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Abstract: Background: It is well-known that persistent hyperglycaemia predisposes indi-
viduals with diabetes to oxidative stress. Bridelia ferruginea Benth., a tropical African plant,
is known for its antioxidant activity. Methods: This comparative cross-sectional study as-
sessed the oxidative status and associated parameters in 70 individuals living with type 2
diabetes (ILWT2D) who were receiving standard diabetes treatment and consistently
drank Bridelia tea (Bridelia group) compared to 92 ILWT2D receiving standard diabetes
treatment only (comparator group). Lipid peroxidation assessed using thiobarbituric acid
reactive substances (TBARS) served as an indicator of oxidative stress. In addition, the
total antioxidant capacity (TAC), glycated haemoglobin (HbAlc), and dietary intake of
antioxidant-rich foods were assessed. Results: The comparator group had significantly
better glycaemic control [median HbAlc—7.7% (IQR 6.7-9.4)] than the Bridelia group
[9.2% (7.6-11.4)], p = 0.001. The comparator group had been on metformin treatment for a
significantly longer period than the Bridelia group (p < 0.0001). Participants in the com-
parator group consumed antioxidant-rich fruits more frequently (monthly basis) than
those in the Bridelia group who ate fruits seldomly (p < 0.0001). There was no significant
difference (p =0.11) observed in oxidative stress levels between the Bridelia group and the
comparator group [TBARS: 323.0 ng/L (287.5-374.0) and 317.0 ng/L (272.5-342.0), respec-
tively]. Nonetheless, the Bridelia group had significantly higher antioxidant capacity (p =
0.001) compared to the comparator group [TAC: 1.01 mmol/L (0.93-1.10) versus 0.92
mmol/L (0.84-1.03), respectively]. Participants in the comparator group, who did not
drink Bridelia tea, had been on longer metformin treatment with better glycaemic control.
However, those who drank the Bridelia tea showed comparable levels of oxidative stress
and exhibited elevated antioxidant levels compared to those who did not. Conclusion:
Bridelia tea consumption may serve as a sustainable source of antioxidants; however, its
effect on mitigating oxidative stress in ILWT2D requires further investigation, particu-
larly given that no significant improvement in TBARS was observed. Future studies are
needed to clarify the potential role of Bridelia tea in oxidative stress management in re-
source-limited settings like Ghana.

Diabetology 2025, 6, 6

https://doi.org/10.3390/diabetology6010006



Diabetology 2025, 6, 6

2 of 18

Keywords: Bridelia ferruginea tea; type 2 diabetes; oxidative stress; antioxidants; antioxi-
dant-rich foods

1. Introduction

Diabetes is a major global public health threat that contributed to the 41 million non-
communicable disease (NCD)-related deaths globally in 2017 [1]. Additionally, the WHO
[1] reported that in 2017, 78% of global NCD-related deaths occurred in low- and middle-
income countries (LMICs). The number of people with diabetes has nearly quadrupled
from about 151 million at the start of this millennium to over half a billion people in 2021
[2,3]. Type 2 diabetes accounts for a huge proportion (96%) of the number of people with
diabetes in recent times [3]. Diabetes presents significant health and socioeconomic costs
to individuals, households, and governments in LMICs [2,3].

Diabetes is a condition characterised by chronic elevation in blood glucose levels re-
sulting from diminished insulin sensitivity of peripheral tissues or pancreatic insulin in-
sufficiency. Persistent hyperglycaemia is known as a major driver of the excessive pro-
duction of reactive oxygen species (ROS) in diabetes [4-7]. When the antioxidant defence
system has limited capacity to counteract increasing ROS levels, oxidative stress results
[8-10]. Several studies have reported high oxidative stress in individuals living with type
2 diabetes (ILWT2D) [4,11,12].

Oxidative stress has been implicated in the progression of type 2 diabetes to type-1-
like diabetes and, ultimately, the development of cardiovascular complications with
health [13] and socioeconomic [14-17] consequences. These adverse implications are more
pronounced in low-resourced settings [16-18], especially in the aftermath of the COVID-
19 pandemic [19,20]. A cardinal goal of diabetes management, especially type 2 diabetes,
is the prevention of disease progression. Consistently achieving and maintaining normal
glucose status is expected to limit hyperglycaemia-induced oxidative stress and associ-
ated complications. However, studies have shown that a significant proportion of indi-
viduals with diabetes do not achieve good glycaemic control [21,22], especially in devel-
oping countries, where more than half of patients with diabetes have poor glycaemic con-
trol [21,23]. The poor glycaemic status in these individuals could increase the risk of reac-
tive oxygen species and subsequent cardiometabolic derangement.

In light of this, effective diabetes management should encompass measures to en-
hance antioxidant capacity to protect against oxidative damage. Thus, sustainable antiox-
idant interventions are needed to ensure redox homeostasis [24] and limit the deleterious
health effects of oxidative stress in persons with diabetes [13]. In recent times, antioxidants
from natural sources, particularly plant sources, have received significant attention in di-
abetes research and health care in the quest for sustainable antioxidant therapy [25-27].
Interest in natural plant antioxidants is largely driven by the potential for low toxicity,
unwanted side effects from synthetic products, and improved sustainability [28,29].

