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Abstract

Aspalathus linearigrooibos) is a widelyavailable natural plant, historically used in

traditional indigenous South African medicines. Studies have shown that the biomedical
properties of rooibos reduce oxidative stress (OS) and inflammation associated with
cardiovascular@VD) and Alzheimer's disease (AD) and may have neuroprotective effects.
However, to our knowledge, no studies have explored rooibos' potential therapeutic or
protective effects on cognition and mood in human samples. Thus, this study implemented a
randomigd placebecontrolled trial to investigate the effects of@2eks Fermented Rooibos
(FR) and Green Rooibos (GR) consumption on cognition and mood in a sample of South
African adults at risk for CVD. Participanfld = 235) were randomly assigneddonsume

FR, GR, or placebo capsules. Pre and-pustvention measures assessed critical cognitive
domains, including attention, working and episodic memory, executive functioning, and
mental generativity/fluency. Additionally, this study evaluated ematicegulation via heart

rate variability (HRV) and selfeported symptoms of anxiety and depression. Results
indicated no significant effect of FR or GR on cognition and mpaedQ.05). Given the
literature's indication that rooibos modulates OS andnmihation implicated in adverse
cognitive and affective outcomes, this research emphasises the need for further investigation.

Keywords:Aspalathus linearisrooibos, cognition, mood, oxidative stress, cardiovascular

di sease, Al zhei mer 6s di sease



Aspalathus linearigrooibos) is an indigenous South African fynbos, most often
cultivated to produce "rooibos tea" (Joubert & de Beer, 2011; Marnewick et al., 2011; van
Wyk, 2008; Villafio et al., 2010). For centuries rooibos has been used in traditidnal a
indigenous South African medicines (Mahomoodally, 2013; van Wyk, 2008). Numerous
studies report that the biomedical properties of rooibos reduce oxidative stress (OS) and
inflammation associated with degenerative, neuropsychological, and cardiovdsrdaes
(CVD) (Marnewick et al., 2011; Pyrzanowska et al., 2019; Salim, 2017). These non
communicable diseases disproportionately affect low and middéene countries (LAMIC)
such as South Africa (RSA) (Beaglehole & Bonita, 2008; Kobayashi et al., WH®),

2015). Given the consistent link between brain and heart health, rooibos may have a potential
therapeutic or protective effect on the neuropathology of CVD and Alzheimer's Disease

(AD), with implications for cognition and mood (Bouayed et al., 2088ydych, 2019;

Sindhu et al., 2022; Toledo et al., 2019).

Biochemical and Medicinal Properties of Rooibos

Rooibos is naturally caffeirieee and rich in minerals. It contains rare polyphenolic
compounds, namely, the@ucoside dihydrochalcones, Nothofagin (Not) and Aspalathin
(Asp), which are unique to rooibos (Mahomoodally, 2013; Villafio et al., 2010). 6oalbo
contains flavones (luteolin, orientin, isovitexin, vitexin) and flavonols (quercetin and rutin)
but does not contain catechins and is low in tannins (Bramati et al., 2003; Marnewick et al.,
2011; Pyrzanowska et al., 2018ppalathus lineariss either left unfermented as green
rooibos (GR) or fermented (fermented rooibos (FR)) to produce infusions and extracts
(Villafio et al., 2010). FR contains lower levels of Not and Asp and a significantly lower total
antioxidant capacity (TAC) than GR due tonfentationinduced phenolic oxidation (Joubert
& de Beer, 2011; Joubert et al., 2004, Villafio et al., 2010).

Evidence from animal and human studies illustrates the cardioprotective (Dludla et
al., 2014; Marnewick et al., 2011), hepatoprotective (Marneeiiek., 2003; Ulicna et al.,
2003), antihypertensive (Ajuwon et al., 2015), amutagenic (Marnewick et al., 2009), and
anti-diabetic (Kawano et al., 2009; Mazibuko et al., 2015; Muller et al., 20&8)cal effects
of properties of rooibos. Rooibos malgo modulate the immune system, adrenal
steroidogenesis, and lipid metabolism (Smith & Swart, 2018).

Anti -inflammatory and Antioxidative Effects

Most literature suggests a linkage between the medicinal properties of rooibos and its

antioxidative and @ti-inflammatory mechanisms, which protect against damage associated

with OS and inflammation (Crichton et al., 2013; Marnewick et al., 2011; Pyrzanowska et al.,



2019). Acute inflammation is a healthy immune response to tissue damage, stress, and
infection, which helps maintain homeostasis in the human body (Gronert, 2010). However,
unresolved systematic inflammation can cause tissue and neuronal damage and death and
increase reactive oxygen species (ROS) production (Hiles et al., 2015; Walker et al., 2019)
At low levels, ROS regulates important cell activities related to growth and adaptation; at
high levels, it leads to OS (Nita & Grzybowski, 2016; Uttara et al., 2009). OS refers to an
imbalance between ROS production and antioxidant defences wheretarstsyproteins,

and DNA within the body's cells are damaged by a buyplaf atomically unstable ROS
molecules (Perkins et al., 1999; Toledo et al., 2019). Studies have shown that rooibos inhibits
the activity of enzymes involved in ROS production bgnstating the expression of catalase
(CAT) and superoxide dismutase (SOD), catalysts for antioxidant activities (Hong et al.,
2014; Waisundara & Hoon, 2015).

OS and inflammation are involved in the pathology of CVD and its risk factors
(Dludla et al., 2014Marnewick et al., 2011); diabetes (Kealy et al., 2020); metabolic
syndrome (Pyrzanowska et al., 2019); atherosclerosis (Roberts & Sindhu, 2009);
hypertension (Kaliora & Dedoussis, 2007); and chronic liver disease (Ajuwon et al., 2015).
Studies in healthjljuman subjects and animals report that rooibos reduces thelaigel
accumulation of lipid peroxidation (Ajuwon et al., 2015; Joubert & de Beer, 2011,
Mahomoodally, 2013). Marnewick and colleagues (2011) findings demonstrate similar
beneficial effectsn adults at risk for CVD. This study reported thatéeks FR consumption
(6 cups per day) improved serum lipid profiles and redox statuses by increasing glutathione
(GSH) levels, GSH: GSSG ratios, and reducing lipid peroxidation, indicators of OS
(Marnewrtk et al., 2011). Furthermore, reductions in ROS levels and-f@Giliced ROS
production due to Asp contained in rooibos and correlations between FR consumption and
lowered total cholesterol, LDL cholesterol, and triacylglycerols have been reported
(Betteridge, 2000; Marnewick et al., 2011; Perkins et al., 1999; Smith & Swart, 2018).

Very few studiediavedirectly examined rooibos' artiffammatory capacity.

However, there is evidence that its consumption suppresses vascular inflammation in animals
(Ajuwon et al.,2015) and in human subjectseduces higfsensitive Greactive proteins (ks

CRPs), which are inflammatory markers (Ajuwon et al., 2015; Joubert & de Beer, 2011).
Oxidative Stress and Inflammatory Processes: Cognitive and Affectiv@utcomes

Given the overlap in risk factors for CVD and AD, a recent interest in the
neuroprotective effects of dietary antioxidants such as rooibos has emerged (Sindhu et al.,
2022; Smith & Swart, 2018; Toledo et al., 2019). CVD and its risk factorsnéeslito



cognitive impairments, increased psychological stress, and symptoms of anxiety and
depression (Hajjar et al., 2018; Holt et al., 2013; Smith & Swart, 2018; Toledo et al., 2019).
Moreover, research indicates that systematic inflammation and niéammmation may,
directly and indirectly, affect brain function via changes in cardiovascular function (Salim,
2017; Tangestani Fard & Stough, 2019).

OS and inflammation are widely observed in the neuropathology of
neurodegenerative disorders such as ABinbinjuries, ischemic strokes and agéated
cognitive decline (Akinrinmade et al., 2017; Hajjar et al., 2018; Tangestani Fard & Stough,
2019). In particular, ageelated decline in executive functioning in healthy humans and
animals is correlated withedreased GSH levels and increased lipid peroxidation, linked to
OS and oxidative damage (Drége & Schipper, 2007; Pesce et al., 2018; Pyrzanowska et al.,
2019). Studies have reported that FR tea infusions led to significartdiongpatial
memory improverants in healthy rats (Pyrzanowska et al., 2019) and have provided
preliminary evidence for its neuroprotective
(Akinrinmade et al., 2017).

Many of the biomarkers underlying cognitive decline, depression, anxiety and
psychological stress, such as the insulin receptor signalling pathwayisthessd HPA
axis alterations, and high levels of circulating cortisol; overlap with the pathology of CVD
and AD (Droge & Schipper, 2007; Smith & Swart, 2018; Strawbridge €tCl7). Negative
attentional biases, psychological stress, symptoms of anxiety, depression, and ADHD are all
associated with defective antioxidant defences and are suggested to hauectibnal
relationship with increased OS and inflammation (Anaral.e2017; Holt et al., 2013;
Maydych, 2019; Smith & Swart, 2018; Zainal & Newman, 2021).

Research suggests that higher levels of OS anthflabsnmatory peripheral cytokines
disrupt the antioxidarbxidant balance in the bra{Salim, 2017; Sindhu et.ak022; Toledo
et al., 2019 This disruption and resultant neuroinflammation may alter neuronal functioning
and promote neurodegeneration, cognitive decline, and adverse affective outcomes in healthy
human subjects (Huang et al., 2019; Hulbert et ali7,28chiavone et al., 2013).

Increases in strial dopamine, related to emotional regulation and pleasure responses,
and el evations i n t au-amino acidwhch mdy snodulate chrenicr opr o
stress, have been reported following FR treatmeanimal models (Pyrzanowska et al.,
2019; Schaffer & Kim, 2018; W& Prentice 2010). More recently, Lopez and colleagues
(2022) found that GR had a more significant-amxiolytic effect than diazepam in zebrafish
larvae. This study suggested that GR reduced anxiety by rescuing GABA receptor signalling



and suppressing monoaminedasase A (MAQGA), an enzyme implicated in the deamination
of important mooetelated neurotransmitters, namely, serotonin, doparaim,
norepinephrine (Lopez et al., 2022).

