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Ursachen und klinische Endpunkte

\ f Neurologische “
Fettleber Schlaganfall, Demenz,
Neuropathie

i

Malabsorption Schwangerschaft

Niereninsufizienz

Komplikationen
Geburtsdefekte
Fehlgeburten




Homocystein: Risikofaktor oder Risikomarker?

d B-Vitamine und Homocystein-Stoffwechsel
QO B12-Mangel als Ursache fiir HHCY (insbesondere bei Altere Menschen)
d HHCY als Risikofaktor fur kognitive Dysfunktion: was spricht fir Kausalitat?

O Wann kann HCY-Senkung das Risiko reduzieren?



Homocystein Stoffwechsel bendtigt 4 B-Vitamine

Folsaure




Vitamin B12: ein Co-faktor flir nur 2 Reaktionen
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Limitation der Einzelmarker-Strategie (| Sensitivitat & | Spezifizitat)

Der Mangel kann Uber- oder unterschatzt werden
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B,, Marker

- Gesamt B,,
- Holotranscobalamin

Einzel Marker
nicht hilfreich!

- Methylmalonsaure

- Homocystien

Schrittdiagnostik <—r ‘_. eine direkte Kombination

1€ von alle 4 Marker
. 1€
bestmdglich Kosten-Nutzen Verhaltnisse

fraglich!



ErhOhte B,,-Marker, die nicht auf B;,-Status zurickzuflihren

HoloTC

Gesamt B,,
Nieren-Patienten Leber-Erkrankungen
Diabetes Nieren-Patienten

Krebs

Diabetes Komplikation
Hpmocy;tlen Methylmalonsiure
Nieren-Patienten Nieren-Patienten
Altere Probanden Altere Probanden
Folat Mangel

_ Darmbakterien
Pre-analytik



‘Die Saulen der B12-Mangel Diagnostik

Klinische Symptome  Risikoprofil/Ursachen Biomarker
neurologische,

iatri Vegan/Erndhrung B12 oder
Komponente Pernlglpse Anamie Plus
Gastritis MMA oder
Magen-bypass tHcy

Metformin



[ Baseline, 28 days, 1 year and 38 months ] Baseline, 28 days and 1 year  [[] Baseline and 28 days

Folate pLp

Cotinine Pyridoxal

Geniigt eine einmalige

tHcy Messung?

Dimethylglycine
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o

Total homocysteine

: B ”&V"' Total cysteine
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nurening

Midttun et al., J Nutr 144: 784-790, 2014.



HHCY; kein Bezug zu den Referenzintervallen flir die B-Vitamine

tHcy, pmol/L (mean, 95% CI)

30 7
25.8 7 23.3 _
25 -
20.1 7
| 13.7 20 - T _
15-6 A 13.b ) 12-4
9112 15 - 129 T 126 131130
12.2 7 =" ; _:———-——-__T
12 pymol/L + + + T
10 -
9.5 7
74 T T T T T T T T T T 5 1 i 3 1 L] 3 1 1 ¥ 3
9 12 14 16 19| 22 25 30 38 45 145 197 233 266 (301 340 391 467 598 1043
Serum folate > 22 nmol/L Serum B12 > 300 pmol/L

Referenz Range: 7-40 nmol/L

Referenz Range: > 180 pmol/L

Obeid et al., unpublished data. Folate and B12 are shown as deciles, n = 935 samples



Ist HHCY ein Risikofaktor fuir Demenz?

Kausale Kognitive-
HI-%CY Assoziation? Funktion

Intervention

Kausalitatsmodelle




Mediation effect

(ab/c) = 23.6%

Zerebrale KleingefaBerkrankung

/ B
A.B = indirekte Assoziation

16.0 pmol/L, C = direkte Assoziation

Kognitive-Funktion

Teng et al., Front Aging Neurosci. 2022;14:868777. N =1,033, mean age 66.4 yrs, 49% women



(I) Rothman Kausalitatsmodell

Sufficient cause I Sufficient cause IT

=
&

One causal mechanism Another causal mechanism

Smith D, Refsum H, Obeid R. Consensus statement 2017/2018

Rothman KL. Causes. American Journal of Epidemiology 1976: 104(6):587-592.

