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Abstract

Background Accumulating evidence points to a rise in the incidence of peripheral arterial diseases (PAD)

among young adults in Sub-Saharan Africa (SSA) highlighting the need for assessing peripheral arterial function (PAF)
in this demographic. Current research from Asian populations suggests that established cut-off values for diagnosing
PAD—using assessment parameters, such as Ankle-Brachial Index (ABI), Toe-Brachial Index (TBI), and Pulse Volume
Waveform (PVW)—may not accurately represent population-specific reference values. This study evaluates these
parameters in a carefully selected population of healthy young black Africans, using American Heart Association
(AHA) reference values for ABI and TBI to assess their agreement in classifying normal and abnormal readings
compared to PVW. The results were also analyzed across sex and between the left and right sides.

Methods We carefully and systematically recruited 156 healthy black Africans aged 18-35 years

with no characteristics indicative of peripheral arterial dysfunction. An automated device that use oscillometry

and photoplethysmography, concurrently measured ABI, TBI, and PVW in a controlled environment. The visual
comparison and Student’s t test were employed to compare these values with the AHA references.

Results Approximately 19.1% (n=23) of participants had an ABI<0.9, and 41.3% (n=50) had a TBI < 0.7 in at least
one limb, indicating abnormally low peripheral arterial indices according to AHA criteria. The prevalence of ABI<0.9
was higher in the left leg (17.4%) compared to the right leg (6.6%), and among males (18.7%) compared to females
(15.3%). Similarly, TBI < 0.7 was more prevalent in the left leg (33.9%) than the right leg (24.8%), and higher in females
(40.4%) than males (28.1%). Notably, 91% of participants with ABI<0.9 in the right leg and 97% in the left leg had
normal (grade A) PVWs, while 97.6% of those with TBI < 0.7 also had grade A PVWs.

Conclusion Healthy young black Africans’ ABI and TBI values differed between the right and left legs. A significant
proportion of individuals classified as abnormal according to ABI had normal PVWs based on AHA criteria. These
findings highlight the need to carefully interpret ABI results in young populations and emphasize the importance

of concurrent ABl and PVW measurements. Larger studies are warranted to refine population-specific reference
ranges and explore right-left differences’ physiological and clinical implications.
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1 Background

The primary function of arteries is to supply blood,
oxygen, and nutrients to the peripheral tissues and
organs [1]. Peripheral arteries, which supply the lower
limbs, are equally important and substantially contrib-
ute to the overall functioning of arteries [1, 2]. There-
fore, proper arterial functions are attained when the
peripheral arteries function normally. Several factors,
commonly atherosclerosis, may compromise arte-
rial function and cause progressive arterial narrowing,
which if left unchecked, may lead to total blockage [3].
Peripheral arterial function (PAF) naturally changes
with age, making its assessment across the lifespan
essential [4, 5]. Interestingly, recent reports have high-
lighted a higher prevalence of peripheral arterial dis-
eases (PAD) among younger populations in lower
middle-income countries (LMICs) including Tanzania
(3.1% among men and 2.7% among women) compared
to high-income countries (1-:3% among men and 2.2%
among women) and worldwide (2.9% among men and
2.7% among women) prevalences [6]. This underscores
the importance of assessments for early detection and
intervention in LMICs.

Non-invasive methods have been useful in assess-
ing the peripheral arterial status and diagnosing PAD
[2, 3]. They include segmental arterial blood pressure
measurements [Ankle-Brachial Index (ABI) and Toe-
Brachial Index (TBI)], the Doppler ultrasound wave-
form which is the gold standard, and Pulse Volume
Waveforms (PVWs) [2, 3]. ABI, TBI, and PVWs are
cost-effective and simple; hence, they are preferred for
the initial assessment of PAF and screening for PAD [3,
7]. Invasive approaches like contrast angiography are
more accurate, however, given their intensiveness and
cost, these methods are often reserved for confirma-
tion, mostly before surgical intervention [3].