Thus,rooibos consumption may influence cognitive and affective outcomes through
its modulation of OS and inflammation, glucocorticoid biosynthesis and cortisol levels,
inhibition of MAO-A, and stimulation of strizl dopamine (Kealy et al., 202Ddpez et al.,
2022 Pyrzanowska et al., 20;1Strawbridge et al., 2017; Waisundara & Hood12).
Overview

While substantial literature showcases the beneficial affective and cognitive effects of
common tea@amellia sinensisin humans (Mancini et al., 2017), no clinical trials to date
have investigated whether or not rooibos prodsaesdar effects. This research is necessary
for establishing measurable effects that can potentially be harnessed for therapeutic purposes.
Rooibos is widely available, accessible, and has historically been used in traditional and
indigenous medicines inFA, which faces high rates of CVD and AD and a significant
treatment gap relating to neurological and mental disorders (Beaglehole & Bonita, 2008; Jack
et al., 2014; Kobayashi et al., 2018; WHO, 2015). If proven beneficial, rooibos may present a
costeffedive and implementable strategy for increasing dietary intake of natural antioxidants
to support cognitive and emotional health (Marnewick et al., 2011; Sindhu et al., 2022;
Strawbridge et al., 2017; Toledo et al., 2019). Findings from this study witiloote to the
literature on the neuropsychological benefits of rooibos and knowledge of indigenous and
traditional South African medicines, which are relied on by many for the management of

physical and mental health (Mahomoodally, 2013).

Rationale, Aims and Hypotheses
This study aimed to investigate the potential effects efvé@ks consumption of FR
and GR on cognition and moada sample of South African adults at risk for CUD.
hypothessal that 12weeks consumption @oncentratedR and/or GR capsules, equivalent
to 6 cups worth of daily intake, would improve cognitive functioning and mood in South

African adults at risk foCVD (See Table 1 for all hypotheses).

Table 1
Hypotheses Under Investigation



Cognition Mood

HO.1: There is no difference in cognitior HO.2: There is no difference in mood pre/p:
pre/post intervention across the three intervention across the three treatment

treatment groups. groups.

H1.1: FR and GR supplementation both H1.2: FR and GR supplementation both
improve cognitivgperformance more tha improve mood more than the placebo.

the placebo.

H1.2 GR supplementation improves H2.2: GR supplementation improves mood
cognitive performance more than FR  more than FR supplemetitan

supplementation

Note.FR = Fermented Rooibos; GR = Green Rooibos

Method

Study Design and Setting

This quantitativestudyutilised dataobtained by the Cape Peninsula University of
Technology (CPUT) in the study titled "Rooibos and Heart Health: a metabolomics
approach", which investigated the effects of FR and GR on serum levels of OS and
inflammation associated with CVD and AD, in So@tfinican adults at risk for CVDThis
14-week intervention trial implemented a randomised, debbi®l, placebecontrolled,
parallel groups design (see Figure The trial site was the Applied Microbial and Health
Biotechnology Institute, CPUT, Bellvil|dRSA.

Figure 1
Study Design Overview
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® Dietary record (5

non-consecutive

days) .
* Flavonoid dietary - et =
restrictions “,"“‘;)“?l\‘ ___________ oz
oS =
RO et
N AENE e
- “\‘,\“ P
= S\)? e
G i P Washout Phase ” “00\501? '''''''''
A_ F lg': N '_ . ® Dietary Records (3 ) _“N“:‘NT“‘ ___________
o vnquvuny non-consecutive ¥E e
Questionnaire P iz e
o X ln‘mkc . I"];’u'nnnid dewry |0 e
Questionnaire estetnns T || osmmeESEEE O LeReE
MENY T
: ““E\ ______
. )  acEs0 S 12 14
* % N v

Study period (weeks)

[ =blood sample

#  =24hr urine sample

Note:Measurements and data collection took place at week 2 and 14

Participants

Study Population. Participants included males and females between 30 and 80 years
old from the Municipality of Cape Town who were at risk for CVD. This age group and
demographic controlled for agelated changes in cognition and, per previous literaitee,
clinically rdevant sample for the detection of rooibos' potential therapeutic effects
(Marnewick et al., 2011; WHO, 2015).

SampleSize. N = 300 participants were recruited, as per results from a 90% power
analysis at a significance level of 5%. Du€©VID-19 quarantines, high levels of attrition,
and patrticipant factors such as fatigue and difficulty comprehending instructions, the final
sample consisted &f = 235 participants.

Recruitment and Screening.Participants were recruited via advertisen(see
Appendix A) using convenience sampling, a4poabability methodRegistered nurses
screenech = 720 individuals for eligibility using health measurements and questionnaires
(see Appendix B)N = 300 participants were selected to participate fronptie of

participants it= 450) who met the inclusion and exclusion criteria
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Inclusion Criteria. This study included male and female South African adults from
Cape Town between the ages ofi380 years with any two or more modifiable risk factors

(not requiring any chronic medication) for CVD (see T&ble

Table 2

Inclusion Parameters

Modifiable Risk Factor for CVD Inclusion Parameters

Hyperlipidaemia (mmol/L) Raised Cholesterol (>5.5 to 7.5)
Triglycerides (>1.7 to <2.5)

Hypertension (mm Hg) Existing (O 140/ 9
Prehypertension (12039/8690)

Overweight/obese (kg/m2 BMI) Body Mass Index (> 25 to 38)

Physically Inactive

Atherogenic diet (Fat Intake) High in saturated fat and cholesterol.

Note.Risk Factors as outlined by the American Heart Association (AHA, 2002)

Exclusion Criteria. Table3 captures participar@xclusion criteria. Excluded
individuals further included those with values above outlinegbffytoints during screening.

Intervention Allocation. The sample was stratifiednd treatment groups were
matched according to age, sex and CVD risk to minimize potential confounding effects.
Participants were then randomly assigned to one of three parallel treatment groups using
doubleblinding.

Reimbursement.Enrolled participantsvere reimbursed R300 for time and transport

costs for each session.

Table 3

Exclusion Criteria
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Criteria Grounds for Exclusion

Renal disorders
Medical conditions Hepatic disorders
Endocrine disorders

Gastrointestinal disorders

Undesirable alcohol consumption >2drinks per day

Unusual dietary habits e.g. Vegetarian or Vegan diets

Any chronic oral medication
o Antioxidant supplements
Medication/ supplements .
Aspirin
Any other drug with established antioxida

properties

Pregnancy Actual/ intended pregnancy

Lactating women

Materials and Measures

Capsules.Participants received capsules containing either standardised FR,
standardised GR (extracts manufactured by Rooibos Ltd, Clanwilliam, RSA and packaged by
an FDA-approved facility) or microcrystalline maltodextrin (placebo). They were required to
take threecapsules per day, with each meal, for 12 weeks. Supplement dosage was deemed
safe based on a prior higlerformance liquid chromatography analysis and a previous 6
week clinical trial where participants consumed 6 cups of FR tea daily, with no deleterious
effects (Marnewick et al., 2011).

DemographicVariables. A questionnaire recorded participants' gender, age,
language, race, and highest education (see Appendix C).

Pre/PostIntervention Measures.This study utilised the following subset of
measures, administered at weeks two and fourteen of the parent study. These measures took
60 minutes to complete.

CognitiveTests All cognitive measures were recorded and scored using standardised

instructions, as outlined in the battery manuals (see Appendices D to H).
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Rey Auditory Verbal Learning Test (RAVI(Rey, 1964). The RAVLT was used to
assess participants' episodic mematye administration involved immediate recall and,
following a 28minute interval, delayed recall and recognition of a list of words (see
Appendix D). This study utilised delayed recall and recognition scores. The RAVLT has

good internal consistency andte et est r el i a b=i0.B)iandysugedCr onbach"' s

internationally and locally to assess neuropsychological performance (Biedermann et al.,
2018; Blumenau & Broom, 2011; Magalhaes et al., 2012; Pliskin et al., 2020).

Digit Span Forwards (DSF)/Backwar@®SB).The Digit Span is a subtest of the
Wechsler Adult Intelligence Scale (Wechsler, 1955) and Wechsler Memory Scales
(Wechsler, 1945). DSF and DSB assessed attention and working memory, respectively (see
Appendix E). In these tests, exammeradparticipants a sequence of numbers which
participants attempted to repeat back in order (DSF) and reverse order (DSB). DSF and DSB

have sufficienttest et e s t rel i abi 40 .t8 9 sanodf @Br&onnbbaacchh''ss W

respectively (de Paula et al., 20Y8aters & Caplan, 2003). Working memory and
attentional deficits are commonly assessed in international and local contexts using these tests
(GrEGoire & Van Der Linden, 1997; Peltzer & Phaswafefuya, 2012).

Delis-Kaplan Executive Function System Tra&kihg Test (BKEFS-TMT) (Delis
et al., 2001). This test assessed executive functioning via set shifting and psychomotor speed
(see Appendix F). It included a series of 5 timed conditions, each beginning with a short
practice trial. This study utilised s&@s from Condition 4: Numbsdretter Switching, which
measures coghnitive flexibility, a core aspect of executive functioning, vehgthg.
ParticipantsTrail Switchcompletion time (TST) and error scores (TSE) were recorded and
scaled according to ageee Table Gand G2 for scahg). International and local studies
have used the BEFS-TMT and condition four in isolation as they display moderate to
good internal consistencies and texdest reliabilities (Joska et al., 2010; Rosin & Levett,
1989; Svanson, 2005; &et al., 2010).

Controlled Oral Word Association test (COWAT) (Benton et al., 1988 COWAT
measured participants’ verbal fluency/mental generativity (see Appendix H). This test
required participants to list as many words, beginning with a given letter of the alphabet or
corresponding to a given semantic category, as they could in 60 setotal scores were
calculated by summing correct respon3dése COWAT has relevance in diverse populations,
including in RSA, and has a high internal consistency andegsit reliabilityCr onbach ' s
= 0.83 (Peltzer & Phaswanilafuya, 2012; Ross al., 2007; Ruff et al., 1996).

L
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Mood Assessmentdieart rate variability (HRV) and seféport questionnaires of
depression and anxiety measured participants' emotional states.

Beck Anxiety Inventoryshort Form(BAISF) (Beck & Steer, 1993Jhe BAI
measued selfreported anxiety symptoms over the month past (see Appendix ). Responses
were in the form of a-oint Likert Scale ranging from 0 to 3. The-2dm scores were
summed to obtain total scores (for score classification#geendix J. The BAI iswidely
used in diverse populations, including in R&Adis considered valid and reliableith a
high internal c 0 A 8.90 $010.84) ang acdeable teatest wlrabilisy ( U
=0.75) (Bantje®t al., 2016; Julian, 2011; Kagee et al., 2015; Muntingh et al., 2011).

Beck Depression Inventetly (BDI-11) (Beck et al., 1996)The BDHI assessed self
reported symptoms of depression over two weeks past (see Appendix K). Responses ranged
from O to 3in the form of a 4point Likert Scale. Total score calculations involved summing
the 2Z%item scores (se&ppendixL for score classifications). THDI-II has been
internationally and |l ocally validated, yield
0.9) and testetest reliability £ = 0.73 to 0.96) in clinical settings (Makhubela &
Mashegoane, 2015; Roberts et al., 1991; Smarr, 2003; Wang & Gorenstein, 2013).

