Supplementary Material

SUPPLEMENTARY METHODS


Two exploratory key groups of interest were defined. One group consisted of patients who did not start using AD medication during the OLE study. In the MMRM analysis, AD medication was a significant predictor of the effect on the NTB memory domain score (p=0.035). In addition, for some study centers the start of the Souvenir II OLE study was delayed (for example, because the protocol of the OLE study was not yet approved by the ethical committee, or the clinical study agreement for the OLE study was not finalized at the time the first patients completed the RCT); for these patients there was a period without study product intake between the final study visit of the RCT and the start of the OLE study. In the MMRM analysis, the dummy variable study gap (the occurrence of a study gap between the 24-week visit of the Souvenir II RCT and the actual start of the OLE study, yes/no) was a significant predictor of the effect on the NTB memory domain score (p=0.008). The group of 44 patients with a large study gap between the 24-week visit of the Souvenir II RCT and the actual start of the OLE study (predefined cut-off of > 7 days) was studied as a second key group of interest.

SUPPLEMENTARY RESULTS

Neuropsychological Test Battery (NTB)


The results of the NTB memory domain and all NTB individual items are summarized in Supplementary Table 1.

Exploratory key groups of interest


The numbers of patients in the two exploratory key groups of interest were relatively low so the change of the NTB memory domain scores for these groups was statistically analyzed for both the control-active and active-active study groups combined. In the subgroup of patients who did not receive AD medication, NTB memory domain scores were significantly increased between Week 24 and Week 48 (active-active and control-active groups combined; paired t-test: t126 = -2.21, p=0.029; Supplementary Figure 1A). Supplementary Figure 1B shows the course of the NTB memory domain scores in the subgroup of patients (n=44) with a large gap in intake between the Souvenir II RCT 24-week visit and the start of the OLE study (predefined cut-off of >7 days; mean study gap of 83.8 days [median 75.0 days; range 8-229 days]). For patients in the active-active group (n=23) with a large study gap, memory benefits present at Week 24 were partially but not significantly lost prior to resumption of active study product. For patients in the control-active group (n=21), a further non significant decline of memory domain scores was observed prior to switching to the active product upon entry into the OLE. Consumption of study product during the OLE phase in patients with a large study gap was accompanied by a significant increase in NTB memory domain scores between Week 36 and Week 48 (active-active and control-active groups combined; paired t-test: t32 = -2.92, p=0.006).

SUPPLEMENTARY DISCUSSION


Although relatively few patients had a large intake gap, this subgroup of patients appeared to experience a decline in the exploratory memory outcome when they were not taking any study product, but showed improved memory function once Souvenaid was resumed. These exploratory data highlight the possible importance of sustained daily intake of Souvenaid and support earlier findings from post-hoc analyses of the Souvenir I study, where intake adherence was shown to be significantly correlated with cognitive improvement [1]. Synapse formation and elimination occurs throughout life, and individual brain synapses are thought to be constantly remodeled in the adult brain [2]. Phospholipids, and therewith synaptic membranes, are synthesized via the Kennedy Cycle, which is controlled by the availability of substrates [3]. Changes in the dietary supply of these rate-limiting precursors are therefore expected to quickly result in altered synapse formation. Indeed, studies in adult gerbils have shown that dietary supplementation of synaptic membrane precursors improves learning and memory, increases pre- and post-synaptic proteins and facilitates dendritic spine formation in the hippocampus within as little as 4 weeks [4, 5]. The increase in dendritic spines was apparent after just 1 week [5]. Dendritic spines are the anatomic precursors of synapses and are generally believed to provide an accurate indication of the actual number of synapses [6]. These observations suggest that changes in the dietary supply of specific nutrients may quickly result in functional changes, and may imply a continued need for these nutrients in AD patients to preserve synaptic function.
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Supplementary Table 1. Descriptive statistics for NTB item scores from Baseline to Week 48 for all patients in the RCT and OLE study †.

