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ABSTRACT The prevalence of cardiovascular disease (CVD) has increased in South Africa, emphasizing the importance
of prevention strategies. This study used echocardiography to investigate the impact of Rooibos on cardiovascular function
in those at risk of CVD. This research aims to contribute to understanding its effects on reducing cardiovascular risk factors.
The study design involved a 12-week randomized, parallel, double-blinded, placebo-controlled dietary intervention trial
using capsules containing standardized water-soluble extracts of green and traditional fermented Rooibos alongside a pla-
cebo control. Echocardiography was incorporated as a diagnostic imaging tool to assess cardiac function in the participant
cohort. Aorta (AO) dimensions showed no significant change in any intervention group. Left atrium (LA) reduced in size
from 3.832 £ 0.071 cm to 3.675 £ 0.067 cm (P = 0.01). There was no significant change in LA/AO ratio in any intervention
group. Interventricular septum diameter in the placebo group decreased from 1.334 £+ 0.030 cm to 1.250 £ 0.025 cm (P =
0.002), with no significance in fermented Rooibos, while green Rooibos resulted in a decrease from 1.282 + 0.036 cm to
1.186 £ 0.029 cm (P = 0.002). Left ventricle posterior wall (LVPW) showed no significant changes in any of the interven-
tion group. The left ventricle mass in the placebo and green Rooibos groups demonstrated no significance changes, while
fermented Rooibos caused a decrease from 204.102 + 7.102 g to 191.394 + 6.707 g (P = 0.015). The phytochemical bioac-
tive components, such as the polyphenolic antioxidants present in green and fermented Rooibos, improved cardiovascular
function. This study confirms the effectiveness of echocardiography as imaging tool for assessing cardiac function in this
particular population. Regular Rooibos consumption may offer promising therapeutic benefits for preventing and managing
CVD risk.
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INTRODUCTION

ardiovascular disease (CVD) has significantly increased in
South Africa over the years, and early management is
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crucial to lessen the morbidity to individuals and the cost burden
to our healthcare system.' CVD is the leading category of non-
communicable diseases (NCDs) according to Pillay et al
(2016),2 and the mortality rate for NCDs in South Africa has
now surpassed those of HIV/AIDS and tuberculosis.> Smith and
Swart (2018)* agree with this statement made by Pillay et al.
(2016)* and note that CVD is widely studied, constitutes a range
of chronic diseases, and is currently the most common noncom-
municable disease. According to Nojilana et al. (2016),” the age-
standardized death rates (ASDRs) from cerebrovascular disease,
hypertensive heart disease, diabetes mellitus, ischemic heart dis-
ease (IHD), and cardiomyopathy were relatively high among
black Africans.
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The field of echocardiography has expanded rapidly in
recent years, allowing for a detailed assessment of cardiac
function. Improved technology has enhanced image quality,
making echocardiography increasingly valuable in emergency,
surgical, and critical care departments.>*® According to Ten-
dera and Wojakowski (2015),” all patients should have a
resting transthoracic echocardiogram at the time of initial
presentation with CVD systems, as it eliminates other pos-
sible causes of chest discomfort. Chang et al. (2009)® and
Yildiz et al. (2020)9 suggest that two-dimensional (2D)
echocardiography is still the most widely utilized imaging
modality for assessing the heart.

Native to South Africa, Rooibos (Aspalathus linearis),
grown exclusively in the Cederberg region of the Western
Cape Province of South Africa and enjoyed by millions of
households, has gained popularity worldwide and is on track
to become the second most commonly consumed bever-
age.lo’11 In addition to Rooibos being caffeine free, it also
has lower levels of tannins compared to the Camellia sinensis
teas and is rich in unique phytochemical constituents with
various bioactivities, including redox modulation, antioxi-
dant, and anti-inflammatory activities.'>'* These characteris-
tics make Rooibos a potentially promising candidate to
impact CVD prevention through dietary interventions. Previ-
ous studies have reported the abilisy of tea to modulate risk
factors associated with CVD.'>"'” The mentioned studies
highlight the potential of green tea extract as a natural and
supportive approach to managing cardiovascular health.
These dietary flavonoids have been found to decrease the risk
of death due to coronary artery disease, cancer, and stroke,
likely due to their antioxidant protection in the vascular endo-
thelium and ability to reduce the risk of atherosclerosis.'®