Heart rate variability (HRV)HRYV is defined as the fluctuation of the length of
heartbeaintervals, reflecting the heart's response to potential challenges (Appelhans &
Luecken, 2006; Thayer et al., 2012). HRV was measured usingiavasive
electrocardiographic method (via the Polar H10 portafdkahnel ECG monitorHRV isan
accepted biomarker index of emotional regulation and stress resilience, with low HRV
indicative of poorer regulation and resilience (Kim et al., 2008V has been used in a
variety of populations (healthy andragk), and the Polar H10 has yielded ae@ahte (0.50
0.75) to good (0.79.90) relative reliability in South African samples (Speer et al., 2020).
Procedure

Data collection took place between September 2020 and April 2022. Following the
screening phase, selected participants were requireditoha trial site on three occasions.
Individuals underwent COVIEL9 screening and tests upon entry into the facility.

Visit 1: Screening,Enrolment and Information Session At visit 1, participants (in
groups of 15) signed a sample and study consent(@eeAppendix M)were given
information about the study and its requirements, and were encouraged to ask/voice any
guestions/concerns. Each participant was allocated a study code upon enrolment.

2-weekDietary Stabilization Period. For two weeks before baseline assessments,

the study requested participants to follow their regular diet with a few dietary restrictions (see
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Appendix N for the list of restricted foods and beverages provided). Dietary restrictions
included limiting dailyconsumption of foods/beverages with a high flavonoid content or total
antioxidant capacityo 1unit per itento prevent potential confounding effects. Participants
also needed to detail their daily meals for three-camsecutive days.

Visit 2: BaselineData Collection and Allocation. After the 2week washout period,
participants returned for baseline data collection and supplied completed €OQM\ddms
and dietary records. Healtheasurement¢ (ar ger st udy 0 sAppredix@)i | s pr o\
took place first. After being offered a snack, researchers measured participants’ HRV and
cognitive and mood tests/questionnaires were completed in a private room. At the end of the
session, lasting approximately 2.5 hours, participants were given 8@drrieimbursement
and issued their capsules.

12-week|ntervention Period. During this period, participants were required to take
their capsules, complete dietary records, and follow the same dietary restrictions-as the 2
week washout phase.

Visit 3: Follow-up. At the follow~up visit, participants provided the same forms and
records as visit 2, with the addition of a completed food frequency questionnaire determining
their total daily flavonoid intake (see Appendix P). The procedure and measurements of visi
two were replicated during this session.

Ethical Considerations

Ethical clearance was granted by CPUT and confirmed by the University of Cape
Town (see AppendiQ).

Informed Consent,Anonymity, and Confidentiality. Participants signed a
document giving informed consent (see Appendix M). This document detailed the voluntary
nature of participation and that participants were free to withdraw from the study at any time
without consequences. The aims, procedure, possskie and incentives of the study were
outlined, and participants were given the contact details of the study leader and dauotgr for
guestions/concerns. Participants who misunderstood or declined to provide informed consent
were excluded from particging. Anonymity and confidentiality were maintainasd tere
were no direct participant identifiers in the study, and data was stored in a secure facility.

Risks. This study did not posany considerable risks. If participants had an adverse
reaction to the supplementation, they contacted the registered study doctor. During data
collection visits, participants took breaks if they were fatigued wereeferred for further

neuropsychological tests tircounselling facilities if they exhibitesignificant cognitive
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impairments or mood disturbances. The study implemented and adhered to -C@DVID
health and safety regulations.

Benefits.Benefits to participation included undergoing advanced cardiovascular
screening and being alerted of any ditd@bnormalities. Moreover, participants were
involved in making a valuable contribution to science.

Debriefing. The study informed participants that, following publishing, jarfee
summaries would be made available (see AppeRylix
Data analysis

Quantitative data, including HRV, cognitive and mood data, was collated and
imported into an excel database. Blind data analysis took place using the stéiistechl
software "R".

Variables. The independent variable for cognition and mood was the ergon
received (placebo, GR, or FR). Highest education level (HLE), sex, age, and risk for
cardiovascular disease, via Body Max Index (BMI) and cholesterol, were used as controls

(see Tableé for dependent variables)

Table 4
Dependent Variables for Moahd Cognition

Cognition Mood

Measure Outcome Measure Outcome
D-KEFSTrial Making Test: Cognitive Flexibility Beck Anxiety Anxiety
NumberLetter Switching Inventory Short Form
Rey Auditory Verbal Learning Episodic memory Beck Depression Depression
Test:Delayed Recall and Inventoryli
Recognition
Controlled Oral Word Mental Generativity/ ~ Heart Rate Variability Emotional
Association Verbal Fluency Regulation&

Stress resilience

Digit Span Forwards Attention
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Digit SpanBackwards Working memory

Note.D-KEFS=Delis KaplanExecutive Function Systefrail Making Test

Data Management.Outliers, values above Q3 + 3xIQR or below QAxIQR, were
removed fronspecificcognitive or moodneasuralata (Metcalf & Casey, 2016). When
appropriate, missing values were replaced using mean value substitution for completeness
(Kang, 2013). For theategorical control variable of highest education level (HLE), each
level of education was assigned a numerical value (Primary School = 1; Highschool = 2;
Undergraduate Degree = 3, and Postgraduate degree = 4). Similarly, males and females were
assigned td and 2, respectively

Descriptive and Inferential Analysis.Descriptive statistics were generated and
presented in table format. These statistics and general trends and distributions across groups
were visualized and inspected. ANOVAs assumptions of henwty of variance and
normality were checked using Levine's Tests and Shapiro Wilks Tests and QQ plots of
residuals, respectively. Owveay ANOVAs were conducted to investigate baseline
differences between the thragervention group's cognitive and moscbres. 3 x 2 Factorial
ANOVAs with covariates were then utilized to test the related cognitive and mood hypothesis
(see Tabld) (Borm et al., 2007). Sessitime (baseline or followup) and group
(intervention type) were used as the main effects aandteraction effect of session and
group was included. The variable of "participant ID" was treated as a random effect to
account for the idiosyncratic variation due to individual differences (Correll et al., 2021).

The natureanddirectionality of diffeencedor significant ANOVA findings were
assessed using Pddbc analyses. These analyses were done using IndepSadepies F
tests or Contrasts with Pairwise Comparisons and Tukey Adjustments, controlling for Type 1
Errors. Effect sizes for significafindings were explored (Noble, 2009).

Results
Final Sample Size
This study's final total sample size consistetllaf 235 unique participants, split into
three overlapping samples. The cognitive sample inclndedl60 participants, while the
threemood samples, BAI, BDI, and HRV, consistechaf 200,n = 201, anch = 132,

respectively.
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Cognitive data
Three outliers were identified and removed from both RAVLT recognition and

delayed recall, while one was removed from DSF. Refer to Bdlolesample characteristics

Table5
Cognitive Sample Clinical and Demograpl@hbaracteristics

Variable
GR FR Control Total Sample

Number of subjects 52 50 58 160
Age, Mean SD 45 10.21 (36 49 10.23(30 46 10.6 (3671) 47 10.42(30
(Range) 65) 71) 73)
Sex,n (%)

Females 39(75) 39 (80.77) 40(68.97) 118 (73.75)

Males 13(25) 11 (22) 18(31.03) 42 (26.25)
*HLE, Mean SD 24 0.5 2.2 0.74 2.4 0.7 2.34 0.7
BMI, Mean (range) 31.33 30.27 31.89 31.20

(18.76i 59.31)  (18.0247.80)  (15.8951.93)  (15.89i 59.31)

Cholesterol, Mean 5.46(4.167.72) 5.49(4.117.67) 5.38(3.887.73) 5.5(4.117.73)

(range)
High, n 0 3 3 6
Low, n 1 2 3 6

Note.HLE = Highesteducation level,
BMI= Body Max Index.
*HLE 2= High School

Descriptive statistics.Table6 depicts descriptive statistics of pre/pogervention
cognitive scores across the three treatment groups

Inferential Statistics. ANOVA's assumption of homogeneity of variance was found
to be upheld for alkognitive measures:-BEFS TST p = .67) and Errorsp(= .26); RAVLT
Recognition f = .34) and Delayed Recap € . 37); COWAT p = .42); DSF p=.51); and
DSB (p = .73) while normality assumptions were violated for all measpres@s).
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Measure GR FR Control

N Mean SD Min Max N Mean SD Min Max N Mean SD Min Max

D-KEFSTMT
Switch time  Baseline 7.67 4.06 1 14 6.84 4.37 1 14 7.12 4.01 1 17
Follow-up > 8.62 3.9 1 14 >0 7.4 4.29 1 14 >8 8.95 3.32 1 12
Switch Errors Baseline 10.15 2.07 6 12 8.8 3.42 1 12 8.95 3.32 1 14
Follow-up > 9.63 2.6 1 12 >0 9.74 2.13 3 12 > 9.5 2.81 1 12

RAVLT

Recognition Baseline - 12.33 2.44 7 15 50 11.9 2.96 3 15 - 12.67 2.74 6 23
Follow-up 1258 2.14 4 15 12.06 2.68 5 15 11.53 3.84 0 15
Delayed Recall Baseline 9.33 3.55 3 15 8.4 3.42 2 15 8.64 3.37 1 15
Follow-up > 8.21 3.53 0 14 >0 7.1 3.47 1 15 > 7.62 3.43 2 15
COWAT Baseline 62.44 1596 35 113 58.22 19.08 19 116 60.39 15.21 20 102
Follow-up > 57.7 16.54 33 109 >0 55.88 18.76 19 92 > 57.82 16.47 26 99
DSF Baseline 8.42 2.15 5 15 8.48 1.98 4 14 8.88 2.07 4 15
Follow-up > 8.83 2.28 6 16 >0 8.96 2.43 4 15 > 9.23 2 6 15
DSB Baseline 5.31 2.14 2 12 4.58 2.03 2 10 491 1.82 2 11
Follow-up >2 4.85 2.03 2 11 >0 476 1.71 2 10 >8 491 2 2 11

Note D-KEFS TMT = Delis KaplanExecutive Function Systeffrail Making Test: Switch time and errors=