The antioxidant potential of Bridelia ferruginea Benth., a tropical African plant widely
available in Ghana, is well-documented [30-32]. It is also known to possess glucose-low-
ering properties [31,33], and it has been used for generations in some tropical African
communities to treat symptoms of diabetes [32-34]. Bakoma et al. [30] identified signifi-
cant bioactive compounds, including polyphenol and flavonoids, in the leaves of B. ferru-
ginea, which may contribute to its antioxidant and glucose-lowering properties [35-38]. In
Ghana, Bridelia tea, produced from B. ferruginea, is used in herbal medicine for its glucose-
lowering effects. However, there is limited information on the effect of the tea consump-
tion on oxidative status. Therefore, the objective of this study was to assess the impact of
Bridelia tea on oxidative stress and antioxidant status in ILWT2D consuming the tea.
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2. Materials and Methods
2.1. Study Design and Participants

This study comprised an observational study. It applied a comparative cross-sec-
tional design, as used in previous studies [39-41]. The study participants included male
and female ILWT2D attending an outpatient diabetes management clinic at the Centre for
Plant Medicine Research (CPMR), Mampong-Akuapem, Ghana and two general hospitals
(Owen government hospital and Kumasi South Government Hospital) in Ghana. The
study was conducted from 22 February 2023 to 31 July 2023. The study was approved by
the Health Sciences Research Ethics Committee (HSREC) at the University of the Free
State, South Africa (ethics approval number: UFS-HSD2022/0953/2911-0003; final ap-
proval date: 31 July 2023) and the Committee on Human Research Publication and Ethics
(CHRPE), School of Medical Sciences, KNUST, Ghana (ethics approval reference:
CHRPE/AP/087/22; approval date: 16 March 2022).

This comparative cross-sectional study assessed and compared dietary intake, oxida-
tive stress status, antioxidant status, and glycaemic status between two groups of
ILWT2D. One group (the Bridelia group) comprised 70 outpatient ILWT2D who consist-
ently drank Bridelia tea prescribed by the medical herbalists at the CPMR clinic, in addi-
tion to standard metformin treatment for at least 4 weeks. Previous studies have shown
improvement in antioxidant status and oxidative stress levels after 3-6 weeks of intake of
plant polyphenols, including an African tea product, rooibos (Aspalathus linearis) tea, an
indigenous African herbal tea product, which showed improvement in antioxidant and
oxidative stress markers after consumption in individuals susceptible to oxidative stress
[42,43]. Participants brewed two tablespoons of the tea in 300 mL of boiling water for 5
min twice daily for consumption. In this observational study, the authors did not have
control of the prescription of Bridelia tea. Participants had already been prescribed the tea
as part of their routine treatment before enrolment in the study. Because the tea was pre-
scribed by medical herbalists for its glucose-lowering effect, it was ethically inappropriate
[44,45] to have a no-Bridelia treatment control group at the CPMR. Consequently, the sec-
ond group comprised an external comparator group [46] that included 92 ILWT2D who
had also been taking metformin (or another biguanide) treatment only for at least 4 weeks
prescribed by physicians at the diabetes clinic of the two general hospitals. Individuals
who were taking antioxidant supplements were excluded from the study. Patients who
had co-morbid conditions characterised by high oxidative stress, like HIV/AIDS, liver dis-
ease, and cancer, were also excluded from the study. Additionally, those who had smoked
within the past year and those who consumed more than 2 units of alcohol per week were
also excluded. Patients who had been exposed to Bridelia tea were excluded from the
comparator group. Convenience sampling was used to select participants who gave vol-
untary informed consent for the two groups.

2.2. Measurements
2.2.1. Sociodemographic, Health, and Lifestyle Assessment

A structured questionnaire was used to collect information on participants’ socio-
demographic, health, and lifestyle characteristics. Information was also collected on die-
tary/herbal supplement intake, tea consumption practices (excluding Bridelia tea), and
awareness of antioxidants.

2.2.2. Anthropometric Assessment

Weight, height, and weight circumference were measured in line with the Interna-
tional Society for the Advancement of Kinanthropometry (ISAK) standard techniques
[47]. A portable stadiometer (Seca 213, Hamburg, Germany) and weighing scale (Kinlee®,
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Zhongshan, China) were used for the height and weight measurements, respectively. An
inelastic tape measure was used for the waist circumference measurement. Body mass
index was classified using the WHO guidelines [48] and the WHO [49] criteria to catego-
rise waist circumference measurements.

2.2.3. Dietary Intake Assessment

Participants” usual dietary intake of antioxidant-rich foods and food products over
the past six months was assessed using a food frequency questionnaire (FFQ) adapted
from the Food and Agricultural Organisation (FAO) for use in low-resource settings like
Ghana [50]. The FFQ was modified to reflect commonly consumed antioxidant-rich food
sources in Ghana, grouped as follows: fruits, vegetables, roots, and tubers (mainly pota-
toes and beetroots), natural spices, oils, beverages, and chocolate products. Each food
group consists of a list of antioxidant-rich Ghanaian foods. Participants were asked to in-
dicate how often they consumed any of the foods on the list across daily, weekly, monthly,
or seldom/never categories. The average frequency of intake of foods in each food group
was computed for each participant. The overall intake (OI) across the six food groups was
determined by summing the average frequencies of intake (AFI) of each of the six food
groups divided by the total number of food groups (six) as follows:

OI = [AFI (fruits) + AFI (vegetables) + AFI (roots and tubers) + AFI (natural
spices) + AFI (oils) + AFI (beverages and chocolate products)] + total num-
ber of food groups (six).

2.2.4. Biochemistry

Venous blood samples (5 mL) were collected from each participant after a 12 h over-
night fast to measure glycated haemoglobin (HbAlc), lipid peroxidation using the thio-
barbituric acid reactive substances (TBARS) assay, and total antioxidant capacity (TAC)
using the enzyme-linked immunosorbent assay (ELISA). The blood sampling was per-
formed by a qualified phlebotomist following the WHO standard procedure [51]. The
TBARS and TAC measurements were performed using standard laboratory techniques at
the Clinical Analysis Laboratory, Department of Biochemistry, KNUST, Ghana. The SD
Biosensor standard F200 (Cheongju, Republic of Korea) point-of-care autoanalyzer, pro-
vided by Codix Ghana Limited, was used to determine HbA1lc concentrations. The plasma
lipid peroxidation assay was performed using human lipid peroxidation (TBARS) ELISA
test kits from Melson Shangai Chemical Limited, China. The plasma TAC assay was also
performed using a human total antioxidant capacity assay ELISA test kit (Melson Shangai
Chemical Limited, Shangai, China). Fasting blood glucose (FBG) and random blood glu-
cose levels were determined on-site using the Onetouch Select (Guangzhou, China) point-
of-care glucometer. Blood glucose status was classified based on the WHO [52] criteria.

