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Abstract

Objective: Multimodal non-pharmacological interventions have been argued to have the poten-
tial to complement current pharmacological approaches to improving quality of life for people
living with dementia. The aim of this review was to identify, synthesise and appraise the evidence
for the effectiveness of multimodal non-pharmacological interventions for improving cognitive
function specifically.

Method: After a comprehensive search strategy including grey literature, 26 studies were
reviewed. The inclusion criteria concerned adults with a primary diagnosis of dementia.
Studies used two or more different modes of intervention, and measured a cognitive outcome.
Due to differences in the conceptualisations of the term ‘multimodal’, a typology of modes and
methods was developed to facilitate classification of candidate studies.

Results: Twenty-one group studies and five case studies were found. Group studies used two or
three modes of intervention and multiple methods to implement them. Interventions utilised
were cognitive, physical, psychological and psychosocial, nutrition, fasting, gut health, sleep
hygiene, stress reduction, detoxification, hormonal health and oxygen therapy. Five individual
case studies were found in two separate papers. Each personalised patient treatment utilised
in-depth assessments and prescribed up to nine different modes. In 19 (90%) of the 21 group
comparisons, participants were reported to have cognitive improvements, stability with their
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dementia or a delay in their decline. The extent of these improvements in terms of meaningful
clinical change was variable.

Conclusion: Multimodal non-pharmacological interventions have the potential to complement
singular therapeutic approaches by addressing multiple modifiable risk factors currently under-
stood to contribute towards cognitive decline.
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Introduction

The latest estimate of people affected by dementia worldwide is 50 million (Pickett et al.,
2018), with a further nine million people developing dementia yearly (WHO, 2017).
Current narratives suggest that the progression of dementia is inevitable, supported by
the results of pharmacological trials which have been less than encouraging (Cummings,
Morstorf, & Zhong, 2014). However, regardless of whether improvements in drug effi-
cacy are possible, people with dementia often have other long-term conditions and so
additional medication can cause unpleasant interactions with existing regimes. On the
other hand, non-pharmacological interventions can provide complementary therapy,
offering useful, versatile approaches to improve outcomes for people with dementia
(Olazaran et al., 2010).

Whilst a number of abilities are affected in people with dementia, its primary manifes-
tation is through reduced cognitive ability. Global cognition is a broad term covering
various cognitive functions including memory, executive functioning (time management,
judgement, planning), attention (ability to direct energy to perform the task at hand, orga-
nise tasks into a coherent logical pattern), language and communication. Cognitive inter-
ventions (CIs) in people with dementia have been classified by Clare and Woods (2004) into
three basic types — cognitive stimulation (CS), training (CT) and rehabilitation (CR).
According to Buschert et al. (2011), training for specific cognitive functions is less useful
for more impaired participants, but stimulation and activation of everyday functions tend to
be more meaningful and successful. Overall, studies show evidence of small but consistent
effects of CI in improving cognition (Alves et al., 2013). Moreover, evidence suggests that
utilising more than one method of CI can incrementally improve cognition of people with
dementia (Barban et al., 2016; Cotelli et al., 2014; Lee, Choi, Oh, Sohn, & Lee, 2016;
Panerai, 2016).

Another intervention with potential is routine physical exercise (Olazaran et al., 2010).
Exercise increases the size of the hippocampus and improves memory in older adults
(Erickson et al., 2011). For example, better cognitive scores, after 6 to 12 months of exercise,
were found by Ahlskog, Geda, Graff-Radford, and Petersen (2011) who recommended
exercise as a disease-modifying treatment. In particular, there is evidence of a beneficial
cognitive effect of high intensity exercise interventions (Livingston et al., 2017). In a meta-
analysis of 802 patients in 18 randomised controlled trials (RCTs) the combination of
aerobic and non-aerobic exercise interventions (offered at both high and low frequency)
positively influenced cognition in patients with dementia (Groot et al., 2016).
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Another mode worthy of investigation is nutritional modification, with micronutrients,
vitamins and antioxidants showing some evidence of attenuating disease progression (Aliev
et al., 2013) and improving cognition through mitochondrial energy production and protein
synthesis (Troesch, Weber, & Mohajeri, 2016). Proper nutrition is also related to AD
through epigenetic pathways, suggesting a potential role in the prevention of late-onset
AD and attenuation of cognitive deficits (Athanasopoulos, Karagiannis, & Tsolaki, 2016).

As well as CIs, physical exercise and nutrition, numerous other modes can reduce the risk
for dementia or address the symptoms. Whilst several of these are trialled in the included
studies, more are emerging from new evidence that nearly 600 factors can potentiate the
development of AD (Kostoff, Zhang, Ma, Porter, & Buchtel, 2017). This understanding that
dementia is multifactorial and determined by mechanisms that interact and intervene
throughout life (Van der Linden & Juillerat Van der Linden, 2016) has given rise to the
emergence of multimodal approaches to prevention.

Dementia prevention trials affirm that risk factors can be reduced when using a multi-
modal approach, as multiple mechanisms may be necessary for clinically significant effects
on global cognition (Ngandu et al., 2015). Indeed, activities containing more than one
component seem to be more beneficial in reducing risk (Karp et al., 2006). These may
exert a synergistic effect, for instance, whereby physical training guided by CT may facilitate
the neuroplastic potential to induce beneficial cognitive effects (Bamidis et al., 2015), con-
trolling cognitive decline and improving quality of life (QoL) (Aliev et al., 2013).

Evidence for multimodal approaches also includes combined training for brain plasticity,
neurogenesis in the hippocampus and a neuroprotective effect on the cerebral cortex
(Garcia-Mesa et al., 2011). For example, Curlik and Shors (2013) found that a combination
of physical training followed by successful mental learning was more beneficial for neuronal
recruitment and overall mental health than ecither activity alone. Furthermore, exercise in
combination with dietary factors can affect molecular events related to the management of
energy metabolism and the synaptic plasticity of cognition according to Gomez-Pinilla
(2011). Kobe et al. (2016) found that omega-3 fatty acid intake combined with aerobic
exercise and CS prevented atrophy in AD-related brain regions in mild cognitive impairment
(MCI) patients.

Given the emergence of multimodal approaches, some reviews have already been con-
ducted. Rodakowski, Saghafi, Butters, and Skidmore (2015) found small improvements in
selected cognitive abilities in early stage dementia from a combination of cognitive and
physical exercise. Law, Barnett, Yau, and Gray (2014) found significant cognitive function
improvement in four out of five studies combining cognitive and exercise training in older
adults with cognitive impairment. However, Rodakowski et al.’s (2015) scoping review
looked at adults with a range of cognitive impairment. Law et al. (2014) looked only at
exercise and CS in adults with and without cognitive impairment. Therefore, it remains to
understand the extant evidence more comprehensively.

Three gaps in the literature have been identified which make this review both timely and
relevant. Firstly, whilst there is growing interest in non-pharmacological interventions for
treating dementia, little is known about the effect of complex interventions in this popula-
tion. Secondly, evidence exists for people with subjective cognitive impairment (SCI) and
MCI, but evidence is lacking for measured cognitive outcomes in studies specifically for
people living with dementia. Thirdly, whilst some reviews, such as the two above have been
conducted which look at certain combinations of modalities, a thorough systematic review
of all possible modality combinations has not been conducted. Consequently, this review
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provides a synthesis of the evidence for multimodal non-pharmacological interventions
(MNPIs) for improving cognitive function for people living with dementia.

Method

Search strategy and screening

A systematic search of peer-reviewed literature was performed on PubMed, PsycINFO,
Medline, Scopus, EMBASE, Cochrane Database of Systematic Reviews, CINAHL
and LILACS. Search terms included dementia, Alzheimer’s or cognitive impairment and
variations of multimodal, treatment, intervention, activity or programme tailored to each
database (Online Appendix 1). Grey literature was also searched for theses, dissertations,
policy documents and conference proceedings.

Typology development

Multiple terms in the evidence have been used to describe ‘multimodal’ interventions. For
this review, a classification system was required to determine how many modes a study
utilised and hence, whether it was included. Drawing upon the categories of Choi and
Twamley (2013) and Clare and Woods (2004), three initial modes were derived:

1. Cognitive enhancement therapies (CS, CT and CR; non-invasive brain stimulation);

2. Physical interventions (physical exercise, physical and occupational rehabilitation); and

3. Psychological and psychosocial therapies (art, music, dance, cognitive-behavioural ther-
apy (CBT), horticultural therapy (HT), psychotherapy, recreational activities, volunteer-
ing, etc.).

Seven further modes emerged from the title and abstract screening (see Table 1).

Inclusion criteria

All included studies met the following inclusion criteria:

Involved older people with a primary diagnosis of dementia;

At least two modes of non-pharmacological intervention;

Changes in cognitive function was an outcome measure;

Any study design or setting;

Studies with mixed participant groups (dementia, MCI, etc.) if subgroup analysis (e.g.,
individuals with dementia) was available;

e English language of any date.

Exclusion criteria

e Specifically addressed delirium, pain, incontinence or behavioural and psychological
symptoms of dementia (BPSD);

e [f only two modes addressed and one of these delivered training, knowledge or support to
care staff or family carers;
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Table I. Typology of modes and methods for dementia interventions — Brief.

Modes Methods

I. Cognitive enhancement therapies (Choi & Twamley, 2013; Clare & Woods, 2004)
a. Cognitive therapies, stimulation, rehabilitation and training (CST, ROT, RT, CR, CSPR, CT, BT, DT,
GRT, MT)
b. Non-invasive brain stimulation
2. Physical
a. Physical exercise (HIIT, AE, ST, DT)
b. Physical and occupational rehabilitation (OT, PT, KT, IPP, PE)
3. Psychological and psychosocial therapies
a. Art, Music, Drama, Dance & Movement, CBT, HT, STH, PMT, Arts & Crafts, Tailored activities,
Recreational activities, Spiritual elements, Community activities, volunteering
. Nutrition and diet
. Sleep hygiene
. Stress reduction — Meditation, etc.
Detoxification — Sauna, etc.
. Hormonal health
. Oxygen therapy — Hyperbaric, Intermittent Hypoxic Training (IHT), Oxygen inhalation
. Traditional Chinese Medicine — Acupuncture, Herbs

O 0N U

e One mode was pharmacological treatment. (If participants were taking stable doses of
dementia medication prior to the study it was not excluded.)

(A list of acronyms and abbreviations can be found in Online Appendix 4)

Study selection

Ninety-seven candidate studies were selected at the title/abstract stage by the first author
(GC). The other authors (CM and JS) checked 10% of the studies, discussed and resolved
any disagreements. Figure 1 shows the searching, screening and selection process. The team
consulted on the modes and methods of intervention. Twenty-four papers were initially
included (27 group or case studies) finalising the Typology at 10 modes (Table 1). See
Online Appendix 2 for detailed descriptions of modes and methods.

Included studies are shown in Table 2 with their modes of intervention.

Searching the grey literature revealed increasing public and practitioner interest in the
area of non-pharmacological treatments for dementia, including multimodal approaches.
However, no findings from the grey literature met the inclusion criteria.