Oxidative stress, caused by an imbalance of free radicals
and antioxidants in the body, contributes to cell and tissue
damage and the development of chronic diseases.'® Herbal
teas, rich in antioxidants such as flavanols, flavanones and
isoflavanones, can potentially increase antioxidant levels in
the blood and prevent chronic illnesses.?® Duffy et al.
(2001)*' studied the effect of long-term black tea consump-
tion on endothelial dysfunction and found that certain anti-
oxidants in black tea can be linked to a reversal in
endothelial dysfunction in participants with coronary artery
disease. Previously, it was shown that the chronic intake of
fermented Rooibos improved the lipid profile, enhanced the
redox status, and reduced the oxidative lipid damage in
adults at risk for developing CVD."? This study aims to
contribute to this and further our understanding of its effects
on cardiovascular health by using echocardiography.

Study design

The echocardiography study was part of a larger research
project titled “Rooibos, Heart and Cognitive Health,” which
aimed to investigate the potential cardiovascular and cogni-
tive benefits of Rooibos. Echocardiography was included
after discussing its potential as a diagnostic tool for cardiac
abnormalities in the at-risk participant cohort. The study
involved a 12-week randomized, placebo-controlled parallel

dietary intervention trial. Participants were randomly
assigned to one of three intervention groups consuming pla-
cebo, fermented Rooibos, or green Rooibos capsules. The
capsules contained standardized cold water-soluble extracts
manufactured by Rooibos Ltd. under Good Manufacturing
Practices certification and packaged in a registered Food
and Drug Administration facility. Participants took one cap-
sule three times a day with meals for 12 weeks, with each
capsule equivalent to three cups of Rooibos. The groups
were matched based on age and gender, and the researcher
was blinded to which capsules each participant consumed.
Before starting the intervention, participants had a 2-week
washout/stabilization period where they followed their nor-
mal diet with certain dietary flavonoid restrictions. Trans-
thoracic echocardiography was done before and after the
12-week intervention. Participants were requested to follow
their usual diet, while compliance was monitored from
completed daily dietary records and return of capsule hold-
ers at the end of the study.

Study population

Participants for the study were recruited from a screening
program conducted at the Applied Microbial and Health
Biotechnology Institute, at the Bellville campus of the Cape
Peninsula University of Technology (CPUT) in Cape
Town, South Africa. The Human Research Ethics Commit-
tee of the Faculty of Health and Wellness Sciences at the
university approved the study (CPUT HWS-REC 2021/H29
renewal). All participants attended an information session
where the study criteria were explained, and the researcher
described the procedures regarding the participant’s
involvement in the study. Potential volunteers were first
requested to complete a screening questionnaire based on
the following inclusive criteria: hyperlipidemia—raised
cholesterol levels of >5.5 to 7.5 mmol/L and triglyceride
levels of >1.7 to <2.5 mmol/L, hypertension—increased
blood pressure readings of >120-139/80-90 mmHg, hyper-
glycemia—elevated blood glucose levels, and lifestyle fac-
tors, which include a body mass index of > 25 to 38 kg/m?,
classified as overweight or obese, physically inactive, and
following a high atherogenic diet.

The study participants each provided written consent
before the study commenced and were advised that they
may withdraw from the study at any moment without preju-
dice or detrimental influence. This study adheres to the Pro-
tection of Personal Information Act that went into effect on
July 1, 2021, in South Africa, intending to govern the proc-
essing of personal information during research. Each partic-
ipant was assigned a unique study code that was used on all
research-related data and documents for each participant to
ensure the confidentiality of all information collected in this
study.