Both ABI and TBI have been validated using gold-
standard methods to assess PAF and PAD and found
to be accurate, reliable, and reproducible [8, 9]. TBI is
more reliable than ABI in assessing PAF, especially in
calcified vessels, since incompressibility due to calcifi-
cation falsely causes high ABI [10]. The toe blood ves-
sels are usually unaffected by systemic calcification
[10]. An ABI of 1.0-1.3 and a TBI>0.7 are considered
normal and have been shown to predict both adverse
events and mortality. A resting ABI of 0.9-0.99 is stated
as borderline [11]. Peripheral arterial status can further
be determined using Pulse Volume Waveforms (PVW),
which are analyzed based on their quality, shapes, and
amplitude, and then graded and interpreted based on
defined standards, whereby grade A is considered nor-
mal, while grades B—D signify abnormalities of varying
severities [12, 13].
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Advances in technology have led to the development
of automated oscillometric and photoplethysmographic
(PPG) devices that can simultaneously measure the
ankle-brachial index (ABI), toe-brachial index (TBI), and
pulse volume waveforms (PVWs). These devices pro-
vide a reliable, user-friendly, and cost-effective alterna-
tive to traditional measurement methods, particularly
in primary care settings of developing countries, where
expertise in Doppler studies is often limited [14, 15]. By
simultaneously measuring pressures in both limbs, these
devices minimize potential temporal variations, thereby
enhancing the accuracy of left-right comparisons. In
the current study, we capitalized on the ability of these
automated devices to compare peripheral arterial param-
eters between the left and right sides, allowing us to gain
insights into possible variations in these indices across
different demographic groups while reducing measure-
ment bias. We assessed the utility of internationally rec-
ognized parameters—ABI, TBI, and PVWs—in a unique
demographic of young, healthy black Africans using an
automated digital device. ABI and TBI values were evalu-
ated against the American Heart Association (AHA)
criteria, which are widely referenced standards [11]. Par-
ticularly, the AHA guidelines do not directly address the
applicability of ABI in young adults [16, 17]. Additionally,
previous research has raised concerns about the repro-
ducibility of ABI measurements in younger cohorts [18].

Therefore, our objective was to assess whether the
AHA cut-offs for ABI and TBI apply to this population,
investigate sex-related differences in these indices, and
assess whether previously reported discrepancies in ABI
and TBI between limbs [8, 19] are genuine or artifacts of
temporal effects associated with manual measurement
methods [20]. Ultimately, this research aims to stimulate
further investigation into establishing common periph-
eral arterial function indices in healthy young black
Africans.

2 Methods
2.1 Study Design, Participant Recruitment, and Data
Collection Process
The study recruited 156 university students from May to
June 2021. We used structured questionnaires to gather
information on social demographics, lifestyle, and cardi-
ovascular risk factors. These included the Global Physical
Activity Questionnaire and the Edinburgh Claudication
Questionnaire [21-23]. Anthropometric parameters,
resting heart rate, and blood pressures (brachial, ankle,
and toe) were measured, while PVWs were recorded at
the same room temperature set at 23—-24 °C.



Mwasanjobe et al. Artery Research (2025) 31:9

2.2 Inclusion and Exclusion Criteria

The study aimed to recruit a cohort of apparently healthy
young adult Africans (Fig. 1), aged 18-35 attending the
university. The intent was to focus on individuals who
demonstrated no clinical signs or symptoms indicative
of peripheral arterial disease (PAD). Given that this was
primarily a pilot study, the focus was on maximizing
internal validity to inform the design of larger studies
that would address external validity.

Inclusion criteria included young adults aged
18-35 years, and individuals who consume at least one
portion of fruits and vegetables daily, indicating a basic
nutritional awareness and dietary health. Additionally,
participants were included if there was no self-reported
history or clinical evidence of peripheral arterial disease
assessed through structured questionnaires, including
the Edinburgh Claudication Questionnaire.