Quality appraisal

Given that both qualitative and quantitative studies were eligible for inclusion in the review,
quality appraisal of the peer-reviewed literature utilised the Mixed Methods Appraisal Tool
(MMAT), allowing for assessment of qualitative, quantitative and mixed method studies
within one measure (Pluye et al., 2011; Souto et al., 2015). A recommended cut-off score of
25% or less excluded lower quality papers from further analysis. At this stage, one paper
was excluded (Jian, 1999) out of 24 reducing the total included papers to 23 (See Online
Appendix 3: Quality Appraisal).
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Records identified through database searching (n=9,458): Potential studies identified
_5 PubMed (n=2,409) PsycINFO (n=2,683) —— through published reference
= )
& Medline (n=3,056) Scopus (n=45) lists and hand searches (n=5)
= Cochrane (n=189) LILAC (n=112)
c -
ﬁ CINAHL (n-964) *| Duplicates removed (n=1,613)
% luded b | d i
| Screened by title/abstract (n=7,748) Excluded by T: not rel evanl,. |-10t ementia (n:i?.362)
Excluded by T & A: no cognitive outcomes; different
modes in separate arms; secondary analysis (n=289)
g Multimodal Typol
= | Full text articles assessed for eligibility (n=97) |4—- uuuuu ttimadal. i ypolagy
o derived and applied
3]
vy
ol
| Excluded: not multimodal (n=71)
»| Excluded: no subgroup analysis solely on people
L | with dementia and unable to contact author (n=2)
- v
=
5 Articles eligible for data extraction (n=24) f‘b Articles excluded from further analysis
= based on quality appraisal (n=1)
w
A
Articles included in final analysis (n=23) |—— Intervention group studies included in Within
Total of 26 studies in 23 articles: Group Effect Size analysis (n=17)
c
<] .
g *  Group studies (n=21) Minimal Clinically Important Difference (MID)
] * Casestudies (n=5) publishedin [——» analysis:
- 2 papers
*  Group studies included (n=4)
*  (ase studies included (n=3)

Figure |. Flowchart of the searching, screening and selection process.

Data synthesis and analysis

The included studies were found to have one predominant characteristic under which they
could be compiled and synthesised. Ten studies in which the intervention mode was pre-
dominantly cognitive (therapies, stimulation, rehabilitation or training) are presented in
Table 3. Ten further studies in which the intervention was predominantly physical (exercise,
occupation, rehabilitation or nutrition) are presented in Table 4. Finally, two case study
papers (with a total of 5 individual case studies) in which the intervention mode was
personalised treatment in a clinical or research setting are shown in Table 5. Study charac-
teristics included author & year; sample, study design, intervention modes and methods,
setting, study length, frequency and time involved.

Participants and settings. Studies were from Korea (4), USA (4), Italy (3), Spain (3),
Brazil (3), Germany (2), China (1), Portugal (1) and Singapore (1). Participant numbers
in the group studies ranged from 14 (Maci et al., 2012) to 206 (Ibarria et al., 2016), with a
mean of 58, and an age range of 54-93. Two case studies reported on five patients with
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16 Dementia 0(0)

dementia, aged 54-78 (Bredesen et al., 2016a; Prokopov, 2010). Participants totalled 1,178,
of which 388 in six studies lived in long-term care (nursing home or a psychiatric hospital)
and 790 in 16 studies lived at home, attended a day service or were hospitalised for a period
of weeks. Two studies (Onor et al., 2007; Viola et al., 2011) also enlisted the caregivers as
participants during the intervention.

Pharmacology. Some participant groups were on stable doses of memantine, cholinester-
ase inhibitors and/or antidepressants prior to, and during, the studies although no study
declared participants to be drug-naive. Individualised treatment programmes that purported
to address the root cause of the dementia symptoms (Bredesen et al., 2016; Prokopov,
2010) prescribed pharmaceutical adjuncts such as bio-identical hormones to address specific
imbalances.

Study designs. Whilst the methodology was designed to be inclusive of qualitative and
mixed methods studies, all studies meeting the inclusion and quality criteria were quantita-
tive in design, but quite heterogeneous. Whilst all carried out pre—post-tests, only 11 (48%)
were RCTs (Quality Appraisal 84%). A further five were non-randomised (QA 100%)
and seven were quantitative descriptive (QA 100%) (see Quality Appraisal in Online
Appendix 3). Han et al. (2017) was the only double-blind or cross-over trial. Three were
conducted across multiple centres: Graessel et al. (2011) and Oswald, Gunzelmann, and
Ackermann (2007) in German nursing homes, and Serda i Ferrer and del Valle (2014) in
Spanish day hospitals. For characteristics of all studies, see Tables 3 to 5.

Intervention modes and methods. Li and Li (2017) had no cognitive mode, and Prokopov
(2010) and Vicente de Sousa et al. (2017) had neither cognitive nor physical mode, but all
others had both. Only four lacked a psychological, psychosocial, psychomotor, spiritual,
caregiver or support mode. One used oxygen therapy (Prokopov, 2010) and three addressed
diet and nutrition and/or fasting (Bredesen, 2016; Prokopov, 2010; Vicente de Sousa et al.,
2017). Four studies termed ‘multicomponent’ or ‘dual-task’ combined modes simultaneous-
ly and are shown in Table 4 spanning two columns. Methods utilised within the studies
illustrated the creative variability of the main modes. Cognitive mode (Table 3) included
methods such as therapies, stimulation, rehabilitation and training. Physical mode (Table 4)
included methods such as exercise, occupation, rehabilitation and nutrition. Table 5 eluci-
dates multiple methods found in personalised treatment interventions.

Study duration. The length of group intervention ranged from 20 minutes (Yoon et al.,
2013) to 8 hours (Ibarria et al., 2016). The shortest timeframe was three weeks (Vicente de
Sousa et al., 2017), whereas Arkin (2007) continued a facilitated intervention for up to four
years. Personalised N-of-1 treatments were followed-up through clinic visits for 24 months
(Bredesen et al., 2016).

Stage and type of dementia. Seven studies included participants with mild dementia, 11
with mild to moderate, three with mild, moderate or severe and one with moderate to severe.
Twelve studies included participants with AD whilst 10 included unspecified or mixed types
of dementia. A study by La Rue, Felten, and Turkstra (2015) included 8% (N=5) of
participants with MCI. The decision was taken to include this study as >90% of partic-
ipants fit the inclusion criteria.

Outcome measures. For cognitive assessment, multiple tools were utilised. Predominantly,
21 studies used the MMSE (English, Korean and Chinese versions), nine used the Clinical
Dementia Rating (CDR) and fouir used the ADAS-Cog (Cognitive subscale of the
Alzheimer’s Disease Assessment Scale) or ADAS-K (Korean version). Fourteen other
scales were used once or twice (see Table 6 for details). Of the 21 group studies, 17 (81%)



(panunuod)

(sow €) 17<-61 VDOW
JuswaAoadwi 9ARd3[qo Isapow

Quawaoadwi aAn3|gns Jes|D) — gd
(sow 01) 6T<-TT

IS QuswaAoadwil 9An3IgNS — /4
(sow 1) 0001 < HIW ‘0£<-€T

IS QuswaAroadwl 2A1I3IGNS — 94
(sow g dn-mojjo}) pappe
SEM 9IS SSBUISNQ M3U B ‘paJeIOSIA
-ulaJ ssauisng ‘pajjey dul|2ap ‘uswW

1T VOOW 6d
6C ISWK £d
0001< I

0€ ISWI 9d
a|nuadad yipg

(xopu sis
-014203eyd) |4
‘paads 3uissadoud
‘uoiduNy SAINJAXd
‘a3pa|mous]| dnuewWSS
‘|[e34 pakejap

pue aeipawiwl

531 Jnojod doouig
959 3uluJes

61 YOOW 6éd |BQJaA BlUJIOJIRD)
T ISHWNW £Ld UapeaJonaN

0€C=I4dW ¢ JuenbounaN m
€T ASWIN 9d  Sunsey [ea18ojoydAsd

a|nuadtad pug -o4nau aAneIRUenb

‘aui@sAdoowoy ‘sal

-poqnue asepixodad ploJAya
-nue ‘saipoquiue uijnqoj3o.
-Ayp-nue ‘| J-49] pue epd

‘DANAVIH 2|V uiqojdow
-aey ‘ulnsul 8upsey se yons
Sunsan
{(OH ureag) 3unsey [e2180|
-oyoAsdouanau aAneinuenb

OQelal SAISUIIXa

-onoadwi Sunsay [esidojoydAsdoanau gllI-TAD ‘av Aleq dll-L1AD ‘aV Ale3 ‘ueds ]34 DQ4  duluo ‘adkiouss jody ‘ueds (9107) e 3@
aAnenuenb pue aAndsiqns pasiel — 7d dnou3 o.nuod oN :13d 5d4 ud 113d DA4 td VIOW TIW ‘ISWIW  13d DA TN VIO ‘ASWIW vsn uasapa.g
(sanrejwg pue
‘uonedidnued jo sieisswss ‘uoisuayaadwor
sJow Jo 7 Js1e Sujuonouny sARIUS0d ‘uonsjdwo)
pue [eqO|S 4O SIS31 § JO G UO BUIPIP 2un1d1g) Y
JA-U99M19q JUBDIUSIS OU SBM BJdY ] -SIVAMA ‘(uoniudoday ‘A8ojounap jo
‘(20" = d) wweoyudis Ajjeonsnels ISI PIOAA ‘siXeud wsuwiuedsq ‘euoziay
SEM 2OURIBYIP %8 SIYL “ISWIN Y3 [euononaasuo)  jo AusJsAlUN Y1 Jo pesy Aq
uo syujod ¢ ueyl ss3| Jo duIPSP Jo ‘le29y  wexa [esi8ojounau dnsouselp
97e4 [enuue a8esaAe ue pey (G = u) b661-986 | UaAIS J0U san[eA USAIS J0U SoN[eA  3sI PJOAA Adows) Asorewiyuor) “(sanLiejuig
dnou8 QyyaD ays Jo %z AluQ A wouy syuaned ISWIW DD IS DD 3817 PJIOAA ‘sexog jo pue ‘uoisuaya.dwor
10} 0| Pue UA-g 10} O'T UA-T 10} §°T ay paiea.un avyiad avyad  wns ‘JSWIW ‘SutweN ‘uonajdwo)
‘(br =) s4939|dwod uA-| oy s3ulod  jo Sseqerep QvyID (€'9) s'0T Ol (0%) ¥eT oI uolsog wal|-g | 24n121d) Y-SIVAA *4AD BA
6'C dUI29p [enuue ued|y] ‘s4319|dwod ay1 wouy dnoud (F=N) IS (F=N) ISWIW ‘sjewiue A103a1ed0— paulw.ap a3e1s epusWwap
JA-4 31dadxa 534040 |[B 40§ PRJINII0 paydlew e sem qeysy av qeyay av Aouan|4 [eQUSA  ‘MBIAJRIUI [EDIUID PAJNIDNIIS
JSIAIA UO BUIPap [enuue JuedHIUSIS dnou8 uostiedwor :su219|dwon) Jeay | — sa919|dwor) Jeay | puo23s 09) AvyID {(s3s31 /) @VYID ASWIW vsn  (£007) uply
sawomnQ AiAnoe (@s) uesw oo (@s) uesw o> AJowsw ‘uonusne uswies.ay aquds  Auno) Apnig

dnoug josauo)

(@s) uesw o)
(s)ase3-3504

(@s) uesw 5| @ UONDUN) DANNIAXD
suleseg ‘uonduny sARIuSod
3s91-2.4d [eqo|3 ‘saunseaw

Adediye aAnudoD)

-o4d 031 saunsesw
JUBWISSISSE ‘UoIsN|dUl
Apnis Joj asouselp
01 sj001 uonIusoD

"AoBd1))3 — SAWO02IN0 BARIUSOD) *9 d|qel



(penunuod)

‘Butuueid ur Aenonaed ‘suonouny
aAmIUZ0) [eauody Ul Apuedyiudis paua
-siom dnou3 |o.3uod By "uonusne

pue 3uppuanbas uojow ‘uoneziu
-840 ‘uondeAISqe Ul syuswaAosdwi
auedyiudis (100" > d) 3s93qng yd.ess

sweJgoud asp
-J9Xd paJnIdn.is

1591gNg Yd.esg
JoquiAg
9s9] 3umeaq

SN Aal1oADS eRUSWSP
JO UONEDYISSE|D B O}
pasn sem YD ‘Weal paule.an
® AqQ N0 paLLIEd UONEN[BAD
[eo18ojoyd4sdoanau pue
[e21UID B Y4y UonIpa Yyif