2.3. Statistical Analysis

Statistical analysis of the dataset was performed using SAS statistical analysis soft-
ware, version 9.4 of the SAS System for Unix. Copyright © 2016, SAS Institute Inc. SAS,
and all other SAS Institute Inc. product or service names, are registered trademarks or
trademarks of SAS Institute Inc., Cary, NC, USA. Statistical analysis of the data was per-
formed by the Biostatistician at the Department of Biostatistics, Faculty of Health Sciences,
University of the Free State, South Africa. The test of normality showed a non-normal
distribution of the data on all of the study variables. Participants” background sociodem-
ographic information was presented using descriptive statistics expressed as medians
with interquartile ranges (median (IQR)) for numerical data. Categorical sociodemo-
graphic data were presented as frequencies and percentages. Inferential statistics was
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performed using the Chi-square test. However, where there were cells with a count of less
than five for categorical variables, Fisher’s exact test was performed. Food frequency data
on intake of antioxidant-rich foods were transformed into continuous variables for analy-
sis. The most frequent category was assigned the highest value, and the least frequent
category was assigned the lowest value, as follows: daily intake (4), weekly intake (3),
monthly (2), and seldom/never (1). Median (IQR) frequencies of intake of each of the six
food groups were determined. Additionally, the median (IQR) overall intake of antioxi-
dant-rich foods across the six food groups was also determined. Comparisons of the nu-
merical outcome variables between the Bridelia and comparator groups were performed
using the Mann-Whitney or the Kruskal-Wallis non-parametric tests. Multiple regression
analysis was performed to assess the potential confounding effects of participants’ char-
acteristics on the study outcomes. The level of statistical significance was set at p <0.05.

3. Results
3.1. Background Characteristics of the Bridelia and Comparator Groups

3.1.1. Sociodemographic Characteristics

Table 1 presents the sociodemographic characteristics of participants in the two
groups. Compared to the comparator group, there were significantly more females than
males in the Bridelia group (p = 0.0003). The median age of the participants in the compar-
ator and Bridelia groups was not significantly different (55.5 years (50.5-64.0) versus 55.0
years (50.0-63.0), respectively, p = 0.77), with both groups having a similar distribution of
young/middle adults and older adults (p = 0.80). The Bridelia group had a higher propor-
tion of participants with a high educational status than the comparator group (p = 0.02).
The control group had a higher proportion of farmers (15.3%) compared to the treatment
group (0.0%), while the treatment group had a higher percentage of artisans (17.7%) com-
pared to the control group (6.8%) (p = 0.01).

Table 1. Sociodemographic characteristics of participants in Bridelia and comparator groups.

Variable Comparator Bridelia Total

n (%) n (%) n (%) 95% CI p-Value
Gender 0.0003
Male 9(9.8) 23 (32.9) 32 (19.8) 0.0003
Female 83 (90.2) 47 (67.1) 130 (80.2) 0.0003
Total 92 (100.0) 70 (100.0) 162 (100.0)
tAge 0.80
Young/middle adults 60 (65.2) 47 (67.1) 107 (66.0) 0.87
Older adults 32 (34.8) 23 (32.9) 55 (34.0) 0.87
* Median age (years) 55.5 (50.5-64.0) 55.0 (50.0-63.0) -3.0,3.0 0.77
Total n (%) 92 (100.0) 70 (100.0) 162 (100.0)
tLevel of education 0.002
Low 31 (33.7) 9(12.9) 40 (24.7) 0.003
Middle 53 (57.6) 46 (65.7) 99 (61.1) 0.33
High 8(8.7) 15 (21.4) 23 (14.2) 0.02
Total 92 (100.0) 70 (100.0) 101 (100.0)
Employed 0.40
Yes 60 (65.2) 50 (71.4) 110 (67.9) 0.50
No 32 (34.8) 20 (28.6) 52 (32.1) 0.50
Total 92 (100) 70 (100) 162 (100)
Occupation 0.01
Professional 7 (11.9) 5(9.8) 12 (10.9) 0.77
" Trader 32 (54.2) 27 (52.9) 59 (53.6) 1.00
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Farmer 9 (15.3) 0 (0.0) 9 (8.2)
Artisan 4 (6.8) 9(17.7) 13 (11.8) 0.14
Others 7 (11.9) 10 (19.6) 17 (15.5) 0.30
Total 59 (100.0) 51 (100.0) 110 (100)
* Medians (interquartile ranges) are presented for continuous variables. CI: confidence interval of
the median difference. * Young adults: 18-34 years; middle adults: 35-59 years; old adults: +60 years
[563,54]. GSS: Ghana Statistical Service. f Low: never attended school/primary education; middle:
middle school/secondary/pre-tertiary vocational education; high: tertiary education. " Trader: per-
sons involved in smallholder purchase and sale business.
3.1.2. Health History

Table 2 summarises participants” health history. Family history of diabetes was sim-
ilar in the Bridelia and comparator groups (p = 0.10). There was no difference in the fre-
quency of clinic visits between the two groups, although the majority (90.1% versus 82.8%)
of participants in both groups visited the clinic on a combined weekly and monthly basis
(p=0.19).

The two study groups had a comparable proportion of participants with other health
conditions (p = 0.46). However, the Bridelia group had a significantly higher proportion
of persons with dyslipidaemia as one of the comorbid conditions (22.9% vs. 7.4%, p=0.02),
while the comparator group also had significantly more persons with hypertension
comorbidity (92.7% vs. 77.1%) (p = 0.03). The comparator group also had a significantly
higher proportion of participants with long-standing diabetes than the Bridelia group (p
=(0.0017) and, consequently, a significantly higher percentage of participants had been on
metformin treatment for a longer period than those in the Bridelia group (p <0.0001).
Table 2. Health characteristics of participants.