NumberLetter Switching completion time and errors respectivielVLT= Ray Auditory Verbal Learning
Test; COWAT= Controlled Oral Word Association; DSF= Digit Span Forwards; DSB= Digit Span Backw
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This assumption remained violated after data transformation, including scaling and
log transformations. However, research indicates that ANOVAmatest and may be viably
implemented under violated normality assumptid¢sselmaret al.,2001).
Baseline Differences in CognitionrOneway ANOVA results showed no significant
group differences in baseline scores feKBFS TST (2, 157) = 0.54p = .585); RAVLT
Recognition F(1, 158) = 0.44p = .507) and Delayed Recakl({, 158) = 1.86p = .175);
COWAT (F(2, 157) = 0.81p = .447) DSF (1, 158) = 0.02p = .886): and DSBH(2, 157)
=1.71,p = .185). However, baseline-REFS TSE scores differedgsificantly (F(2, 157) =
319p= . 044, dp2 = 0.04) between intervention
cognitive functioning was equivalent across groups at baseline, excepkKieFS TSE
scores measuringognitive flexibility, for which the GRyroup had the highedW(=
10.15,SD= 2.07) and the FR group had the low&4t«8.8,SD= 3.42) baseline scores,
respectively. The difference between baseline error scores suggests that potentially
significant changes in cognitive flexibility may dae to these differences as opposed to the
applied intervention.
The Effectsof Rooiboson Cognition. Factorial ANOVA results indicated that the
main effect of the intervention had no significant impact on cognitive scae$\ppendidS
for full Type 1l ANOVA outputs). On the other hand, the main effect of session time
(baseline or followup) was found to be significant forRKEFS TST E(2, 157) = 8p = .005,
dp2 = 0.04); RAWNXTINE86.7dpy=e @ Or, e 2l =((F(1Q 7) ; CO\
157)=1691p= . 00, dp2 = O0.HR18156)=&62m= D DF0 4s,c odrpe2s =( O
with effect sizes ranging from small to medium.
PostHoc Independent -ITess results revealed a significant overall increase-in D
KEFS TST scoreg(l57) =-2.89,p = .005) and a decrease in COWATLE7) = 4.02p =
.00) and RAVLT delayed recall({54) = 6.06p < .001) scores from baseline to follay.
memory,and verbal flueay/mental generativity at the followp. These results indicate that,
overall, participants had poorer cognitive flexibility, verbal fluency/ mental generativity, and
episodic memory at the followp. On the other hand, a significant improvement in folapv
DSF scores, measuring attentie@sfound ¢(156) =-2.94,p = .003) éeeTableTL1 for
significant pre/post intervention descriptive statigtics
Factorial ANOVA outputs further demonstrated a significant interaction effect of
session time andhtervention on BKEFS TSE (2, 157)=3.13p= . 046, dp2 = 0. C
RAVLT recognition scoresH(2, 154) = 3.43p= . 035, dp2 = 0.03) . Cel |

2) depicted these interactions as disordinal.
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Figure 2
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Note.l Bars are at 95%
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Rooibos

Figure 2 indicates that the intervention type had different effects dBRES TSE
scores depending on the time of measurement. Separate simple effects analysis indicated that
the FR group's error scores increased significat(thp{) =-2.166,p = .032),and thus,
cognitive flexibility declined from baselindA(= 8.8,SD= 3.42) to followup M =
9.74,SD= 2.13). Moreover, findings showed that the control group's episodic memory
(t(154) = 2.75p = .007) declined from baselin®i(= 12.67,SD= 2.74) to fdlow-up M =
11.53,SD= 3.84). These findingsiust be interpreted with caution given the disordinal
nature of the interaction and because ofwag ANOVA results demonstrating the GR
group lower baseline scores.
The Effects of Covariates o@ognition. Factorial ANOVAs showed that HLE had a

significant effect on all cognitive scores:KEFS TST E(3,150) =949 = . 00, dp2 =
0.13) and error scoreB(@, 150)=361p= . 014, dp2 = 0. 0B®3,; RAVLT
147)=3.57p= . 0 1 60Q.05 dapd2delayed recak( 3 , 147) = T7.91, p =
COWAT(F( 3, 150) = 16.29, (3,449 =018.96p=d p.20 0=, 0d.p222 =)
0.18) and DSBR(3,150)=7.38p= . 00, dp2 = 0.12). The effect

small tomedium for all measures, apart from the large effect size found for COWAT and

DSF. Mean investigation revealed that higher education levels were associated with better
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performance for all cognitive domains measueg Table T2 br HLE Descriptive
Statigics).

The covariate of sex was found to have a significant effect-&EBS TST (1,
150)=36.04p= . 006, dp?2
0.02) and delayed recalF(1, 147)= 12.52p

T-tests demonstrated that females scored higher than males ondyetive tasks: EKEFS
TST {(142.5)=-3.35, p =.001); RAVLT recognition(L77.26) =2.9, p = 0.002) and
delayed recallt(212.45) =5.42, p = .00); and DSRB((82.85) =2.32, p = .012)qee Table
T3 for descriptive statistics of cognitive scores foales and femalgs

Summary of Cognitive Findings.Given that no significant effect of the intervention
was observed in the factorial ANOVASs, it can be inferred that changes in cognition between
baseline and follovup assessments were due to causedated to the intervention type.
This implies that neither GR nor FR showed a statistically significant ability to improve
cognitive functioning.

Mood data

Three outliers were identified and removed for BDI, and eight outliers for BAl were
removed AppendixU captures the demographic and clinical characteristics of each mood
subsample BAI (n = 192), BDI(n = 198), and HRV1{ = 132) across the three intemion
groups.

Descriptive Statistics. Table 7summarises the descriptive statistics for prefpost
intervention mood scores acrdbgintervention groups.

Inferential Statistics. As with the cognitive data, ANOVA's assumption of normality
was violated foall mood measures: BAp(= .00), BDI ¢ = .00) and HRV § = .007) and
remained violated following data manipulation. However, homogeneity of variance was
found to be upheld: BAIn= .430), BDI p =.392), and HRV{ = .968). Given their
allowance for wlated assumptions of normality, ANOVAs were then condudfeddlman
et al., 201).

Baseline Differences in Mood\o significant group differences were found in

baseline scores for BAF(1, 190) =0.84p= 0. 36, dp 2F(17199) =@05,)p= BDI
. 824, dpAdHRV@.100)129) = 0.21), p = .812, dp?2

The Effects ofRooiboson Mood.Results demonstrated that differences between the

three intervention groups' pre/post intervention BAI, BDI, and HRV scores wefe non

0. 0 F1)147)=RIRAWWET . Ddcogpi2t
. 001, dp2 = B@LODD)=): and
303,p= .083, dp2 = 0.02). Small =effect sizes
except for RAVLT Del ayed r ec al-didedinddpéendent wa s

L
W

n
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significant Thisindicaedthat the type of interventioiR and/or GRhad no significant

impact on mood scores. See Appendifor the full Type Il ANOVA outputs for all mood
measuresThe interaction effect of session and intervention was identifiedm@significant

for all mood measures. However, a significant main effect of session fo8BI1157) =

10.72p= . 001, dp2 E1,063)E6DPand0BDD, Whpf@unds 0. 03)
with small effect sizes.

PostHoc simple effects analysesrfthe effect of session time revealed that BAI
(t(157) = 3.28 =.001) and BDI{(163) = 2.47p = .015) scores decreased significantly from
baseline (BAIIM = 6.81,SD= 7.02, BDI:M = 6.82,SD= 6.45) to followup (BAI: M =
5.28,SD=6.26, BDI:M = 565, SD= 6.36) suggesting lower levels of anxiety and
depressionrespectively.

The Effects of Covariates on Mood@he covariate sex had a significant effect on BAI
(F(1,150)=527p= . 023, dp2 = OF10186)=3Aldpk B MDI7 8s c arpeLls =
0.01) with onesidedIindependenBamples Ftests demonstrating that females had higher
levels of anxietyt(190) =-3.37,p = .00) and depression (t (192}276,p = .003) than
males. Moreover, age had a significant effect on all mooduressncluding BAIE(1,150)

=1362p= . 00, dp2F%156)=01x3p= BDMNL,(dp2 =FD.05) an
100)=4.11p= . 045, dp 2 seeAfpendRWiQr mearsa@md &SBecrogs sex and
age groups
The cholesterotovariate only had a significant effect on BIB(1,156) = 5.08p =
. 026, dp2 = 0.02) with individuals with | ow

(M =11.82,SD= 12.94) than those with high cholesteddl £ 5.14,SD= 3.78).
Summary of Mood Findings. Like cognition, although significant pre/pest
intervention changes were found, results indicate that the intervention type did not affect

these changes. Thus, findings suggested that neither GR nor FR had any effect on mood.
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Table 7

Descriptive statistics for pre/post intervention mood scores across the three treatment groups

Measure GR FR Control
N Mean SD Min Max N Mean SD Min Max N Mean SD Min Max
BAI Baseline 65 797 795 O 29 60 6.87 7.46 0 36 67 5.63 5.38 0 21

Follow- 501 6.05 0 29 583679 0 31 504 603 0 30
up

BDI Baselne 65 694576 0 30 68 669764 0 32 61 683603 0 28
Follow- 642 705 0 27 594 701 0 29 469 489 0 27
up

HRV Baseline 41 533 109 30 93 39 535100 27 72 52 523892 30 71
Follow- 528 9.12 27 71 51.8 951 31 71 52.6 10.03 29 71
up

Note:BAl = Beckb6s Anxiety Inventory, BDI =VaBabilyk 6s Depression I nventory, HRV=
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Discussion

This study aimed to investigate the effects ofigeks consumption of rooibos on
cognition and mood in a sample of South African adults at risk for C\{Brature
demonstrates that rooibos has beneficial antioxidativejrdf@mmatory, and
neuroproteave propertiegMarnewick et al., 2011; Pyrzanowska et al., 20T®erefore we
analysed if and to what degree FR and GR could improve cognitive performance on
neuropsychological tests and reduce symptoms of anxiety and depression. To the best of our
knowledge, this study constitutes the first investigation of the effects of rooibos
supplementation on neuropsychological functioning in a human sample. Results indicated
that neither GR nor FR supplementation causediptatvention changes in cognition or
mood.

In vivo studies on rooibos have shown that its neuroprotective effects are due to its
ability to counteract ROfroductionand reduce levels of proinflammatory cytokines (Hong
et al., 2014; Waisundara & Hoon, 2015). Previous literature demonstratesdhbos can
modulate OS and inflammation associated with impaired cognitive functioning by increasing
GSH levels and decreasing lipid peroxidation in healthy humans and animals (Hong et al.,
2014;Marnewick et al., 2011Pyrzanowska et al., 2019). Mokew, research indicates that
GR has a significantly higher TAC and contains higher Not and Asp levels th@lo&ert
& de Beer, 2011)Given these findings, we suspected that cognition would improve in the
rooibos groups and that GR supplementation weoesdlt inmoresignificant cognitive
improvementsHowever, our results diverge from the suggestion magedoyiousstudies in
that no significant changes in cognition attributable to FR or GR occurred. Rooibos is not a
medication, and aspects of ourdstudesign and methodology may account for these null
findings.