JoquiAg pue (100" > d) Auaneg Jo Jejndau Aue ul yrF98 8EF66 20D Aeneg  sUapJosIq [BIUSL JO [enuely
JUBWISSASSY [eIUOI] ‘poliad Sym-9| aedpnaed jou pip [e101 gv4 DD [e101 gv4 ©D JUBWISSISSY [BIUO.I4 |eonsnelg pue onsoudelq
a3 Joye sausned Qy ul uonoduny pue saunno. Ajiep SEFECEl 9EF98 (6TF 061 ©D BII9IIID [BUONEBUIIUI (€107) 'le 3@
9ANIUSOD [BIUOU) UO S103Y)3 d|qeanoAey swes Jidy3 03 1dey| [e303 gv4 D 203 gv4 O] ‘I'PFS6l1 OI) ISWIW 03 3uipaodde Qy jo sisoudeiq |izeag oyjpo)
‘SUIBWIOP AN
-1u30d dy1dads OMI UO PaAIaSqO
SeM BUlPap Y3 Ul uonenuaNE
ue Inq ‘quawieall ySnoayy aroadwi
30U pip uonu3od [eqolD (50'0 > d
Y'v=4'500>d ‘597 =4) 9509
ay1 Aq paJnseaw surewop dydads 159] Suimeaq oD ajeas 8ulAr Ajreq
OM] UO |:D)] JO SIJ2USQ SWOS PaIed €1 F8vI TIF9¥%I  ays pueiss| Adusniy SBNIANDY ZIBY| ‘SI9PJOSI]
-Iput siseue aaereAlun (5070 < 4 ISWW DD ASWW 9D [BGI9A DuBWSg [elolARYRG pUE [BIUS| JO
‘9’1l =4) 9D pue g:9] sdno.s uoniusAR3Ul [A5Y4 I'TF LTI ays Bupnpur Aisxeg uonedyisse|d | [01-ADI uo
pue (500 <d ‘I'| =4) DD pue Jojow oN 9D ASWIW TOI ISWW TOI  Bulusaudg aAUSOD  paseq BRUSWAP Jo sisouselp
|:D] UsaMIBQq SUOIDUN) DARIUSOD B3 Adesaypoisdyd 9’1 FTOT L1 F 18] g ‘ISWIW Aaewud tAueneg 3uiusaung (8007) e 3@
uo syyduRq 3eJIpUl 30U PIP VAONVIW Auo — 7o) ASWI 1:D1 ISWIW 1:D]  — sow g pue suljeseg aAnIug0D Jolg ‘JSWIW |izeag  1139|0j0ISIYD
(§0—) uon
-USAJRIUI BY2 JO SHM (T ISJl 32
J9A0 paulPap $9402s 3y s193(qns ‘93e1s aseasip s|ppiw
dno.g |0.3u0d 10y seadaym ‘(4'0+) -Ajaea 01 Al4es ue 3unedipul
s103[qns dnoug Juswaes.y 4oy usp 0 TsT ol \dd ays uo 97> 4ods
-IAD SBM S3U0DS JS|A||A| Ul SIDUSID) JUBWIBDIL M 0T M Of e {(BUaWap paxiw Jo ‘9qo|
-JIp 2UBDYIUSIS ‘UONUSAISIUI SHM 0T paAejap ‘sswwe.d 9°2) ¥TT OO (z9) 67T ©D [eauo.y “eindseA ‘Apoq Ama
a3 3umoljoy Buluonouny aanuZod -oud [euonednpa (re) vsz ol (5°€) 8¢ Ol "SIM 0F PUE 0T ‘AzZy) enuawap d|qis.iaa (8007) 'Ie 3
paaoadwi pamoys dnous Juswnead) |o2UOd-UonUBNY M 0T auljaseg ‘auljeseqg ‘JSWIN  -2.d1 JO sisouSelp pawyuod) vsn Jauading
sawomnQ Aianoe (@s) uesw o (@s) ueaw o AJowsw ‘uonusne usunes.a) 9quRs  Auno) Apmg

dnou3 jo.auo)

(@s) uesw o)
(s)ase3-350¢

(@s) ueaw o)
suljeseg
[As91-2.d

@ UOIIDUN) DAIINDIXD
‘uonduny aARIUSod
|eqo|8 ‘saunseaw
Aoedye aAnjudon

-24d 03 saunseaw
JUSWISSISSE ‘Uolsn|dul
Apnas Joj asouSelp
01 s|00) uoniugod

‘penunuo) *9 3jqeL



(panunuod)

uswaAosdwi pamoys

s109lqns Jamay Apueoyiudis ‘dnous
Adeaay] >pojy sy ul ‘seadsym
‘ApAndadsad (Sp0 =4 ‘Ge°0 =9z1s
109)9) sa40ds 30D)-SyYQV pue
(€10'=4d ‘L0 = 23215 123443) FSWIA
ul JuswaAoddwi pamoys s1d3lgns

40 %0°0 PU® %€£°8S ‘dnods | 3DIN 32 u|

(69°0=P suayod

2593 71Aav-3 'L9°0=P

s,usyo?) :80D-SyQY) dseasip aedd
-pow o1 pjiw yum (0g = u) sausned
jo dnouqns ay3 ul J93ea.3 SUoM
UOI3UDAIDIUI BY) IO} SBZIS 1099
3yl (05°0=p suayod ‘510"'=4d
Y9 03 L0 1D %56 ‘9°E PIUdI341p
ueaw paisnipe 13591 1QV-3 ‘SH0=P
SUd40D ‘810 =d ¥’ |— 931 0| — ID
%G6 /[ — @OUdI3YIp UeSW paAIsn(pe
:30D-svyqy) swusned |onuod

ay3 ul paseaJdap pey anq dnoud
UOIIUDAJIUI BY Ul B|GEIS PaUIBWI
A|lep JO SS13IARDE INO AJJed

‘poliad swes

ays Jaue (go0" = d) sel

[enp ay3 Sulnp sJo.us Sununod jo
Jaquinu sy pasea.oul pue (|00 = d)
159] SuimeIQ >20[D BY3 Ul SI0DS
ay) paseaJdap dnous |oiuod ay |
‘8upuanbas Jojow pue uoneziuedio

B 9Y3 pue uonduny aAnIUSOD

uones.dal
‘3uisaoAUOD
‘S3SID19X SONSBU

-WA3 ‘soapIA Yajeay

:Adeaay] PO — 1IN

[ensn se juswiead|

ELEF VY I~
80D-svav
LTTFILO

ISIWIA :dnous-uiyum
a8ueyd 99'6 F 14°0T
802-svav

9€'S F 68°0C

ENAIA

0Ll +80¥ 9D
€91 9 Ol

sow |

1S6FS81T
8oD-svav
SLYF810T
ISWW

8% +9°9¢€ OO
S11F9TE Ol
ajedsqns 80D-SyAy

1T PUB 6 0 SPIM
e paJaisiuiwpe
$9.NsesW aWod
-IN0 |[e tuonouny

9ANIUS0D UO 1098
JUDWILDI) PISSISSE

802-SvAV Pue IS

sow 7| pue auljeseg

{(8oD-svay) a[eds

JuawIssassy asessig

sJawRyz|y ayd
Jo a[edsgns aAnuZoD)

"I 40 §°0 J0 (¥ad)

Suney enuswaq [ed1ulD

® pey syuaned |je ‘eliold
AIFWSA Yam pasouseiq

‘uepisAyd Aq
PaWLIUOD ‘JSININ
uo 47> :01-addl 3
8ulpJodde epuswsp
QAneIauadep AJewliyd

(£107) e
©2.0Y| ueH

(1107) e 30

Auew.eny [9ssarID)

sawomnQ

Auanoe
dnou3 jo.auo>

(@s) uesw 5>

(@s) uesw o
(s)3se3-3504

(@s) uesw 5>
(@s) uesw o)
auljaseg
J3s93-34d

Asowsw ‘uonualze
@ UONDUN} DAINDIXD
‘uonduny aAnIUS0d
[eqo|8 ‘saunseaw
Aseoye aAniuso

JUBWIEBRY BqLIDS
-34d 03 saunseaw
JUDWISSASSE ‘Uuoisnpul
Apmis Joj ssoudelp
01 sjoo uonuso>

Anunod) Apmg

‘penunuo) 9 djqer



(panunuod)

Apuedyiudis paroadul seansesw
3AIUS0d ON "JSWIA Y2 40j 20U INq
24025 80~V dY3 0} SIOUIBYIP

dnou-uiyam auedIudis auom aJay |

(£7—£1) saseaJour pue

1J4e1s 9y 3 Jamo) sI dnoud [eausw

-14adxa ‘(9]—|7) awn J4aro sdoup

pue dnoug |o.auod aya ul Jsesud

sI uonouny aARuso) Isar-1sod €7

01 1591-94d 1B /| WOy paseatoul 9|
S Ul 3103S UONdUN SANIUSOD UBIPS}Y

“(s4h £'}L "SA §'£1) 30U PIp OYM
9SOy UBY) J9P|O BJ9M Ssuonduny
2ARIUS0D paureluew oym syudpred
3y ‘dn-mojjo} ow-7 | pue aulaseq
U99MI9Qq $3403s dANIUS0D [eqo|3
paroadwi Jo paureiuew syusned jo
%L Ty "suiod (95°¢) 80D-SyQy pue
(90°7) SN 249Mm sadueyd [enuue
ueaw 3y ‘sdn-moj|o} sow 7| pue
6 1€ pauasiom Apuedpiusis pue sow
9 1589 22 40} (30D-SVAV/ASWIA)
9|qeas A|9ARIuSod paulewa. s3uaney
80D-SVQAV 243 10} T6'EF 170~
SAELEF ¥Y 1 — PUB ISWIN P43 [0}
8/CF €0°0— SNSIRA LTTF 1£°0 sem
1IN SNSJ9A ] D4 USOMIDQ 1093 3
:s9Jnsesaw uonduny 9ARIUS0d [eqo|8
Ul | |4 UBY2 [BIDIJOUSQ SJOW SEM
13D dnouSgns enuswap aya o4

Ajuo paai@das dnoud

uedyiudis

MOYs 20U PIP JSIWIW

Jojesedwod siyy — saJ0ds adueyd
‘lo1auod oqadeld oN 877 d ‘T @4n3i4 ydea

(=) 00'1— 9D

(£-0) 00°€ OI

M-ISWIA :dnoud

uiyam asueyd

(ST-91) 6991

M-ASWIW DD

(6T-L1) £0TT
M-ISWIW DI

S0 >d (35 £9)

6167 sow |

S0 >d

(35 09) 81'£T sow ¢

(35 79) €0'9T sow 9

(35 89") 8F'ST sow ¢

80D-svav

(35 5¢)

$SL1 sow |

(3s ¥€) €981 sow ¢

(3s1€) 6161 sow 9

(35S 0€) 9961 sow ¢
ISWIW

SuonelNsuod
g uoneanpa
uonuaaa.d epuswaq

dnou.3 [o.J3uod oN

(0F) 991 ©2
@pF) vl Ol
ISWW 1LAD ASWIW HI-Svav

sow 9 pue auljaseg

(9751 1T
MASWIW OD
(€T+1) 8LL1

A-ASWIW DI ASWIN U0y

(3s 65) €9'5T
8oD-svav sdn-mojjo sow 7|
(35 €€) 09'61  Pue 6 ‘9 ‘€ ‘ouleseg
ISWIW  80D-SvVAV PUE JSIIW

se QY 9J9A3s 01
a1eJ9pow siSojoanau
® Aq QV jo sisoudeiq

€SI

-3SIIA YaMm asoys asoyd

pue syuedidpaed uo sisaa

uonouny 9ARIUSOd pardNp
-UOD Sy PUE SJaYd.Ieasay

§ 01 o Buideas (s@o)

9[edg uoneJolidleq [eqo|o) ©
pue 7 o1 | jo SuiBeas (4aD)

Suney epuswe [eduD

B YIM ‘enuswWap Jo A11I9AsS
91eJ9pOW O} P|IW ‘elIdILId

(Va@¥av-SasNIN) @y

01 3uipJodde QY 9|qissod

Jo 9|qeqo.d jo sisouseiq

sswonnQ

Aianoe
dnou3 |jo.auo>

(@s) uesw 5O

(@s) uesw o
(s)3se3-3504

(as) uesw 5o AJowsw ‘uonusne

(@s) uesw 9| @ uonduNy SANNIAXD
auljeseg ‘uonouny dARIuSod
Ase1-2.4g [eqo8 ‘saJnsesw