Exclusion criteria included individuals with known
peripheral arterial disease or symptoms indicative of
PAD, those who had undergone revascularization or

All first year undergraduate invited
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orthopedic surgeries involving a fixator that could influ-
ence vascular health, participants with a history of vas-
cular diseases such as hypertension or diabetes, and
individuals who reported current cigarette smoking.

2.3 Blood Pressure (BP) and Heart Rate (HR) Measurement
Participants sat and rested for 5 min before BP and rest-
ing HR measurements were taken using an automatic
blood pressure monitor (Omron model M2 Basic HEM-
7120-E). The cuff was placed above the cubical over the
brachial artery, but sitting BP was only used to screen for
inclusion and not for ABI and TBI determination.

2.4 Assessment of Peripheral Arterial Function (PAF)

Participants quietly rested supine for 10 min before the
PAF assessment to allow recovery from potential white-
coat blood pressure variations. Cuffs were wrapped 2 cm
above the cubical for brachial pressure, 2 inches above
the lateral malleolus for ankle pressure, and 2.5 cm wide

156 agreed to participate

N=778
Male=603, Female=175

Male=80, Female=76

Sociodemographic, lifestyle and medical
history

Anthropometrics taken

Vital signs measured

B o o e S e o g g 0o St Mg 0 e A ey 1
| BMI > 30, |1 W/H ration (N=12) :
| _ _____________________ |
: High blood pressure (N=5) ;

Assessment of ABI, TBI and PVW

Fig. 1 Participants'recruitment process

121 Enrolled
Male=64, Female=57
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over the great toe for toe pressure. For TBI, a photop-
lethysmography (PPG) probe was applied with the sensor
in contact with the participant’s skin. All cuffs and PPG
were connected to an automated oscillometric device
(Smartdop, XT, Kodymedics, India), which measured
supine BPs (brachial, ankle, and toe) bilaterally, produced
the PVWs and generated indices simultaneously. ABI and
TBI were automatically computed. PAD was defined by
ABI<0.9 and PVWs of>grade B in at least one leg [24,
25]. Measurements were done once except if ABI was
0.9-1.0 when measurements were repeated two times
and the smallest ABI was recorded.

PVWs were graded based on graphical shape (Fig. 2). A
waveform was graded A and considered normal if it had
a characteristic brisk systolic upstroke, a sharp systolic
peak, a gradual downslope and a distinctive diastole
dicrotic notch. Was graded B indicating mild PAD if
it had a sharp peak but lacked a dicrotic notch and the
downslope was hooked away from the baseline. Was
graded C indicating moderate PAD if it had a flattened
systolic peak and lacked a dicrotic notch with a reduction
of amplitude and pulse elongation. Was graded D
indicating PAD if it had severe amplitude reduction and
pulse elongation.
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2.5 Anthropometric Measurements

The study used a stadiometer and calibrated balanced
weighing scale (Seca model 869,132,004, China) to meas-
ure height and weight, and BMI was calculated and used
to classify weight [27]. Hip circumference (HC) and waist
circumference (WC) were measured using a flexible ine-
lastic tape measure, and the Waist-to-Hip Ratio (WHR)
was calculated to determine central obesity [27, 28].

2.6 Validity and Reliability

The automated oscillometric method is endorsed for
the measurement of ABI, TBI, and PVWs due to its over
90% accuracy, sensitivity, and specificity compared to
the gold standard of Doppler ultrasound [2, 7]. Adher-
ing to the manufacturer’s instructions, which are similar
to 2012 AHA recommendations [4, 15], oscillometric and
PPG measurements were made using the Smartdop XT
(Kodymedics, India), an automated device that meas-
ures ABI, TBI, and PVW. Blood pressures were obtained
simultaneously from both arms (brachial artery) and
both ankles (dorsalis pedis and posterior tibial arteries)
using cuffs sized for the limb. The ABI was calculated as
the ratio of ankle pressure to the higher of the two arm
pressures. The parameters were measured concurrently
bilaterally minimizing temporal bias and simultaneously
producing PVWs similar to the gold standard Spectral
Doppler ultrasound [25].

