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ABSTRACT
Objectives Prevalence of child and adolescents’
overweight and obesity in low- and middle-income
countries has increased dramatically. Simultaneously,
the incidence of pre-hypertension/hypertension is also
increasing in children, which, in turn, predisposes these
children to the risk of cardiovascular disease (CVD) in
later life. The present study assessed cardiometabolic
risk factors and early indicators of vascular dysfunction in
adolescents from a low socio-economic rural area in South
Africa.
Design Cross-sectional cohort study.
Setting The study was conducted in public schools in
Mthatha, OR Tambo district municipality, Eastern Cape
Province, South Africa.
Participants A total of 244 adolescents (188 females) of
African ancestry aged 13–16 years were enrolled.
Primary and secondary outcome
measures Anthropometric and haemodynamic
measures and pulse wave velocity (PWV) were related
to overweight/obesity and hypertension. Blood markers
of cardiometabolic syndrome were assessed as well as
vascular function (via PWV).
Results One-third (33.0%) of the adolescents exceeded
the age and sex-specific body mass index percentiles for
overweight (≥85th) or obesity (>95th) with a prevalence
of 61.1% pre-hypertensives in this group. Overweight/
obesity and hypertension were associated with higher
triglycerides (lean:overweight: 0.79<1.01 mmol/L;
normotensive:hypertensive: 0.82<0.89 mmol/L). Fasting
glucose was higher in hypertensive as compared to
normotensive adolescents (4.85>4.69 mmol/L, p<0.05).
PWV was elevated in 25.9% of the children and
significantly correlated with asymmetric dimethylarginine
and systolic blood pressure (p<0.001).
Conclusion Overweight/obesity and hypertension show
a high prevalence in rural South African youth. Almost half
of the studied adolescents are at risk for developing CVD.
The high association between cardiometabolic risk factors
and PWV further suggests that hypertension in adolescents
may promote the progression of CVD in adulthood. Early
detection of those at risk and the implementation of
preventive strategies in underprivileged young people

Strengths and limitations of this study
►► Novel study of cardiovascular risk in African

adolescents.
►► Cardiovascular risk assessed via vascular function

and blood markers.
►► Urgent need for preventive strategies against car-

diovascular diseases.
►► More girls were studied than boys.
►► Behavioural risk factors (eg, smoking, activity, eating

habits) not studied.

is urgently needed to stop the progression of vascular
damage and manifestation of CVD in rural African children.

INTRODUCTION
Childhood overweight/obesity has become a
global socio-economic concern as the increasing
prevalence rates are paralleled to the increasing
number of non-
communicable diseases.1–5
Childhood obesity is related to premature onset
of several serious health complications, which
often persist into adulthood. These include:
hypertension, insulin resistance and type 2
diabetes, non-alcoholic fatty liver disease, respiratory and orthopaedic disorders, along with
psychosocial difficulties and low quality of life.2 6 7
Low- and middle-income countries have experienced the most rapid increase in child and
adolescent obesity.8 Between 1990 and 2015, the
number of children with overweight/obesity in
Africa increased from 4 to 10 million.2 3 In South
Africa, for example, the prevalence of adolescents with overweight/obesity is 40.2%.8–11
Sub-Saharan African countries in general are
also experiencing an exceptionally high and
increasing prevalence of hypertension, the most
important risk factor for cardiovascular disease
(CVD).1 8 12 Even in children and adolescents,
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METHODS
Study design
The study was conducted as a cross-sectional cohort study
in Mthatha area, in the OR Tambo district municipality,
Eastern Cape Province, South Africa. The sample was
drawn from adolescents of low socio-economic families,
representative of populations living in rural areas of
South Africa. Information about the study including the
2

Figure 1 STROBE statement for study participation. BMI,
body mass index; STROBE, Strengthening the Reporting of
Observational Studies in Epidemiology.