B blood pressure

C hypercholesterolemia
D low education

E smoking

F ApoE4

G low physical activity

Stroke



(I) Rothman
Durch tHcy-Senkung werden andere Risikofaktoren deaktiviert!

Sufficient cause I

“A Wie ware das Risiko “4
qb wenn HHCY nicht ware? qb
| B ApoE4 |

C hypercholesterolemia
D hypertension
E stroke




Beobachtungsstudien



Das Risiko fur Gehirn Volumenverminderung (tber 5 J):
nach Plasma B12 und HoloTC zum Baseline

Tertiles of dependent variable

Vitamin B;o

=386 pmol/L

308-386 pmollL

<308 pmol/L

p Trend
HoleTC

=78 pmol/L

54-78 pmol/L

<54 pmolfL

p Trend

PEVL over Sy

Simple model

OR (25% CI)

1.00 (referance)
2.80 (0.90-9.33)
3.35(1.02-11.00)

1.00 (reference)
1.55(0.50-4.88)
2.61 (0.82-8.20)

Vogiatzoglou et al. Neurology 2008;71;826-832

pValue

0.076
0.047
0.053

0.451
0.100
0.097

Adjusted model 2°

OR([95% Cl}

1.00 (reference)
4.39(1.01-19.03)

5—3[].11?]!

1.00 (reference)
2.63(0.63-10.92)

1—29.81}

p Value

0.048
0.0286
0.028

0.184
0.029
0.029



tHcy and first stroke: significant dose-response association

Total stroke Ischemic stroke Homoniegic oo Nested case-control design,
25 25 2s including 3,533 first stroke
20 20 20 cases and 3,533 controls

§ 18 / / " matched for age +1 years,

§ 10 10 4 *0 /\ SeX, and residence
tHcy, pmol/L  Odds Ratio Population attributable risk (PAR) for HHCY = 11%
<10 OR = 1.00 Wie viele Falle kdnnte man durch tHcy Senkung
10-15 1.11 (0.97, 1.26) verhindern?
> 15 1.44 (1.22, 1.69)

Zhou et al., Front Med (Lausanne) 2022;8:727418.



Odds ratio

Combined effects of blood hypertension and tHcy on the risk of first stroke

SBP>160
140<SBP<160
SBP<140

tHey<10  10StHey<15  tHey215

Zhou et al., Front Med (Lausanne) 2022;8:727418.
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HHCY & Demenz: die Assoziation aus Metaanalysen

Metaanalyse

(Beobachtungsstudien) Relatives Risiko

Van Dam, et al. 2009 RR: 2.5 (1.38-4.56)

Wald et al., 2011 OR: 1.50 (1.13-2.0)

Beydoun et al., 2014 RR: 1.93 (1.50-2.49)

Nie et al. 2014 RR: 1.53 (1.23-1.9)

Shen et al., 2015 RR: 1.77 (1.37-2.16)

Xu et al., 2015 RR: 1.15 (1.02-1.27)

Hu et al,, 2016 OR TT vs. CC: 1.37 (1.15-1.63)

HHCY > 12 - 14 ymol/L
Studies overlap between the meta-analyses



Risikoreduktion durch tHcy-Senkung? Erwartung

up to 27% of cases of dementia could be prevented by lowering tHcy
PAR% (95%CI)

Metaanalyse Relatives Risiko

Van Dam, 2009 2.50 (1.38-4.56) 27.3 (7.5-47.1)
Beydoun, 2014 1.93 (1.50-2.49) 18.9 (10.8-27.0)
Nie, 2014 1.53 (1.23-1.90) 11.7 (3.8-19.6)
Shen, 2015 1.77 (1.37-2.16) 16.1 (9.1-23.1)
Xu, 2015 1.15 (1.02-1.27) 3.6 (0.69-6.51)