Normal
Pulse Wave Volume

2

Time (sec)

1: Brisk systolic
upslope.

2: Sharp systolic peak.
3: Gradual downslope.
4: Dicrotic notch
(reflective wave)
during diastole.

Four levels of Pulse Wave Volume grading system

Grade A: Normal

Sharp systolic peak and prominent
dicrotic notch

Grade C: Moderate PAD

Absent dicrotic notch, flattened systolic peak,
amplitude reduction,
pulse elongation.

Grade B: Mild PAD

Sharp peak, absent dicrotic notch;
downslope is bowed away
from baseline.

Grade D: Severe PAD

I — Nt

Severe amplitude reduction and
pulse elongation/pulse flat-line

Fig. 2 Pulse volume waveforms grading criteria [26]
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The device brand used in this study, though less vali-
dated in the literature compared to the device cited as
an example of oscillometric measurement [7], has been
clinically used for over a decade particularly in Asia [15].
Its affordability makes it a practical option in low- and
middle-income (LMIC) settings where more expensive
devices may be inaccessible. Given its cost and accessi-
bility advantages, this device is increasingly being used
in both research and clinical settings in low- and middle-
income countries (LMICs) [29-31].

2.7 Data Analysis

The data were analyzed using Microsoft Excel and SPSS
version 23. Normality was determined using the Sha-
piro—Wilk test. Descriptive results were expressed in
frequency tables, mean, or median. Visual comparison
was used to compare measurements with AHA refer-
ences. The ¢ test was used to compare ABI and TBI values
between legs and sex. A p value of <0.05 was considered
statistically significant, but we adjusted for the multiple
t tests (male—female and right—left comparisons) by the
Bonferroni method; hence, only a p value of<0.025 was
considered significant for ¢ test analysis.

2.8 Ethical Consideration

The MUHAS ethical review board approved the study
and adhered to international ethics standards for
research involving human subjects. Participants provided
written consent, and those with pathological doubts were
recommended for further medical assessment.

Table 1 Sociodemographic characteristics of the study participants
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3 Results

3.1 Characteristics of the Study Participants

Of 156 who volunteered to participate, 121 participants
of whom 64 (52.9%) were males, met the criteria and
were included in this study (Fig. 1). The median age of
study participants was 20 (IQR=20-23). Most par-
ticipants (84%) had no family history of diabetes or car-
diovascular disease, 91% maintained adequate physical
activity levels, and 94.2% had no history of alcohol con-
sumption (Table 1).

The median BMI was 21.5 (IQR=19.72-23.46) and
the median WHR was 0.79 (IQR=0.75-0.82) (Table 2).
On the right arm, the mean sitting systolic BP was
118 +12 mmHg, the diastolic BP was 72+8 mmHg, and
the resting HR was 72 + 11 beats/minute. On the left arm,
the mean sitting systolic BP was 117+ 13 mmHg, dias-
tolic BP was 74+8 mmHg, and resting HR was 72+11
beats/minute.

3.2 Peripheral Arterial Function

3.2.1 Brachial, Ankle, and Toe BP of the Study Participants
All supine brachial BP (used for enrollment only) read-
ings were within normal limits and were significantly
higher in males (Table 3). The ankle systolic BP was sig-
nificantly elevated in the right leg (£(120)="7.7, p<0.001)
even when analyzed in sex categories. Also, the right toe
systolic BP was significantly higher (¢£(120)=3, p=0.004)
but not in sex categories. Moreover, males exhibited
higher mean toe BP on the right (£(119)=2, p=0.002)
and left legs (£(119) =2, p=0.02).