A total of 721 adults between 28 and 79 years of age par-
ticipated in a screening program. From the screening, 413
adults who met the study’s inclusion criteria were invited to
attend information sessions about the study. 257 partici-
pants completed the baseline phase. Finally, while 219

Sa|d1HIe SS90y uadQ 404 3dadxa ‘pawiad Jou AJ3dHIS S| UOIINGLISIP PUB 3SN-3Y "§Z0Z 494010 /0 UO - HagalT uuy Alely Ag ‘wod gndiagalmmm//:sdiy woly papeojumoq ‘2z ‘720z ‘ywl



HERBAL ROOIBOS AND CARDIOVASCULAR HEALTH 907

participants completed the full 12-week Rooibos interven-
tion phase and were included in the study. The participants
had two or more modifiable CVD risks.

Transthoracic echocardiography

Transthoracic echocardiography measurements were per-
formed with an E2 Series Digital Color Doppler Ultrasound
system with Brightness mode, Motion mode (M-Mode),
and Doppler facilities (color, pulsed-wave, and continuous-
wave Doppler). The ultrasound system is manufactured by
SonoScape Medical Corporation based in China. A 2-8
MHz multifrequency phased array transducer with coupling
gel was used to assess the cardiac structures. Echocardiog-
raphy was performed by an experienced sonographer who
was blinded to the intervention cohort and clinical data of
the participants. The scanning was conducted according to
the recommendations of the American Society of Echocar-
diography. The systolic and diastolic cardiac functions were
obtained from the 2D and M-mode imaging applications.
Using the parasternal long-axis view and short-axis view,
the left ventricle in diastole diameter (LVIDd) and the left
ventricle in systole diameter (LVISd) measurements were
obtained, as well as the interventricular septum thickness in
diastole diameter and the left ventricle posterior wall diame-
ter (LVPWd) thickness. The right ventricle (RV), aorta
(AO), and left atrium (LA) sizes were determined using the
parasternal long-axis and the four-chamber views to deter-
mine the right atrial size. The pulmonary arterial pressure
was estimated by measuring the RV systolic pressure using
tricuspid valve regurgitation velocities. The diastolic func-
tion and the mitral valve inflow pattern were detected using
the pulse-wave Doppler application. Data analysis was
done offline using the customized ultrasound software.

The echocardiograms were conducted in a safe and secluded
environment, with only authorized personnel who provided
medical assistance when necessary. Recordings were automati-
cally saved on the system that was stored in a closed and pro-
tected room. Permission was granted to the researcher to
utilize the echocardiographic images of participants in this
document, respecting their privacy and anonymity. Figure 1
demonstrates the systolic and diastolic measurements of the

cardiac structures, and Figure 2 demonstrates the pulse-wave
spectral Doppler to assess the diastolic function of the heart.
Parasternal long-axis view M-mode measurements of the
RV, AO, LA, interventricular septum in diastole, LVIDd,
LVISd, posterior wall (PW).
Apical four-chamber view demonstrating pulse wave spec-
tral Doppler to assess the diastolic function of the heart.

Statistical analysis

The generalized linear model consists of three compo-
nents: a random component, a systematic component, and a
link function.” The assumptions of the classical linear
model, as outlined by McCullagh and Nelder (1989),22 are
as follows:

1. All components of Y, the dependent variable, are inde-
pendent and normally distributed, and they all have com-
mon variance (random component),

2. The covariates are combined to give the linear predictor
(systematic component),

n; = o+ /))]X[] + ﬂin2+ A [))kXik

3. Relationship between the random component and the sys-
tematic component is described using a link function,
which follows a specific probability distribution, accord-
ing to the characteristics of the dependent variable.

gpi)= ni= o+ PfiXa+ BXo+ ...+ BiXa

The generalized linear model relaxes the first assumption
to allow dependent values that may be from one of the
exponential family of distributions and to allow variances
that are not common. Link functions are chosen according
to the data type and the context of the data.