. Comparator Bridelia Total
Variable n (%) n (%) n(%)  95%CI p-Value
Family history of diabetes 0.10
Yes 63 (68.5) 39 (55.7) 102(63.0) 0.10
No 29 (31.5) 31 (44.3) 60 (37.0) 0.10
Total 92(100) 70 (100) 162 (100)
Family member with diabetes 0.04
First-degree relative 45 (71.4) 34 (87.2) 79 (77.5) 0.09
Second-degree relative 11 (17.5) 1(2.6) 12 (11.8) 0.03
Both first- and second-degree relatives 4 (6.4) 4 (10.3) 8 (7.8) 0.48
Do not know 3 (4.8) 0 (0.0) 3(2.9) 0.28
Total 63 (100) 39 (100) 102 (100)
Frequency of hospital visits 0.19
Weekly/monthly 82 (90.1) 48 (82.8) 130(87.2) 0.21
>Monthly 9(9.9) 10 (17.2) 19 (12.8) 0.21
Total 91 (100) 58 (100) 149 (100)
Has other health conditions 0.46
Yes 68 (73.9) 48 (68.6) 116(71.6) 0.49
No 24 (26.1) 22 (31.4) 46 (28.4) 0.49
Total 92 (100) 70 (100) 162 (100)
* Other health conditions
Hypertension, dyslipidaemia, and others 5(7.4) 11 (22.9) 16 (13.8) 0.02
Hypertension and others 63 (92.7) 37 (77.1) 100(86.2) 0.03
Total 68 (100) 48 (100) 116 (100)

t Duration of diabetes (months) 60.0 (24.0-132.0) 36.0 (12.0-72.0) -46.0,-11.0 0.0017
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t Duration of metformin use (weeks) 312.0(117.0-624.0) 8.0 (5.0-10.0) -409.0, -247.0 <0.0001
"Blood pressure medication and others (weeks) 312.0(130.0-520.0) 260.0 (20.0-520.0) -156.0,64.0  0.40

4" Medians (interquartile ranges) are presented for continuous variables. CI: confidence interval of

the median difference. * n: 91 (comparator), 69 (Bridelia). ¥ n: 92 (comparator), 69 (Bridelia). " n: 63
(comparator), 33 (Bridelia). * Hypertension only comprised 91.9% and 87.3% of the Bridelia and
comparator groups, respectively, with hypertension and other conditions. In total, 45.5% (n = 5) of
participants in the Bridelia group had comorbid dyslipidaemia, while 40% (n =2) of the comparator
group had dyslipidaemia.

3.1.3. Supplement Intake Practices

As shown in Table 3, dietary/herbal supplement intake behaviour was not signifi-
cantly different between the Bridelia and comparator groups (p = 0.66). In both groups,
most participants (85.7% vs. 88.0%) were not taking supplements. Among the few who
took supplements (n: 10 and 11), there were similarities in the type of supplement, the
duration of supplement intake, and the frequency of supplement intake between the com-
parator and Bridelia groups (p > 0.05). None of the participants who took supplements
obtained a prescription or a recommendation from a dietitian or a nutritionist.

Table 3. Supplement intake practices.

Comparator Bridelia Total

Variable n (%) n (%) n (%)  p-Value
Dietary/herbal supplement intake 0.66
Yes 11 (12.0) 10 (14.3) 21 (13.0) 0.81
No 81 (88.0) 60 (85.7) 141 (87.0) 0.81
Total 92 (100) 70 (100) 162 (100)

Type of supplement 0.87
Food supplement 2 (18.2) 2 (20.0) 4 (19.0) 1.00
Multivitamin micronutrients 6 (54.6) 4(40.0) 10 (47.6) 0.67
Herbal supplements 2 (18.2) 3(30.0) 5(23.8) 0.64
Others/Do not know 1 (9.0 1 (10.0) 2 (9.5) 1.00
Total 11 (100) 10 (100) 21 (100)
Duration of supplement intake 0.73
<1 week 3(27.3) 1(10.0)  4(19.0) 0.59
1 week to <1 month 2 (18.2) 4 (40.0) 6 (28.6) 0.36
1 month to <6 months 1(9.0) 2 (20.0) 3 (14.3) 0.59
6 months to <1 year 2 (18.2) 1(10.0)  3(14.3) 1.00
>1 year 3(27.3) 2(20.0) 5(23.8) 1.00
Total 11 (100) 10 (100) 21 (100)
Frequency of supplement intake 0.58
Daily 7 (70.0) 9 (90) 16 (80.0) 0.58
2-6 times weekly 2 (20.0) 0 (0) 2 (10.0) 0.47
Once monthly 0 (0.0) 1 (10.0) 1(5.0) 1.00
Seldomly 1(10.0) 0 (0.0 1(5.0) 1.00
Total 10 (100) 10 (100) 20 (100)

Reasons for taking supplement 0.89
Control blood glucose 2 (18.1) 4(40.0)  6(28.6) 0.36
Enhance performance 1(9.1) 0 (0.0) 1(4.8) 1.00
Prescribed by physician 0(0.0) 1(10.0) 1(4.8) 0.48
Prescribed by dietitian/nutritionist 0 (0.0 0 (0.0 0 (0.0 1.00
Promote health 1(9.1) 1(10.0) 2 (9.5) 1.00
For weight loss 1(9.1) 0(0.0) 1(4.8) 1.00

Boost nutrition status 3(27.3) 2 (20.0) 5(23.8) 1.00
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Do not know 3(27.3) 2(20.0) 5(23.8) 1.00
Total 11 (100) 10 (100) 21 (100)
Source of information on supplement 1.00
Physician/nurse 6 (54.5) 6(60.0) 12 (57.1) 1.00
Dietitian/nutritionist 0(0.0) 0(0.0) 0(0.0) 1.00
Pharmacist 1(9.1) 0(0.0) 1(4.8) 1.00
Internet 1(9.1) 0(0.0) 1(4.8) 1.00
Family and friends 3(27.3) 2 (0.0) 5 (23.8) 1.00
Television 0(0.0) 1(10.0) 1(4.8) 0.48
Others 0(0.0) 1 (10.0) 1(4.8) 0.48
Total 11 (100) 10 (100) 21 (100)

3.1.4. Tea Intake Practices

Compared to the comparator group, a significantly higher proportion of participants

in the Bridelia group reported tea consumption other than Bridelia tea, (p = 0.02) (Table

4). However, the type of tea consumed, the reasons for taking tea, and the frequency of

tea intake were not significantly different between the two groups (p > 0.05).