Aseoiye aAniuso

JUBWIEBSAY BQLIDS
-a4d 01 saunseaw
JUBWISSSSE ‘UoISN|dUl
Apnas Joj ssoudelp
01 sjoo1 uoniusoD)

(9107) 'Te 32

220 wry|
(0107) "2 3

€310 Suey
(9107) e 32

uredg BlIIEq|

Anuno) Apmg

‘penunuo) -9 Ijqer



(panunuod)

(10> d) Apues
-yluSis paseaudap ISl JO 240
ueaw ay3 ‘dnousd [o.auo) (10 > d)

40} 77> ‘S3eJd||l 4O} 6| >
:UOIIBONPS 0} Pa1IDII0D
sem juawiedwi aAniuod

SIM 9| Jo3ye dsea.dul uedIUSIS uonusAJUl (8%'5F) s0°€l 9D (ob'vF) 81 9D 404 91035 0-3N3) JSWIA
Aleonsiels e pey |g pue ISWIA O [e1>ads Aue (€0'vF) 00°£1 OI (65'5F) 851 I pue §'0< YQ@D 8uisn (£107)
sa.400s a1 ‘dnoud jeauswiiadxa ayl o4  INOYIM dJed dUNNoY IS IS IS sJaydJeasal Aq pauaaddg BUIYD 17 pue
(S1° < d) (Bug-jom
Jo ‘ssaunyy [edisAyd) uoniusod jo saun
-sesw uo dn-mo||o} puz pue $2.402s
SUI|9SBQ US9MIDQ S9OUSIBYIP JUBD
3is A|eonsnels oN| ‘siA g Ajiesu
e A1]1Iqeas aAne[el — uonjusod Joy
S|9A9| auljaseq Jeau 3ujw.iopiad (sow
0 3Ae) dn-mojjoy pug pa1s|dwod
L=N"(€T1 01 66'0— =12 %56 (6£%) £57TT “(enuawap pjiw) 4
‘leL =4 ‘LT=Jp ‘5€'0=1) 521008 :dn-mojjoy puz £ =N (80%) £5€T 40 (enuawap pjiw AJaA 03
JSIIA Ueaw ul a3ueyd JuedlIU (150 £¥'ST :sdn-moj|o} Juaw.redw aARIUS0d pliw) €
-8is ou sem aJay3 pue yuswaroiduwi :dn-moj|0} 35| £ =N TYMm L=N (sow og) puz ¥ Jo sSunes sgo pue Qyaqv
uiod-| & sem JS|IA @42 ul a3ueyd (paroadwi (sow ||) dn-mojjo4 3|qeqo.ad yum 1U91SISUOD
Jepow ay] (‘sow ||) dn-mojjo} 10 SWeS %|/) (£0°S) 9%'TT S| pue auljaseq e s)nsaJ aJreuuonsand) (5107)
35| ySnoays uonouny sAnuSod ul “(8¥'S) ¥9°7T (sow | |) dn-mojjo4 anav “Y-SIvVAA epuawRQ Jo Qyayv ‘e 3
a|qeas paurewsa. Ajjesauad syuedipn.ed dnoud jonuod oN  :dn-mojjojas| 8Z=N | YIM 8Z=N ISWI ‘avyad ‘ISWIW Jo sisouselp s,ueidisAyg VSN any e
(£0'=d ‘07§ =4) dnos3
dDIW 3y Ul ueys dnoa8 gOW+dIN
a3 ur sow 9 uaye Jamo| Apuesyiusis
sem 2402s 30D-SyQy A uonesnps
pue ‘xas ‘a8e ‘an|eA auljaseq 4o} pa
-asnipe sisAjeue Auepuodas ul sdnoud
OMI 32 U9MIq JaMO| Apued
Judis sem 210ds 30)-SvAY Y3 (86'=4d ‘000=4)
Janemoy dnous 4oy 01 paJedwod (s T Alfenussss) sdnou3 usamiaq (uaAI 10U s2400s 07> JO 2403s IS
dnoug 4D + 3| 242 Ul sow g Janje dDW 2Yy3 JuswaAoadw SN 3593-1504) aulaseq e Aq paulw.a1ap
sswo2nQ AAnoe (@s) uesw 5 (@s) uesw oo AJowsw ‘uonuane jusuneas aquds  Aauno) Apnag

dnou3 jo.auo (@s) uesw o

(s)3se3-350¢4

(@s) ueaw o)
auljeseg
[3sd1-2.4d

@ UONDUN) DAIINDDXD
‘uonouny aARIugod
[eqo|8 ‘saunseaw
Aoeole aaniudon

-34d 03 saunseaw
JUDWISSISSE ‘uoisnpul
Apmis Joj ssouselp
01 sjoo) uoniuso>

‘penunuo) 9 djqer



(penunuod)

O] Jo smeas 9ANIUSod [essusl
oY1 18y 21BdIpUI ‘QUsW.IRdWI/SOURW
-Jopiad 2AnIUS0OD Jo aunseaw [eqo|d
€ 24035 ODSIS 3Y3 PUE ISIWIN 242 Yaog
‘awwresdoud uon
-e2I|IqeyaJ S JO UONEINP 2IOYS 01
anp agAew ‘Aoediye panwi| Ajuo pey
swweudoud [epowninyy Aseuonels
paurewsa. aduewiopad aAnudod —
v pue sdnou3 usamiaq uosiiedwor)
:SYNsal YJOW "$9403s JSIWIN
Ul S9DURBIBYIP OU SH| 79 D) UIIMIA]
uosupdwiod (80 =d :€6£T— =1)
L PUB || USaMI3q punoy
Sem dUaJaYyIp wedYIuBIS 7 "7 pue
0L US9M19q pue | | puE (] USaMISq
JSINIW Ut @duaaayip dnouad uiyaim oN
'sanl|Iqe 9AnIU8od Jo Sujuasiom
® pake|dsip oym sjouauod ui saujod
T'| p343Mmoj osfe JSIWIW °YL 'DD
ays urauiod | paddoup pue o sy ul
aulod | 9504 $2403S gy ‘UONIpUOd
aAniuSod Jisyd Jo Aujiqeas pood
' pa1qiyxa |0d0104d uone|nwns
ay1 01 sow ¢ Joj panwgns siued
-1D1Jed {POAISSQO S49M SIDUBWLIOY
-12d aAniu8od ul sadueyd juedyiudis oN

[ensn se Juawiea.]

uonuIAIUI JO

Wwi.I0) Ou paARdal

dnoug |o.auod

ay3 ur sJoAIZaued
8 pue syuaned g

awoy
18 S3NIAIDE [ensn

(10'6) ££°L1
9D

(ses) 811t
s ueawtl] o)

9LTFSTIT DD
0EY FLEYTOI-TL

10°€FSTITOD
6y FCIECOI—IL

sow /sow ¢ ISIWIW

S0>d9|F
6'9 9D 9v4
F6'6 Ol V4
LTFOLI DD
CEFELI Ol
IS sow €

(9¢79) €5°1T
9D

(09'9) 08'1¢T
s ueaw 9 9|

¢L01 80T 9D

LI'¥1 +8T°0— DI

¢1-01V VAOW

0CC+

000 92 — 0L

SI'YFTI'erOl-0L
ISWIW

6’1 F6/ 9D av4

8CF68 Ol dvd

6TFT8l OO

LTFSLI Ol
ISWIW

3$9] UonddUUOD
JaquinN

VN @3 jo s1s91qng

‘uonduNy dAN
-luo> ssasse

03 uonel|iqeya. Jo
(zZ1) syauow 4 Jaye

pue (01) auaseq
Je paJaisiulwpe
sem (VAOW)
JUBWISSBSSY
epuawWRg
I[e2AO UEIy

BRUSWP Jo

Auaass Buissasse Yyad

‘(uoneonpa pue
a3e 10j p91da.I0d
SanjeA) suonduny

aANdaXd Sulssasse
Ausmeg 1uswssassy

[eauol4 — gv4
ISWIW

B 01 JUSWUSISSE PauIW.IISp

01> 40 Q] < JO 2403S JSWIA

‘Apnas oy u1 uonedidn.ed oy
IS ‘WVAIS 0DSIS ©lIL1Id uolsn|aul 9ARIUS0d ON

VYA4¥av-SADNIN 3y
pue Al-NSQ 3Y2 jo el=d
ay3 03 3uipJodde sasouselq

Qy 91elspol
03 Pl $T—9| 84038
JSINIA ‘BLISIID uoIsSn|dU|
‘av ?|qissod Jo s|qeqoud
10} YA¥Aav-SADNIN
Aq pasodoud
©1493110 dnsoudelp
a1 01 SuipJodde

spew QV jo sisoudeiq
BUSWSp pasoudelp
-uenisAyd
HEEITE]
1o uonesnps AJepuodas
97> ‘uonesnps Asewiad

sswonnQ

AjAnoe
dnou3 jo.auo)

(@s) ueaw 5O

(@s) uesw o
(s)ase3-3504

(@s) uesw 55
(@s) ueaw o)
suljeseg
[3s91-2.4d

Alowaw ‘uopualiie
3 UOIIDUN) SAIINDIXD
‘uonauny aARIUSod
[eqo|8 ‘saJnseawl
Aoeoye aAniudoD

uswWIeR.) QLIS
-34d 03 saunseaw
JUSWISSISSE ‘uoisn|dul
Apnis Joy asoudelp
01 s|003 uoniudod

(£007)

AuewasD  ‘|e 33 pleMsQO
(£007)

Aey| ‘[e 38 JouQ
(z100)

A NLECNRLIN

Anuno) Apmg

‘panunuod *9 Ijqer



(penunuod)

® ‘IS Snaeas aAnjusod

(500" =4d as3. “4@D ‘(eleId AIFNSQ)
S)uBY UOXOD|IAA) #§°Z| PUB 90°9| 1s130joanau Joluas & Aq
AjpAndadsau auam a8.eydsip pue (s'9 @s) vS°LI (09's @s) 9091 pasouselp (a.1aA3s 01 pjiw) (00D
UOISSIWIPE 1B S3102S JS|A||\ UBdW 3y dnoug jo.auod oN a8.ueydsip 38 IS uolssiwpe 3& IS IS Qav 2|qeqo.id yam siusney Aeyy ‘e 10 183ey
'340J9q SYIUOW [BIDASS
asn Aep-sjoym a1 01 pasedwod
‘Aep ® sunoy maj e 1oy pie Suliesy ay
spaau AluQ ueak snoiaaud aya Suiop ‘uoisuaiiadAy
Jo 9|qeded Jou sem ays yaiym ‘urede 9)eJ9powW Jo AJ40ISIY [ed1paw
ouelrd Buiejd uedaq pue 3upjood ased ‘pie Sulieay e Inoyum
pue 3uiddoys pawnsa. 21e3s [E3UBW Jeay J0U p[NOd ‘sadoyd
Ayrjeay J4ay patsrodau A|lenpess SWoy pue SaNIANDE [ensn
jusned sy ) "poow J9119q pue ‘des|s 'S3[21IUSA JO 43y 1onpuod Js8uo| ou pjnod
panoadu ‘sso| 3ySlam 1y3i|s e ‘uon awn|oA padiejus {SUOITBAIIOW/SISDIAIUI JO SSO|
-1u80d pue AJowsw 49139q AIANDE ‘Aydo.re [eon.aod tdas|s Auenb-mo| A3usus
pue A3J4aus pasea.oul pariodau pue jedwedoddy Suioyuow Moy ‘Asowsw uuipep
USNEy ‘PAISA0IDI 91BIS SARIUS0D ‘sadueyd pamoys 800t ajhasay 1A | Inoge .oy sulpPsp
pue [e3uaW 3y ‘A|[enpe.Js) ‘suols aAneIauadsp Aaenagaq ul (1Y) ‘Bulionuow [eausw paJayns tuones
-$9S | H| § 3541} 9Y3 Jse 9|qesdnou ou pamoys SuiBew sdurUOSD. [ed1pawolq -11S9AUl 9]A1s3)1| pue AJo3sly (0102
sem A31[elIA pue poow ul JuswaAosduw| dno.g jo.auod oN 600 114V 9N onsudew ureag Suio3uo ‘YW [ed1pawolq pa|ieIdp ‘Yl uredg Aododjoud
'SSaULISE [eIUSW
pue 8uiag-|jam [ed18ojoydAsd Jo sjpAl|
19y3iy moys 01 pue oji| AepAIsAs sow 7| ‘9
ur Juapuadapul a1ow 3q 01 sIusp ‘uljaseg SdueW.IO)
-1s94 paAlRdJad yeas SuisanN ‘D] aya -19d aAnu30> syusp
ur (3s91 2uamoid) Suipoous d1weuAp -1sa4 uo yeas 3uisanu
SAJOAUI 1B S||jS AJowsw Ul 03 paJaisiuiwpe
JuawaAoIdw JUBDYIUSIS B SEM 43Y | aJreuuonsanb Suneu
(100" =d) Apuesyiusis pareJol [euao3x3 ‘1 g 359
-219p sJaqUIBW D) JO JBY) SEAIIYM 2un1d1d ‘5-NZ ueds swuwe.doud uon
‘a|qeas paurewsaJ syuedidnaed Klows + -1 AZ -BADE 9ARIUZ0D dY1dads
sawo2nQ AuAnoe (@s) uesw oo (@s) uesw o AJowsw ‘uonusie usunes.a) aquds  Anuno) Apnag

dnoug jo.auo>

(@s) uesw o)
(s)asea-1s04

(@s) ueaw o)
auljeseg
JAse1-2.4d

-a2ud 01 saunseaw
JUBWISSaSSE ‘uoisn|dul
Apnis Joj asouelp
01 sjooa uonjudod)