Variable Category Frequency (n) Percent (%)
Age group (years) 18-25 105 86.8
26-35 16 132
Median age in years (IQR) 20 (20, 23)
Sex Male 64 529
Female 57 471
Marital status Single 114 94.2
Married 7 58
1st degree relative with hypertension Yes 19 15.7
No 102 843
1st degree relative with diabetes mellitus Yes 14 11.6
No 107 884
1st degree relative with cardiovascular disease Yes 8 6.6
No 113 934
Alcohol intake Yes 5 4.1
No 116 959
Physical activity in MET minutes per week <600 MET 10 8.5

>600 MET 107 915
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Variable Category Frequency (n) Percent (%)
BMI (Kg/m?) Underweight 13 10.7
Normal 94 777
Overweight 14 11.6
Median BMIin Kg/m2 (IQR) 21.50(19.72, 23.46)
Height (cm) <150 3 25
150.00-160.00 33 27.3
160.01-170.00 60 49.6
170+ 20 20.7
Median height in cm (IQR) 164.05 (159,169.50)
Waist-to-hip ratio (WHR) Excellent 82 67.8
Good 25 20.7
Moderate 14 11.6
Median waist-to-hip ratio (WHR) (IQR) 0.79 (0.75-0.82)
Resting heart rate (mean+SD) Right arm (Beat/min) 7211
Left arm (Beat/min) 72+11
Table 3 Arterial blood pressure of study participants on different anatomical points
Male mean+SD Female mean+SD
Systolic Diastolic MAP Systolic Diastolic MAP
Enrollment BP (mmHg)
Right 122+ 11 739 89+8 112+9 85+6
Left 122+10 73+8 90+£8 110+9 7 85+6
Brachial pressure (mmHg)
Right 131412 125410
Left 129+ 11 123+10
Ankle pressure (mmHg)
Right 140+ 14 136+10
Left 131+11 129+ 11
Ankle Brachia Index (ABI)
Right 1.06+0.07 1.07+0.09
Left 0.99+0.08 1.01£0.09
Toe pressure (mmHg)
Right 105+18 95+15
Left 99+18 92+20
Toe Brachia Index (TBI)
Right 0.79+0.11 0.75+0.11
Left 0.75+0.12 0.72+0.15

3.2.2 ABI and TBI of the Study Participants

The right mean ABI (1.06 +0.08) was higher (£(120)=8,
p<0.001) than the left (1.00+0.09) even when analyzed
in sex categories (Fig. 3). The right mean TBI (0.77 +0.11)
was higher (£(120) =3, p=0.011) on the left (0.74+0.14),
but was not significant when analyzed in sex categories.

References

3.2.3 Comparison of Observed ABI and TBI to AHA

About 19% (n=23) had ABI<0.9 and 41.3% (#=50) had
TBI<0.7 on at least one limb. Prevalence of ABI<0.9 was
higher on the left leg (17.4%) than the right (6.6%) and
among males (18.7%) than females (15.3%). Prevalence of

TBI<0.7 was higher on the left leg (33.9%) than the right
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Fig. 3 Comparison of right and left leg mean and range of ABI [overall (a), males (b), and females (c)] and TBI [overall (d), males (e), and females (f)]

(24.8%) and among females (40.4%) than males (28.1%)
(Table 4).

3.2.4 Pulse Volume Waveforms (PVWs) of the Study
Participants

The majority (87%, n=105) of participants exhibited
triphasic waveforms (Fig. 4) in both toes which was 97%
(n=117) on the right ankle and 98% (n=118) on the
left. Grade A waveforms were prevalent, in both toes
(88%) and ankles (97% right and 98% left). Interestingly,
1.2% (all males) exhibited grade C waveforms on the
toe, but none on the ankle. About 91% of participants

with ABI<0.9 had grade A (normal) PVWs. Also, 98% of
participants with TBI<0.7 had grade A PVWs.