Prior research provides evidence of a potential mechanistic link between rooibos and
neuropsychological health via reduced OS and inflammation associated with cognitive
impairmens (Akinrinmace et al., 2017Tangestani Fard & Stough, 2019). For instance,
many studies report the beneficial effects of rooibos on lipid peroxidation and GSH levels
based on prelinical models of Alzheimer's disease and neurological injury (Akinrinneade
al., 2017; Darvesh et al., 2010) and in samples of individuals withetd@ted cognitive
decline (Ajuwon et al., 2015; Joubert & de Beer, 2011; Mahomoodally, 2013). Nevertheless,
they do not provide direct evidence that rooibos improves cogméose We are aware of
only one study that directly explored cognition in animals, finding that 12 weeks of daily FR

administration improved spatial memory in rats (Pyrzanowska et al., 2019). In this regard, a
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direct comparison is impracticable because wendidneasure spatial memoiiyherefore,
our null findings may be attributed to this failure to assess spatial memory in conjunction
with the measures used to evaluate other cognitive domains.

The cognitive tests used in this study are designéetert clinically significant
cognitive decline (Bauer & MalekAhmadi, 2021). Therefore, these tools may not have been
sensitive enough to detect subtle changes in cognition in our neurologically healthy sample.
The cognitive measures we used are alsoeqible to ceiling and floor effects, which may
have caused an underestimation of the impact of FR or GR on cognitive performance (Scherr
et al., 206). Although many studies on other herbal beverages, such as green tea, have
demonstrated improvementsdagnitive functioning using similar test batteri€aécella et
al., 2017 Mancini et al., 2017), they were retrospective or longitudinal in design and often
included samples with mild cognitive impairment. We surmise that the potential cognitive
benefitsof rooibos in humans may only be detectable in response to regukwnlife
consumption.

The reported anomalous findings in the cognitive data suggest that some extraneous
or confounding factors may have been at play in this study. Across all samgldts, re
indicated that measurement time significantly impacted all cognitive domains apart from
working memory. Declines in cognitive performance from baseline to falipyexcept in
attention, were observed. These changes were not attributable to FRrayrGRn they be
attributed to ageelated cognitive decline, given the relatively short time between
assessments. Due to the ongoing CO\EDpandemic at the time of the trial, we cannot
exclude the possibility that some participants may have had CQYter the intervention
period, and as recent research suggests;GOstiD syndrome negatively impacts cognition
(Evered, 2022; Suargzonzalez et al., 2021).

While the sample size may not have been large enough to cancel out most potential
confounding vaables, the finding here that education was associated with better cognitive
performance indicates that the tests did capture valid variations in neuropsychological
performance. Consistent with eviderstggestinghat the number of years of formal
educaion is positively correlated with increased cognitive functioning in adults, this study
found that higher education levels were associated with better performance on all cognitive
tasks (Lovdeén, et al., 2020). More surprisingly, females performed betéémost all
cognitive measures, which is unexpected given the notion that there are no sex/gender
differences in brain anatonand cognitivdunctioning (although see Asperholm et al., 2019;

Jancke, 2018;). Our finding is likely due to the significantlyager proportion of females as
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opposed to males in this ssample (73% females) and the study's total sample, which
suggests that sampling may have been a source of error in the analyses.

This study also assessed the impact of rooibos on mood due te¢hanisms by
which it can modulate OS, inflammation, glucocorticoid biosynthesis, and cortisol levels
(Kealy et al., 2020; Strawbridge et al., 2017; Waisundara & Hoon, 2015). Although there is
little existing data to suggest that rooibos is directly berafin treating depression, many of
the biomarkers underlying CVD and AD overlap with those of depression, anxiety and
psychologicaktresqStrawbridge et al., 20).7These biomarkersclude the insulin receptor
signalling pathway, stresaduced HPAaxis alterations, and high levels of circulating
cortisol (Droge & Schipper, 2007; Smith & Swart, 2018; Strawbridge et al., 2017). Thus, we
hypothesised that mood would improve in the rooibos groups and potentially, given that GR
has a higher TAC than FR, G#ould result in more significant mood improvements.
However, no beneficial effects of rooibos on depression, anxietyRV emerged.

Regarding depression levels, these findings are somewhat surprising given that
studies have reported increased striabglashmine, associated with emotional regulation,
motivation, and reward systems, in response to-teng FR treatmenh rats(Pyrzanowska
et al., 2019). We suspect that in humans, roerbzged improvements in depression may
similarly require longterm alministration. Additionally, study designs likely necessitate
direct observations of antioxidant and neuroinflammatory serum level changes that can be
linked to shifts in depression. These direct investigations are required given that adverse
affective outomes are associated with defective antioxidant defences, which have a bi
directional relationship with increased OS and inflammation (Anand et al., 2017; Holt et al.,
2013; Maydych, 2019; Smith & Swart, 2018; Zainal & Newman, 2021).

This study's null fading regarding anxiety and HR¥inconsistent with several pre

existing studies which suggest that rooibos is anxiolytic. Animal studies have shown that
rooibos prevents lipid and protein peroxidation in stressed rats by inhibiting enzyme activities
involved in ROS production and stimulating CAT and SOD expression (Hong et al., 2014;
Waisundara & Hoon, 2015There are also reportisat rooibos elevates taurine levels, a
neur opr emirocatid whieh may modulate chronic stréssats(Schaffer & Kim,
2018; Wué& Prentice,2010). Similarly, rooibos has been shown to rescue GABA receptor
signalling and suppress MAA in animalswith anxiolytic effects,in zebra fish larvae
(Lopez et al., 2022).

We cannot discount the fact that skewed baseline mesastidepression and anxiety

may explain our null findings. Research has consistently shown that CVD and its risk factors,
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in addition to cognitive impairments, are implicated in increased psychological stress and
symptoms of depression and anxiety (Hagjgal., 2018; Holt et al., 2013; Smith & Swart,

2018; Toledo et al., 2019). While the current sample was at risk for CVD, this study found
only mild and minimal baseline levels of anxiety and depression. Given the retrospective
nature of these tests, paipants may have struggled to accurately remember their feelings
over the previous two or three weeks. Moreover, they could have felt uncomfortable sharing
the potentially sensitive information requested by these questionnaires.

Selfreport measures likine BDI/BAI are also highly vulnerable to social desirability
bias, in which participants often underreport negative emotional states due to the stigma
associated with mental health issues (Krumpal, 2013). Cultural andesmriomic factors
may have futter impacted scores in that cultures diverge in the expression of affective
experience through a somatic verpggchological lens (Lee et al., 201We did observe
some patterns in the mood data consistent with the literature, namefgntiades,
individuals with low cholesterol, and the youngest cohort (age3930ad the highest self
reported negative affect. However, given our other findings, we suspect that responses to
items on these measures may not have accurately reflectedpaautstirue feelings, which
would explain the unexpectedly low levels of anxiety and depression amongst the sample
population.

To overcome issues related to sejport measures, HRV was incorporated into the
design. However, no improvements in HRV webserved between the treatment groups.
Moreover, as indexed by higher HRV, better psychological resilience was associated with the
oldest age group in this study. This finding is incongruent with evidence suggesting that HRV
declines with age (Kumral et a019). Together, these findings from the HRV and mood
datasets suggest that the current protocol of rooibos supplementation was ineffective in
modulatingemotional statedut whether this was due to the protocol itself or confounds
related to the samglsize and trial compliance remains indeterminate.

Indeed, several unanticipated confounding variables emerged. For example, although
FR nor GR improved mood in the sample, results indicated that across all three intervention
groups, levels of anxiety drdepression decreased from baseline to folipwStudies have
consistently shown that high and lstress levels decrease and increase mood, respectively
(de Rooij et al., 2010). We suspect that the time of year may have influenced results as
baseline asessments were conducted at the end of 2021 during GO¥iBstrictions in

RSA, while followup assessments took place at the start of 2022 after the holidays and when



28

COVID-19 restrictions had eased. These unexpected effects compound the issue®related t
sample size and representativeness.
Limitations and Directions for Future Research

Aside from problems related to sample size and time of yeacuthent study was
limited by certain factors, the first of which pertains to experimental control. Ga¢the
12-week intervention period took place outside of a controlled laboratory, there may have
been multiple extraneous factors contributing to the changes, or lack thereof, observed in
postintervention scores. In particular, this study lacked a cehgnsive method for
verifying whether participants were adhering to the required procedure of taking three
capsules daily. If participants failed to take their capsules in a timely and dedicated manner,
results might have been affected, and faigrventon changes in cognition and mood may
have been hindered. Thus, future studies may benefit from weekly compliance checks using
objective measures such as blood tests.

Literature suggests that the mechanisms by which rooibos may potentially improve
moodandcognitioninvolve its reduction of OS and inflammation and modulation of
glucocorticoid biosynthesis and cortisol levels (Kealy et al., 2020; Strawbridge et al., 2017;
Waisundara & Hoon, 2015). However, this study did not include or analyse datacmné&R
GR's direct effects on participants' serum levels of OS and inflammation or cortisol. Data of
this nature could provide valuable information about the effects of rooibos and allow-for sub
group analysis of changes in mood and cognition for participétitsszarying degrees of
rooibosrelated changes in serum levels of OS and inflammation. Thus, future research
should consider the combined use of neuropsychological cognitive tests, subjective mood
guestionnaires, and biomarker

The process of data capng revealed a disparity between participants' item
responses on the BAI and BDI, measuring their levels of anxiety and depression,
respectively. Multiple participants indicated traumatic experiences such as abuse and
expressed suicidal ideation. Howeuvagh scores for these items existed in isolation, with
total scores being very low. The quantitative nature of theseegaft measures may thus
have been a limitation of this study. Assessment tools that do not rely -eameted mood
are preferablegiven their ability to overcome limitations and biases associated with
introspection. Future studies may benefit from using a mixed methods approach combining
guantitative data from health measurements and mood questionnaires and qualitative data
obtainal via clinical interviews. This approach may provide a more comprehensive clinical

picture of participants' emotional states and, thus, enable more accurate results about the
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effects of rooibos on mood. Concerning the cognitive measures utilised iruthis rstany

are designed to detect mild to severe cognitive impairments, which were not a distinctive
feature in the current sample (Bauer & Malgkmadi, 2021). Therefore, future studies
conducted in similar sample populations should employ more sensiizeunes such as
reaction timeso detect potential changes

Although potentially unavoidable, the R300 reimbursement and food offered by this
study may have beenmotivating and, thereby, a confounding factor in the study (Meloy et
al., 2006). The monetarewardappeared tecausean influx ofparticipantsvho signed up
based on thisesimbursement withowt dueunderstanding of what participation would
involve. Future studies will have greater success with compliance and participant motivation
if recruitment methods emphasise what participation will involve prior to communicating
reimbursement.