2 UONDUN) DANNIIXD
‘uonouny aAniudod
|eqo| ‘saunsesw
Aoeoiye aAnudo)

‘penunuo) -9 djqer



(penunuod)

84095 JSIWD Y3 ul uswaAosdwi
uiod g0 peIRWIASS UB Yam ‘9]2Ad
puodas ay1 y3noaya paureisns pue

[BUAQNIIA JO 3[243 3541y 3Y3 SuIMO|

-|0} JUBPIAD SEM JS||ND UO dduEBW
-10449d 2ARIUBOD Ul JuBWRAOIdW|
*3|qe1s paurewsad dduew.Iopad es

>{se1-9|3uls se ‘@duew.iopad aAniudod
ul uswaroadwi Aq paIngliauod aq
Aew yoiym ‘ennuswiap Al4ea ul 3upjjem

>sea-[enp ur sauswaAoadwi auedyuSig dno.g [osauod oN|

(100" > d) Aoeded aanjudod

Ul uondnpa. JUBIYIUSIS B MOYS SINSSY dno.g |osauod oN

‘uopnez|[e1dos pue

9uawdojaasp (1OY) swweaSoud ayy
01 Auepuodas 3uijaay dnoud aanisod
‘uone|NWS SNONUNRUOD 03 194
[eIDJ2USQ BY3 9INGLIIUOD SIOYINY

't F 06l
T — [BIAQNIW J33Y
6EFT6l
| = [BUAQNIW o3y

ISWWD

(099 @s) 65°€1

ISWW

31242 M-8 yoea
JO pua ay3 e pue
0. 2e dduew.opad
2ANIUZ0) Jo uone
“N[eAS 10} (ISWIWD)
uoneulwexy 31eg
|B3uUS-1ulLy 9saulyD
paaeplfeA Aj[ed0]

l-WSa
8y FTLI 92 YIIM 9DUBPJIODDE Ul
ISWWD

"el131Id dnsoudelp

[eUOnBUISIUI pJepUER]S

UIIM 9DUBP.IODDE Ul pue

JSIIA 2Y2 JO SIyNsad ays uo

paseq Jauonnoe.d [edlpaw

® Aq pawuyuod A3ojoyred

(89's @s) S9¥1 s jo aess Aue 3e Qv Jo

ISWIW ENAIA

“3si|e>ads

uonesnpa pue 1si3ojoyd
-Asd ‘asanu yeas e Aq usw
-ssasse [eseq ‘sisouSelp Qv
UB Y2IM JUISISUOD SBIpNIS
8uidewrounau pue Jusw
-ssasse [edi8ojoydAsdoinau e
‘sas|eue A1ojeIOQE| BUINO
‘uoneujwexa |es18ojoanau

& YaAIBaued Asewiad ayy pue
juaned sy1 wouy pa1ds||0d
AJ03s1y [ed1paw paamonas

euUswWap AlJes jo sisouselq  aJodeduig

sisougelp |ed13ojoydAsdoanaN

(91027)
‘e 19 Ae.

#100)
3|[eA [P
pue
uiedg  Jadua{ | BpUSg

AjAnoe
dnou3 jo.auo)

sswonnQO

(@s) uesw 5O

(@s) uesw o)
(s)ase3-350¢

(@s) ueaw o AJowsw ‘uonusne

jusuwijeadl aqlids

(@s) uesw 9| x® UOIIDUN) DAIINDIXD -a.4d 01 saunsesw
auijeseg ‘uonduny aARIUSod JUSWISSISSE ‘Uolsn|dul
1se1-24d |eqo|8 ‘saunseaw Apnas Joj asouSelp

Aoedye aAnjudon

01 s|00) uoniugod

Anuno) Apmg

‘penunuo) *9 3jqeL



(panunuod)

‘aourwW.Iopiad [eqOj3 puER UONUANME jJO
s24nseaw 9ANIUS0d dsayy 03 109dsau
Yaim 9|qeas paurewa.d dnous [eausw
-11adxe a3 ul syuened AjesiaAauo)
‘(@duewIopad 9su0M uBBW | HS
QY1 ul sa4ods Jaydy “a°1) 40dsqns
1>IS uonusIE SY) Ul PUE S0

‘(sow ¢ 1se9)

18 J0} sasop dnnadesayy
9|qeas ul supuewWaW
J0/pue sJ03qIyul dseJ)

1S €201 ul aseaudul ‘quedyiudis s0'=d -sauljoyd) Qv -0} uswnea.n
anq 3y3i|s & AQ paaedIpul SeM UdIYym dnou3 uonusaimul (s9) 8'€1 ©D #'s) 971 ©O [ed130j0oew.eyd paepuels
‘aul[29p 2AnIu30d 10} Aduspuan 24MNy 10j ISI| UBAA 6=4d(1'9) 9%| oI #'9) S+1 Ol JUBWOOUOD pUB IS
& pey dnoug jonnuod ayy ul sausned 21Ul Asowaw ayy 84025 [€103 | S 24025 €301 | IS 3y Ul 3IOW JO G| JO I0DS
JeY) pamoys saJ0ds 1591 ul (aulod o1 susia dn-mojjop  |'=d (8'7) +'TT OO (6€) €€ 9D usuwnes.n-1sod ' Y@D 8y ul o] 4o G0 Jo
-pua "sA dulpseq) sduURIRYIP dnoud Ajppuow pim e g =d (g€) §TC DI (67) 9Tz O  pue-aud (1y5) 353l 24095 B 'YAQYWAV-SADNIN (1109
-ulyam Suissa.ppe s1so3 1 ojdwies-pa.ied juanedino paepuelg IS SN 2ARIUS0D) 110YS ‘ISIIA 01 SuipJodde sesoudel |izeag ‘e 39 B|OIA
"OYdSN 2y3 pue DN dys ‘sdno.s
uonuaAJIIUl Y10q Ul sanodoap
10 s[esnja. Aue INOYIIM QUD|[9IXd
sem awuweJdoud uoneljiqeyau
JojowoydAsd sya o1 pue SNO (6%) 00T OO
ays yam aduendwod 3y “(6') 0°0T (#'8) 9°L1 DYdSN "DYdSN 593U
auljaseq wodj sauldap ou Suimoys :skep 08| (sow 9)  jo sI J23udd a.ed Aep Qy ue
dnoug |o.auod sya 01 sauedwod (6') 007 ©D sAep 08| PUe  WO.J SISeq DIUSIUSAUOD & UO
SIYL "0 >d (1°5) £'1— dn-mojo} (99) 0°'81 DYISN 06 ‘173 dn Mmojjog  paNNIdAI D] PUOdIS Y "D
jo Aep y308| aya uo osfe pue (|°€) :skep 0 IS PUB (1dD)  PU® D] 3Y3 01 pa1InIdal S49Mm
T'1— DYJSN 943 Ut PaAISSqO seM (6%) 00T DD (6) 00T DD 1591 SuIme.p 3o [endsoy sneiyaAsd e jo (£100) e 3
24025 ISl BY2 Ul 9seaUd3p SIS adIApE (9'9) 0'81 DYISN (#'S) €61 DUISN  ‘saJods dduew.iopiad juswiedap dLelas ayy BSNOS
e sAep | 03 auljeseq sniels aAnIuSoD 5119191p pJepurl§ :sAep |7 ISWIW JSWIW  Hor0owoydAsd auljeseg wouy gy yum siusneding  [edniiog 9p 2IUIDIA
“((€00'=4d “(1€°0) 06'0+ =3SWIWD
uo 34> [BUAQNIW
10 (3S) 2sDYS0d $129)8 Wopue.)
3243 [BUAANIW Yoe Bumojoy
sawo”nQ Aianoe (@s) uesw 5 (@s) ueaw 5 AJowsw ‘uonuane uswiea.q) aquds  Anuno) Apmg
dnoug jo.auo) (@Qs) uesw o) (Qs) uesw 9| ¥ UONOUN) SAINISXD -a4d 01 saunsesw
(s)asa1-1s04 auljaseg ‘uoouny aANIUSod JUSWISSISSE ‘UoISN|dUl
[3se1-24d [eqo3 ‘saunseaw Apnas Joj asoudelp

Aoeolye aAniudon

01 5|00 uonjusod

‘penunuo) 9 dyqeL



10443 pJepuels :3S {(p

sl 3G, a4aym 1dedxa USAIS) UONBIASP pJepuels :(S 53] SUIUSSIIS SINUIN-/ 1] SN/ ‘PISIASY — 3]ed5 AIOWS| JIS[SUISAA B3 JO 1531gNS AIOWS | [BDI0T "Y-S|WAA 3S3L Subjej-[ied] ] |1 s3]
aAnjuso) 1oy 1] HS auswaredwi/eduewopad aAnuSod Jo aunsesw [8qoj3 e i YdIS 0DSIS ‘UONBIDOSSY SIOPJOosi(] P9IB[eY PUR 3SEISI(] SJ9WIBYZ|y//9504IS PUE SISBISI(] SAREIIUNWWOD)
pue [ed130j0ana Jo 3Mmiasu| [euoneN YAYAVY-SADNIN ‘A1oausau| SuiSy [ed18ojoydAsdoina :|yN BUSWSSasSY BRUSWS(] [[BI9AQ UB|IL (VAOIA USWSSISSY 9ARIUSOD) [B9.43UO}| (Y DO
‘UONBUIWEXT 918IS [BIUS] Ul SYd JO UOISISA UBSIOY| -S| ‘UONBUIWLEXT 18IS [BIUS| Ul TSN Xpul sisolkoodeyd (|41 o[eds Suney enuswa sMel| :SYAIW O[edS SulAr] Ajreq
SINIANDY Z3BY SV O[S UonEIOoLISIS( [BqO|D) SO ‘UORIPT YINO4 ‘SISp.osi [BIUS| JO [eNUE] [edNASNEIS pue dnsoudelq Al-WSA ‘P4emdo] ueds 2u31q 4SQ ‘premdpdeg ueds uSig
:9SQ 59| 8uluJeaT [BqQU9A BIUJOJIERD) i AD ‘UORBUIWIEXT 9IBIS [BIUS|N-IUIL 8S3UIYD JSWIND 358 Suimedq >p0olD 1 gD ‘Suney erRUsWL( [ed1UlD YD 9sessiq Slawiayz|y Joj AnsiSey
® Us1|qeIs3 03 WNNJosuo)) :qyyID ‘A4eneg Suiusaudg aAniudoD) jalig :gSsDg (9[edS JUSWSSISSY 3seasi(] SJaWIBYZ|y JO UOISISA UeaJoy| H-SYAYV ‘(2uswiedwr aAniugod Js1ess s1edipul
$3.09s J4aysiy ‘0 03 ( 98ued SULI0DS) S[BIS JUSWISSISSY SBISI S JSWIBYZ|Y Y3 JO 9[eISqNns 9ANIUSOD) 30D~V ‘BIUSWS(] JO SISPJOSI(] UONEIIUNWWOY) 40 AJanieg BUOZIIY 3Y] D9V