4 Discussion

This study employed a careful recruitment strategy
to select apparently healthy individuals, ensuring a
uniform population and minimizing confounding
variables from diverse health conditions. Although this
approach resulted in a smaller sample size, it provided
a focused evaluation. This sets the stage for future,
comprehensive assessments of ABI, TBI, and PVWs in
young, healthy black Africans, thereby establishing a
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Table 4 Crosstabulation of ABI and PVW grades

PVW grade n (%)
A (normal) B (mild PAD) C (moderate PAD)
Right ankle
ABI<0.9 6 (75.0) 2(25.0) 0.0
ABI>0.9 96 (98.0) 2(2.0) 0(0.0)
Left ankle
ABI<0.9 19 (90.5) 2(95 0.0)
ABI>09 97 (99) 10 (0.0)
Right toe
TBI<0.7 23 (76.7) 7(23.3) (0.0)
TBI>0.7 84 (92.3) 7(7.7) 0(0.0)
Left toe
TBI<0.7 28 (68.3) 11(26.8) 2(49)
TBI=0.7 77 (96.3) 3(3.7) 0(0.0)

solid foundation for larger-scale research. This study
identified significant differences in ABI and TBI values
between the left and right sides, as well as sex-related
variations in these vascular indices. Additionally, a
significant number of individuals classified as normal
were identified as having peripheral artery disease
(PAD) when assessed using AHA references for ABI
and TBI. This finding highlights potential discrepancies
in the interpretation of these indices when established
international standards for diagnosing PAD are applied
to young, healthy individuals.
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Consistently higher values were observed on the right
side across the entire sample and within sex-catego-
rized sub-analyses. Previous studies have noted similar
right-—left differences and consistent variations in bra-
chial blood pressure [5, 18], which might suggest analo-
gous asymmetries in ankle hemodynamics. The observed
higher right-side ABI could be attributed to factors
such as differences in collateral circulation and vascular
anatomy between the sides. Previous studies have sug-
gested that temporal trends, such as the order in which
legs are measured, could explain right—left differences in
ABI and TBI, with the first leg measured often showing
a higher index [8, 19]. However, this study used simul-
taneous measurements to eliminate such temporal vari-
ations, leading us to hypothesize that anatomical and
physiological factors, possibly related to left-right domi-
nance [32, 33], may contribute to higher ankle BP on the
right, thus affecting the observed higher right ABI. This
finding underscores the need for a deeper understand-
ing of peripheral vascular dynamics and the complex
interplay of factors influencing blood pressure gradients
across limbs. The consistent occurrence of significant
differences highlights the importance of further detailed
research and larger scale studies to elucidate their physi-
ological underpinnings and clinical implications.

We observed significant sex differences in ABI and
TBI, with males exhibiting higher mean systolic brachial
blood pressures, which likely influence these indices.
Contrary to expectations and previous reports suggesting
higher ABIs in males [18], females in our study showed
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Fig. 4 Waveform from one of the study participants having similar features compared to the standard reference
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higher mean ABI values. Interestingly, a larger propor-
tion of males had ABI values below the AHA reference
on the left leg. These findings are contrary to the consist-
ent trend reported in several prior studies, which docu-
mented higher ABIs in males [4, 5, 34]. The observed
lower ABI in males in our study can be explained by their
higher brachial systolic BP, a well-established physiologi-
cal difference between sexes [35]. This elevation in bra-
chial pressure likely reduces the ABI ratio by increasing
the denominator in the calculation. The physiological
differences in brachial pressure between sexes, driven by
factors such as wave reflection and stroke volume, pro-
vide a plausible reason for the lower ABI values in males,
despite similar central BP across sexes [36]. Despite
these variations, a consistent theme across studies is the
presence of sex-related differences in peripheral arte-
rial indices, highlighting the complex interplay of fac-
tors influencing vascular health. This further underscores
the importance of adopting a comprehensive evaluation
approach that accounts for sex and other variables when
interpreting these indices.

