &wﬂd
SIS % an Eaﬂngu_.éﬁﬁnn.ﬁujn&%.n 2 Marik PRt The gy, ; e 1 i %w %.% o
%.Wb.hw xw m!ﬁﬁmgzgﬁng:ﬁﬁgaﬁ.n st It Can <3BLTS g, &8 w%%%,w
; .%%w, ?Enﬂiugnainﬂi.zzg&g yw_ﬂﬁn.rﬁ?”hw.rtﬁu}qﬁiihnmuiﬂ %%M% 8
% V..,% Enﬁarﬂqﬂ:ﬂ_ﬂigmnﬁrﬂrﬁaanﬂﬂiﬂ? &Eiunhniﬁ.ﬂm&x&gﬁr : X
772
\.ﬂ &

I%W
N._:u-aﬂzﬂh.-.ﬁm_.___xm_nu:__-. .ﬂ

LN LT % B o . ‘

e WA, e



= CHEST
Hydrocortisone, Vitamin C, and Thiamine () cosm
for the Treatment of Severe Sepsis and

Septic Shock
A Retrospective Before-After Study pc:-::-:am@

Pawl E. Marik, MD, FCOCFP,; Vikramjit Khangoora, MDD Racgoel! Rivera, PharmD,; Michael H. Hooper, MO
andg John Catravas, AhD, FOCP

BACKGROUND: The global burden of sepsis is estimated as 15 to 19 million cases annually,
with a mortality rate approaching 60% in low-income countries.

METHODS: In this retrospective before-after clinical smdy, we compared the outcome
and clinical course of consecutive septic patients treated with intravenous vitamin C,
hydrocortisone, and thiamine during a 7-month period (treatment group) with a control
group treated in our ICU during the preceding 7 months. The primary outcome was hospital
survival. A propensity score was generated to adjust the primary outcome.

RESULTS: There were 47 patients in both treatment and control groups, with no significant
differences in baseline characteristics between the two groups. The hospital mortality was
8.5% (4 of 47) in the treatment group compared with 40.4% (19 of 47) in the control group
(P << .001). The propensity adjusted odds of mortality in the patients treated with the vitamin
C protocol was 0.13 (95% CI, 0.04-0.48; P = .M2). The Sepsis-Related Organ Failure
Assessment score decreased in all patients in the treatment group, with none developing
progressive organ failure. All patients in the treatment group were weaned off vasopressors, a
mean of 18.3 4+ 9.8 h after starting treatment with the vitamin C protocol. The mean duration
of vasopressor use was 54.9 &+ 28.4 h in the control group (P < .001).

CONCLUSIONS: Our results suggest that the early use of intravenous vitamin C, together with
corticosteroids and thiamine, are effective in preventing progressive organ dysfunction,
including acute kidney injury, and in reducing the mortality of patients with severe sepsis and
septic shock. Additional studies are required to confirm these preliminary findings.

CHEST 2017; 151(6):1229-1238



Sepsis / septik sok hastalari

Sivi replasmani, antibiyotik, vazopressor, inotrop, DMAH, Nutrisyon,RRT,

47 hasta, tedavi grubu 47 hasta kontrol grubu
* Ocak 2016 —-Temmuz 2016 * Haziran 2015- Aralik 2015
* Prokalsitonin > 2ng/ml * Prokalsitonin <2 ng / ml

* Hidrokortizon 50 mg x4, 7 gun
e Cvitamini 1,5 gr x4 4 gln e Standart Tedaviler
* Thiamin 200 mg x2 4 gun

e Standart tedaviler



Baseline Characteristics of Treated and Control Patients

Treated Contral
Wariable (n= 47 (n = 47)
Age, mean + SD, vy S58.3 + 14.1 62.2 + 14.3
Sex, male, Mo. (9) 27 (57) 23 (a49)
Comaorbidities, Mo. (%)
Mone 2 (4) 1(2)
Diabetes 16 (34) 20 (42)
Hy pertension 20 (43) 25 (53)
Heart failure 15 (32) 16 (34)
Malignancy S (11) 7 (15)
COPD 8 (17) 7 (15)
Cirrhosis 6 (13) 3 (8)
Cwia 8 (17) 5 (11}
CRF 7 (15) 8 (17)
Morbid obesity 6 (13) 8 (17}
Immunocompromised® & (13) 4 ()
Drug addiction 5 (11) 5 (11}
Primary diagnosis, Mo. (%)
Pneumonia 18 (38) 19 (40)
Urosepsis 11 (23) 10 (21)
Primary bacteremia 7 (15) 7 (15)
GlL/biliary 6 (13) 6 (13)
Other 5 (11) 5 (11)
Mechanical ventilation, MNo. (%) 22 (47 26 (55)
Vasopressors, Mo. (%) 22 (486) 22 (486)
Acute kidney injury, Mo. (%) 31 (66) 30 (64)
Positive blood cultures, No. (%) 13 (28) 13 (28)
WBC," mean + SD, = 107 20.6 + 13.5 17.1 + 13.4
Lactate, mean + SD, mM 2.7+ 1.5 314+ 2.8
Creatinine,” mean + SD, mg/dL 1.9+ 1.4 1.9+ 1.1
Procalcitonin, median and IQR, ng/ml 25.8 (5.8-93.4) 15.2 (5.9-39.0)
Day 1 SOFA, mean + SD 8.3+ 2.8 8.7 + 3.7
APACHE 11, mean + SD 221 + 6.3 226 +5.7

APACHE IV, mean £+ SD
Predicted mortality, mean + SD

79.5 + 16.4
39.7 + 16.7

82.0 +£ 27.4
41.6 + 24.2

There were no significant differences in baseline characteristics between groups. APACHE = Acute Physiology and Chronic Health Evaluation; CRF = chronic

respiratory failure; Ol = cerebrovasoular accident; QR = interguartile range; S0FA = Sepsis-Related Organ Failure Assessment

AHIV infection, neutropenia, post-transplantation, and so on.

“Excluding neutropenic patients.
“Exduding patients with chronic renal failure.
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Figure 3 — Time course of the SOFA score over the &day treatment
period in the treatment growp and in the control growp survivors and
nonsurvivars. "B < 001 for comparison of treatment group v control
group (see text) SOFA = Sepsis- Related Organ Failure Assessmient.