‘paIpnas saJnseaw aya || ul dnous
VD ay2 01 patedwod JuswaAoidwi
auedyiudis pamoys dnous 3y>

Y3 ‘UONUSAINUL SHM-T| 33 JYy
"1593-13s0d pue 3s93-2.4d UsaMIDg

pue ‘dnou8 O 03 patedwod 0SFEY VD
dno.g 3y ays ui duewlIokRd ¥'8F 801 IVD LSWL
Atowsw uo swwesdoud YOFTO— VD
snnadedsyy sy jo s19ye S0F 60— IVD 9sd (usAI 20u
[edyauaq JuBdYIUSIS UM BUaY | TIFTI—- VD 1591-3s0d IS
(50> d) dnou3 3y ays ur Ajpues |o43uod ou 'l F1't— 3vD 45a TIFL8I VD
-jiudis paroudu (s3103s I SN/ 95A @v> 3 vD) a1d-3s0d §1F0813vD A-ISWIN (€107) e 32
45@) @2uew.opad Alowaw SupjIoAA udisap dnoud ¢ dnou8 uiypA IS ‘SIWZ ‘dsa 4sa SFISWIN B2I0Y| uoox
sawomnQ Auanoe (@s) uesw o (a@s) ueaw oo AJowsw ‘uonusne usunes.a) 9quRs  Aunod) Apmg
dnou3 jo.auo) (@s) uesw o (@s) uesw 9| @ UOIIUN} DANNDDXD -o.4d 01 saunsesw
(s)as®1-1s04 auljaseg ‘uoouny dANIUS0d JUBWISSISSE ‘UoISN|dUl
sa1-aud |eqo8 ‘saunseaw Apmas oy asouSelp

Aoediye aAniusor

03 5|00 uoniugoD

‘panunuo) ‘9 3jqer



Chalfont et al. 27

reported pre—post-test scores using the Mini Mental State Examination (MMSE), the
Chinese MMSE or the 7MST (7 Minute Screening Test), and could therefore be included
in an effect size (ES) analysis (Figure 2). Oswald et al. (2007) uniquely included a staff survey
on residents’ cognitive change. In the five case studies only three provided pre—post-test
MMSE or similar which hindered comparison of clinical importance (Figure 4). The case
studies in Bredesen et al. (2016) reported over 10 instruments including magnetic resonance
imaging (MRI) and fluorodeoxyglucose (FDG)-positron emission tomography (PET) scans,
metabolic testing, quantitative neuropsychological testing, genetic testing and a battery of
cognitive tests. Whilst three of these case studies reported pre—post-test MMSE, one (Patient
9) reported the Montreal Cognitive Assessment (MoCA) instead, which substituted for the
MMSE in the ES analysis. Interestingly, all four group studies that showed clinically impor-
tant differences used MMSE exclusively (Figure 3).

Findings

Eighteen group studies or case studies out of a total of 26 (69%) reported either statistically
significant or meaningful within-group improvements in cognition (Baglio et al., 2015;
Bredesen et al., 2016; Burgener, Yang, Gilbert, & Marsh-Yant, 2008; Christofoletti et al.,
2008; Coelho et al., 2013; Han et al., 2017; Kang et al., 2010; Kim et al., 2016; Li & Li, 2017;
Onor et al., 2007; Oswald et al., 2007; Prokopov, 2010; Raggi et al., 2007; Tay, Lim, Chan,
Ali, & Chong, 2016; Yoon et al., 2013). Stability of scores or an attenuation of decline was
reported in six group studies (Arkin, 2007; Graessel et al., 2011; Ibarria et al., 2016; La Rue
et al., 2015; Maci et al., 2012; Viola et al., 2011). Two group studies, Serda i Ferrer and del
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Figure 2. Within group effect size — intervention groups.



28 Dementia 0(0)

Valle (2014) and Vicente de Sousa et al. (2017) reported no cognitive improvement and
continual decline. Cognitive outcomes are summarised in Table 6.

(1) What is the evidence for what works and does not work (the predictors of efficacy)?

The ES of each intervention group was evaluated. Cohen’s ES, d, was used to calculate pre—
post comparisons (Cohen, 1988). In dementia studies the tendency is for cognition in a
control group to decline in the absence of an intervention. Studies that report an ES between
groups at the end of the assessment period may therefore show inflation, in part from the
declining controls, and consequently give a misleading over-estimate of the effect of the
specific treatment or intervention. Therefore, we first chose to examine the within-group ES
(Figure 2) to discern which of the interventions worked, in a calculated score uninflated by
the tendency to deteriorate in the control group. Using accepted criteria (0.2 — small, <0.5 —
medium and <0.8 — large) (Cohen, 1988), this analysis indicated that of the 17 studies
suitable for ES, two studies had a large ES (Christofoletti et al., 2008; Li and Li, 2017),
four had a medium ES (Onor et al., 2007; Raggi et al., 2007; Tay et al., 2016; Yoon et al.,
2013) and five had a small ES (Burgener et al., 2008; Graessel et al., 2011; Han et al., 2017;
Ibarria et al., 2016; La Rue et al., 2015). A further six studies showed a negative ES
reflecting the disease course. Interestingly, one study which reported that, based on conven-
tional inferential testing, ‘global cognition did not improve through treatment’ had the
largest ES (d=0.909) (Christofoletti et al., 2008).

The following four group studies were excluded from this analysis for the following
reasons. Coelho et al. (2013) used the Frontal Assessment Battery (FAB) which was
designed to assess frontal lobe function and to distinguish frontal lobe dementia from
AD (Slachevsky et al., 2004). Kim et al. (2016) provided a graph showing positive mean
score change. Kang et al. (2010) provided median change scores and Baglio et al. (2015)
provided no measures for within-group analysis.

Of equal importance in interpreting change is the minimal clinically important difference
(MCID) (Burback, Molnar, St John, & Man-Son-Hing, 1999), defined as the smallest
change in an outcome that a clinician would identify as important. The ADAS-Cog is a
70-point scale on which lowered scores indicate improvement. A change of 4 points or more
on the ADAS-Cog scale would define a MCID for mild to moderate dementia (Huntley,
Gould, Liu, Smith, & Howard, 2015). Again, looking specifically at the intervention group
data, two studies reported improvement on the ADAS-Cog (Graessel et al., 2011; Han et al.,
2017) but not clinically important.

The MMSE is a 30-point scale on which a higher score indicates improvement and a
change of at least 3 points is considered clinically important in North America (Burback
et al., 1999; Qaseem et al., 2008). To assess studies with the National Institute for Health
and Care Excellence (NICE) guidance in the UK (NICE, 2018) a Minimal Important
Difference (MID) of 1.4 is also evaluated. Accordingly, four group studies (Christofoletti
et al., 2008; Li & Li, 2017; Raggi et al., 2007; Tay et al., 2016) (Figure 3) reported change in
mean MMSE above the NICE threshold of minimal important difference (Figure 3).
However, no intervention group outcomes from the group studies reached an MID of 3
points on the MMSE.

These four, plus two more group studies were identified in the Effect Size analysis
(Figure 2) as having Good or Medium efficacy. Table 7 shows these Top Six studies and
the modes and methods they used.
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Figure 3. Evaluating group study MMSE change according to NICE guidance on MID.

Two case studies (Bredesen et al., 2016) (P6 and P7) reported change in mean MMSE
above the NICE guidance on MID. Both case studies also exceeded a non-UK MID of 3
points. A further case study (Bredesen et al., 2016), Patient 9, reported an MID on the
MoCA which is significantly positively correlated (Stewart, O’Riley, Edelstein, & Gould,
2012) and translatable to the MMSE for comparison (Trzepacz, Hochstetler, Wang,
Walker, & Saykin, 2015). Patient 9 showed clinically important improvement according
to NICE guidance (Figure 4).

Besides the three case studies that used MMSE or MoCA in Figure 4 below, two more
were reported in the included papers (Bredesen et al., 2016; Prokopov, 2010). When pro-
viding personalised N-of-1 treatment, the efficacy of the multimodal interventions was
determined by the clinician through a range of assessment indicators, including MRI,
FDG PET scans, CVLT-IIB and numerous metabolic and neuropsychological tests.
These reported clinically important pre—post-test results for these two patients (Table 8).

These case studies utilised the following modes and methods (Table 9).

(2) Does multimodal matter?

Nine of the 11 studies showing positive cognitive ES (Figure 2) used three modes rather than
two, indicating that more may be better. However, as well as the number of modes, the number
of methods used to carry out the modes is multiple and diverse. For instance, Ibarria et al.
(2016) initiated an Integral Psychostimulation Program (IPP) integrating cognitive, motor and
mood-related rehabilitation and stimulation for cognitive functions. They also used exercise
(active and passive gymnastics, personal & spatial orientation, motor coordination and body
language), music therapy, relaxation, occupational activities to maintain ADLs, expression,
creativity, board games and caregivers involvement. Also, the focus or general character of
the intervention overall (was it largely cognitive or physical?) helped determine the effectiveness
of the cognitive mode. For example, five out of six studies which showed a negative ES were
predominantly physical with other modes in addition. Conversely, 8 of the 11 studies which
showed a positive ES were predominantly cognitive with other modes in addition.

(3) What is the evidence for different groups of people with dementia
(early, mid or late stage)?

Analysis of the cognitive impairment levels of participant groups did not indicate that
interventions necessarily work any better for the least or the most impaired. In the six
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Table 7. Top Six most effective group studies.

Study Modes and Methods

Other Modes Other Methods

Christofoletti Physiotherapy — Individual ses- Occupational Arts & crafts (picture, paint,
etal. sions concentrated on kinesi- therapy draw, embroider) connect
(2008) otherapeutic exercises to Physical educa- motor coordination with
Brazil stimulate strength and bal- tion cognition.

ance. Cognition such as con- Expression Walking, upper & lower limb
centrated attention, Creativity exercises stimulate
recognition, immediate strength, balance, motor
memory, working memory & coordination, agility,
praxis using bars, Bobath balls, flexibility and

elastic ribbons and proprio- aerobic endurance.
ceptive stimulation plates

Li and Li Folk recreational programme Games — upper body physical activities like fishing,
(2017) comprised of: throwing balls, ring toss, number finding, bowl-
China Folk art activities including crafts, ing; Music activities — favourite folk songs;

drawing, decorating and col- Personalized training on daily life activity (ADLs)

ouring which were mainly based on their functional level; Individual activity

about Chinese tales or tradi- programme according to their interest and

tional festivals. preference, like singing practice of favourite
folk songs

Tay et al. Combined cognitive stimulation and physical exercise (1) Light aerobics, resistance,
(2016) programme (MINDVital) on gait performance under range of motion, balance
Singapore single- and dual-task conditions; training

(I Multicomponent physical exercise programme (2) Social and mental activities
(45 min) for spatial and temporal
(2) Cognitive stimulation and rehabilitation (60 min) orientation, language and
(3) Art therapy as part of the cognitive intervention to memory
stimulate cognitive, emotional and interpersonal (3) Expressive techniques, art
skills therapy, non-verbal
(4) Tailored individualized activities delivering person expression
centred care (30 min) (4) Engage in an enjoyable
activity such as iPAD
games, calligraphy.