In the case of repeated (dependent) measures, the gener-
alized linear model can be extended to the generalized esti-
mating equation application.23 This application allows for
the dependent variable to be numerical or categorical. In
this study, the dependent variable is a binary variable; thus,
a logit link function g(p)= In;%— is selected, where p,

1-p
for example, is the probability (p) of a specific profile mak-
ing a specific selection.?*

FIG. 1. Parasternal long-axis Motion mode measurements of the right ventricle (RV), aorta (AO), left atrium (LA), interventricular septum
in diastole (IVSID), left ventricle in diastole (LVIDA), left ventricle in systole (LVISd), and posterior wall (PW).
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1 MVE Vel: 79.57 cm/s
MVEPG: 2.53 mmHg
MV A Vel: 65.02 cm/s
MVAPG: 1.69 mmHg
E/A: 1.22

FIG. 2. Apical four-chamber view demonstrating pulse-wave (PW) spectral Doppler to assess the diastolic function of the heart.

RESULTS

The anthropometric and general health characteristics of
the study population are presented in Table 1.

Echocardiography outcomes

Based on the generalized estimating equation application
demonstrated in Table 2, no significant effect of the three
study interventions was observed for the AO, LVPWd,
LVISd, LVIDd, and EF%; however, some of the interven-
tions did affect the LA, IVSd, and left ventricular mass
(LVM) measurements. This analysis demonstrated that both
the green Rooibos and fermented Rooibos interventions had

a discernible impact on cardiovascular function. It is noted
that the placebo group also exhibited changes in one of the
cardiovascular function parameters.

Furthermore, when considering the association between
echocardiography measurements and the three distinct dietary
interventions, Chi-square tests were conducted to evaluate sta-
tistical significance. These tests provided evidence that the
various interventions did, indeed, influence specific cardiac
variables, including the LA, interventricular septal thickness
in diastole (IVSd), and LVM.

The green Rooibos group demonstrated a slight reduction
in the aortic size from the baseline to the intervention echo-
cardiogram. This change was, however, not statistically

TABLE 1. ANTHROPOMETRIC CHARACTERISTICS OF THE STUDY PARTICIPANTS (N=219)

Placebo group

Fermented Rooibos group Green Rooibos group

Characteristics of the group n=78 n=068 n=73

Age (years) 45.54+10.98 45.9+10.09 47.03 £10.77

Gender Male: 30.8%; Female: 69.2% Male: 22.1%; Female: 77.9% Male: 23.3%; Female: 76.7%

Body weight (kg) 82.18+19.84 7729 £ 16.29 82.2+21.82

Stature (m) 1.64 £0.09 1.63 £0.09 1.63 £0.08

BMI (kg/m2) 30.72+£7.53 29.35+6.69 31.04 £7.59

Resting systolic blood pressure (mm Hg) 13243 £ 17.44 133.42 + 19.81 131.41 £ 18.54

Resting diastolic blood pressure (mm Hg) 8543+ 11.39 84.58 + 11.89 824+ 11.04

Hemoglobin (g/dL) 14.31 £2.41 13.55+2.44 14.22 £2.32

Glucose 428+1.87 4.81+1.93 4.47+1.25

Cholesterol (n = 61; 58; 67) 5.39+0.96 5.39+£0.91 55+1.04

Smoking No: 57.1%; Yes: 31.2%; Previous: No: 58.8%; Yes: 29.4%; Previous: No: 54.8%; Yes: 24.7%; Previous:
11.7% 11.8% 20.5%

Family history of CVD No: 35.9%; Yes: 59.0%; Unsure: No: 39.7%; Yes: 57.4%; Unsure: No: 42.5%; Yes: 52.1%; Unsure:
5.1% 2.9% 5.5%

Physical activity

Yes: 70.5%; No: 29.5%

Yes: 67.6%; No: 32.4%

Yes: 78.1%; No: 21.9%

n, total number; kg, kilogram; m, meter; kg/mz, kilogram per square meter; mmHg, millimeters of mercury; g/dL, grams per deciliter.
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TABLE 2. EFFECT OF THE THREE STUDY INTERVENTIONS ON THE MEASURED ECHOCARDIOGRAPHY VARIABLES