	
	Baseline RCT
	Week 24 RCT (Baseline OLE study)
	Week 48
(Week 24 OLE study)
	Change

(Week 24 to Week 48)
	p-value ‡

	NTB memory domain z-score (primary outcome measure RCT)

	Control(-Active)
	0.078 (0.884) [118]
	0.250 (0.954) [110]
	0.434 (1.003) [91]
	0.107 (0.367) [87]
	0.008

	Active(-Active)
	-0.021 (0.812) [116]
	0.214 (0.920) [106]
	0.272 (0.895) [88]
	0.097 (0.384) [82]
	0.025

	Combined groups
	
	0.232 (0.935) [216]
	0.354 (0.952) [179]
	0.102 (0.374) [169]
	<0.001

	

	NTB individual item scores

	WMS VPA immediate recall score [0-24]

	Control(-Active)
	11.24 (4.57) [121]
	12.29 (4.79) [110]
	14.45 (5.40) [91]
	1.53 (2.84) [87]
	<0.001

	Active(-Active)
	10.33 (4.78) [119]
	11.99 (4.71) [107]
	13.44 (4.95) [88]
	1.39 (2.97) [83]
	<0.001

	Combined groups
	
	12.14 (4.74) [217]
	13.96 (5.19) [179]
	1.46 (2.90) [170]
	<0.001

	WMS VPA delayed recall score [0-8]

	Control(-Active)
	4.33 (2.30) [119]
	4.50 (2.14) [111]
	5.07 (2.05) [91]
	0.24 (1.23) [88]
	0.073

	Active(-Active)
	4.04 (2.06) [118]
	4.40 (2.17) [108]
	4.65 (1.98) [88]
	0.23 (1.37) [83]
	0.133

	Combined groups
	
	4.45 (2.15) [219]
	4.86 (2.02) [179]
	0.23 (1.30) [171]
	0.020

	RAVLT immediate recall score [0-75]

	Control(-Active)
	27.12 (10.04) [129]
	29.61 (12.33) [119]
	31.41 (14.50) [93]
	1.00 (6.20) [92]
	0.125

	Active(-Active)
	26.19 (9.53) [129]
	28.46 (12.14) [118]
	29.16 (12.10) [91]
	0.81 (6.39) [91]
	0.228

	Combined groups
	
	29.04 (12.22) [237]
	30.30 (13.38) [184]
	0.91 (6.28) [183]
	0.052

	RAVLT delayed recall score [0-15]

	Control(-Active)
	3.57 (3.17) [129]
	4.35 (3.58) [120]
	4.73 (4.04) [93]
	0.03 (2.29) [93]
	0.892

	Active(-Active)
	3.19 (3.20) [129]
	3.64 (3.86) [118]
	3.97 (3.48) [91]
	0.41 (2.23) [91]
	0.085

	Combined groups
	
	4.00 (3.73) [238]
	4.35 (3.78) [184]
	0.22 (2.26) [184]
	0.194

	RAVLT recognition performance score [-15-15]

	Control(-Active)
	8.09 (4.62) [129]
	8.10 (4.66) [119]
	9.25 (3.90) [93]
	0.70 (3.05) [93]
	0.030

	Active(-Active)
	7.73 (4.52) [126]
	8.53 (4.38) [117]
	9.41 (4.46) [91]
	0.92 (3.39) [90]
	0.011

	Combined groups
	
	8.31 (4.52) [236]
	9.33 (4.18) [184]
	0.81 (3.22) [183]
	<0.001


† RCT: control, n=129; active, n=130; OLE: control-active, n=104; active-active, n=97.
‡ Paired t-test for change between Week 24 and Week 48.

Data are mean (SD) [n]. 

WMS VPA, Wechsler Memory Scale verbal paired associates; RAVLT, Rey auditory verbal learning test.
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Supplementary Figure 1. Change from baseline (RCT week 0) in the NTB memory domain composite z-score for both the double-blind RCT and OLE study period in two exploratory key groups of interest; (A) subgroup of patients without the use of AD medication (change between 24 and 48 weeks [p=0.029, paired t-test] for control-active and active-active groups combined); (B) subgroup with a large gap in study product intake (>7 days) between end of RCT and start of OLE study (change between 36 and 48 weeks [p=0.006, paired t-test] for control-active and active-active groups combined). Data are mean and standard error (SE).