Outcome and Treatment Variables

1000
E
B 100 A
N R e S
§ 10 1
a
1 T T T T 1
1 2 3 4
Day

—— Treatment —-=-- Control

Figure 4 - Time course of the PCT score over the 4-day treatment period
in the treatment group and in the control group plotted on a semilog
scale. "P < 001 for comparison of treatment group vs control group
(see text). PCT = procaleitonin

Ireated Control
Variable n = 47) (n = 47)
Hospital mortality, No. (%) 4 (8.5) 19 (40.4)°
ICU LOS, median and IQR, d 4 (3-5) 4 (4-10)
Duration of vasopressors, mean + 5D, h 18.3 + 9.8 54,9 + 28.4°
RRT for AKI, No. (%) 3 of 31 (10%) 11 of 30 (33%)"
ASOFA, 72 h 48+2.4 0.9+ 2.7°
Procalcitonin clearance, median % and IQR, 72 h 86.4 (80.1-90.8) 33.9 (-62.4 to 64.3)°




Bu gall§maya yapllan itirazlal confire the indings of our study. Because of the ack of

* Randomize kontrollii calisma degildir chnical equipoise and the ethics of withholding 4

. Buktkombine tedaviye iligkin ClinicalTrials.go" atily lfesaving intervention, we were unable o
yoktur. . .

+ C vitile ilgili 1 calisma vardr, thiamin ile il initiate a randomized controlled trl in our center.
sonug bildirilmemistir. Furthermare, While our abservational study sugsests tha

* Baseline karekteristikleri farkhdir

* Uygun antibiyotigin kullanilma zamani bilinmiyor

* Kontrol grubunda 28 hastaya hidrokortizon verilmistir.

e Cvitamini guvenligi ve etkinligi icin yeterli ¢calisma yoktur.
* Tek merkez, orneklem kicuk, mevsimsel farklilik var.

* Hastane mortalitesi iyi tanimlanmamistir, mortalite orani taburculuk
kriterlerinden etkilenmis olabilir



*Son villarda yogun bakim arastirmalarina
bakildiginda 15 yeni (tedavi / girisim)
uygulamanin 8 inde zaman icinde

mortalite artisi bildirilmis ve vazgecilmistir.
|
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PulmCrit- Metabolic sepsis resuscitation: the
evidence behind Vitamin C

MITOKONDRI
CALISMIYORSA
CABALAR
BOSA

MAKR@ RESl'jSSITASY@ KADAR

Sepsis resuscitation generally TocuSes on hemodynamics. Rivers of Thk hiave Deen Spilled@ writing

VA E MRS S SN G INENVINIDIR

can deliver all the oxygen we want to the tissues, but if the mitochondria are failing it won't work.



Very brief overview of the Scientifc rationale

Vitamins become depleted during sepsis

L0313 C3Uses ncreased consurption of tiamine and Vtamin

Mortalite artisi ile

+ tamin C vels mvariaoly fall during sepsis, somedimes dropping Delow the evel of detection J |J IJ§)|J( | |J IJdJ I,
Vitamin C ceficiency corrlates with multrgan falure and death Yisan 2009)

+ TIarmine Geficiency 1S common in Se0sis, Occurming n periaps onesdhi of patients. This s
ass0ciated wih increased mortlty (Manganese 2011)



Inflamatuar mediatorler C Vitamininin endotel icine

alinmasini azaltmaktadirl N@@]@[ﬁ] @ \Wﬁﬁ@[ﬁﬁ]ﬁ[ﬁ]o ?

Total vitamin C, ascorbic acid, and dehydroascorbic acid
concentrations in plasma of critically ill patients'

Christopher J Schorah, Christopher Downing, Antonia Piripitsi, Louise Gallivan, Adel H Al-Hazaa,
Marion J Sanderson, and Andrew Bodenham

Effect of patient variables on plasma total vitamin C and ascorbic acid

i the . it (1CU) patients? Concentration of plasma vitamin C metabolites in patients in the intensive care unit (ICU) compared with other patient groups’
concentrations m Intensive care umt P-HIIEI'IIS

Variable Total vitamin C Ascorbic acid Study group Age Total vitamin C l Ascorhic Im Dehydroascorbic acid
wmol/L ¥ pumal/L pmal/L kL
Age ICU (n = 3TM, 25F) &l 1.0 (8-22¢ 90 (5-15)° 14(-0% w29}
<30 yin =9) 19.8(13.9) 18.74013.1) Healthy (n = 17M, 17F) 29 61.3 (3572} 614 (56-68) 23(-19 1o 3.8)
=Tayin = 8) 13.7(13.5) B3 (86) Gastritis (n = 21M) 49 474 (28-57) 457 (29-57) 2.306-29)
Bllt:::id lr::nsfuﬁm" 1o 0 54 Diabetes (n = 15M, 9F) 6 449 (27-60) 41.5(22-57) 18(0.0-6.3)
one (n = 21410 9 (8
Present (n = 7) 15.2 (10.8) 122 (9.3) " Median; interquartile range in parentheses, —
TPN ? Significantly different from concentrations in all other groups, P < 0.001 (Wilcoxon's rank test).
Mone (n = 57) 14.5(10.8) 124 (8%
Present (n = 5) 16.9 (10.3) 144 (9.3)
Days in ICUF
=2din=13) 206 (21.8) 17.8 {m 1 Schorah, C. Total vitamin C, ascorbic acid, and dehydroascorbic acid concentrations in plasma
=B d(n = 15) 12.2 (10.09° 9.7 (8.7 of critically ill patients. The American Journal of Clinical Nutrition, 63(5), 760-763.
Days after surgery”
2din=8) 149 (11.2) 0.0 (9.3)
14d(n = 8) 14.3 (10.9) 1.2 (9.5)

! &, median in parentheses.
* Postoperative patients only.



Vitamin C Eksikligi
* Normal plazma vitamin C : 23 to 100 pmol/L.

* Hipovitaminoz C <23 umol/L

* Eksiklik <11 pumol/L

* Carr, A.C.; Rosengrave, P.C.; Bayer, S.; Chambers, S.; Mehrtens, J.; Shaw, G.M. Hypovitaminosis ¢ and vitamin c deficiency in
critically ill patients despite recommended enteral and parenteral intakes. Crit. Care 2017, 21, 300.



Biofactors. 2009 ; 35(1): 3-13. doi:10.1002/biof. 7 @ wﬁ{t@ m ﬁ m] ﬁ m] @ W@ [@ “W@ IT ?