Table 4. Tea intake practices.

Comparator Bridelia Total

Variable n (%) n (%) n (%) p-Value
Takes tea 0.01
Yes 18 (19.6) 26 (37.1) 44 (27.2) 0.02
No 74 (80.4) 44 (62.9) 118 (72.8) 0.02
Total 92 (100) 70 (100) 162 (100)

Type of tea 0.86
Regular tea 12 (66.7) 18 (69.2) 30 (68.2) 1.0
Green tea/herbal tea/do not know 6 (33.3) 8 (30.8) 14 (31.8) 1.0
Total 18 (100) 26 (100) 44 (100)

Reasons for taking tea 0.20
As food/meal 9 (50.0) 18 (69.2) 27 (61.4) 0.23
As medicine/supplement/other 9 (50.0) 8 (30.8) 17 (38.6) 0.23
Total 18 (100.0) 26 (100.0) 44 (100.0)
Frequency of tea intake 0.48
Daily 7 (50.0) 16 (61.5) 23 (57.5) 0.52
Weekly 7 (50.0) 10 (38.5) 17 (42.5) 0.52
Total 14 (100.0) 26 (100.0) 40 (100.0)

Who introduced to tea 0.71
Self/tamily/friends 14 (82.4) 19 (73.1) 33 (76.7) 0.71
Physician/dietitian/nurse/others 3(17.7) 7 (26.9) 10 (23.3) 0.71
Total 17 (100) 26 (100) 43 (100)

3.1.5. Lifestyle Practices

Table 5 presents the lifestyle practices of participants. Smoking behaviour was simi-

lar between the two study groups (p > 0.05), with almost all participants in both groups

(97.1% vs. 98.9%) having no smoking history. Alcohol consumption (p =0.05) and the type

of alcohol consumed (p = 0.33) were also not significantly different between the few par-

ticipants in the Bridelia (n = 10) and comparator (n = 5) groups who reported alcohol use.

The proportion of participants with or without exposure to dietary advice within the two

study groups was not significantly different (p = 0.84). However, among those who had

received dietary advice, a significantly higher proportion in the Bridelia group compared
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with the comparator group received advice from a dietitian or a nutritionist (p < 0.0001).
The Bridelia group had a significantly higher proportion of participants with low compli-
ance to dietary advice compared to those in the comparator group (p = 0.04).

Table 5. Lifestyle practices.

Comparator Bridelia Total

Variable n (%) n (%) n (%) 95% CI  p-Value
Smoked in the past 0.58
Yes 1(1.1) 2(29) 3(1.9) 0.58
No 91 (98.9) 68 (97.1) 159 (98.1) 0.58
Total 92 (100) 70 (100) 162 (100)

* How long since smoking stopped (weeks) 52 (52-52) 2.5 (2-3) 49.0, 50.0 0.54
Consumed alcohol 0.05
Yes 5(5.4) 10 (14.3) 15 (9.3) 0.06
No 87 (94.6) 60 (85.7) 147 (90.7) 0.06
Total 92 (100) 70 (100) 162 (100)

Type of alcohol 0.33
Beer 4 (80.0) 10 (100.0) 14 (93.3) 0.33
Other 1 (20.0) 0(0.0) 1(6.7) 0.33
Total 5 (100) 10 (100) 15 (100)

Received dietary advice 0.84
Yes 50 (55.6) 40 (57.1) 90 (56.3) 0.87
No 40 (44.4) 30 (42.9) 70 (43.8) 0.87
Total 90 (100) 70 (100) 98 (100)

Who recommended diet <0.0001
Self/family/friends/others 2 (4.0) 1(2.5) 3(3.3) 1.00
Nurse/doctor 24 (48.0) 2 (5.0) 26 (28.9) <0.0001
Dietitian/nutritionist 24 (48.0) 37 (92.5) 61 (67.8) <0.0001
Total 50 (100) 40 (100) 90 (100.0)

Follow dietary advice 0.03
Yes 43 (87.8) 27 (69.2) 70 (79.5) 0.04
No 6 (12.2) 12 (30.8) 18 (20.5) 0.04
Total 49 (100) 39 (100) 88 (100)

* Medians (interquartile ranges) are presented for continuous variables. CI: confidence interval of

the median difference.

3.1.6. Awareness of Antioxidants

Table 6 shows information on participants” awareness of antioxidants. There was no
significant difference in the proportion of participants who reported familiarity with an-
tioxidants in the two study groups (p = 0.40). Almost all of the participants in both groups
were not familiar with antioxidants.

Table 6. Awareness of antioxidants.

Comparator Bridelia Total
Variable n (%) n (%) n (%) p-Value
Familiar with antioxidants 0.40
Yes 2(2.2) 4 (5.7) 6(3.7) 0.40
No 90 (97.8) 66 (94.3) 156 (96.3) 0.40
Total 92 (100) 70 (100) 162 (100)
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3.2. Anthropometric Indices

There was a significantly higher proportion of overweight participants in the com-
parator group than in the Bridelia group (p = 0.049) (Table 7). The proportion of partici-
pants in the waist circumference categories was not significantly different between the
Bridelia and comparator groups (p = 0.16). Additionally, there was no significant differ-
ence (p = 0.57) in the median BMI between the Bidelia [27.3 kg/m? (24.4-30.2)] and com-
parator [28.7 kg/m? (22.6-32.7)] groups.

Table 7. Anthropometric indices.