PAR, Population Attributable Risk
Angenommen: Pravalenz von HHCY etwa 25% bei dlteren Personen

PAR = 100 * [P(HHCY) * (RR-1)] / 1 + [P(HHCY) * (RR-1)]

Smith D, Refsum H, Obeid R. Consensus Statement 2017/2018



Methylenetetrahvdrofolate Reductase (MTHFR)

Co677T Polvmorphism and Alzheimer Disease Risk:
a Meta-Analysis

TT vs. CC

I:brazew ska 2007
Kim2007

Yuan, 2007
Zhang, 2007
Bi,2008
Styczyaska, 2008
Zhang, 2008

Bi, 2009

Gedraitis, 2002

Li, 2009

Ferlazzc, 2011
Coppede, 2012
Deng 2012

Marnsoor, 2012
Bhaw ay, 2013
F Marsouri, 2013
Chillar 2014
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Hyperhomocysteinemie: was ist normal?

Meta-analysis Threshold

Van Dam, 2009 tHcy > 14.0, 15.0, or 15.6 pmol/L

Wald, 2011 For a 5 pmol/L increase in tHcy (i.e. 10.0 — 15.0 pmol/L)

Beydoun, 2014 Elevated tHcy (variety of cut-offs: 14.0, 15.0, 15.6, 14.6 and 12.6 pmol/L )

Nie, 2014 Elevated tHcy (variety of cut-offs: 15.8, 15.0, 14.0, 27.5, 15.4, 15.0, 13.4, 13.0, 14.3,

21.0, 15.1, 14.5, 17.0[?], 10.8 pmol/L)
Shen, 2015 Elevated tHcy (variety of cut-offs: 14.0, 12.0, 13.1, 13.3, 27.4, 15.0, 13.0, 15.0 pmol/L)

Xu, 2015 Elevated tHcy same as Shen et al.

<12-14 uymol/L



(1I) Kausalitat nach ,Bradford Hill” Kriterien

HHCY ™= Demenz

Strength of the association RR (meta-analysis) = 1.93 (1.50-2.49)

Consistency
Specificity
Temporality
Dose-response
Plausibility

Coherence
Experimental evidence
Analogy

Most (not all studies)

Not only for cognitive dysfunction
HHCY precede cognitive decline
threshold > 12-14 pmol/L

Mechanisms (hypomethylation, oxidative stress, epigenetic, neurotransmitters,
etc)

new studies provide evidence supporting causality
some RCTs, though not all!
MTHFR genotype associated with dementia




Plasma tHcy and B12 in women & all-cause and cardiovascular mortality in the very

old: The Newcastle 85+ Study (9-y follow

3.01

0.51

Total Homocysteine (pmol/L)

" Wiederspruch!
Kausalitat Annahmen 1o s 3
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Pravention durch B-Vitamine: eine systematische Review und Meta-Analyse

Subgroup analyses for the effects of B vitamin supplementation on the rate of cognitive decline.

Population

MD 95% Cl F Study

value

The overall population 0.14 0.04 to 0.23 0.004 14
Intervention period, m
=12 0.4 0.04 to 0.23 0.004 8
<12 —-001  —-0.201to0 019 0.95 9
Baseline cognitive status
Mon-demertia 0.4 0.05 to 0.23 0.004 7
Dementia 0.14 —0.36 to 0.65 0.58 5
AD 029 —0.43 to 1.00 0.43 4
Baseline Heoy concentration, pmal/L
=14 0.10 0.00 to 0.20 0.05 7
<14 0.41 0.15 to 0.68 0.002 G
Folate fortification
Yes 012 0.02 to 0.22 0.02 4
M 019 —0.01 to 0.40 0.07 10

Intervention langer als 12 Mo

kein Demenz zum baseline

Wang et al., Nutrition Reviews 2022; 80:931-49.