Mechanism of action of vitamin C in sepsis: Ascorbate modulates . . .
p IV askorbik asit mikrovaskuler

fonksiyonlari korur

lonXWisn Etki hizlh ve uzun surelidir

Department of Exercise and Nutrition Sciences, University at Buffalo, Buffalo, NY, USA . o .
Kapiller kan akimini diizeltir

Abstract

o o ~ Mikrovaskuler permeabilite
Circulating levels of vitamin C (ascorbate) are low in pattents with sepsis. Parenteral administration . L. .
of ascorbate raises plasma and tisstue concentrations of the vitanun and may decrease morbidity. In b ari ye rini A Iest| Fir

aninal models of sepsts, intravenous ascorbate mjection mcreases survival and protects several

microvaseular functions, namely, capillary blood flow, microvascular permeability barmier, and Va 20 kO nstru kto r ve
arteriolar responsiveness to vasoconstrictors and vasodilators, The effects of parenteral ascorbate on . oo
: : vasodilatorlere arteryel yaniti

microvascular function are both rapid and persistent. Ascorbate quickly accumulates i
microvascular endothelial cells, scavenges reactive oxygen species. and acts through iyi | e §ti ri r

tetraltydrobiopterin fo stinmlate nitric oxide production by endothelial nitric oxide synthase. A major

teason for the long duration of the 1mprovement i microvascular function is that cells refain hugh Rea kt if (0] kS ij eén ra d i ka I I eri temiz I er
levels of ascorbate, which alter redox-sensitive signaling pathways to diminish septic induction of

NADPH oxidase and inducible nitric oxide synthase. These observations are consistent with the

hypothests that microvascular function tn sepsis may be improved by parenteral administration of

ascorbate as an adjuvant therapy.

redox signaling in endothelium



Yuksek Doz C vitamininin Guvenle Kullanilabilirligi

e genel cerrahi (5)

* travmatik hasar (6)
e sepsis (4,8)

e pankreatit (9)
yanik (10)

ARDS (12)
hastalarinda guvenle kulla

Fowler A A, Syed AA, Enowlson 5, et al. Phase 1
intravenous ascorbic acid in patients with seve
Med. 2014;12:32,

trial of antioxidant supplementation in critically
Ann Surg. 2002;236(6):814-822.
Collier BR, Giladi A, Dossett LA, etal. I
on outcomes in acutely injured patien
Giladi AM, Dossett LA, Fleming SB
administration is associated with a
complications in critically ill trauma
Zabet MH, Mohammadi M, Rame :
ascorbic acid on vasopressor requirem
Pharm Pract. 20016;5:94-100.

Du WD, Yan ZR, Sun ], et al. Therapeutic efficacy of high-dose
vitamin C on acute pancreatitis and its potential mechanisms. World
J Gastroeriterol. 2017;9:2565-2569.

2010:41:857-861.

iPhifect of high-dose
weptic shock. J Res

11.

12,

13,

14.

n etki bildirilmemistir.

Tanaka H, Matsuda T, Miyagantani Y, et al. Reduction of
resuscitation fluid volumes in severely burned patients using
ascorbic acid administration: a randomized, prospective stady. Arch
Surg. 2000;135:326-331.

Matsuda T, Tanaka H, Reyes HM, et al. Antioxidant therapy using
high dose vitamin C: reduction of postburn resuscitation fluid
volume requirements. World J Surg. 1995;19(2):287-291.

Bharara A, Grossman C, Grinnan D, et al. Intravenous vitamin C
employed as adjunctive therapy in recurrent acute respiratory
distress syndrome (ARDS): a case report. Am J Respir Crit Care Med.
2016;193:A1892,

Jahan K, Ahmad K, Ali MA. Effect of ascorbic acid in the treatment
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Harling L, Rasoli 5, Vecht JA, et al. Do antioxidant vitamins
have an anti-arrhythmic effect following cardiac surgery? A
meta-analysis of randomised controlled trials. Heart. 2011;97(20):
1636-1642,



Neden Kombinasyon ?

e Hidrokortizon ve C vitamini inflamatuar kaskadin bircok yerinde
sinerjistik davranmaktadir. Hidrokortizon C vitamini transporterin,
sitokine baglh downreglilasyonunu iyilestirir bdylece C vitamininin
hiicre ici uptakei artar bu da glukokortikoid reseptor
duyarhhgini iyilestirir
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Figure 3 Whole body representation of the physiological roles of the SVCT1 and
SVCT2 transporters. Expression and function of SVCT1 and SVCT2 is shown in different
tissues and cell types of the human body. Transport pathways of vitamin C to brain and
between specific cells of the brain are presented. See the color plate.



Hydrocortisone + vitamin C




[ Original Research Critical Care | Z CHEST

Hydrocortisone and Ascorbic Acid ) o
Synergistically Prevent and Repair
Lipopolysaccharide-Induced Pulmonary

Endothelial Barrier Dysfunction

Nektarios Barabutis, PhD; Vikramnjit Khangoora, MD,; Faul E. Marik, MD; and John D. Catravas, PhRD

EACKGROUND: Sepsis refers to the dysregulated host immune response elicited by mi-
crobial infections resulting in life-threatening organ dysfunction. Sepsis represents a
medical challenge, since it is associated with a rate of death as high as 60%. Septic shock
is strongly associated with wascular dysfunction and elevated pulmonary capillary
permeability. We recently reported that the combination of hydrocortisone (HC),
ascorbic acid (vitC), and thiamine dramatically improves outcomes and reduces mortality
in patients with sepsis. In the present study, we provide experimental evidence in support
of the hypothesis that the combination of HC and vitC enhances endothelial barrier
function.