Placebo Fermented Rooibos Green Rooibos
Echocardiography
characteristics Baseline Intervention Baseline Intervention Baseline Intervention
AO (cm) 3.245 £ 0.047 3.296 + 0.056 3.205+0.041 3.228 £ 0.049 3.206 + 0.050 3.191 £ 0.053
LA (cm) 3.938 +£0.063 3.848 £ 0.058 3.766 + 0.059 3.731 £ 0.071 3.832+0.071 3.675 £ 0.067
(P=0.01)

LA / AO Ratio 1.226 + 0.023 1.185 £ 0.024 1.186 + 0.023 1.169 + 0.027 1.208 + 0.024 1.165 + 0.023
IVSd (cm) 1.334 £ 0.030 1.250 + 0.025 1.267 £ 0.028 1.259 £ 0.031 1.282 + 0.036 1.186 + 0.029

(P =0.002) (P =0.002)
LVPWd (cm) 1.007 £ 0.023 1.035 £ 0.026 0.970 + 0.022 1.012 +0.028 0.998 + 0.028 1.014 £ 0.027
LVM (g) 210.659 +7.029 203.350 + 6.503 204.102 +7.102 191.394 + 6.707 198.841 +7.636  191.120 + 7.379

(P=0.015)

LVIDd (cm) 4.970 £ 0.064 4.925 +0.059 4.819 £0.061 4.929 +0.059 4.913 £0.049 4.967 £ 0.058
LVISd (cm) 3.071 £ 0.065 3.077 £ 0.067 3.004 = 0.068 3.109 + 0.062 3.075 £ 0.055 3.129 + 0.065
EF (Teich) 0.676 £ 0.013 0.668 + 0.013 0.666 + 0.015 0.658 £ 0.012 0.666 + 0.010 0.657 £0.013

AO, aorta; LA, left atrium; IVSd, interventricular septum diameter; LVPWd, left ventricle mass; LVM, left ventricular mass; LVPWd, left ventricle posterior wall

diameter; LVIDd, left ventricle in diastole diameter; LVISd, left ventricle in systole diameter; EF, ejection fraction.

significant (P = 0.75). The fermented Rooibos (P = 0.57)
and placebo (P = 0.25) groups exhibited increased AO
dimensions, which did not reach statistical significance. In
LA dimensions, a significant reduction (P = 0.01) was
observed between baseline and intervention echocardio-
gram dimensions in the green Rooibos group. In the placebo
and fermented Rooibos groups, there were minor reduc-
tions in LA dimensions, although these changes were not
statistically significant (fermented Rooibos, P = 0.061; and
placebo, P = 0.060). When comparing baseline with interven-
tion echocardiograms, a slight, nonsignificant decrease (P >
0.05) was observed in the mean LA/AO ratio across all three
intervention groups. For IVSd, a significant decrease in
dimension was noted in the groups having consumed green
Rooibos and placebo (P = 0.002), while the fermented Rooi-
bos intervention resulted in a decreasing trend without statisti-
cal significance (P = 0.784). The LVPWd exhibited a slight
increase between baseline and intervention echocardiograms
in all three intervention groups, although none of these
changes was statistically significant (green Rooibos, P = 0.56;
placebo, P = 0.38; and fermented Rooibos, P = 0.18). A sig-
nificant decrease in LVM was observed in the fermented
Rooibos group when comparing baseline and intervention
echocardiograms (P = 0.015). However, the differences in
LVM for the green Rooibos and placebo groups were not stat-
istically significant (P > 0.05). No significant difference was
found in the LVIDd or LVISd across all three intervention
groups when comparing baseline and intervention meas-
urements (P > 0.05). Regarding the ejection fraction, no
notable increase was observed in any of the three inter-
vention groups when comparing baseline with interven-
tion echocardiograms (P > 0.05).