With the rising prevalence of PAD in Sub-Saharan
Africa, the current evidence base remains sparse and
predominantly facility-based. Most of these studies use
internationally established reference values, such as
those recommended by the American Heart Associa-
tion (AHA), and, likely, these criteria are also applied in
clinical practice [37]. To evaluate whether these refer-
ence criteria are appropriate for assessing peripheral
arterial function in younger populations, we evaluated
ABI and TBI values based on AHA standards. A signifi-
cant proportion of participants had indices below these
reference values, indicating abnormal peripheral arte-
rial function. However, pulse volume waveform (PVW)
analysis, which is comparable to spectral Doppler [38],
revealed no abnormalities in those with lower ABI and
TBI values. Most participants exhibited triphasic (grade
A) waveforms, reflecting good arterial health. This incon-
sistency—where individuals classified as having PAD
based on ABI/TBI showed normal PVWs—raises con-
cerns about the applicability of these reference values in
younger populations.

These findings suggest that borderline low ABI and
TBI values in young adults may not necessarily indicate
abnormal peripheral arterial function. Previous studies
have reported similar findings, raising the question of
whether the reference values for ABI and TBI, particularly
in younger populations, should be reconsidered [18].
For example, AHA guidelines, primarily designed
for older populations, might not fully capture the
physiological differences in younger individuals, who
typically have less arterial hardening and lower vascular
risk. As such, applying these adult-focused criteria in
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younger populations could lead to misclassification
and overestimation of PAD in these groups [4]. Pulse
volume waveforms (PVWs), often utilized when ABI
readings are elevated due to arterial calcification and
stiffening—conditions commonly linked to diabetes
mellitus—may offer a more suitable alternative for
assessing peripheral arterial function in younger adults.
Pulse volume recording (PVR) captures PVWs, reflecting
real-time vascular dynamics, which can provide a more
reliable assessment, particularly in cases where ABI has
limitations or may result in misclassification [39-41].

This study has several limitations and strengths that
should be acknowledged. First, the thorough recruit-
ment strategy aimed at selecting a homogenous group to
maximize internal validity may have reduced the sample
size, limiting its generalizability. However, this approach
ensured a narrow age range of participants, minimizing
confounding factors and providing valuable preliminary
insights. Nevertheless, our sample size remains larger
than most similar studies conducted in our setting [15],
emphasizing the reliability of our findings.

A key strength of this study is the use of an automated
oscillometric device, a technique that has been validated
for measuring ABI, TBI, and PVWs due to its high accu-
racy, sensitivity, and specificity compared to the gold
standard of Doppler ultrasound [2]. The brand we used,
although less validated in the literature compared to oth-
ers, has been in clinical use for over a decade, particularly
in Asia, and is increasingly employed in low- and middle-
income countries due to its affordability and practicality
[15, 29-31]. By providing simultaneous blood pressure
measurements from both arms and ankles, the device
minimizes temporal bias and offers a feasible alterna-
tive in settings where Doppler ultrasound is not readily
available.

Additionally, while we followed the 2012 AHA meas-
urement protocol, we applied the updated 2024 AHA
reference values, ensuring that our results align with cur-
rent standards. Despite trivial discrepancies, the simi-
larity between the 2012 and 2024 protocols minimizes
potential methodological differences. Finally, as a pilot
study, our findings stimulate further research to address
the observed discrepancies and potentially develop pop-
ulation-specific reference values in a setup where such
research is still limited.

5 Conclusion and Recommendation

Although young black Africans generally exhibit favora-
ble cardiovascular health, as evidenced by normal pulse
volume waveforms (PVWs), our study identified signifi-
cant discrepancies in ankle-brachial index (ABI) and toe-
brachial index (TBI) values when using the current AHA
reference standards. Additionally, we observed significant
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differences between the left and right legs and between
sexes in ABI measurements. These findings highlight
the complexity of vascular assessments and suggest that
standard reference values may not adequately reflect the
physiological characteristics of this demographic. Future
research should aim to refine vascular health indices for
diverse populations and further investigate the underly-
ing causes of these disparities. Such work would enhance
preventive health strategies and support the revision of
standard references to be more inclusive and representa-
tive of varied populations.
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