METHODS: Human lung microvascular endothelial cells were exposed to lipopolysaccharide
(LPS) in the absence or presence of HC and vitC.

rEsULTS: LPS alone induced profound hyperpermeability, as reflected in decreased values
of transendothelial electrical resistance. vitC alone did not exhibit barrier enhancement
properties nor did it affect the LP5-induced hyperpermeability. Similary, HC alone exhibited
only a minor barrier-enhancing and protective effect. Conversely, the combination of HC
and vitC, either as before or after treatment, dramatically reversed the LPS-induced barrier
dysfunction. The barrier-protective effects of HC and vitC were associated with reversal of
LP5-induced p53 and phosphorylated cofilin downregulation and LPS-induced RhoA
activation and myosin light chain phosphorylation.

concLusIons: These data provide a novel mechanism of endothelial barrier protection and
suggest one possible pathway that may contribute to the therapeutic effects of HC and vitC
in patients with sepsis. CHEST 2017; 152(5):954-962

KEY WORDS: barrier function; endothelial permeability; endothelium
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Figure 1 Open in a separate window
Effect of vitC on endothelial barrier function. Vehicle (phosphate-buffered saline [PBS]) or vitC (250, 500, Figure 2

1.000 uM) was added to the media of confluent HLMVEC monolayers at 0 hours. A, vitC did not cause a
biologically significantly change in the TEER of the endothelial monolayers. B, Cells were pretreated for 16
hours with either vehicle (PBS) or vitC (1,000 uM) and were ¢ quently exposed to LPS (0.5 end
units/mL [arrow]). A gradual increase in endothelial permeability (reduced TEER) was observed in the LPS-
treated cells of both groups (n =3 per group; means + SEM). HLMVEC = human lung microvascular

Effect of HC on endothelial barrier function. A, Vehicle (phosphate-buffered saline [PBS]) or HC (4 pM. 6
pM) was added to the media of confluent HLMVEC monolayers at 0 hours. HC in both concentrations caused a
dose-dependent induction of TEER (n = 3 per group; means = SEM). B, Cells were pretreated for 16 hours with
either vehicle (PBS) or HC (4 uM) and were exposed to LPS (0.5 endotoxin units'mL). A gradual increase in

endothelial cell; LPS = lipopolysaccharide; TEER = transendothelial resistance; VEH = vehicle; vitC = ascorbic endothelial permeability (reduced TEER) was observed in both groups of the LPS-treated cells (n = 4 per
acid. group; means = SEM). HC = hydrocortisone. See Figure 1 legend for expansion of other abbreviations.
Figure 3

The effect of the combination of HC and vitC on LPS-induced hyperpermeability. HLMVECs were seeded on
gold electrodes and allowed to reach confluence (time = 0). A, Cells were pretreated for 16 hours with either
vehicle or a combination of vitC (1,000 pMh) and HC (6 pM) and then exposed to LPS (0.5 endotoxin units/mL
[arrow]). A gradual increase in endothelial permeability (reduced TEER) was observed in all groups receiving
LP5. However, HLMVECs pretreated with vitC and HC experienced a complete restoration of barrier function
24 hours after LPS treatment B, Confluent HLMVECs received LP5 (0.5 endotoxin units/ml. down arrow])
and 15 min later were treated with vehicle or a combination of vitC (1,000 pM) and HC (6, pM) (up arrow).
HC + vitC completely prevented the LPS-induced decrease in TEER (n =3 per group; means = SEM). See
Figure 1 and 2 legends for expansion of abbreviations.
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Klinik olarak da sepsiste hidrokortizon ve C
vitamini tek tek uygulandiginda sonlanmalarda
olumlu etki cok az olmustur.
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Effect of Vitamiin C Infusion on Organmn Failure and Biomarkers

of Inflammation and Vascular Injury imn Patients With Sepsis
and Severe Acute Respiratory Failure . scsssamiee oo, cceoioovees somsmass
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HYPRESS ( hidroko
Shock ) calismasine
mortalite Uzerine

JAMA | Original Investigation | CARING FOR THE CRITICALLY ILL PATIE!

Effect of Hydrocortisone on Developr
Among Patients With Severe Sepsis
The HYPRESS Randomized Clinical Tria

Didier Keh, MD; Evelyn Trips; Gernot Marx, MD; Stefan P. Wirtz, MD: Emad Abduljawwad, MD
Josef Briegel, MD; Christoph Engel, MD; Herwig Gerlach, MD, PhD, MBA; Anton Goldmann, M
Andreas Meier-Hellmann, MD; Axel Nierhaus, MD; Stefan Kluge, MD; Josefa Lehmke, MD; Ma
Kerstin Resener, MD; Dirk Schadler, MD; Tobias Schuerholz, MD; Philipp Simon, MD; Norbert
Konrad Reinhart, MD; Frank M. Brunkhorst, MD; for the SepMet-Critical Care Trials Group

Table 2. Primary and Secondary End Points?

Macebo Hydrocortisone Total
End Point (n = 176) (n=177) (N = 353) Pvalue
Primary
Septic shock, Mo ftotal
No. (%) [95% CI]
ITT population 39/170(22.9) 3I6/170 (21.2) 75/340 (22.1) 70
[17.2-30.0] [15.6-28.1] [17.9-26.9]
PF population 33/156 (21.2) 29/155 (18.7) 62/311 (19.9) .59
[15.4-28 4] [13.3-25.7] [15.8-24 8]
Secondary

Mortality, Mo ftotal
No. (%) [95% CI]

28d

90 d
180 d
Icu
Hospital

LOS, median (1QR), d
Tl
Hospital

Machanical wentllation,
Mo ftotal No. (%)
[95% CI]

MY-free time,
medlian {IQR), d
RET, Mo ftotal
Mo. (%) [95%CI]

RRT-free time,
median {IQR), d

SOFA score until day 14,

median {IQR)®

Delirium, Mo_ftotal
Mo. (%) [95% CI]

14/170 (8.2)
[5.0-13.4]

2B/168 (16.7)
[11.8-23.0]

37/167 (22.2)
[16.5-29.0]

14/172 (8.1)
[4.8-13.2]

22/172 (12.8)
[B.5-18.5]

9 (6-17)
25 (16-40)
103/172 (59.9)
[52.4-66.9]

5 (2-7)
21/172 (12.2)
[B.1-17.9]

7 (4-14)

5.0 (3.5-5.8)

25/102 (24.5)
[17.2-33.7]

15/171 (B.8)

20/341 (B.5)

[5.4-14.0] [6.0-12.0]
34/171 (19.9) £2/339 (18.3)
[14.5-26.5] [14.5-22.8]
45/168 (26.8) 82/335 (24.5)
[20.7-34.0] [20.2-29.4]
13/171 (7.6) 27/343 (7.9)
[4.5-12.6] [5.5-11.2]
237171 (13.5) 45/343 (13.1)
[9.1-19.4] [10.0-17.1]

8 (5-15) B (5-15) 23
26 (16-45) 26 (16-43) 36
91/171 (53.2) 1047343 (56.5) 21
[45.8-50.5] [51.3-51.7]