consent form were distributed in four schools covering
classes with children of eligible age (n=800). Male and
female adolescents of African ancestry aged 13–16 years,
free from any chronic cardiovascular, renal, pulmonary
and orthopaedic disease were included in the study. Pregnant, lactating, ill, physically handicapped, endurance
athletes, individuals on blood pressure lowering medication, having any self-reported comorbidity, cardiovascular
or endocrinological disorder and individuals of non-
African ancestry were excluded (figure 1).
Sample size calculations
Sample size calculations were based on previous research
in this area assuming a medium effect size considering
the prevalence of overweight/obesity in this area.10 For
prevalence calculations based on χ2 tests, the estimated
sample size (considering α=0.05 and 1−β=0.95) was 65
participants and for comparisons within an analysis of
variances (ANOVA) (normotensive/hypertensive, overweight/obese) 60 participants in each group.
Patient and public involvement
No patients were involved.
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increases in arterial blood pressure, mainly driven by obesity,
and as a consequence of an obesogenic environment,
unhealthy diet and reduced physical activity, is commonly
seen.13 Estimates, however, vary largely: from pooled prevalence of 1%–5%14 15 globally up to point prevalence ratings of
25.5% adolescent hypertension/pre-hypertension in African
countries.10 16–19 In a substantial amount of affected children, (pre-)hypertension tracks into adulthood, resulting in
atherosclerosis, left ventricular hypertrophy or other related
CVD.20–23
Hypertension and endothelial dysfunction are closely
connected. Endothelial cells, positioned at the interface
between blood and tissue, respond quickly to local trauma or
inflammation.24 Alterations in the endothelium can lead to
endothelial dysfunction, a state in which the bioavailability of
nitric oxide (NO) to blood vessels is reduced.25 Asymmetric
dimethylarginine (ADMA) can alter the bioavailability of NO
by competing with arginine for NO synthesis, therewith inhibiting the synthesis of NO. As a consequence, endothelium-
mediated vasomotor responses and anti-
inflammatory
properties are impaired.26 This is considered as the initial
step towards vascular remodelling, atherosclerosis and/or
cardiovascular or cerebrovascular disease.27
One of the earliest signs of vascular damage is arterial stiffness. Together with plasma ADMA, an indicator for endothelial (dys-)function, pulse wave velocity (PWV) is routinely
used as a non-invasive measure of arterial stiffness.28 Significant changes in PWV are commonly observed after the
fifth decade of life, though the age-related increase of PWV
seems to be continuous, starting already at the early age of 6
years.28 29 Higher PWV is usually observed in males, though
accelerated values are also related to several cardiovascular
risk factors.28 29 Family history of CVD, elevated blood pressure and obesity have been reported to be associated with
increased PWV, already in children and adolescents.28–32
Recent findings indicate a high prevalence of pre-
hypertension/hypertension (42.16%) and overweight/
obesity (19.28%) in South African children, even as
young as 6–9 years.33
The present study focused on early indicators of vascular
dysfunction assessed by PWV and serum plasma ADMA in
adolescents. Cardiovascular and metabolic risk factors along
with anthropometric and haemodynamic measures were
assessed in overweight/obese and pre-hypertensive/hypertensive adolescents in low-income and low-resource settings.
Early detection of subclinical cardiovascular dysfunction is
beneficial, as initiation of early treatment can prevent the
progression and clinical manifestation of CVD in later life.
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Blood pressure measurements
Following a 5-minute rest in a quiet room, sitting blood
pressure was measured automatically at 2-minute intervals using an automated sphygmomanometer (HBP-1100;
Omron Healthcare Co.) and arm-size appropriate cuffs.
An average of three blood pressure (BP) readings was
then converted to BP percentiles for age, sex and height
according to BP percentile guidelines for children (Centre
for Disease Control and Prevention-National Health and
Nutrition Examination Survey).36 Participants were classified as normotensive (NT: systolic BP (SBP) and diastolic
BP (DBP) < 90th percentile), pre-
hypertensive (pre-
HT: SBP and DBP > 90th < 95th percentile or SBP/DBP
≥120/80 mm Hg) or hypertensive (HT: SBP and/or DBP
≥ 95th percentile). Mean arterial pressure (MAP) was
calculated using the formula: MAP=(SBP+(2×DBP))/3.
Assessment of vascular functions
Pulse wave velocity was measured using the Vicorder
device (SMT medical GmbH & Co. KG, Germany). Participants remained in a supine position for 10 min prior to
measurements. A standard 10 cm pressure cuff was placed
on the upper right thigh as high as possible towards the
crotch while a 7 cm pressure cuff was wrapped around the
wrist of the same arm. The cuff was closed tight enough to
assure a good coupling of the cuff to the femoral artery.
The right common carotid artery pulse was palpated on
the centre between the base of the neck and chin, where a
neck band with an attached neck pressure cuff was placed
around the neck, thus positioning the cuff bladder exactly
over the palpated carotid artery pulse. Pressure lines were
attached to the cuffs and PWV was determined.