Comparator Bridelia Total

Variable n (%) n (%) n(%) 95%CI p-Value
Body mass index 0.09
Underweight/normal 28 (30.8) 22 (31.9) 50 (31.3) 1.00
Overweight 39 (42.9) 19 (27.5) 58 (36.3) 0.049
Obese 24 (26.4) 28 (40.6) 52 (32.4) 0.06
Median (kg/m?) 27.3 (24.4-30.2) 28.7 (22.6-32.7) -14,26 057
Total n (%) 91 (100) 69 (100) 160 (100)

Waist circumference 0.14
Central obesity 69 (75.8) 43 (65.2) 112 (71.3) 0.16
Normal 22 (24.2) 23 (34.9) 45 (28.7) 0.16
Median (cm) 98.6 (93.1-106.1) 96.6 (84.2-110.0) -7.1,31  0.50
Total n (%) 91 (100) 66 (100) 157 (100)

Medians (interquartile ranges) are presented for continuous variables. CI: confidence interval of the

median difference.

3.3. Frequency of Dietary Intake of Antioxidant-Rich Food

Results regarding the frequency of dietary intake of antioxidant-rich foods are shown
in Table 8. Participants in the comparator group had significantly more frequent intake of
antioxidant-rich fruits than those in the Bridelia group (p <0.0001). Participants in the two
groups had a similar frequency of intake of antioxidant-rich vegetables, natural spices,
oils, roots and tubers, and beverages and chocolate products. Additionally, both groups
consumed antioxidant-rich foods at a monthly frequency.

Table 8. Frequency of intake of antioxidant-rich foods.

Comparator Bridelia

Variables n l\fg;f)“ n l\fle;;“ 95%CI  p-Value
Fruits 92 1.6 (1.4-1.9) 70 1.3 (1.1-1.6) -0.3,-0.1  <0.0001
Vegetables 92 2.2(1.9-24) 70 2.1 (1.8-2.5) -0.2,0.1 0.44
Natural spices 92 1.8 (1.5-2.0) 70 1.7 (1.4-2.1) -0.2,0.2 0.92
Oils 91 3.0 (3.0-4.0) 70 3.0 (2.0-3.0) -1.0,0.0 0.0019
Roots and tubers 91 1.0 (1.0-1.5) 70 1.0 (1.0-1.5) 0.0,0.0 0.92
Beverages and chocolate products 92 1.2 (1.0-1.6) 70 1.2 (1.0-1.6) 0.0, 0.0 0.70
Overall intake of antioxidant-rich food 92 1.9 (1.6-2.1) 70 1.7 (1.6-1.9) -0.2,-0.0 0.03

Medians (interquartile ranges) are presented. CI: confidence interval of the median difference. The
median values represent the frequency of intake as follows: daily intake (4), weekly intake (3),

monthly (2), and seldom/never (1).
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3.4. Biochemical Indices

Table 9 presents the biochemical indices of participants in the two groups. The distri-
bution of blood glucose status of participants was similar between the two groups (p =0.72),
with most of the participants in each group having high blood glucose levels (82.9% and
87.6%). However, the comparator group had a significantly higher proportion of partici-
pants with good glucose control compared to the Bridelia group (35.9% vs. 17.7%, p = 0.01),
which was also evidenced by the fact that more participants in the Bridelia group had higher
HbA1c levels compared to the comparators [9.2% (7.6-11.4) vs. 7.7 (6.7-9.4), p = 0.0004].

The difference in lipid peroxidation levels between the participants in the Bridelia
and comparator groups was not statistically significant (p = 0.11). However, the partici-
pants in the Bridelia group had significantly (p = 0.0004) higher total antioxidant capacity
than those in the comparator group.

Table 9. Biochemical indices of participants.

Comparator Bridelia Total
Variable n (%) n (%) n (%) 95% CI p-Value
t Blood glucose status 0.72
Normal 3(34) 3(4.3) 6(3.8) 1.00
Impaired 8(9.0) 9(12.9) 17 (10.7) 0.45
High 78 (87.6) 58 (82.9) 136 (85.5) 0.50
Median FBG (mmol/L) 9.3 (7.9-12.3) 10.7 (8.4-13.0) -0.44, 2.01 0.23
Median RBG (mmol/L) 13.8 (11.4-17.1) 15.4 (10.9-22.6) -8.60, 2.90 0.34
Total n (%) 89 (100) 70 (100) 159 (100)
* Glycated haemoglobin 0.0113
Good control 33 (35.9) 12 (17.7) 45 (28.1) 0.01
Poor control 59 (64.1) 56 (82.4) 115 (71.9) 0.01
Median HbAlc (%) 7.7 (6.7-9.4) 9.2 (7.6-11.4) 0.60, 2.00 0.0004
Total n (%) 92 (100) 68 (100) 160 (100)
Oxidative status
Lipid peroxidation (TBARS) (ng/L)  317.0 (272.5-342.0) 323.0 (287.5-374.0) -3.50, 30.50 0.11
Total antioxidant capacity (mmol/L) 0.92 (0.8-1.0) 1.01 (0.9-1.1) 0.04, 0.14 0.0004

Medians (interquartile ranges) are presented for continuous variables. CI: confidence interval. *
Blood glucose level defined as normal—FBG 3.5-6.0 mmol/L and RBG < 7.8 mmol/L; impaired —
FBG 6.1-6.9 mmol/L and RBG 7.8-11.1; high—FBG > 7.0 mmol/L and RBG > 11.1 mmol/L. * Good
control: HbAlc <7.0%. Poor control: HbAlc>7.0%.

3.5. Predictors of Oxidative Stress and Antioxidant Status

Table 10 presents the results of the multiple regression analysis of the relationship
between the main outcome variables (oxidative stress and antioxidant status) and the
background characteristics of the participants, which showed significant differences be-
tween the comparator and Bridelia groups. Only oil intake significantly predicted oxida-
tive stress (TBARS) levels in the comparator group. A unit increase in oil intake was pre-
dicted to increase TBARS levels by 0.39 ng/L in the comparator group (B-coefficient = 0.39,
(95% CI: 0.11, 0.66), p = 0.007). The combined effect of the predictor variables accounted
for 12% and 11% of the proportion of variance in oxidative stress and antioxidant status,
respectively, in the comparator group (adjusted R? = 0.12). However, all of the predictor
variables combined did not seem to influence oxidative stress levels in the Bridelia group
(adjusted R? = -0.15). In the Bridelia group, the predictor variables accounted for 24% of
the proportion of variance in antioxidant status (adjusted R? = 0.24) (Table 10).
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Table 10. Multiple regression analysis showing the relationship between participant characteristics

with oxidative stress and antioxidant status.