Yoon et al. Cognitive activity (CA) Memory Cycling w exercise (CAE) received the same inter-
(2013) training included sequential vention as the CA group, with the addition of a
Korea memory recall tasks; cycling exercise during their cognitive activity

Three-back verbal session.
working memory Plus conventional Physical Therapy (PT)

Onor et al. Integrated rehabilitation — Occupational Therapy — Activities stimulating
(2007) programme: Reality implicit memory
Italy Orientation Therapy — Reminiscence Therapy — Activities stimulating the

memory of events
— Caregiver Psychoeducation

Raggi et al. Comprehensive rehabilitation Some patients and carers underwent support
(2007) programme Psychotherapy
Italy MMSE <10: informal and formal Some met one-on-one with an Activity therapist

ROT. MMSE > 10 ROT inte-
grated with daily computer-
ised cognitive training

Mobility deficits were treated with Physical Therapy




Chalfont et al. 31

7 7

3 .
1.4 2
B NICE guidance MID & Non-UK guidance MID & DEB Patient6 1 DEB Patient7 @ DEB Patient9
(DEB: Bredesen, D. E. et al. 2016)

Point Change on MMSE or MoCA
o L] ] (=] o

Figure 4. Evaluating case study MMSE (or MoCA) change according to NICE and non-UK guidance on MID.

papers with the highest ES there was a range of dementia from mild to severe. In fact, the
second best ES was achieved by Li and Li (2017) with a participant group that was 82%
moderate to severe dementia in a nursing home. Arkin (2007) found that most early stage
participants tended to improve or maintain on test scores, but occasionally a person in the
moderate stage did also. Graessel et al. (2011) showed that in nursing homes the ESs for the
intervention were greater in the subgroup of patients (n = 50) with mild to moderate disease.
Raggi et al.’s study (2007) of 30% mild, 40% moderate and 30% severe patients concluded
that subjects in all stages of dementia showed some improvement from attending the treat-
ment programme. Kim et al.’s (2016) study of nursing home residents reported improvement
in moderate to severe AD taking physical exercise (Kohzuki Exercise Program — KEP) along
with a multi-component cognitive programme (MCP), (KEP -+ MCP).

Predictably, Serda i Ferrer and de Valle’s (2014) study reported that the magnitude of the
effects of the programme diminished progressively in relation to the stage of the disease.
Indeed, the most significant and continuous reduction occurred in the dimension of patient
cognitive capacity among day hospital patients with mild (29.69%), moderate (31.25%) or
severe (39.06%) dementia. Hence, the staging of dementia among the participants seemed to
have no direct bearing on the ES of the intervention group, but perhaps had more to do
with the level of optimisation of the intervention for participants in different stages of
dementia. Given the available study data, the potential for different types of dementia
was inconclusive.

(4) What are the strengths and limitations of different study designs
used in testing these outcomes?

The most clinically important cognitive differences were achieved in case study designs.
Meanwhile, 7 out of 11 group studies with positive ES had a randomised design, whereby
the mode was not chosen specifically for the individual but for the cohort generally.
However, this did not prove detrimental to the outcomes, as a personalised approach was
also evident in the most effective group interventions. For example, Christofoletti et al.
(2008), Li and Li (2017), Raggi et al. (2007) and Tay et al. (2016) tailored interventions
or individual sessions to the person with dementia, whilst Burgener et al. (2008), Ibarria
et al. (2016), La Rue et al. (2015) and Onor et al. (2007) added components of caregiver
involvement.

In the design of the sessions (minutes per week, # of sessions), a roughly inverse pattern
could be found between time and effectiveness. The time commitment required of
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Table 8. Case studies — Cognitive assessments showing clinically important differences.

Cognitive
Study efficacy measures Pre-tests Post-tests Outcomes
Bredesen MMSE, MRI, MoCA, FDG P2: FDG PET: P2: FDG P2: Marked subjective and
etal. PET scan, quantitative  Early AD; PET: Early quantitative neuropsycho-
(2016) neuropsychological CVLT-IIB AD; logical testing improve-
USA testing w Neuroquant & 3rd %ile CVLT-IIB ment, decline halted;
Neuroreader, California P6: MMSE 23 84th %ile business reinvigorated, a
Verbal Learning Test, MFI =230 Pé6: MMSE 30 new business site was
Stroop colour test, P7: MMSE 22 MFI > 1000 added (follow-up 24 mos)
immediate and delayed P9: MoCA 19 P7: MMSE 29 Pé: Subjective improvement,
recall, semantic P9: MoCA 21 MMSE 23->30; MFI >1000
knowledge, executive (12 mos)
function, processing P7: Subjective improvement,
speed, MFI MMSE 22->29 (10 mos)
(phagocytosis index) P9: Clear subjective improve-
ment, modest objective
improvement MoCA
19->21 (3 mos)
Prokopoy, MRI, detailed biomedical ~Mrs KG MRI April Improvement in mood and
(2010) history, lifestyle investi- Brain magnetic 2009 vitality was noticeable after
Spain gation; suffered mental resonance showed no the first 5 IHT sessions.
decline for about | yr; imaging (MRI) degenera- Gradually, the mental and
declining memory, low February tive cognitive state recovered.
energy, low-quality 2008: hippo- changes. Patient reported increased
sleep; loss of interests/ campal and energy and activity, better

motivations; could no
longer conduct her
usual activities and
home chores; could not
hear without a hearing
aid; past medical history
of moderate
hypertension.

cortical atro-
phy, enlarged
ventricular
volume

memory and cognition, a
slight weight loss,
improved sleep, and better
mood. The patient gradu-
ally recovered her healthy
mental state; resumed
shopping and cooking and
began playing piano again,
which she was not capable
of doing the previous year.
Only needs the hearing aid
for a few hours a day,
compared to the whole-
day use several

months before.

participants in the six most effective studies was 24 weeks or less. Some studies requiring a
greater time commitment were less effective. For example, Graessel et al. (2011) had the
most sessions (288), Oswald et al. (2007) had the most weeks (52) and Ibarria et al. (2016)
had the greatest total time commitment of 979 hours (approximated, see Table 3). Because
of the nature of a cross-over trial, the length of wash-out period and the relatively short



Chalfont et al.

33

Table 9. Case studies — Modes and methods.

Personalised treatment

Study intervention Other Modes Methods
Bredesen MEND Protocol — Nutrition (diet, Sleep Sleep hygiene, stress reduc-
et al. vitamins, supplementation, Stress tion, aerobics, strength
(2016) herbs, antioxidants) Exercise training, brain training,
USA Fasting Brain stimulation hormone therapy, intrana-
Responsive to suboptimal meta- Hormones sal vasoactive intestinal
bolic parameters; continued Gl health peptide (VIP), address
optimization, iterative Detoxification heavy metal toxicity
treatment and metabolic
characterization
Prokopov Repeated sessions of Intermittent Nutritional Advised to eat a low-glycae-
(2010) Hypoxic Training (IHT) Patients adjustment mic-index, low carbohy-
Spain comfortably relax in a recliner, Individualized drate, ketogenic diet,
their cells and mitochondria vitamins, enriched with animal pro-
go through multiple oscilla- amino acids, teins & omega-3 fatty acids.
tions of pO2. Intermittent microele- Advised on fasting protocol:
oxygen restriction (IOR) is a ments and limit food intake to within

universal stimulus rapidly trig-
gering multiple compensatory
strategies that support

supplementa-
tion
Fasting

6—7 h window to extend
physiological night fasting
time to 18 h

genome integrity.

intervention time of eight weeks in Han et al. (2017) they acknowledged that these may have
limited the effect of the Multimodal Cognitive Enhancement Therapy (MCET). Since they
achieved a small ES for the dementia subgroup, perhaps the overall ES was only hindered by
the study duration, and that a longer study might have been more efficacious.

Analysis of the settings found that three of the top four most effective studies were
carried out in nursing homes or a long-term care hospital, whereas 83% of the studies
with a negative ES were carried out in a day care, day hospital, university facility or research
centre with people who attended for sessions but lived at home. One further point about
study design, Serda i Ferrer and de Valle’s (2014) study suggested a mixed method design
may be more appropriate for older participants lacking high levels of literacy.

(5) What are the strengths and limitations of outcome measures?

Choice of outcome measures varied across studies (see Table 1) which possibly facilitated
statistically significant findings. Also, some screening tests, such as the MMSE have well-
reported weaknesses (Stewart et al., 2012; Verma et al., 2015). However, there was a value to
using well-recognised instruments as it facilitated at least some quantitative analyses
(Figures 2 to 4). The studies were largely heterogeneous and the requirements for individual
studies varied depending on the intervention tested. Therefore, conclusions on the relative
merits of different measures were not possible and further work is needed specific to mul-
tifactorial studies.
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(6) What is the evidence for theory on the likely process of change
for each mode of intervention?

Of the 10 modes utilised in the studies, other than those modes highlighted in the
Introduction (i.e. exercise, especially high-intensity exercise, CS and nutrition), evidence is
lacking for primary studies correlating efficacy of these various modes to improved cogni-
tion for people with dementia. However, Alzheimer’s disease has been shown to involve
multiple pathophysiological factors for which physical, mental activities and exercises nor-
malise and regulate cerebral blood flow (CBF) (Aliev et al., 2013) and promote the produc-
tion of brain derived neurotrophic factor (BDNF) which correlates with neuroplasticity in
the hippocampus (Colcombe et al., 2006; Erickson et al., 2011). Aerobic exercise in partic-
ular is associated with increased neurogenesis and angiogenesis, as well as the production of
BDNF and other growth factors involved in neuroprotection such as the promotion of cell
survival, neurite outgrowth and synaptic plasticity (Cramer et al., 2011) and protecting
deoxyribonucleic acid (DNA) from oxidative damage and rejuvenating the mitochondria
(Garatachea et al., 2015). Cognitive activity has increased neuronal plasticity and cognitive
reserve, a lack of which hastens cognitive decline in dementia (Panerai, 2016). ‘The changes
we saw in fMRI support the notion that even the AD brain still has plasticity resources and
can react to positive environmental stimuli,” said Baglio et al. (2015).

Stress relief, meditation and relaxation lowered cortisol, decreased inflammation and
increased BDNF. The effect of meditation caused significant changes in CBF (Khalsa,
Amen, Hanks, Money, & Newberg, 2009). Neurotoxins such as heavy metals and mould
have been associated with cognitive decline and subsequently removed through detoxifica-
tion with for instance sauna or chelation (Bredesen, 2016; Shoemaker & House, 2006).
Hormone balancing optimises thyroid function and regulates sex hormones. Sleep disturban-
ces and disorders may disrupt neuronal pathways, impair working memory, lead to cogni-
tive impairment and are a significant risk factor for dementia (Miller, 2015).

Because DNA methylation, histone modifications, and microRNAs are the principal
epigenetic mechanisms involved in AD pathophysiology, some argue that nutrition can
prevent the onset of dementia and attenuate cognitive decline, especially if combined with
brain exercise and physical training (Athanasopoulos et al., 2016). Dietary factors can com-
plement the action of exercise at the cellular level of energy metabolism and synaptic plas-
ticity (Gomez-Pinilla, 2011). Given the growing evidence base on the process of change for
the above interventions, multimodal approaches that target several dysfunctions simulta-
neously, and that emphasize nutritional, botanical and stimulatory therapies may offer the
most benefit (Wollen, 2010).

(7) What are the strengths and limitations of different evaluation tools used
to assess the effectiveness of MNPIs on improving cognitive functioning?

In Kim et al. (2016), nursing home participants with moderate-severe AD did not improve
significantly after six months in the KEP + MCP group compared to the MCP group on the
MMSE and CDT. However, the ADAS-Cog score showed significant improvement at the
same time point, which may relate to its greater sensitivity to detect change. The MMSE is
widely criticised for this relative lack of ability. Indeed, Ibarria et al. (2016) also reported
cognition as stable on the MMSE but slightly declined on the ADAS-Cog. Two studies used
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the FAB (possible score 18, higher indicates improvement). With so much heterogeneity
among the studies the strengths and limitations of different tools are unclear.

(8) What is the effectiveness of different modes of delivery on the effectiveness of
MNPIs for improving cognitive functioning for people with a diagnosis of dementia?