and ADMA were determined. HDL-c, NEFA, insulin and
ADMA were measured with ELISA kits while FG, TG and
TC were determined using a COBAS 501/502 panel/
system (Roche Diagnostics, USA).
Statistical analysis
Data distribution was examined by Shapiro-
Wilks test,
which indicated deviation from normal distribution
for TGs, insulin, FG and NOs. These measurements
were then log-transformed for metric statistics. Descriptive statistics are presented as mean±SD. Prevalence
rates were calculated by χ2 tests, and group differences
(between overweight/obese vs lean, normotensive vs pre-
hypertensive/hypertensive adolescents) were assessed by
analyses of variances (ANOVA) or multivariate analyses of
variances (MANOVA) or Student’s t-test. A p value<0.05
was considered statistically significant. Anthropometric
measures, haemodynamic and serum plasma parameters were treated as dependent variables in group-wise
specific
analyses. All data were also analysed in a sex-
manner. Considering anthropometric parameters, we
observed only differences in neck and ankle circumference. For the combined comparison of overweight/obese
and normotensive/hypertensive adolescents (within the
ANOVA) we therefore ignored sex as a factor. For the
criteria of cardiometabolic syndrome sex-specific cut-offs
for waist circumference were applied. Similarly, also the
classification of overweight/obesity based on BMI and
pre-hypertension/hypertension based on (the mean of
the) BP readings was based on sex and age-specific cut-
off scores. Missing data were not replaced. All data were
analysed using SPSS (V.25.0, SPSS).

RESULTS
Two hundred and forty-
eight children returned the
signed consent form. Four children, who exceeded the
age range were excluded. A total of 244 (188 female, 56
male) adolescents with a mean age of 14.4 ± 1 years (min–
max: 13–16 years) met all inclusion and exclusion criteria
and were enrolled in the study (figure 1). Ten children
were classified as underweight (BMI <5th percentile) and
excluded from further analyses. Anthropometric data of
two participants deviated largely and were also excluded
to achieve sample appropriate measures. Analyses were
hence based on a total of 232 adolescents (182 females, 50
males) for anthrompometry and haemodynamic parameters and for a subsample for serum plasma parameters.

Prevalence of overweight/obesity and hypertension
The prevalence of overweight and obesity (O/O) in the
total sample (n=232) was 33.0% (39 overweight, 36 obese),
with 33.5% (61 of 182) in female adolescents and 28.0%
Blood collection and biochemical analysis
hypertension and
(14 of 50) in male adolescents. Pre-
Blood samples were collected following an overnight
hypertension (pre-HT/HT) were present in more than
fast. Plasma was obtained after centrifugation and fasting
one-third (38.8 %) of the study sample (36 pre-HT and
glucose (FG), triglycerides (TG), total cholesterol (TC),
high-
density lipoprotein cholesterol (HDL-
c), non- 54 HT of 232), male (38.0%) as well as female (39.0%).
When the data were analysed taking the body size status
esterified free fatty acids (NEFA), fasting insulin, NOs
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Data collection and anthropometric measurements
Demographic data including age, sex, height, weight and
anthropometric measures,34 were collected by trained
fieldworkers. For ethical purposes, female fieldworkers
performed measurements on female participants while
male fieldworkers assessed male participants. Subjects
were barefoot and in minimal clothing. Waist, hip, thigh,
calf, ankle and mid-
upper arm circumferences were
measured using an anthropometric tape and height was
assessed using a wall-mounted Harpenden stadiometer to
the nearest 0.1 cm. Weight was measured using a wireless
weight scale (Tanita body composition scale). The Tanita
device also calculated body mass index (BMI) and body
fat percentage. Age and gender-
specific International
Obesity Task Force percentile curves were used to classify
BMI as: underweight: < 5th percentile, normal weight: >
5th < 85th percentile, overweight: ≥ 85th < 95th percentile and obese: ≥ 95th percentile.35
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Lean

Overweight/obese

Total

NT

113 (72.0%)

29 (38.7%)

142 (61.2%)

 