Finally, anotherlimitation of the studyinked to samplingertains to convivence
sampling. Although enabling access to more participants, this metholted in an unequal
proportion of males to females (73.7%8ftnale$ in overall and sulsamples for cognition
and mood. This inequality may present a limitation regarding the generalisability of findings,
as research indicates a systemsgixdifferencein selfreported bias (Lines et al., 2021; Hunt
et al., 2003). Therefore, we recommend that future studies include a larger and more
representative sample to eliminate confounding effects, increase statistical power, and
provide more ecologically valid salts.

Conclusion

Literature on rooiba@neuroprotective and stressducing effects has been steadily
growing over the last two decades. However, this research is mainly confined to in vivo and
animal models. Therefore, this study sought to address the lack of human studies by
investigating theotential effects of 1-2veeks consumption of FR and GR on cognition and
mood in a sample of South African adults at risk for CVD. As the first placebtolled
trial of its kind, this study contributes to the limited knowledge base on rooibos'
neuroproéctive and therapeutic effects on mood and cognition. Despite the finding that
rooibos did not result in cognitive or affective improvements in this sample, substantial
evidence from animal and in vivo studies has demonstratatbdslation of oxidativetsess
and inflammationimplicated incognitive impairments, increased psychological stress, and
symptoms of anxiety and depressi@iven the biochemical mechanisms by which rooibos
may improve cognition and mood, future studies on the acute effectsiloddsan human

participants will require carefully controlled experimental designs that utilise sensitive
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biophysiological measures that can detect subtle changes in neuropsychological functioning.
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Appendix A

Participant Recruitment Advertisement

| . -

ROOIBOS STUDY SEEKS VOLUNTEERS

Male and female volunteers are invited to participate in a “first of its kind”,
14 week research study to investigate the possible heart health benefits of
the popular South African herbal tea, ROOIBOS.

Participation requirements (only two required)  All potential volunteers should

* Age between 30 and 80 years * Not take any chronic oral medication
* Increased blood cholesteroland/orsugarlevels  « Have no clinically significant
* Family history of heartdisease abnormalities of the liver, kidneys or
* Increased Body Mass Index (kg/m?) blood
» Not be pregnant (or intend to fall
Benefits pregnant within the next few months)
* Leamn more about your own health status If you are interested in taking part in this
* Leam more about Rooibos & contribute to study, please getin fouch with the study
much needed research in the field coordinatorat the contact details belowto
+ Allstudy materials will be provided to you at receive more information and assess your
no cost eligibility for participation.
* Questionnaire-based assessment of siress
and cognition with feedback

Email Rooibostrial@cput.ac.za or Rooibostrial@gmail.com
Cellphone/WhatsApp 082 876 1064

Oxidative Stress Research Centre "
Cape Peninsula University of Technology <
Bellvile Campus, Bellville, South Africa ‘ ; &
Cape Peninsula
@ +27 21 959 6767 © @cput University of Technology

© info@cput.ac.za ® @wearecput T L v e
® www.cput.ac.za 6 www.facebook.com/cput.ac.za creating futures
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Appendix B

Screening Health Questionnaire

H

‘ Cape Peninsula

University of Technology
Health questionnaire
Participant number: Date:
Date of birth: Age:
Yes No Unsure

. Do you have high blood pressure?

. Do you smoke?

. Do you have a family history of heart disease?

1
2
3. Do you have low blood sugar/diabetes?
4
5

. Do you have elevated cholesterol levels?

6. Do you drink alcohol?

If yes, please indicate type of alcohol and
frequency:

6.1 Wine

6.1.1) Red wine

6.1.2) White wine

6.2 Frequency

6.2.1 Not more than two (2) glasses per day

6.2.3 More than two (2) glasses per day
6.3 Beer
6.4 Frequency

6.4.1 Not more than two (2) drinks per day
6.4.2 More than two (2) drinks per day

6.5 Spirits

6.5.1 Brandy

6.5.2 Whiskey




6.5.3 Rum

6.6 Frequency
6.6.1 Not more than two (2) drinks per day

6.6.2 More than two (2) drinks per day

Yes

No

Unsure

7. Do you use life sustaining medication for
conditions such as:

7.1 Cholesterol?

7.2 Blood pressure?

7.3 Diabetes?

7.4 Other (Please specify)

8. Are you physically active? (=30 minutes
moderate intensity exercise most days of the

week)

9. Did your body weight remain stable for the
past 6 (six) months?

10. Do you use dietary supplements?

a. Ifyes, state frequency

b. Describe the dietary supplements used

11. Do you follow any diet specific diet such as:

a. Vegetarian or vegan diet?

b. High protein diet?

c. Healthy eating habits incorporated
in diet?

d. Other (Please specify)

12. Do you have any kidney problems?

13. Do you have any liver diseases or problems?

14_If female, are you pregnant (actual or
intended)?
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Appendix C

Demographic Questionnaire

\r-—-ﬂ

‘ Cape Peninsula
University of Technology

STUDY TITLE

Demographic questionnaire

Section A: General

1.1 Participant number

1.2 Date D M Y

Contact telephone number:

Please mark your response with an “X" in the appropriate response box

49

Response

1.4 Your gender? Male 1
Female 2

1.5 Your age in years? (Please indicate)

1.6 Your date of birth? (Please indicate) D M

1.7 Your first language? 1.7.1 Afrikaans 1
1.7.2 English 2
1.7.3 Xhosa 3
1.7 4 Other 4

1.8 Your second language? 1.8.1 Afrikaans 1
1.8.2 English 2
1.8.3 Xhosa 3
1.8.4 Other 4
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Response

1.9 Your marital status? 1.9.1 Never married 1

1.9.2 Married 2
1.9.3 Divorced 3
1.9 4 Widowed 4

1.10 What is your occupation?

1.10.1 Legislator, senior official and manager (e.g. CEQ, president/vice president, 1
general manager, divisional head, postmaster, superintendent, dean, school
principal)

1.10.2 Professional (e.g. engineer, architect, lawyer, biologist, geologist, psychologist, | 2
accountant, medical doctor, town planner)

1.10.3 Associate professional and technician (e.g. computer programmer, nurse, 3
physiofoccupational therapist, actor, photographer, illustrating artist, product
designer, translator, pilot, broker, quality inspector)

1.104 Clerk (e.g. bookkeeper, teller, cashier, messengers and office helper, typist, 4
telephone operator, secretary, reception clerk, library clerk)

1.10.5 Service and sales worker (e.g. nurses’ aid, hairdresser, guide, housekeeper, A
childcare, fire-fighter, advertising agent, real estate agent, sales clerk, shop
attendant)

1.10.6 Skilled agricultural and fishery worker (e.qg. farmer, grower, planter, 4]
winemaker, horticultural worker, fisherman/woman)

1.10.7 Craft and related trades e.g miner, quarry worker, bricklayer, carpenter, 7
plasterer, plumber, electrician, painter, mechanic, locksmith)

1.10.8 Plant and machine operator e.g. truck driver, bus driver, taxi driver, sound and | &
video recorder, textile worker, production machine worker)

1.10.9 Elementary occupation e.g. news vendor, garage attendant, car washer, 9
gardener, fanm labourer, garbage collector, sweeper)

1.10.10 Learner/student 10

1.11 Your highest level of education? | 1.11.1 Secondary school/High school 1

1.11.2 Matric (St.10/Grade 12) 2
1.11.3 Certificate 3
1.11.4 Diploma 4
1.11.5 Degree ]
1.11.6 Post-graduate degree (Masters/Doctoral) | 6




Section B: Lifestyle

51

2. Smoking Response
2.1 Do you smoke? 2.1.1 Never smoked 1
2.1.2 Former smoker 2
2.1.3 Current smoker 3
2.2 If you currently smoke, please indicate your selection | 2.2.1 Cigarettes 1
2.2.2 Tobaccol/pipe 2
2.2.3 Cigar 3
3. Physical activity
3.1 Are you physically active? 31.1Yes
3.1.2No 2
3.2 If yes, how regularly do you exercise (mark the appropriate section)?
3.2.1 1xiweek
3.2.2 3x/week
3.2.3 > 3x/week
3.3 Would you describe your physical activity level as:

3.31 Moderately active - walking briskly (about 5% km per hour); hiking; gardening; 1
dancing; golf (walking and carrying clubs); bicycling (less than 16 km per hour); weight
training (general light workout)?

332 Vigorously active - runningfjogging (8 km per hour); bicycling (more than 16 km per 2

hour); Swimming (freestyle laps); aerobics; walking very fast (7 km per hour); Heavy

work, such as chopping wood; Weight lifting (vigorous effort)?




Appendix D

Rey Auditory Verbal Learning Test (RAVLT) Test

Use the word list printed below for most regular visits. You should use the RAVLT Alternate Word List (not

REY AUDITORY VERBAL LEARNING TEST

included in this booklet) when the participant has already been tested using the word list shown below
within the past year. Regardless of which word list you use, you should indicate here the form that was

used:

Regular word list (printed below)

Alternate word list (use separately printed English4anguage word list)
Spanish word list (use separately printed Spanishdanguage word list)

Trial I: “The next task may seem a bit difficult in the beginning, but usually it gets easier as we
go along. | am going to read for you a long list of words. Once I’m done, I’d like to see how
many of the words you can recall. You can repeat the words in any order that you prefer; you
don’t have to use the same order that | use. Then, | am going to read the same list for you a few

more times, to see how many of the words you can eventually learn. Ready?”

Trial Il: “That was a good beginning. Now I’m going to read the same list again, and again |
would like to see how many of the words you can recall, including the words you remembered

on the first trial. Again, listen very carefully. Ready?”

Trials lll=V: “Very good. I’'m going to read the list again. Again, listen carefully and try to

remember as many words as you can. Ready?”

10

11

12

13

14

15

TRIAL |

~_ | oum
— | curtain
| Ben

| Coffee

| school

Parent
Moon
Garden

| Hat

| Farmer

Nose
Turkey
Color

| House

| River

TRIAL I

Drum
Curtain
Bell

| Coffee

| School

Parent
Moon
Garden

| Hat

| Farmer

Nose
Turkey
Color

| House

| River

TRIAL 11l

Drum
: Curtain
~ Bel

Coffee

School

Parent

Moon
~ Garden

Hat

Farmer

Nose

Turkey
: Color

House

River

TRIAL IV

:] Drum
I:l Curtain
[ ]Bel

| | Coffee

| | school

|:| Parent
l:] Moon
I:l Garden

| | Hat

| | Farmer

\:] Nose
I:l Turkey
l:] Color

| | House

| | River

TRIALV

Drum
Curtain
Bell

| Coffee

| School

Parent
Moon
Garden

| Hat

| Farmer

Nose
Turkey
Color

| House

| River

PAGE 2
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REY AUDITORY VERBAL LEARNING TEST
{Interference List, Recall Following Interference)
Instructions: After Trial V of the primary word list, say “Very good. I want you lo try to remember
as many of thoss words as possible because I'm going to ask you about them again a little later.”
Then say, "Now | am going to read for you a different list of words. Once again, when I'm done,
1'd like to see how many of the words you can recafl. Ready?” Read the interference list {desk,
rangaer, etc.) and racord responses under Trial VI.