Pravention durch B-Vitamine oder Vermeidung von HHCY?

Hcy and the risk of dementia

Folate and the risk of dementia

—Studvorsubgroup  _IV. Random, 95% CI

Clarke etal 1998™
Haan et al 2007+
Hooshmand et al 2010™

Odds ratie Odds ratic
Study or subgroup V. Random, 95% C A 95% CI
Cankurtaran et al 2013™ 283 [277,2.89] "
Cervellati et al 20145 4.18[1.51, 11.58] -_—
Clarke et al 188" 1.88 [1.13, 3.52] -
Doody et al 2015™ 1.80 [1.15, 2.83] -
Haan et al 2007* 1.58 [1.30, 1.83] I
Hooshmand et al 2010™ 1.18 [1.01, 1.38] —
Luchsinger et al 2004 1.30 [0.76, 2.20] ]
Ma et al 2017 3.63[1.29, 10.27) -
Moretti et al 2017 '™ 1.77 [1.40, 2.24] —
Quadri et al 2004 3.71[1.08, 12.74] _—
Ramos et al 2005+ 2.69[0.62, 11.70] +
Seshadri et al 2002 1.40 [1.07, 1.85] —
Song et al 2010™ 15,64 [2.12, 115.48] _—
Tian et al 2017'™ 3.35 [2.40, 4.68]
Whalley et al 2014 3.71[1.06, 12.89] +
Zylberstein etal 201177 1.67 [1.08, 2.56]
Total (95% CI) 2.0911.60, 2.74] -

0.2 05 1 2 5

Heterogeneity: Tau® = 0.20; Chi* = 208.87, df = 15 (P < 0.00001); I* = 93%

Wang et al., Nutrition Reviews 2022; 80:931-49.

Favors [Low Hey)

Fawors [High Hey]

Ma et al 2017'"
Moretti et al 2017 '™
Quadri et al 2004
Ramos et al 2005%2
Song et al 20107
Tian et al 2017

Total (95% CI)

Odds ratio

229140, 3.74]
1.17(0.79, 1.74)
0.99[0.85, 1.18]
2.03[0.57,7.27]
266[1.91,3.72)
2.10[0.62, 7.07]
3.56[1.39, 9.12)
2.34 [0.38, 14.48]
1.55[1.18, 2.04)

1.76 [1.24, 2.50]

Odds

ratio

IV, Random, 95% C|

1 1
T T
0.05 02 1
Fawvors [High folate]

Heterogeneity: Tau® = 0.18; Chi* = 42.20, df = 8 (P < 0.00001); F = 81%

Favors [Low folate]

20



Interventionsstudien: B-Vitaminen zur Verlangsamung des kognitiven
Leistungsabfalls bei alteren Menschen

Chang et al., Geriatr Nurs. 2023;51:143-9.

N = 23 trials
Homocysteine mean difference = -4.5; 95%CI:-5.4 to 3.6 pmol/L

The difference in the MMSE
The difference in Clinical Dementia Rating-sum of box (CDR-SOB) scores
Were not significant between the vitamin and the comparator groups!



VITATOPS study- clinicaltrials.gov NCT00097669 — no effect of 25mg vitamin B6, 2mg Folic
acid, and 0.5mg vitamin B12 or a placebo fiir 6 Mo bis 5 Jahre on cognitive edecline

Cumulative Survival

Cognitive decline Depressive symptoms Anxiety symptoms
1.0 14 1.0
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f
iR
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0.6 0.6+ 0.6+
T T T 1 T T I 1 I T T T T I 1 T T I 1 T T T T
0 1 2 3 4 5 6 7 0 1 2 3 4 5 6 0 1 2 3 4 5 6 7

Time to cognitive decline (Years) Time to depressive symptoms (Years)