Pre-HT

22 (14.0%)

14 (18.7%)

36 (15.5%)

 

HT

22 (14.0%)

32 (42.7%)

54 (23.3%)

 

n=232

 

NT

HT

n=75 (33%)
NT

HT

n

Sex

n (%)

113 (73.0)

44 (27.0)

29 (38.9)

46 (61.1)

232

♀:♂

Sex: female/male

86/27

35/9

25/4

36/10

Age

14.4 (1.0)

14.3 (1.0)

14.7 (1.0)

14.2 (0.9)

Anthropometric data

Mean (±SD)

Mean (±SD)

Mean (±SD)

Mean (±SD)

p (BP)

p (O/O)

Sex

 Neck circumference

29.6 (1.9)

29.7 (1.8)

32.34 (2.0)

32.1 (2.1)

0.99

0.00

♀ < ♂**

 Mid upper arm circumference

24.3 (2.3)

24.4 (2.4)

29.5 (3.2)

30.5 (3.2)

0.11

0.00

 

 Waist circumference

66.9 (5.2)

69.0 (5.9)

82.3 (7.7)

83.9 (8.4)

0.05

0.00

 

 Hip circumference

85.9 (5.9)

87.7 (8.9)

105.5 (9.4)

105.7 (9.6)

0.37

0.00

♀>♂

 Thigh circumference

44.5 (4.5)

46.1 (4.6)

56.2 (6.7)

58.0 (5.8)

0.02

0.00

 

 Calf circumference

31.4 (2.8)

31.8 (3.1)

38.3 (3.8)

37.8 (3.0)

0.95

0.00

 

 Ankle circumference

22.4 (1.8)

22.4 (1.5)

25.2 (2.4)

24.4 (1.9)

0.15

0.00

♀ < ♂*

 WHtR

0.42 (0.03)

0.44 (0.04)

0.51 (0.05)

0.53 (0.05)

0.00

0.00

 

n=157 (67%)

182/50
 

 Fat (%)

19.7 (6.4)

21.2 (6.9)

34.3 (5.8)

34.4 (6.4)

0.39

0.00

♀ > ♂**

 BMI (kg/m2)

19.3 (1.8)

19.9 (2.0)

27.6 (3.4)

27.8 (3.3)

0.28

0.00

 

 BMI percentile

45.0 (22.7)

52.7 (21.7)

93.0 (4.0)

94.3 (3.9)

0.11

0.00

 

Haemodynamic data

 

 SBP (mm Hg)

109 (8.3)

122 (9.8)

114 (7.1)

128 (10.8)

–

0.00

 

 DBP (mm Hg)

68 (6.1)

80 (5.5)

70 (4.1)

79 (8.4)

–

0.00

♀ > ♂*

 MAP (mm Hg)

82 (5.8)

94 (4.6)

84 (3.9)

95 (6.7)

–

0.00

 

 HR (Hz)

83 (13.9)

88 (14.2)

82 (9.5)

87 (13.8)

–

0.93

♀ > ♂*

 PWV (m/s)

6.25 (0.78)

6.41 (0.83)

6.37 (1.07)

6.22 (0.89)

0.94

0.77

♀ < ♂**

Classification of normotensive (NT) and (pre-)hypertensive (HT) based on mean systolic and diastolic blood pressure (<90th/>90th) percentiles,
respectively. Symbols (♀, ♂) indicate significant sex differences in the given parameters (* p<0.05, ** p<0.01).
BMI, body mass index; DBP, diastolic blood pressure; Fat%, total body fat; HR, heart rate; MAP, mean arterial pressure; p (BP), main effect for pre-
hypertension/hypertension in a two-way; p (O/O), main effect for overweight/obesity ANOVA; PWV, pulse wave velocity; SBP, systolic blood pressure;
WHtR, waist to height ratio.