4 (2-7) 4(2-7) 34
217171 (12.3) 42/343 (12.2) .08
[8.2-18.0] [9.2-16.1]

6 (4-12) 7 (4-13) 35

4.7 (3.5-6.5) 4.8 (3.5-5.6) .60
11798 (11.2) 36/200 (18.0) 01
[5.4-19.0] [13.3-23.9]




Yiiksek Doz C vitaminin Immiinite Uzerine Etkileri

 Kemotaksis ve lenfosit proliferasyonunu
arttirir

e Eksikliginde , natural killer hicrelerin bakteri
oldirmesi gecikir, sitotoksik T htcre aktivitesi
baskilanir

* Bakteriostatik etkisi de vardir. invitro
calismalarda Cvitamini varliginda bakterial
replikasyon onemli oranda inhibe olur

* TNF’ nin uyardigi hicreici adhesion
molekulleri Gretimini inhibe eder, l|6kosit
vapiskanligi azalir, mikrosirktlasyon iyilesir

* Makrofaj ve T hlcre fonksiyonlarini iyilestirir

Wilson I, Evaluation of vitamm C for adyuvant sepas therapy. Antioxid Redox
Sigmal. 2013;19(17):2129-2140.
Mav IAL, Hamzon FE. Role of vitamm C 1 the funchion of the vascolar endothalm

Antioxid Redox Signal. 2013;1%(17):2068-2083.

(Oudemans-van Strazten HM, Spoelstra-ds Man AM da Waard MC. Vitamm C
revizited. Crit Cars. 2014:18(4):460.

Fra1 B, Stocker B England L, Ames BN, Ascorbate: the most effective anhomdant n
human blood plasma. Adv Exp Med Biol 1990 264:133-187.

Carr AC, Shaw GM, Fowler AA, Natarajan B. Ascorbate-dependent vasopressor
svnthesis: 2 rationale for vitamin C admimstration m severe sepaic and sephic shock”
Crit Care. 201319418,

Bargar MM, Oudemans-van Straaten HM. Vitamun C supplementation m the entically
1l patiant. Cwrr Opin Clin Netr Metab Cave. 2015;18(2):193-201.



Yiksek Doz C vitaminin Mikrosirkiilasyon Uzerine

e Zabet’ in calismasinda 6 saat araile 25 mg/ kg C vitamini verilen

- Journal of Research in Pharmacy Practice

Effect of high-dose Ascorbic acid on vasoj

septic shock
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ABSTRACT

Objective: Effects of ascorbic acid on hem
evaluated in nonsurgical critically ill patie:
the effect of high-dose ascorbic acid on va
in surgical critically ill patients with septic
Methods: Patients with septic shock who re
arterial pressure =63 mmHg were assign
ascorbic acid every © h or matching placel
were considered as the primary cutcomes
and 28-day mortality has been defined as
Findings: During the study pericd, 28 patien
dose of norepinephrine during the study p
F=0.004) and duration of norepinephrine ac
F = 0.007) were significantly lower in thy
statistically significant difference was detec
of ICU stay. Howewver, 28-day mortality was
the placebo group (14.28% vs. 64.258%. re
Conclusion: High-dose ascorbicacid may b
therapy in surgical critically ill patients w

1a anlamli azalma

m— — — - -t _fr _*__

Table 4: Primary and secondary ouicomes of the
study in ascorbic and placebo groups

Characteristics Ascorbic acid Control P
group (n=14) group (n=14)

Mean dose of norepineghrine 7444365 13.79+648 0004
{mecgimin) during the study

period (72 h)

Mean dose of norepineghrine 6.51+3.53 1258+5599 0003

{mecgimin) during first 24 b

{mcgfmin)

Total dose of norepinephrine 156.42+84 81 302.14+143.85 0.003
during fhe first 24 h (mcg)

Duration of norepinephrine 49 64+26 67 T1.57+1.60 0007
adminitration (h)

Lengih of ICU stay (days) 214541023 20571304 0385
28-day mortality 2 ({14.28) 9({64.28) 0009

Data presenied as mean+=0 or 1 (%), SO=Standard deviation, IGU=Intens ive
Ceare Unit

ascorbic acid and the best time for its administration should be determined in future

studies.



tiksek Doz C vitaminin Mikrosirkilasyon Uzerine

* Fawler’ in calismasinda siddetli sepsis hastalarinda C vitamininin inflizyonunun guvenligi calisiimistir. 28

hasta,

Bir gruba 50 mg /kg/ 24 saat, diger gruba 200 mg/ kg, 48 saat,

toplam 96 saat tedavi

uygulanmistir. Yiksek doz C vitamini uygulanan grupta SOFA’ da hizli disme olmus kontrol grubunda

azalma olmamistir.

Fultr-!-d mdﬁmﬁmng 1212
1 dicine comfoomentf i 2052

Phase | safety trial of intrave
patients with severe sepsis

Alpha A Fowder 1™, Aamer A Syed’, Shelley Knowlsen”, Robin S
Christine & Farthirg®, Temi L Lans®, Erika Martin®, Donald F Brop
Care Limil Nlrﬁing?, Bernard J Fisher' and Ramesh I\Iatﬁl.ajr-u'u1

-

Abstract

Background: Parenierally adrministered ascorbic acd modulates

experimental animal models. The ohjective of this mndomieed, d
chteminge the safety of intravenoudy infused aworbac acid in pa
Methods: Twenty four patients with severe sepss i the medical |
mbravenows infusions every six bours for four days of ascorbic 2
(200 mg/lg 24 h, n = 8), or PMaceba (9% dextrosefwater, n=8).
and tederabdity, assessed as treatment-related adverse-svent fre
for worsened arterial hypotension, tachycardia, hypernatremia,
Organ Failure Assessment (SOFA) scones and plasma leveds of a
thrombomodudin were monitored.