After the subject has recalled as much as possible from the interference list, say, “Now F'd like
to see how many words you can recall from the first list—the one we wenl through five times.
Teil me as many words as you can remember from the first list.” Record responses under Trial VI

TRIAL V1 TRIAL ¥l

1 | |Desk Drum
2 | |Ranger Curtaln
3 [ |Bn Bell
4 [ |shoe Coffen
8 [ |stove School Missing = *99”
TRIALVI TRIAL Vil TRIALY] TRIAL VI
6 | | Mountan Parent
7 | | Glasses Moan 0 0 B (@ B @
(1 (1 ) KN | ) KN |
8 [ |Towel Garden 2 2 3 (2 a0 (3
) ) - IRE ) - IRE )
9 |:|Glnud Hat a a e g (4
i i &l (& ol (&
10 [ | Boat Farmer ' ' CiG -0
7 7 T (T (T
11 | |Lamb Nose i i @ 0 &
0 (i w (i % (8 % (4
12 | |@un Turksy
13 Panell Colo
B — o THE REY COMPLEX FIGURE COPY AND IMMEDIATE
14 [ JCrmh — Hause RECALL SHOULD BE ADMINISTERED NEXT.
18 [ |Fish Rivar

| | SERIAL #

EE = PAGE 3 T |



REY AUDITORY VERBAL LEARNING TEST
(Delayed Recall)

Instructions: Without reading the list again, say: “Remember the long list of words we
went through five times? I'd like you now to tell me as many of the words from that list as
you can remember.”

—

]

10

11

12

13

14

15

TRIAL vill

| Drum

| curtain

~ | Bl
:J Coffee
j School

| Parent

| Moon

: Garden
: Hat
:l Farmer

| Nose

| Turkey

:I Color
:l House
j River

Missing = “99"
TRIAL VIll TRIAL VIII

N =
e e

®) (@) (~) (@) (o) (&) (w) (N (=) (o
8888 EE
©) (o) (N) (@) (o) (&) (@ (M) (=) (e

@
S

REY AUDITORY VERBAL LEARNING TEST
Recognition (Trial 1X)

Show the subject the list of words and say, “Next | would
like to see how many of these words you can recognize.
Please circle all of the words on this list that you think were
part of the original list that we went through five times.
Make sure you only circle those words that you are sure

you remember.”
TRIAL IX
RECOGNITION RECOGNITION
HITS FALSE POSITIVES
0.0 0 0
100 (1 10) (1
2 20 (2
3 30 (3
4 Missing = “99" 4
5 5
6 6
7 7
8 8
920 (9 20 (9
PAGE 9 ]|



PARTICIPANT CODE:

BELL HOME TOWEL BOAT GLASSES
WINDOW FISH CURTAIN HOT STOCKING
HAT MOON FLOWER PARENT SHOE

BARN TREE COLOUR WATER TEACHER
RANGER BALLOON DESK FARMER STOVE
NOSE BIRD GUN ROSE NEST
WEATHER MOUNTAIN CRAYON CLOUD CHILDREN
SCHOOL COFFEE CHURCH HOUSE DRUM
HAND MOUSE TURKEY STRANGER TOFFEE
PENCIL RIVER FOUNTAIN GARDEN SHEEP
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Appendix E

Digit Span Forwards & Backwards Administration Procedure

Participant Id#:

Date: / /

Month Day Year

DIGIT SPAN TEST - - FORWARD

o After saying the instructions administer the digit spans in order.

« Do not repeat a span once read.

¢ Administer both spans of the same length regardless of how the participant performs.
o Say the digits at a rate of 1 digit about every 1 sec.

« Use a monotonic voice; without inflections at the end

« Discontinue after failure on both trials of any item (e g , 5a and 5b)

Examiner. "l am going to say some numbers. Listen carefully, and when | am through say them right after me. For example,
if | say 7-1-9, what would you say?"

o If the participant responds correctly (7-1-9), say: "That's right” and proceed to ltem 1.
o If the participant fails the example, say: "No, you would say 7-1-9. I said 7-1-9, so to say it forwards you would say
7-1-9. Now try these numbers. Remember, you are to say them forwards. 3-4-8."

o Whether the participant succeeds or fails with the second example (3-4-8), proceed to Item 1. Give no help on this
second example or any of the items that follow.

Scoring: Each span is scored 1" (Pass) or '0" (Fail). Only discontinue test when participant has failed both trials of the same
span length (e.g.. 5a and 5b)

L

ltem |Digit Span Pass Fail
1 a |1-7 o1 oo
b. |6-3 01 oo
2 a |5-8-2 O 0o
b. |6-9-4 01 00
3 a 6-4-3-9 o1 oo
b |7-2-8-6 01 00
4 a |4-2-7-3-1 o1 oo
b. |7-5-8-3-6 o1 co
5 a |6-1-9-4-7-3 01 00
b [3-9-2-4-8-7 o1 oo
6 a. |5-9-1-7-4-2-8 o1 00
b. |4-1-7-9-3-8-6 o1 oo
/ a |5-8-1-9-2-6-4-7 o1 oo
b-13:8:2.9.5-1.7-4 01 o0
8 a. |2-7-5-8-6-2-5-8-4 o1 oo
b. |7-1-3-9-4-2-5-6-8 o1 oo
8038424313 _I
DST (10/23/2009) Page 10f2
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DIGIT SPAN TEST - - BACKWARD

Administer the digit spans in aorder.

Do not repeat a span once read.

Administer both spans of the same length regardless of how the participant performs.
Say the digits at a rate of 1 digit about every 1 sec.

Use a monotonic voice; without inflections at the end

Examiner: "Now | am going to say some numbers, but this time when | stop | want you say them backwards. For example, if
I say 7-1-9, what would you say?"

Scoring:

If the participant responds correctly (9-1-7), say: "That's right," and proceed to ltem 1.

If the participant fails the example, say: "No, you would say 9-1-7. | said 7-1-9, so to say it backwards you would
say 9-1-7. Now try these numbers. Remember, you are to say them backwards. 3-4-8."

Whether the participant succeeds or fails with the second example (3-4-8), proceed to Item 1. Give no help on this
second example or any of the items that follow.

Discontinue after failure on both trials of any item (e.g., 5a and 5b)

Each span is scored "1" (Pass) or '0" (Fail). Only discontinue test when participant has failed both trials of the same

span length (e.qg.. 5a and 5b)

L

DST (10/23/2009) Page 2 of 2

Item |Digit Span Pass Eail
1 a |2-4 o1 co
b. |5-7 o1 oo
a. |6-2-9 O1 Qo
b. |[4-1-5 O1 o]
3 a |3-2-7-9 O1 oo
b. 14-9-6-8 O1 oo
4 a. |1-5-2-8-6 o1 oo
b. |6-1-8-4-3 o1 oo
5 a |5-3-9-4-1-8 o1 oo
b. |7-2-4-8-5-6 o1 oo
6 a. |8-1-2-9-3-6-5 o1 oo
b. |4-7-3-9-1-2-8 o1 oo
7 a |9-4-3-7-6-2-5-8 o1 oo
b. |7-2-8-1-9-6-5-3 - e
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Appendix F

Delis-Kaplan Executive Function System (BKEFS) Trail Making Test

Trail Making Test

Ages 8-89
Materials

* Record Form

+ Stimulus Booklet (Easel Position)

* Visual Scanning
Response Booklet

+ Pen (any color)

« Stopwatch

Discontinue

Discontinue after 150 seconds.

Condition 1: Visual Scanning

Place the stimulus booklet in its easel position. Place the Visual Scanning Response Booklel_ flat on
the table and facing the examinee so that he or she can easily write on the practice page. Give the
examinee a pen. Point to the practice page and say,

Here are some numbers and letters. | want you to find all of the threes on this page. Make
a mark like this each time you see a three (draw a slash through the 3 that is in the upper-left
quadrant of the box from the examinee's perspective). Don‘t place marks on any of the other
numbers or letters, just the threes. Mark the threes as quickly as you can without missing
any. Go ahead.

Correct and explain any errors. After the examinee has completed the practice task, say,
Good. Now let's try this one.

Even if the examinee had difficulty with the practice task, administer the Visual Scanning condition.
Open the response bookiet to the second and third pages. Place it flat on the table directly in front of
the examinee, horizontally at the examinee's midline. Say,

Here are more numbers and letters. Like before, | would like you to mark all of the threes
on these two pages. Mark the threes as quickly as you can without missing any. Tell me
when you are finished. Ready? Begin.

Start timing. When the examinee has marked all the threes or indicated that he or she has finished,
stop timing. Record the total time in seconds on the record form.

If the examinee fails to finish the task by 150 seconds, say,
Stop. That's good.

If the examinee has begun marking a number or letter at the end of the time limit, allow the examinee
to complete that response before telling him or her to stop. This response is scored as completed
within the time limit.

Do not allow the examinee to mark any numbers or letters after the time limit.

Remove the Visual Scanning Response Booklet.

D-KEFS Trail Making Test

Ages 8-89
Materials

+ Record Form

+ Stimulus Booklet (Easel Position)

+ Number Sequencing
Response Booklet

« Pen (any color)

~ Stopwatch

Discontinue

If the examinge cannot complete
the practice task after four
corrections by the examiner,
discontinue the practice task and
do not administer the scored
Number Sequencing condition,
Pruceed v Cundition 3: Letter
Sequencing.

Discontinue the scored Number
Sequencing condition after
150 seconds.

Note

If the examinee has difficulty
holding the response booklet
stationary, hold down the top or
side edges of the booklet with
your fingertips.

Condition 1: Visual Scanning

Condition 2: Number Sequencing

Leave the stimulus booklet in its easel position. Place the Number Sequencing Resgonse Booklet flat
on the table and facing the examinee so that he or she can easily write on the practice page. Point to
the practice page and say,

Here are some more numbers and letters. This time, | want you to connect just the
numbers. Begin at number one (point to the 1) and draw a line from one to two (trace this
connection with your finger), two to three (trace this connection with your finger), three to fou
(trace this connection with your finger), and so on, in order, until you reach the end (point (o 1he
5). Draw the lines as quickly as you can without making mistakes. Go ahead.

If the examinee makes an incorrect connection, stop him or her immediately after he or she has
completed the connection. Write an X over the incorrect connection, explain the error, and point lo
the correct connection. Ask the examinee to proceed from the last correctly connected number. Il
examinee completes the practice task with fewer than four errors, administer the Number Sequenc
condition. Say,

Good. Now let's try this one.