Comparator Bridelia
Variable * B (95% CI) p-ValueAdjusted Rz B (95% CI) p-ValueAdjusted R?
Oxidative stress (TBARS)
Duration of metformin intake 0.22 (0.13,0.57) 0.21 0.12 1.91 (-4.38,8.19) 0.54 -0.15
Glycated haemoglobin -0.25 (-0.54, 0.02) 0.07 0.01 (-0.43,0.45) 0.97
Antioxidant status (TAC) 0.10 (-0.22,0.41) 0.54 0.08 (-0.25,0.42) 0.62
Follow dietary advice 0.12 (-0.21, 0.45) 0.46 -0.13 (-0.52, 0.25) 0.48
Oil intake 0.39 (0.11, 0.66)  0.007 -0.10 (-0.54, 0.33)  0.62
Total antioxidant food intake -0.02 (-0.34, 0.30) 0.91 0.06 (-0.41,0.53) 0.79

Antioxidant status (TAC)

First-degree relative with diabetes -0.21 (-0.60, 0.17) 0.27 0.11 0.43 (0.03,0.82) 0.0374 0.24
Duration of metformin intake 0.02 (-0.56,0.59) 0.95 2.26 (-4.04,8.56) 0.44
Glycated haemoglobin 0.18 (-0.30, 0.65) 0.45 -0.23 (-0.71, 0.24) 0.30
Oxidative stress (TBARS) 0.39 (-0.10,0.88) 0.11 0.27 (-0.20,0.75)  0.24
Dietitian/nutritionist-recommended diet -0.34 (-0.77, 0.10) 0.12 0.06 (-0.42, 0.53) 0.80
Oil intake -0.47 (-0.95, 0.01) 0.057 -0.07 (-0.61, 0.47)) 0.78

B: coefficient of regression; adjusted R the proportion of variance in the dependent variable (oxi-
dative stress and antioxidant status) that is accounted for by the independent variables; CI: confi-
dence interval. * Sex, education, occupation, duration of diagnosis, other health conditions, fruit
intake, and tea intake behaviour were excluded from the regression model due to severe multicol-

linearity (beta variance inflation factors were greater than 10).

4. Discussion

This observational study examined the effect of the consumption of an antioxidant-
rich tea on oxidative stress and the antioxidant status of ILWT2D. Although there was no
significant difference in oxidative stress levels between the participants in the Bridelia
group and their comparator counterparts, participants who drank Bridelia tea had signif-
icantly higher antioxidant status than those who did not. Because this study applied a
cross-sectional design, which inherently cannot control for potential confounding varia-
bles [44,45,55], it is important to highlight any differences and similarities in the back-
ground characteristics of the participants to provide context for the observed effects of
Bridelia tea in the study participants consuming the tea.

It is well-known that age is a potential confounder of oxidative status, as oxidative
stress increases with ageing [56-58]. In the present study, most participants in both groups
fell into a middle-age group (median age of 55 years), which could contribute to age-re-
lated oxidative stress [59]. Participants who drank Bridelia tea and their comparator coun-
terparts had comparable ages, thus decreasing the likelihood that age was a potential con-
founder of oxidative status in one group over the other. The median age of the study
groups is comparable to the 57-58 years reported in a study on correlates of oxidative
stress in a healthy population in New York [60] but lower than the 42.5 years reported by
Black et al. [61] in a study that investigated oxidative status among individuals with and
without psychiatric conditions.

The distribution of gender, education, and type of occupation was significantly dif-
ferent between the Bridelia and comparator groups. There was a higher proportion of fe-
males in the comparator group than in the Bridelia group. Several previous studies have
documented gender differences in levels of oxidative stress [60-63]. Kander et al. [63] sug-
gested that pre-menopausal women tend to have lower levels of oxidative stress due to
the antioxidant effects of oestrogen. This protective effect seems to diminish during the
post-menopausal stage [60,63]. Trevisan et al. [60] found a high level of oxidative stress
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among post-menopausal women, while another study by Elvira et al. [62] reported a
higher level of oxidative stress in women than in men, irrespective of the menopausal
stage of the women. In the present study, the gender differences did not seem to have had
an impact on oxidative stress levels as there was no significant difference in lipid peroxi-
dation (TBARS) status between the comparator group, which had a higher proportion of
females, and the Bridelia group with more males.

The significant differences in educational status and type of occupation did not seem
to impact oxidative stress status between the two groups. There are limited reports on the
relationship between educational status and oxidative stress and antioxidant status. One
study associated lower oxidative status with more years of education, a proxy for higher
socioeconomic status [61]. However, in a developing country like Ghana, with a high un-
employment rate among individuals with high education status [64,65], more years of ed-
ucation may not necessarily translate into higher socioeconomic status. This is supported
by the findings of the present study, where there was no significant difference in employ-
ment status between the Bridelia group, with a higher proportion of participants with
middle to high education status, and the comparator group. Furthermore, educational
achievement did not seem to impact the oxidative stress status between the two groups,
as both groups had comparable lipid peroxidation status.

Furthermore, even though the Bridelia group, with a higher proportion of partici-
pants with middle to high educational status, had higher total antioxidant capacity, it is
less likely that the observed difference in antioxidant status is influenced by their level of
education. This is because the participants who drank Bridelia tea did not significantly
exhibit antioxidant-enhancing behaviours. For instance, they had comparable lifestyles,
dietary/herbal supplement intake, and tea intake practices to their counterparts who did
not consume the tea. They also had similar levels of awareness of antioxidants, suggesting
that the level of education did not influence the two groups differently. In addition, it
would be expected that the Bridelia group with higher education status would be better
informed regarding the intake of antioxidant-rich foods, but this was not observed.