Rasulbts: Mean plasma asconbie aod levels al entry for the entiie o
Ascorbec acld infuskon rapidly and significanily increased plasma
observed in ascorber acid-mfused patients, Patients receiving s
scoves while placebo patients eshibited mo such reduction Ascorts
Biomarkers Creactive protein and procalcitonin, Undike placebo

AscOTBIR dsit

() el

P —

o Piceto ¥ LoAscA & HiAsch |
b 24 ¥ 1”2 P
Time (i)

Figmare 1 Plasma ascorbic acid bevels following ingravenous
infusion of ascorbic ackd. Plhisma asrohic acid levels were
sutinoarrel ab eriny (<50 P, dotted bne) fecoebee aoed kesels e
il i the iven Ieaireenl groips and wene sonilicandly highe
thamn placets wathin twebee hours (Lo-fAsch v plaocbo g 00,
He-fiscf vs, glaceha pr< WK0S) iemaning consstomily oheatod Tod
6 Fecrs. Ascorbic ackd evels in e HGAso group wee sigralicantly
hagher than the Lo-fech gpoup from ghe 12 boor pont forsaed.
Tharsa dhana shaows thal am inderenimera srcoebls ackd inhision gendoon]
[y & bvours) prochuces susained steady stabe lesek i paienis
walh smere separ, Placetse (05, Lo-Asos (W), Hibfsch (&)

=H
44 |0 Placsho,
¥ Lo-Asch
A Hi-Asch

&
—_—
] 24
Figure 2 Bfect of asooshi

Fallure Assossment [SOFA
o derreeee] over Bme
[« Gl shgralicanly monm-n
thear gt (H-Ash, v pl

Ll'h.'w..l'l.l].l]

Trial registration: ClinicalTrials goy identifier NCTD1434121,

| scores, Segsic

patients exhibited no signéficant nse, suggesting ATENUANON OF b e o g

Conclusions: It aworbic acid mfusion was sefe and wall tolerated in this study and may postively snpact
thie extent of multiple crgan fadure and biomarkers of inflammation and endothelial injury:

Keywords: Ascorbic acid, Biological markers, Clinical triaks phase | as topic, Multiple organ fasure, Ongan dysfunction
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Yiiksek Doz C vitaminin Hormonal / Adrenerjik Etkiler:i

e Stres durumlarinda adrenal glanddan salgilandigi, nttrient
olmaktan cok stress hormonu olarak calistigi bildirilmistir

* Norepinefrin ve vazopressinin endojen sentezini arttirarak
vasomotor yaniti arttirir

* Vazopressin sentezinde kofaktordur

 Sepsiste vazopressin erken fazda fazla artar ancak hipotansiyon ve
sok ilerledikce vazopressin ve vitamin C deplase olur

 Kritik hastada katekolamin sentezi azalmistir. Bunda adrenal askorbik
asit deplesyonu sorumlu tutulmustur.

Furthermore, SVCT-mediated ascorbic acid uptake plays a crucial role in

catecholamine biosynthesis and adrenal steroidogenesis (Patak, Willenberg,
& Bornstein, 2004; Wu et al., 2008),



C vitamini verilmesiyle vazopressor

Table 1 Summary of studies of ascorbate adminigt@tion with vasopresor-related endpoints

Study type Study group Imtervention Findimgs
Pre-clinical 24 rats [B/group) Centrally administered ascorbate 1 vasopressin relaase 62]
(0, 200, 600 nmaol)
1 antidiurasis
1 natriurasis
Case report Hospital patient Intravenous ascorbate 1 arterial pressure [35]
(1,500 mg/day)
1 heart rate
Momalised central venous
pressure
| nead for catecholamines
Impraoved multiple organ
dysfunction
Case report Hospital patient Oral ascorbate (300 mg/day) Resolution of orthostatic

Climical (retrospective)

Clinical (randomisaed, prospective)

Clinical (phase | mndomised
controlled trialy

33 severely bumed patients
(16=-17/graup)

37 severely bumed patients
(17-18/group)

24 spvere sepsis patients
(B/group)

Intravenous asoorbate
(0, 66 mag'kg/h)

Intravenous ascorbate
[0, 86 ma'kg/h)

Intravenous ascorbate
[0, 50, 200 mog/lkg’24 h)

hiypotensian

1 fluid requirement

1 number of patients requiring
VESOPTassors

| resuscitation fluid volume

1 diuresis

1 length of mechanical
wentilation

1 systemic organ failure

1 systolic blood pressurs®

1 mean arterial pressure®

iliskili sonlanmalar

Sivi ihtiyaci azalir

Arterial basing artar

Katekolamin ihtiyaci azalir

[36]
[HQrtalama arter basinci artar

[38]

Sistemik organ yetmezl

(12]

*Previously unpublished data (R. Natarajan and A. Fowler)

T inrease, | deoease

Diurez artar

azalir

[

I8

i azalir

Mekanik ventilasyon suresi



Katekolamin sentezinde 2
basamakta c vitaminine ihtiyac

vardir.

Bunlardan birisi L DOPA sentezinde
hiz belirleyici kofaktordir ki Ldopa da
dopaminin prektrsorudur.

Ikincisi de dopamin beta hidroksilaz
enziminde kofaktordur. Dopaminden
norepinefrin yapimini
katalizlemektedir.

Boylece vasopressor yanit, alfa, beta
adrenerjik reseptor aktivitesi artar,
vaskuler tonus ve kardiyak autput
artar.

Vitamin C is required to synthesize catecholamines

O

L-Tyrosine MO"
HO .
O, + Tetrahydrobioptenn
Tyrosine Ascorbic
hydroxylase acid
H,0 « Ditydrobioplerin
HO.
L-DOPA OH
NH;
HO

DOPA decarboxylase l

HO
Dopamine D/\\
HO -y

O, + Ascorbic acld
Dopamine B-hydroxylase
H,0 + Dehydroascorbic acid

H
HO.
Norepinephrine
NH,
HO

Phenylethanolamine l
N-methylitransferase

H
HO
Epinephrine
HN._
H CH;

Zipursky IS et al. BMJ Case Rep 2014; PMID 24855547
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Figure 3. Boxplots of plasma vitamin C concentrations (A}, static oxidation reduction potential (sORFP)
(B) and antioxidant capacity {AOC) (C) in the vitamin C status study at day 1 and 3. The dashed line
(A) represents the lower limit of normal plasma vitamin C concentrations (23 pmol/L). sORF and AOC
were measured in non-acidified samples.
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Figure 4. Boxplots of plasma vitamin C concentrations (A) and static oxidation reduction potential
(sORP) (B) in the pharmacokinetic study at five different ime points (hours). The dashed line (A)
represents the lower limit of normal plasma vitamin C concentrations (23 pmol/L). Asterisks represent
significant differences at p < 0.05. Vitamin C concentrations at T24 and T48 are trough concentrations.
172 represents a wash-out phase sample. sORF was measured in acidified samples.



Neden Tiamin Kullanildi ?