into account, a prevalence of even 61.1% (46 out of 75)
pre-HT/HT in adolescents with O/O and 27% (44 out
of 157) in lean adolescents was seen. Taken together,
our data suggest that more than half of the adolescents
(52.0%; 119 of 232) showed at least one risk factor for
CVD (either hypertension, overweight/obesity or both
(table 1).
Anthropometric measures, haemodynamic parameters and
sex differences
Anthropometric measures were analysed by two-
way
ANOVA applying O/O and pre-
HT/HT as combined
factors. Overweight/obesity was associated with significant differences in all anthropometric measures as well
as total body fat (each p<0.001, table 1). Unique effect
of BP was seen for waist (F(1, 230)=3.79, p=0.05), thigh
circumference (F(1, 230)=5.36, p=0.02) and waist to height
ratio (WHtR: F(1, 230)=14.3, p<0.001). No significant interaction between O/O and pre-HT/HT was found in any
4

anthropometric measure (for means±SDs please refer to
table 1). Higher systolic (F(1, 232)=43.9, p<0.001), diastolic
(F(1, 232)=11.6, p=0.001) and mean arterial blood pressure
(F(1, 232)=29.6, p<0.001) were found in adolescents with
O/O as compared to lean participants. Neither O/O (F(1,
=0.09, p=0.77) nor pre-HT/HT (F(1, 228)=0.05, p=0.95)
228)
showed significant differences in PWV.
Sex differences in anthropometric measures (F(7,
=11.9, p<0.001, Wilks’ λ=0.72) were seen for neck (f:
219)
30.0±2.0 < m: 31.9±2.5; F(1, 227)=31.7, p<0.001) and ankle
circumference (f: 22.9±2.0 < m: 23.8±2.6; F(1, 227)=6.22,
p=0.01). These parameters were both bigger in males. In
females, a greater amount of total body fat (f: 27.3±7.9
> m: 15.5±7.8; t(232)=9.38, p<0.001), higher heart rate (f:
87.4±13.1 > m: 76.0±11.8; t(232)=5.56, p<0.001) and DBP
(f: 73±7.7 > m: 70±8.9; t(232)=2.53, p=0.01) were observed,
while PWV (f: 6.21±0.75 < m: 6.59±1.1; t(232)=–2.77,
p=0.006) was significantly lower (table 1).
Letswalo BP, et al. BMJ Open 2021;11:e042955. doi:10.1136/bmjopen-2020-042955
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Table 1 Anthropometric and haemodynamic parameters in lean and overweight/obese adolescents classified using
hypertension

Open access

Lean
NT
TG (mmol/L)

0.77 (0.21), 99

Overweight/obese
HT
0.81 (0.26), 40

NT
0.87 (0.33), 25

HT
1.14 (0.55), 35

p (BP)

p (O/O)

0.012

<0.001

FG (mmol/L)

4.72 (0.43), 100

4.93 (0.52), 40

4.67 (0.56), 26

4.76 (0.46), 36

0.039

0.133

TC (mmol/L)

3.59 (0.81), 99

3.77 (0.90), 40

3.80 (0.80), 25

3.97 (0.79), 35

0.187

0.124

HDL-c (mmol/L)

1.20 (0.53), 51

1.15 (0.38), 19

1.49 (1.7), 12

1.42 (0.73), 16

0.728

0.117

NEFA (mmol/L)
NO (μg/mL)
ADMA (μg/mL)
Insulin (IU/L)
HOMA-IR

33.3 (19.6), 49
2.66 (1.1), 53
1.50 (0.32), 74

33.9 (18.1), 17
2.31 (0.75), 19
1.46 (0.30), 24

23.5 (19.1), 12

33.0 (17.2), 17

0.257

0.234

3.18 (1.4), 13

2.74 (1.5), 18

0.134

0.230

0.604

0.220

22.7 (19.3), 73

26.7 (30.9), 24

30.8 (40.9), 15

1.34 (0.34), 17

40.4 (40.1), 21

1.46 (0.32), 22

0.178

0.244

2.28 (1.3), 57

2.41 (1.9), 22

2.31 (1.8), 12

2.23 (1.2), 15

0.856

0.985

P values indicate effects contributable either to overweight/obesity (p (O/O)) or pre-hypertension/hypertension (p (BP)) or both; values displayed are
means (±SD) and available n.
ADMA, asymmetric dimethylarginine; FG, fasting glucose; HDL-c, high density lipoprotein cholesterol; HOMA-IR, homeostasis model assessment insulin resistance; HT, pre-hypertension/hypertension; NEFA, non-esterified free fatty acids; NO, nitric oxide; NT, normotensive; TC, total cholesterol;
TG, triglycerides.