DISCUSSION

Fermented and green Rooibos interventions positively
impacted cardiovascular parameters (Table 2). A significant
reduction was demonstrated in LA dimensions and the
interventricular septum thickness in the green Rooibos

group, while fermented Rooibos showed a decreasing trend
without statistical significance. Both groups exhibited non-
significant positive changes in aortic dimensions. Fer-
mented Rooibos, however, resulted in a significant decrease
in left ventricular mass, which was not observed in the
green Rooibos, suggesting a role for fermented Rooibos in
cardiac remodeling and function enhancement. These dif-
ferences may stem from variations in the bioactive com-
pounds present in fermented versus green Rooibos,
suggesting potential specific benefits of each preparation on
cardiac parameters. These findings also imply that the bio-
active compounds in fermented and green Rooibos may
contribute to these cardiovascular benefits. A cross-
sectional analysis by Senftinger et al. (2023)* investigated
the associations between coffee consumption and various
cardiac biomarkers, echocardiographic and electrocardio-
graphic parameters, and found that different levels of coffee
consumption did not show significant correlations with the
investigated electrocardiogram, echocardiogram, or the
prevalent CVD. However, they observed a positive correla-
tion between high coffee consumption, elevated LDL cho-
lesterol levels, and lower systolic and diastolic blood
pressure. Domotor et al. (2015)%° found that the consump-
tion of coffee did not affect cardiovascular function.
Uncontrolled hypertension (HPT) can have detrimental
effects on the LV, leading to left ventricle hypertrophy
(LVH), and poses a risk to the systolic function, potentially
resulting in heart failure, arrhythmia, and even sudden death
if not treated.>’” Authors Yue et al. (2007) and Palmieri
et al. (2008)28’29 note that diastolic and systolic dysfunction,
LVH, myocardial interstitial fibrosis, increased apoptosis,
and oxidative stress upregulation are common diagnoses in
diabetic hearts. Huynh et al. (2014) and Shabab et al.
(2021)%031 agree and note that dilated cardiomyopathy, sys-
tolic and diastolic dysfunction, are influenced by several
variables, including the oxidative stress process, inflamma-
tion, cell death, fibrosis, and hypertrophy. A dilated aortic
root effectively indicates increased cardiovascular risk
related to target organ injury.** This statement is confirmed
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by (Lee and Park (2015) and Eshoo et al. (2009),33’34 who
state that increased LV mass, reduced LV systolic perform-
ance, impaired LV diastolic function, and increased left
atrial size are all indicators of poor prognosis linked with
hypertension. Suzuki et al. (2011), Boyd et al. (2013),
and Dreslinski et al. (1981)*>7 documented that HPT
causes LVH, decreased LV diastolic function, and LA
enlargement.

The results from this study indicated that echocardiogra-
phy is an effective imaging modality to assess the heart, to
exclude CVD in this cohort. The 12-week Rooibos inter-
vention was found to be effective in modulating the cardio-
vascular function of participants in this research study,
which demonstrated a decrease in the AO size, a decrease
in the LA size, a decrease in IVS thickness, and a decrease
in the LVM. Most of the significant corrections and
improvements of the echocardiography parameters in the
cardiac function have been observed in the green Rooibos
intervention group. The findings in this study agree with
previous studies that theorized how the bioactive com-
pounds present in herbals such as green tea, particularly the
polyphenolic constituents, can potentially improve cardio-
vascular health.*®*? In addition to having cardiac protective
benefits, a study by Afzal et al. (2015)* also suggests that
green tea has been linked to possessing antitumor, anti-
Alzheimer, and antiaging properties, as well as the potential
to enhance redox status at the tissue level.

CONCLUSION

This is the first study to report on the possible heart
health benefits of Rooibos, specifically using echocardiog-
raphy, and as such, it provides an important basis for the
design of future studies of this nature. The findings of this
study align with previous research that has highlighted the
potential benefit of Rooibos in influencing CVD. The
results also confirm that echocardiography is an effective
tool for assessing the heart of participants at risk of CVD.
Bioactive compounds in Rooibos play a significant role in
improving cardiovascular function, and it is suggested that
daily consumption of Rooibos could be a valuable dietary
source for antioxidants and other bioactives to include in
your daily health regime for improving cardiovascular func-
tion. Further research is required to understand the precise
mechanisms in both fermented and green Rooibos.
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