Different modes may take more time to register an effect than others. For example, Vicente
de Sousa et al. (2017) investigated a nutritional supplementation psychomotor rehabilitation
programme (NSPRG) lasting 21 days. But cognitive benefit might require a longer inter-
vention, as evidenced by the improved test scores found in 91% (N =?) of analysed studies
in this review, all of which exceeded 21 days. Some of the most effective group studies
included individualised aspects to their interventions.

Christofoletti et al. (2008) (d=0.909) provided tailored physiotherapeutic sessions con-
centrating on specific kinesiotherapeutic exercises that stimulated strength, balance and
cognition. This study observed an attenuation of cognitive decline, in particular verbal
fluency and executive function. Li and Li (2017) (d=0.497) provided 30-minute individual
sessions twice a week according to their likes and preference, such as singing practice of
favourite folk songs. Tay et al. (2016) (d=0.457) gave tailored individualised 30-minute
activities. A further personalised approach was found in Raggi et al. (2007) (d=0.245)
which illustrated a comprehensive rehabilitation programme in a specialised hospital unit.
Although the study lasted 17 months overall, the mean stay in the hospital was only 26 days,
beginning with a thorough investigation including neurological examination and laboratory
analyses to inform each person’s integrated, supportive and individualised treatment.

In summary, this review found multimodal intervention research predominantly in Spain,
Portugal, USA, Italy and Asia. Group studies commonly utilised 2—-3 modes and occurred in
long-term care, day care, clinic, hospital, university facilities or in the community. A very
small number of case studies were found, utilising up to nine modes. Study duration varied
from three weeks to four years and sessions lasted from 20 minutes to 8 hours. Time com-
mitment required of participants in the six most effective studies was 24 weeks or less.
People with all stages of dementia participated and studies occasionally involved caregivers.

Discussion and implications

The results of this review have important implications for dementia treatments, as 92% (24/
26) of included studies demonstrated statistical improvement, stability or attenuation of
decline. Studies that personalised the multimodal approach by identifying individual
needs of participants or patients and tailoring interventions accordingly, resulted in the
greatest ESs. These findings should encourage extensive research of complex multimodal
interventions for dementia, including cognitive, physical or psychological therapies along-
side novel ones such as brain stimulation (Raggi, Tasca, & Ferri, 2017), oxygen therapy,
detoxification, stress reduction, sleep hygiene, hormonal health, fasting and nutrition. Some
considerations have emerged:

Length of study. A multimodal or ‘complex’ intervention contains interacting components
requiring specific design guidance (Craig et al., 2013). One difficulty in designing multimodal
interventions is accounting for the varying timeframes within which different effects may
impact individuals. Because the shortest study (Vicente) had one of the smallest ESs and
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four of the longest studies showed maintenance of cognition, we investigated whether study
length was an indicator of ES. We found that the length of intervention was not an indicator
of effectiveness as evidenced by the results of Raggi, Han, Tay, Li and Li and Kang, all of
which lasted four months of less. As Vicente was predominantly a nutritional intervention,
which also assessed the effect on cognition, it is not surprising that a short study length
would have proved unproductive cognitively. Similarly, in the case of Onor et al. (2007),
there was a ‘lack of improvement of cognitive function ... probably due to the short dura-
tion of the rehabilitation program’ (p. 268).

Effect size versus benefit. Reviewing multimodal studies by looking at a measurable gain in
only one mode such as cognition, can lead to erroneous assumptions about the success of the
research and indeed the benefits of the intervention for the participants with dementia. An
example of this is Arkin’s study (2007), which scored lowest on ES of the intervention groups.
In spite of this, maintenance of function, or improvement on several discourse measures, was
achieved by the programme’s 11 first-year participants. This study was also successful in
reducing the annual rate of decline between 3rd and 4th year to just 1 point, which was
significantly less than the CERAD comparator group. Therefore, a small amount of decline
can be a benefit when compared to rapid decline in the untreated population.

Holistic approach. Since dementia is multifactorial in terms of the numerous risk factors
involved, then a holistic approach to treatment would perhaps stand the best chance of
addressing a range of symptoms. This is the premise for multimodal interventions, at least as
they are currently designed, which cannot be unpacked to determine which element helped
to delay or reverse cognitive decline. Positive emotions, enjoyment, creativity, belief, even
spirituality can contribute to cognition as much as exercise and diet for example. Onor et al.
(2007) reported that socialization itself can lead to improvements, and ‘programs that take a
more holistic approach to the individual are more effective than those focusing on cognitive
rehabilitation alone’ (p. 270). Maci et al. (2012) echoed this with their integrated approach
of CS, physical activity and socialisation to slow down affective decline and reduce
carer burden.

Assessment tools. Judging from the multiple tools that have been reported one might
jump to the conclusion that many tests are administered in hopes of finding positive out-
comes to report. However, multimodal studies require numerous tests — a complete battery
for each mode. This enables more insight into the various ways the intervention might be
helping to improve cognition. But testing can also contribute to participant burden and
might even encourage drop-outs. There is thus a pressing need in multimodal research to
analyse the strengths and limitations of different evaluation tools.

Recently, Webster et al. (2017) found that cognitive measures such as the MMSE can be
distressing and demoralising for people with dementia and their carers who preferred that
cognition should be taken in context of previous ability. It was felt that ‘a larger package of
specific measures would give a holistic view of an individual and include more detail’ (p. 13)
and that timed measures which estimate cognitive processing speed should be considered,
along with the recommended validated measures of MMSE and ADAS-Cog. In keeping
with this, studies reported a range of testing including CSF biomarkers, blood work, met-
abolic analysis as well as in-depth narrative assessment. One paper (Oswald et al., 2007)
included data from another informant, a questionnaire for nursing staff on the changes in
cognitive and functional ability of residents.

For future studies the use of a range of testing relevant to the population sample
is recommended, as well as a standardised, free and widely available instrument for
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pre—post-test assessment. For instance, the CDR global score has been recommended as a
staging or impression of change outcome measure in future studies (Webster et al., 2017).
The Short Cognitive Test (SKT) has also been known to be ‘more sensitive to subtle
changes’ than the MMSE as it is a ‘more comprehensive cognitive assessment battery and
takes account processing speed and response accuracy’ (Viola et al., 2011).

Study design — Pharmacology and the Naturalistic. Although this review searched for,
selected and focused on non-pharmacological approaches, the advent of disease-modifying
drug treatments is near for preclinical and prodromal stages as disease models improve their
ability to predict the likely course of dementia (Ritchie et al., 2017). Drug-naive patients
with a diagnosis of dementia are practically non-existent as this review discovered.
Therefore, the opportunity arises for collaborative interventions that combine and integrate
pharmacology with non-pharmacological treatments as shown in Ibarria et al. (2016). So-
called ‘naturalistic’ studies, which follow a group of patients in an outpatient clinic over
many months are relevant and informative to clinical practice. Bragin et al. (2012) showed
arrest in cognitive decline for 60 months for patients with depression, dementia, physical
disability and medical illnesses. Patients were treated with a multimodal intervention specific
to their needs, including anti-depressants, cholinesterase inhibitors, N-methyl-D-aspartate
(NMDA) receptor antagonists, vitamins and supplements as well as physical and cognitive
exercises. This example strengthens the evidence base, informs clinical practice and is rele-
vant to people living with dementia who (1) would routinely be prescribed a dementia drug,
and (2) often have comorbidities. Such a patient consequently may benefit from a combined,
integrative treatment model, as Bragin et al. (2012) aptly demonstrated.

Terminology. Because innumerable descriptive terms for utilising more than one mode
pervaded the intervention literature, an added benefit of this review was to develop the
typology described herein. The Typology of Modes and Methods for Dementia
Interventions (Online Appendix 2) organises them into a comprehensive and logical struc-
ture. This typology enables a systematic evaluation of where a study sits relevant to the
extant literature. It also facilitates multidisciplinary comparison of studies as different fields
have their own ways of describing modes of interventions. This typology can help to classify
research involving multimodal, multicomponent, dual-task, integrative, combined or com-
plex interventions.

Involving people with dementia. There are opportunities in research design and implemen-
tation to include participants in a meaningful way. Perhaps one of the reasons why N-of-1
interventions worked so well is the involvement of the patient, particularly by helping to
formulate and then agree the treatment approach with the practitioner or researcher. This
goes beyond mere consent to participate and freedom to withdraw. This is about collabo-
rative engagement — co-ownership throughout the process. Another paper by Tay et al.
(2016) went into more depth about their goal-oriented approach (Chew, Chong, Fong, &
Tay, 2015). Cognition goals as well as goals to improve engagement and socialization;
reduce caregiver stress; and improve physical function, behaviour and mood were set and
61.8% of participants met them.

Diversity of needs. Groups are complicated by the diversity of needs within them. Serda i
Ferrer and del Valle (2014) found, on the one hand, that advanced age, diverse symptoms,
the stage of the disease and the impracticalities of working with a group led to significant
and continuous reduction in patient cognitive status. On the other hand, they noted that the
improvement in QoL was ‘decisive and groundbreaking’, suggesting that ‘psychological
factors may have helped mediate the relationship between exercise and QoL’ (p. 197).
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Personalised approach. It is a commonly held belief across the lay population and main-
stream media that no disease-modifying treatments for dementia exist (Webster et al., 2017).
We have now shown that optimised and targeted interventions can help to address the
underlying causes of cognitive decline. The role of neurotoxins, nutritional deficiencies,
inflammation and the gut microbiome in neurodegenerative disease (Bland, 2016) can
lead to a personalised care plan and enhanced precision of treatment decisions (Galvin,
2017). Moreover, a person’s dementia has a unique etiology which must be understood
individually to develop personalized treatment (Pomorska & Ockene, 2017). Likewise,
effort must also be taken to add some component of support for individuals in research
studies. Should personalised treatments for individuals become more widespread, the learn-
ing and application can benefit research as well as patients and residents in long term care
(Bodai et al., 2018).

Limitations

The wide diversity of nomenclature in multimodal studies means our search strategy may
not be as comprehensive or successful as intended. Interventions not described in-depth may
have led to erroneous categorisation. Decisions about which assessment measures to include
in order to maintain consistency but also to include as many studies as possible may have
weakened our conclusions. Lack of response from some authors meant we had to omit some
studies from the computational analyses.

Conclusion

Overall, there is some evidence that MNPIs can improve cognitive function in adults with a
primary diagnosis of dementia by addressing multiple modifiable risk factors currently
understood to contribute towards cognitive decline. In cases where cognitive outcomes
were improved, the following seven research components tended to be in place:

1. At least three modes were utilised and the methods for implementing the modes were
multiple and diverse;

2. The general character or focus of the intervention was on cognitive therapies, stimulation,
training or rehabilitation, augmented with other modes such as physical, psychosocial,
nutritional, etc.;

3. A personalised one-to-one interaction specific to each individual was included which
involved engagement, investigation and assessment helping to focus or fine-tune their
intervention;

4. Social, logistical or practical support involved caregivers or students, or a general wid-
ening of social networks;

5. The degree of a person’s cognitive impairment was not seen as an impediment to inter-
vention but rather was optimised for those with moderate to severe impairment to max-
imise potential benefits;

6. Study design and outcome measures allowed for the generation of measurable improve-
ment and the timely and meaningful data capture of the results;

7. Interventions leveraged recent advances in our understanding of the underlying causes of
dementia and ways to disrupt these neurodegenerative mechanisms through nutrition,
fasting, oxygen therapies, stress reduction, sleep hygiene and so on.
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The aim of this review was to determine the effectiveness of MNPIs for improving cog-
nition in people with a dementia diagnosis. As research increases in this area, healthcare
practitioners will be more able to treat people with cognitive impairment in ways that help to
reduce the symptoms and slow the decline by addressing the underlying causes of dementia.
Health and social care providers need to be better informed about lifestyle medicine as an
adjunct to existing pharmacotherapies in order to improve choices for their patients and
service users. It is socially and economically imperative that practice does not fall behind
emerging evidence. Current relevant findings on effective treatments may empower
and encourage people with dementia and their carers towards personal health through
self-care, whilst directing and stimulating research that continually improves clinical under-
standing and therefore patient outcomes.
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