Cardiometabolic and vascular plasma parameters
Comparison of plasma parameters showed significantly
higher levels of TGs in pre-HT/HT compared to normotensive (NT) adolescents (F(1, 198)=6.46, p=0.012), and
independently in O/O as compared to lean participants
(F(1, 198)=13.34, p<0.001). Higher FG was found in pre-
HT/HT as compared to normotensive adolescents (F(1,
=4.34, p=0.039); this was independent of body size
202)
status. None of the other parameters reached statistical
significance in a groupwise comparison (for means±SDs
please refer to table 2).
Assessment of cardiometabolic risk factors
The prevalence of cardiometabolic syndrome based on
the definition of Cook et al37 38 is shown in table 3. For a
subsample of 90 adolescents, complete data were available. The data showed a prevalence of at least one risk
factor in 45.6% of the adolescents, two risk factors in
20.0% and three risk factors in 7.8%.
The levels of HOMA-
IR were elevated (>2.0) in
almost half of the sample 46.2% (χ2(1)=0.604, p=0.437).
ADMA>50th percentile was elevated in 27.0% of adolescents (χ2(1)=29.0, p<0.001). Adolescents with ADMA>50th
percentile had higher DBP and PWV and a tendency
towards a lower NO (p=0.057) (table 3). Endothelial
dysfunction, defined as PWV exceeding the critical
threshold above the 50th percentile, was present in more
than one-quarter (25.9%) of the total sample (χ2(1)=53.1,
p<0.001, table 3). Participants with PWV>50th percentile
had significantly higher SBP (t(227)=–2.85, p=0.005) and
ADMA (t(135)=–1.92, p=0.053) as compared to participants
with PWV<50th percentile (table 3).
Predicting vascular dysfunction
Multiple linear regression was conducted to predict PWV
by stepwise inclusion of age, SBP, BMI, TGs, FG, TC and
serum ADMA. ADMA, SBP and TGs were able to significantly predict PWV (F(3, 125)=8.78, p<0.001). The R2 for
Letswalo BP, et al. BMJ Open 2021;11:e042955. doi:10.1136/bmjopen-2020-042955

the overall model was 0.178 (adjusted R2(adj.)=0.157),
indicating a moderate goodness of fit (table 4). Participants predicted PWV is equal to 0.572 (ADMA)+0.023
(SBP)+(−0.546) (TG)+3.195. Accordingly, the highest
variance is explained by serum ADMA and SBP while a
negative association was seen with TGs.

DISCUSSION
The present study indicates a high prevalence of
cardiometabolic risk factors, identifying more than half
of the 13–16 year old South African adolescents with at
least one major risk factor for CVD, either overweight/
obesity (12.5%), hypertension (19.0%) or both (19.8%).
More than one-third of the adolescents (38.8%) were
classified as pre-HT/HT and one-third (33.0%) as O/O.
Among adolescents with O/O, the prevalence of pre-HT/
HT was almost two-thirds (61.1%). Observed prevalences
confirm previous findings19 33 and in agreement with
existing literature, hyperlipidaemia and hyperglycaemia
were again identified as key metabolic risk factors in
the development of hypertension.37 39 Anthropometric
measures were consistently higher in O/O adolescents,
but also hypertension contributed towards differences
in thigh circumference and WHtR. The prevalence of
pre-HT/HT in lean adolescents (27.4%) further emphasises that O/O plays a decisive, though not an exclusive
role in the development of hypertension.40–42
PWV as an indicator for arterial stiffness was generally higher as compared to known reference values for
healthy children and adolescents.32 Our results confirmed
previous findings that PWV is higher in male adolescents
as compared to female adolescents.29 31 Using PWV>50th
percentile as an early indicator for endothelial dysfunction,
allowed us to draw important conclusions. For example,
adolescents with PWV>50th percentile had significantly
higher systolic blood pressure and ADMA levels compared
5
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Table 2 Lipid and glucose metabolism in lean and overweight/obese adolescents based on hypertension
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Criteria
WC < 90th pc

WC >90th pc

n

 

 Central obesity

205 (89.9%)

23 (10.1%)

228

 Pre-HT/HT

BP < 90th pc

BP >90th pc

 
 Hypertriglyceridaemia
 
 Impaired glucose
 
 Low HDL-c
 

142 (61.7%)

88 (38.3%)

TG <110 mg/dL

TG >110 mg/dL

179 (89.9%)