Discontinue

Discontinue the scored Mumber
Seauencing conditior: eler
180 seconds,

Note

I the avaminea has difficilty
halding the resporse booke,
stationary. hokl dewn Lhe tap or
slde ecges of the booklet with
your fingertips.

Ages 8-89
Materials

* Racord Form
+ Stimulay Baoklet [Easel Postion)
+ Laner Secuencing
Response Booklet

« Pen (any calor)

Stopaatch
Discontinue
I the exarmimes cannot complete
the practice tazk after four
corrections by 1he exommner,
discantinue {nhe practice task and
ac nol scmirs: he scored Letter
an or Candition
Switching
o Condition 5:

Motor Spaed

Disoantinue the scorad Letter
Sequensag condition aher
160 seconds

Note

I the examinee hss dificulty
boldirg the response booklet
stationary, hold down the top or
aide edges of the booxier with
your fingerips.

Condition 2: Number Sequencing fcontinued)

Open the response booklet to the second and third pages. Place it flat an the table directly in front of
the examinee, horizontally at the examinee's micline. Say,

On this page are more numbers and letters. Do this the same way by connecting just the
aumbers. Begin at number one {point 10 the 1) and draw a line from one ta two (trace this
connection with your finger), two to three (trace this connection with your finger), three to four
(trace this connection with your finger), and so on, in order, until you reach the end (point (¢ ihe
16). Draw the lines as quickly as you can without making mistakes. Ready? Begin.

Start timing. If the examinee makes an incerrect connection, stop him or her immediately after he o
she has completed the connection. Write an X over the incorrect connection, state that he or she has
made an error, and. without explaining the error, ask him or her to proceed from the last correctly
connected number. Keep the stopwaich running while pointing out errors.

When the examinee completes the last connection {reaches number 16), stop timing. Record the lo!
time in seconds on the recorc form.

If the examinee falls to finish the task by 150 seconds, say,

Stop. That's good.

Allow the examince to complete any connection in prograss at the lime limit belore telling him or her to
stop. This connection is scored as completed within tha time limit.

Remove the Numbar Sequencing Response Booklet.

Condition 3: Letter Sequencing

Leave the stimulus booklet in its easel position, Place the Letter Sequencing Response Booklet flat on

the table and facing the examinee go that he or she can easily write on the practice page. Point to the
practice page and say,

This time, | want you to connect just the letters. Begin at the letter A (point to the A) and
draw a line from A to B (trace this connection with your finger), B to C (trace this connection with
your finger), € to D (trace this connection with your finger), and so on, in arder, until you reach

the end (point to the letter E}. Draw the lines as quickly as you can without making mistakes
Go ahead.

If the examinee makes an incorrect connection, stop him or her immediately after he or she has
completed the connection, Write an X over the incorrect connection, explain the error, and point to
the correct connection. Ask the examinee 0 proceed from the last correctly connected letter. If the

examinee completes the practice task with fewer than four errors, administer the Letter Sequencing
condition. Say,

Good. Now let’s try this one

D-KEFS Trail Making Test

Condition 3: Letter Sequencing
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Discontinue

Discontinue the scored Letter
Sequencing condition after
150 seconds.

Note

I the examnee has difiiculty
hoiding the response booklet
stationary, hold down the top or
sude edges of the booklet with
your fingertips.

Condition 3: Letter Sequencing (continued)

Open the response booklet to the second and third pages. Place it flat on the table directly in front of
the examinee, horizontally at the examinee’s midline. Say,

Do this the same way by connecting just the letters. Begin at A (point to the A) and draw a
line from A to B (trace this connection with your finger), B to C (trace this connection with your
finger), C to D (trace this connection with your finger), and so on, in order, until you reach

the end (point to the P). Draw the lines as quickly as you can without making mistakes.
Ready? Begin.

Start timing. If the examinee makes an incorrect connection, stop him or her immediately after he or
she has completed the connection. Write an X over the incorrect connection, state that he or she has
made an error, and, without explaining the error, ask him or her to proceed from the last correctly
connected letter. Keep the stopwatch running while pointing out errors.

When the examinee completes the last connection (reaches the letter P), stop timing. Record the total
time in seconds on the record form.

If the examinee fails to finish the task by 150 seconds, say,

Stop. That's good.

Allow the examinee to complete any connection in progress at the time limit before telling him or her to
stop. This connection is scored as completed within the time limit.

Remove the Letter Sequencing Response Booklet.

D-KEFS Trail Making Test

Condition 3: Letter Sequencing
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Ages 8-89

Materials =

+ Rocord Form

+ Stimulus Booklet (Easel Poston)

Number-Letter Switching
Response Booklot

= Pen (any color)

+ Swpwatch

Discontinue

I the examinee cannot complete
the practie task after four
corrections by the examiner,
discontinue the practico tisk
ard do not adminster the
scoted Number-Letier Swiiching
condition Instead, proceed to
Conddion 5° Motor Speed.

Drsconbinye the scored Number—
Lotter Switching condition after
240 seconds

Note

If tho examinee has difficulty
holding the tespanse booklot
stationary, hokd down the 1op or
aide edges of the bookiel with
your fingertips.

Condition 4: Number-Letter Switching

Leave the stimulus booklet in its easel position. Place the Number-Letter Swjtching Respoqse Booklet
flat on the table and facing the examinee so that the examinee can easily write on the practice page.
Point to the practice page and say,

This time, | want you to do something different. | want you to swit h between cting
the numbers and letters, Begin at number one (point to the 1) and draw a line from one to

A (trace this connection with your finger), A to two (trace this connection with your finger), two
to B (trace this connection with your finger), B to three (trace this connection with your finger),
and so on, in order, until you reach the end (point to the D). In other words, you will draw a
line from a number to a letter, to a number, and so on, in order, until you reach the end. Do
you have any questions? Draw the lines as quickly as you can without making mistakes. Go
ahead.

If the examinee makes an incorrect connection, stop him or her immediately after he or she has
completed the connection. Write an X over the incorrect connection, explain the error, and point to the
correct connection. Ask the examinee to proceed from the last correctly connected number or lefter.

If the examinee completes the practice task with fewer than four errors, administer the Number—Letter
Switching condition. Say,

Good. Now let's try this one.

D-KEFS Trail Making Test

Discontinue

Discontinue the scored Number-
Lottar Switching condition after
240 soconds.

Note

I the examiroo has difficulty
halding the response bookiot
stationary, hold down the top or
nido adges of the booklat with
your fingertips

Condition 4: Number-Letter Switching

Condition 4: Number-Letter Switching (continued)

Open the response booklet to the second and third pages. Place it flat on the table directly in front of
the examinee, horizontally at the examinee's midline. Say,

On this page are more numbers and letters. Do this the same way by switching between
numbers and letters. Begin at number one (point to the 1) and draw a line from one to A
(trace this connection with your finger), A to two (trace this connection with your finger), two to
B (trace this connection with your finger), B to three (trace this connection with your finger), and
0 on, in order, until you reach the end (point to the P). In other words, you will draw a line
from a number to a lotter, to a number, and so on, in order, until you reach the end. Draw
the lines as quickly as you can without making mistakes. Ready? Begin

Start timing. If the examinee makes an incorrect connection, stop him or her immediately after he or
she has completed the connection. Write an X over the incorrect connection, state that he or she has
made an error, and, without explaining the error, ask him or her 1o proceed from the last carrectly
connected number or letter. Keep the stopwatch running while pointing out errors

When the examinee completes the last connection (reaches the letter P), stop timing. Record the total
time in seconds on the record form. If the examinee fails to finish the task by 240 seconds, say,

Stop. That's good

Allow the examinee 1o complete any connection in progress at the time limit before telling him or her to
stop. This connection is scored as completed within the time fimit

Remove the Number-Letter Switching Response Booklet.
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Trails continued

Condition 5: Motor Speed

Place the Motor Speed Response Booklet flat on the table and facing the examinee so that
the examinee can easily write on the practice page. Point to the practice page and say,

Here is a dotted line. | want you to start here (point to “Start”) and draw a line
over the dotted line as quickly as you can like this (trace the first three connec-
tions with your finger). Keep drawing over the dotted line until you reach the end
(point to “End”). You do not have to draw your line neatly on the dotted line; just
draw it as quickly as you can. Make sure your line touches every circle along
the path. Do you have any questions? Go ahead.

The following prompts may be given as often as necessary.
¢ If the examinee tries to draw over the dotted line as neatly as possible, thereby losing
time, say, Remember, it's more important to draw your line quickly than to
make it neat.

¢ If the examinee tries to take shortcuts and misses circles along the path, say,
Remember to make your line touch every circle along the path.

If the examinee draws a line that departs from the dotted line and makes an incorrect con-
nection or haphazard line, stop him or her immediately, explain the error, and redirect him
or her to draw over the dotted line. If the examinee cannot complete the practice task after
four corrections by the examiner, discontinue the practice task and do not administer the
scored Motor Speed condition. If the examinee completes the practice task with fewer
than four errors, administer the Motor Speed condition. Say,

Good. Now let’s try this one.

Open the response booklet to the second and third pages. Place it flat on the table directly
in front of the examinee, horizontally at the examinee’s midline. Say,

Test round - A3 sheet:

Again, | would like you to draw over the dotted line as quickly as you can. Start
here (point to “Start”) and draw a line like this (trace over the first three connections
with your finger) until you reach the end (point to “End”). Remember, it’s more
important to draw the line quickly than to make it neat, but make sure your line
touches every circle along the path. Ready? Begin.

Start timing.
The following prompts may be given as often as necessary.

@ If the examinee tries to draw over the dotted line as neatly as possible, thereby losing
time, say, Remember, it's more important to draw your line quickly than to
make it neat.

@ If the examinee tries to take shortcuts and misses circles along the path, say.
Remember to make your line touch every circle along the path.

If the examinee departs from the dotted line and makes an incorrect connection or haphaz-
ard line, stop him or her immediately and, without explaining the error, redirect him or
her to the dotted line. Keep the stopwatch running while pointing out errors.

When the examinee completes the path, stop timing. Record the total time in seconds on
the record form. If the examinee fails to complete the path by 150 seconds, say,

Stop. That’s good.

Allow the examinee to complete any connection in progress at the time limit before telling
him or her to stop. This connection is scored as completed within the time limit.

Remove the Motor Speed Response Booklet.
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Appendix G
Delis-Kaplan Executive Function System (BKEFS) Trail Making Test 1 Condition
Four: Number-Letter Switching Scoring Procedure
Table G1

ScaledScore Equivalents of Raw Scores by Each Age Group: ConditidamberLetter
Switching Completion Time

Table G2

ScaledScore Equivalents of Raw Scores by Each Age Group: ConditidamberLetter
Switching Total All Errors
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