International Journal of Stroke 2023, Vol. 18(2) 163-172

Time to anxiety symptoms (Years)

Group

-~ Placebo
Treatment
+- Placebo-censored
= Treatment-censored



Primary Prevention of Stroke Among Hypertensive men; 800 pg/d Folic Acid

Kaplan-Meier Curves of Cumulative Hazards of First Stroke by Treatment Group

4.0+
35, J— Population; Men with hypertension
Enalapril ,s"f"'d .
3.0- s Intervention:
% 55 ,/f folic acid 0.8 mg/d + enalapril vs.
g7 L - enalapril
I 20 e Enalapril-folic acid
in ’ 1 ‘J"r - -
= T Median duration: 4.5 years
E 1.5_ /—'
s
1.04 e Qutcome: Stroke
.--"‘J-.r
054
Hazard ratio, 0.79; 95% Cl, 0.68-0.93; log-rank P=.003
D T T T T 1
Years 0 1 2 3 4 5
Mo. at risk
Enalapril-folic acid 10348 10200 10059 9911 8976 812
Enalapril 10354 10170 10008 9864 8892 818

Huo et al., JAMA 2015;313:1325-35



Risikoreduktion nur wenn HCY zu Beginn der Studie erhoht war (VITACOG Trial)

Alle Teilnehmern Teilnehmern mit tHcy > 11 umol/L
0.20 02
' Mean loss of
0.15 . 0.15 5.2% (+3.4) Mean loss of
o N=35 : 0.6% (+2.1)
VB oai0 A% ol - N=42
(%) A =
(_3 :‘» = s =)
S oos % ° 0.05 e =
O 42 =3
“5 000 ———————— ﬁ O s s i B i e *é_ _______
= e Placebo .
0.05 0.05 -
Placebo .
B-Vitamine
0.10 ° o4
— B-Vitamine
’ -0.15

Intervention: placebo vs. 0.8 mg FA, 0.5 mg B12, 20 mg B6/d; for 2 y. age = 70 y. Outcome: % loss of graue
Substanz (MRT).
de Jager et al., Int J Geriatr Psychiatry 2012;27:592-600. Proc Natl Acad Sci U S A. 2013; 110: 9523-28.



Higher Plasma DHA or Omega-3 was associated with better effect of the B-
vitamins on brain atrophy rate

P ANCOVA (placebo) = 0.728
P ANCOVA (B vitamins) = 0.012
] P (interaction) = 0.134

|

P ANCOVA (placebo) = 0.428
P ANCOVA (B vitamins) = 0.018
P (interaction) = 0.024

|

P ANCOVA (placebo) = 0.716
P ANCOVA (B vitamins) = 0.038
P (interaction) = 0.085

| *
| :

0.8 4

0.8

0.4 0.4 04 4

Brain atrophy rate per y (%)
Brain atrophy rate per y (%)

Brain atrophy rate per y (%)

<390 390-590 >590 <136 136-222 >222 - <245 245-345
Plasma omega-3 (umol/L) Plasma EPA (pmol/L) Plasma DHA (umol/L)

Am J Clin Nutr 2015;102:215-21.
European Journal of Nutrition 2022; 61:3731-9.

>345



Zusammenfassung: HCY-Senkung und das Demenzrisiko

Risikofaktor HHCY HHCY oder B-Vitamin Mangel, muss vorhanden sein
Outcome Verwendung von sensitive Testmethoden:

individuelle kog. Leistungstests, Gehirnvolum, MRI
@ Demenz zum Start Demenz ist irreversibel (Pravention, O Theraprie)
Dauer der Intervention > 18 Monate

Vitamin Dosierung und - Diat Modifikation reicht nicht aus!
Kombination - Kombination von den B-vitamine
Pharmakologische Dosierungen sind notwendig

B-Vitamine: Folat, B,,, By, B,

Smith D, Refsum H, Obeid R, et al. J Alzheimers Dis 2018;62:561-570.
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