 Yiilksek doz C vitamini verilmesi ile oxalata metabolik
konversiyon orani artar

* Tiamin eksikliginde oksalata donlisim artmaktadir Tiamin renal
oxalat kristalizasyonu riskini azaltmak icin kullanilmaktadir.

* Donino ‘nun pilot ¢alismasinda thiamin defisiti olan septik
grupta suplement alanlarda laktat seviyesi ilk 24 saatte kontrol
grubuna gore anlamh olarak dusmiistur. Mortalite thiamin alan
grupta %13 almayan grupta % 46 bulunmustur .

* Ayrica Thiamin verilen grupta renal replasman uygulanan hasta
%3 , kontrol grubunda % 21 bulunmustur.



Clinical studies of IV thiamine in sepsis

Donning MW 2016: Randomized, double-blind, placebo-controlled trial of
thiamine as a metabolic resuscitator in septic shock: A pilot study

This was a RCT investigating the effect of thiamine (200 mg IV q12hr) in 88 patients with septic shock.
Thiamine had no effect on lactate levels or mortality within the entire population (figure below, left). This
may be explained by the fact that only 35% of the patients had thiamine deficiency. Within this pre-
specified subgroup, thiamine administration did reduce lactate levels and maortality (figure below, right).

Complete group (n = 88) Thiamine deficient group (n = 28)

100 100
= p =085 ~ Thiamine B
% 80 ~ Placebo .g 80
® 60- @ 60
= .
g 40 _ 401 —_—

— amine
201 20. P =0.047 — Placebo
c‘ L LB " L L a ﬂ' L3 L L3 i L L
0 5 10 15 20 25 30 0 5 10 15 20 25 30
Days Days

Figure 3. Kaplan Meier survival curves. Survival curves for the thiamine and placebo groups in the full study
group (left) and the thiamine deficient group (right). Patients were censored at hospital discharge. The graph is
truncated at 30 days for illustrative purposes. Vertical lines represents censored patients and the p-value is from
the log-rank test.
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Vitamin C: The next step in sepsis management?

Teng J', Pourmand A%, Mazer-Amirshahi M.

= Author information

1 Em

2 Em
Ele

3 De
Me

Abstrac
Sepsis i
marked

past dec
Despite

vitamin 1
catechal
adminisi
patients
of vitami

Accepted Manuscript

Vitamin C: The next step in sepsis management?
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Table 2: Summary of key roles of vitamin C in sepsis
Key role Mechanism
Antioxidant scavenges ROS and RNS, prevents endothelial

damage maintaining microvascular integrity

Synthesis of Catecholamines

Acts as cofactor in synthesis of epinephrine,
dopamine, and vasopressin allowing for

maintenance of vascular tone and cardiac output

Immune Function

Supports lymphocytic proliferation, assists in
neutrophilic killing of bacteria, improves

chemotaxis

ROS=reactive oxygen species, RNS=reactive nitrogen species

Vitamin C: The
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Since 2018, thers has besn a dramatic wpsrge in
publications relating to the use of vimmin C in
critically ill patients, particulady those suffering from
sepsis [1]. This has primarily besn in rsponse to the
well-publicized bekre-and-after study of Marik =t al.
[3]. which indicated that intravenous administmtion
of Ggiday vitamin C (in combination with thizmine
and hydrocortisons) could impmove the outcomes of
patients with sepsis, induding decreasing monality.
Oiver the past year, seven meta-analyses amessing the
elecs of vitamin O administmtion in critically il
patients have been published, with four appearing in
the past 4 months alone (se= Table 1 summary)

The most recently published and logest meta-
analysis incuded 44 medomized contmlled trials (16
intensive care and 28 cardise sugery) [9]. Although
metz-analyses that includs 2 brger number of studies
have increased pasver, they mun the nsk of comparning
disparate studies This is particubrly the cse with vita-
min  studies whersby the doss (milligrams vs grams),
rout of administration (ol v intevs nous), duration
[hours vs days), and disexse (eg, sepsis vs cardise sur-
gery) can have a brge impact on owtoomes [10, 11].
Therfore, appropriate subgroup analyses should be
carried out, although this & cumrently challenging dus
tir the low number of comparalble studies.

mortaliteyi azalttig
gosterilmistir.
A e of e crent meive - YOZUN bakim - siiresi, ventilator
o e e s by e == sUresi ,  renal replasman orani,
tion was observed on morality, except in specific .
rubgrasp snsives (o3 sepsi and bighr dose i \/SOPIESSOr ihtiyact gibi
parametrelerde baz1 yayinlar
iyilesme bildirirken baz
yayinlar faydah etki
bildirmemistir.

these studies published to date, and sven fewer of
high methodaogical quality [6]. Other commonly
amessed outcomes induded MO and hospital length
of stay, duration of vasopressor support and mechan-
izl ventibton, and acute kidney injury. Some of the
metz-analyses showsd decrases in several of these
sscondary outcomes, while others showsd no effect,
depending on the selection criteria wsed for study
inclusion (Table 1L

There are curmently over a dozen randomized con-
trolled trials registered on clinicalirialbgov that are
amessing the efects of vitamin C administmtion in
crtically ill patients, particularly those with sepsis.
One would hope that in the short term, no more
metz-analyses appear every time another small study
is published, but instesd wait untl some of the
larger trials {swch as VICTAS and LOVIT) have been
completed Otherwise, there may end up with maore
metz-analyses than published trials

Bu konuda randomize kontroll
calismaya ihtiyac vardur.
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Combination therapy of vitamin C and thiamine for septic shock: a mul
centre, double-blinded randomized, controlled study
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In this study, vitamin C and
thiamine administration in
the early phase of septic
shock did not improve organ
function compared with
placebo, despite
Improvements in vitamin C
and thiamine levels.
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Kaplan-Meier analysis for mortality and shock reversal

M t I t theWer nd ke 18  reversal

33 0 r a I EWEESVEE [1 ls e UE eclively, p=
0.16]. or vasopressor dose (at 24 h. 48 h, 72 h and maximal dose for /2 h). No other secondary outcomes

° s\I'm red significant differences between the treatment and placl‘m:: groups, including ventilator-free days [11

lytlesme-oraniariayny

p=10.63) orTcduction of procalcitonin [49 2% (- 31.9t0 74.7) vs. 40.3% (— 3.4 t0 82.8), p=0.27].
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JAMA 2020 Feb 4; 323(5): 423-431. PMCID: PMC7029761
Published online 2020 Jan 17. doi: 10.1001/jama.2019.22176 PMID: 31950979