Although the Bridelia group had a significantly higher proportion of participants who
reported consuming tea products, other than Bridelia tea, the two groups had comparable
reported intake of antioxidant-rich tea products like green tea and herbal tea. The reported
frequency of other tea intake was also not significantly different between the two groups.

Excess body weight has been linked to oxidative stress in many previous studies [66—
71]. However, others [61] did not find an association between oxidative status and BMI,
although it was correlated with waist circumference, which is regarded as a better indica-
tor of obesity than BMI [49]. The waist circumference status of participants in the two
groups in the present study did not seem to influence their oxidative and antioxidant sta-
tus, as there were no significant differences in the distribution of waist circumference in-
dices between the two groups. Additionally, both groups had comparable median BMIs
representing overweight status.

The participants in the comparator group had had diabetes for a longer duration of
time, and they had also been on metformin treatment for a longer period than their
Bridelia group counterparts. Long-standing hyperglycaemia in diabetes is widely known
to stimulate oxidative stress [4-7]. Gunawardena et al. [72] reported high lipid peroxida-
tion status in ILWT2D compared with individuals with normoglycaemia. Thus, success-
fully controlling hyperglycaemia would limit hyperglycaemia-induced oxidative stress.
In the present study, a larger proportion of the Bridelia group had poor glycaemia control
than the comparators, thus predisposing them to higher oxidative stress and potentially
lower antioxidant status. Interestingly, however, the participants who consumed Bridelia
tea had comparable oxidative status to and higher antioxidant status than their counter-
parts in the comparator group.
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Several studies have reported that metformin treatment in type 2 diabetes directly
confers an oxidative-stress-lowering effect by suppressing reactive-oxygen-generating ox-
idative phosphorylation in the mitochondria [73-75]. In addition, metformin has been
suggested to confer antioxidant benefits by enhancing the activity of antioxidant enzymes
[76]. It would be expected that the comparator group, who had diabetes for a longer du-
ration, would have significantly higher oxidative stress than the Bridelia group. However,
the prolonged exposure to metformin treatment with its associated oxidative-stress-low-
ering effects [73-75] could have mitigated hyperglycaemia-induced oxidative stress in the
comparator group [76]. It has also been reported that metformin treatment for at least
three months (~12 weeks) improves oxidative stress in ILWT2D [77]. In that regard, it is
noteworthy that the participants who drank Bridelia tea had been on metformin treatment
for about eight weeks, with potentially limited exposure to the benefits of metformin on
their oxidative and antioxidant indices. Thus, it is reasonable to infer that although more
participants in the Bridelia group had poor glycaemia control, the higher antioxidant ca-
pacity they exhibited is more likely to be related to the antioxidant effects of the tea.

The antioxidant effect of Bridelia tea consumption seems to have also mitigated the
oxidative-stress-inducing effect of the poor glycaemic status among those who consumed
the tea. Given this, coupled with the finding that the Bridelia group had comparable over-
all antioxidant-rich food intake, it is plausible to suggest that without tea consumption,
participants in the Bridelia group may have had higher oxidative stress and lower antiox-
idant capacity than their counterparts.

Although the findings of this observational study suggest Bridelia tea consumption
improved antioxidant capacity in individuals living with type 2 diabetes, it is important
to indicate that the cross-sectional design of the study limits the generalisability of the
study findings due to inherently limited ability to control potential confounders, includ-
ing some participant characteristics that were significantly different between the compar-
ator and Bridelia groups. However, results of the multiple regression model suggest that
the background characteristics of the participants had little confounding influence on the
oxidative stress level and antioxidant status of the participants in the two groups. Further-
more, while TAC measures the body’s ability to enhance endogenous antioxidant de-
fences, TBARS assesses lipid peroxidation, which indicates oxidative damage to cell mem-
branes. The lack of a significant difference in TBARS suggests that although Bridelia tea
consumption increased antioxidant levels, this may not have been sufficient to reduce ex-
isting oxidative damage. This could be due to the short duration of the study or the pre-
vailing oxidative stress conditions experienced by the participants. However, we would
like to highlight that the Bridelia tea product was not administered by the researchers, as
it was self-consumed by participants as part of their routine treatment at the clinic, as
stated in Section 2.1 This further underscores the observational nature of our study, as we
relied on participants’ regular consumption patterns rather than controlled intake. Nota-
bly, previous studies have demonstrated that improvements in antioxidant status and re-
ductions in oxidative stress can occur within relatively short periods. A study by Marnewick
et al. [43] found significant changes in markers of oxidative stress and antioxidant capacity
after six-week consumption of rooibos tea, an indigenous African herbal tea product, among
individuals with cardiovascular diseases. This suggests that even short-term consumption
of antioxidant-rich beverages can yield beneficial effects. In light of this context, we believe
that our findings contribute valuable insights despite the relatively short duration of the
study. Nevertheless, further studies using a randomised controlled design [45,55] would
better demonstrate the impact of Bridelia tea consumption in ILWT2D.

Despite the study’s limitations, the findings of the current study offer insights for dia-
betes healthcare practitioners who are interested in strategies to mitigate oxidative stress in
patients with type 2 diabetes, especially in settings like Ghana, where the B. ferruginea plant
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thrives. It could potentially serve as a readily accessible and sustainable source of natural
antioxidants against oxidative stress in diabetes and other oxidative conditions.

5. Conclusions

In this study, individuals living with type 2 diabetes who did not drink Bridelia tea
had better glycaemia control but showed comparable anthropometric indices, overall an-
tioxidant-rich food intake, lifestyle practices, and oxidative stress levels to those who
drank the tea. However, those who drank the tea exhibited significantly higher antioxi-
dant status than those who did not. This suggests that Bridelia tea consumption likely
enhanced endogenous antioxidant defences, as indicated by the increase in total antioxi-
dant capacity, without directly reducing lipid peroxidation. Thus, Bridelia tea consump-
tion could potentially serve as a sustainable source of antioxidants to mitigate oxidative
stress in ILWT2D in resource-limited settings like Ghana.
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