Effect of Vitamin C, Hydrocortisone, and Thiamine vs Hydrocortisone Alone
on Time Alive and Free of Vasopressor Support Among Patients With

Septic Shock
The VITAMINS Randomized Clinical Trial

Primary and Secondary Outcomes

Outcomes Intervention (n=107) Control {n=104) Difference {95% CI) P Value
Tomoko Fujii, MD, PhD,"# Nora Luethi, MD,"? Paul 50—
Glenn M. Eastwood, PhD, " Craig_.J. French, MB, B Time afive and free of vasopressors, median (IQR), h 122.1 (763 to 145.4) 124.6 (82.1 to 147.0) -06(-83t0722 83
T o Secondary Outcomes
28-d Mortality, No. (%) 24 (22.6) [n=106] 21 (20.4) [n=103] 23(-8010134) 60
90-d Mortality, No. (%) 30 (28.6) [n=105] 25 (24.5) [n=102] 41(-80t016.1) 51
ICU mortality, No. (%) 21 (19.6) 10 (18.3) 14 (-92to 11.9) 80
Hospital mortality, No. (%) 25 (23.4) 21 (20.4) [n=103] 3.0 (<8210 14.1) 60
28-d Cumulative vasopressor-free days, median (IQR) 25.6(17.8t0 26.8) [n=106] 25.8 (19.6t0 26.8) [n=103] —0.2(-1.7t0 1.2) 66
28-d Cumulative mechanical ventilation-free days, median (IQR) 25.3 (5.2t028.0) [n=106] 24.8(9.5t028.0) [n=103] 0.4 (-2.6t03.4) 73
28-d Renal replacement therapy—free days, median (IQR) 28.0 (23.5 t0 28.0) [n=105] 28.0 (21.0 to 28.0) [n=103] 0.0 (~0.6 to 0.6) 71
F a r k YO k Change in SOFA score at day 3, median (IQR)2 —2 (410 0) [n=82] -1 (=310 0) [n=75] -10(-19t0-01) .02
28-d ICU-free days, median (IQR) 21.0(0t025.8) [n=106] 221 (30t0258)[n=103] —02(41t03.7) 66
Hospital length of stay, median (IQR), d 12.3 (6.2 to 26.0) 123 (62t026.1) [n=103] 0.0(—49t0c4.9) 75

Prespecified Exploratory Outcome

Acute kidney injury, No. (%o)

Stage 1 18 (16.8) 14 (13.5) 3463101300

Stage 2 18 (16.8) 22(21.2) —43(-149t0 6.2) .80
Stage 3 39364 39(37.5) -1.1{-141t012.0}



Med Drug Discov. 2020 Mar; 5: 100028. PMCID: PMC7167497
Published online 2020 Mar 26. doi: 10.1016/j.medidd.2020.100028 PMID: 32328576

Can early and high intravenous dose of vitamin C prevent and treat
coronavirus disease 2019 (COVID-19)7?

Richard £. Cheng

= Author information - Article notes = Copyright and License information Disclaimer

1 High-dose mtravenous VC has also been successtully used in the treatment of 30 moderate to severe
COVID-19 patients 1n China. The doses used varied between 10 g and 20 g per dav, given over a pertod of
§-10 h. Additional VC bolus mav be required among patients in crifical conditions. The oxygenation index

was improving in real time and all the patients eventually cured and were discharged [E] In fact, high-
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Vitamin-D and COVID-19: do deficient risk a poorer outcome?

Fiona Mitchell

Randomize kontrolli calisma yok ancak, kullanilmasi gerektigi konusunda
Oneriler daha on planda

Pandemi doéneminde daha uzunsire evde kalinmasi oneriliyor.
Ozellikle siyah irkta covid sikligi daha fazla

Immmun sistem fonksiyonlarini iyilestirdigine iliskin kanitlar var

Catelisidin ve defensin Uzerinden anti viral etki

Proinflamatuar sitokinlerde azalma , anti inflamatuar sitokinlerde azalma
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Vitamin D supplementation to prevent acute respiratory tract
infections: systematic review and meta-analysis of individual

participant data
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ABSTRACT

OBJECTIVES

To assess the overall effect of vitamin D
supplementation on risk of acute respiratory tract
infection, and to identify factors modifying this effect.

DESIGMN

Svstematic review and meta-analysis of individual
participant data {IPD) from randomised controlled
trials.

DATA SOURCES

Medline, Embase, the Cochrane Central Register of
Controlled Trials, Web of Science, ClinicalTrials.gow, and
the Intermational Standard Randomised Controlled Trials
Mumber registry from inception to December 2015.

ELIGIBILITY CRITERIA FOR STUDY SELECTION
Randomised, double blind, placebo controlled trials of
supplementation with vitamin D, or vitamin D, of any
duration were eligible for inclusion if they had been
approved by a research ethics committee and if data
an incidence of acute respiratory tract infection were
collected prospectively and prespecified as an efficacy
outcome.

RESULTS
25 eligible randomised controlled trials (total 11321

respiratory tract infection among all participants
(adjusted odds ratio 0.88, 95% confidence interval
0_81to 0.96; P for heterogeneity <0.001). In subgroup
analysis, protective effects were seen in those
receiving daily or weekly vitamin D without additional
bolus doses (adjusted odds ratio 0.81, 0.72 to 0.91)
but not in those receiving one or more bolus doses
(adjusted odds ratio 0.97, 0.86 to 1.10; P for
interaction=0.05%). Among those receiving daily or
weekly vitamin D, protective effects were stronger in
those with baseline 25-hydroxyvitamin D levels <25
nmol /L (adjusted odds ratio 0.30, 0.17 to 0.53) than in
those with baseline 25-hydroxyvitamin D levels =25
nmalfL (adjusted odds ratio 0.7%, 0.60 to 0.95; P for
interaction=0.006&). Vitamin D did not influence the
proportion of participants experiencing at least ane
serious adverse event (adjusted odds ratio 0.98, 0.BD
to 1.20, P=0.83). The body of evidence contributing to
these analyses was assessed as being of high quality.

COMNCLUSIONS

Vitamin D supplementation was safe and it protected
against acute respiratory tract infection overall.
Patients who were very vitamin D deficient and those
not receiving bolus doses experienced the most
benefit.