20 (10.1%)

FG <110 mg/dL

FG >110 mg/dL

196 (97.0%)

6 (3.0%)

HDL >40 mg/dL

HDL ≤40 mg/dL

43 (43.9%)

55 (56.1%)

 Risk factors combined

230
199
202
98

WC >90th pc, BP >90th pc, TG >110 mg/dL, FG >100 mg/dL, HDL ≤40 mg/dL

 1 criteria

41/90 (45.6%)

 2 criteria

18/90 (20.0%)

 ≥3 criteria

7/90 (7.8%)

 HOMA-IR

HOMA-IR <2.0

 
 
ADMA
 

HOMA-IR >2.0

57 (53.8%)

49 (46.2%)

ADMA <50th pc

ADMA >50th pc

100 (73.0%)

37 (27.0%)

 

▼

▼

 

Mean (±SD)

Mean (±SD)

106
137

P value

 DBP

72 (±7.3)

75 (±7.6)

0.038

 PWV

6.10 (±0.78)

6.52 (±0.97)

0.009

 NO

2.79 (±1.2)

2.30 (±1.0)

0.076
228

PWV <50th pc

PWV >50th pc

 

 
PWV

169 (74.1%)

59 (25.9%)

 

▼

▼

 

Mean (±SD)

Mean (±SD)

P value

 SBP

114 (12.0)

119 (11.2)

0.005**

 ADMA

1.44 (0.30)

1.57 (0.37)

0.057

Mean (±SD) of parameters comparing adolescents with PWV < or > the 50th percentile. * p<0.05, **p<0.01
ADMA, asymmetric dimethylarginine; DBP, diastolic blood pressure; FG, fasting glucose; HDL-c, high density lipoprotein cholesterol; HOMA-IR, homoeostasis
model assessment index; HR, heart rate; MAP, mean arterial pressure; NO, nitric oxide; pc, percentile; Pre-HT/HT, pre-hypertension/hypertension; PWV, pulse wave
velocity; SBP, systolic blood pressure; TG, triglycerides; WC, waist circumference.

to adolescents with PWV<50th percentile. As these findings were obtained by multiple linear regression analyses,
they suggest a moderate prediction of PWV by ADMA and
SBP. In the given sample of adolescents, NO tended to

be lower in hypertensive as compared to normotensive
young subjects.
ADMA was shown to influence changes in systolic and
diastolic blood pressure from childhood to adolescence.23

Table 4 Summary of the multiple linear regression analysis to predict PWV
Variable

B

95% CI

SE (B)

Constant

3.159

1.54 to 4.85

0.837

ADMA (μg/mL)

0.572

0.12 to 1.03

0.230

SBP (mm HG)
TG (mmol/L

0.023

β

t

0.210

P value
3.19

0.001

2.49

0.014

0.01 to 0.04

0.007

0.288

3.47

0.001

−0.546

−0.97 to −0.12

0.218

−0.214

−2.51

0.013

R

R2

R2(adj.)

F

P value

0.421

0.178

0.157

8.781

0.001

Multiple linear regression conducted to predict PWV (predictors excluded from model: age, BMI, fasting glucose, total cholesterol).
ADMA, asymmetric dimethylarginine; BMI, body mass index; PWV, pulse wave velocity; SBP, systolic blood pressure; TG, triglycerides.
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Table 3 Criteria for cardiometabolic syndrome, insulin resistance and parameters of vascular functioning

Open access

Limitations
Our study has several limitations. One limitation of our
study is its cross-sectional character. To study the progression of vascular damage, longitudinal studies over longer
periods using repeated measures on the same subjects
are required. Furthermore, hypertension in our study was
classified based on the mean BP of three readings at one
time and, therefore, might be overestimated. In young
study participants, and in particular during medical
examinations, BP could be increased. Hence, recording
of 24-hour BP might provide a more valid estimate and
this should be encouraged in future studies.
Behavioural risk factors such as physical inactivity48 and
unhealthy diets were not assessed in our study. As these
risk factors are related to O/O and hypertension, future
studies should examine these aspects in detail.

needed in these underprivileged groups of adolescents.49
Future studies should, in addition, examine the association of behavioural risk factors such as physical inactivity,
unhealthy diets and early usage of alcohol and cigarette consumption and their relationship with known
cardiometabolic risk factors.
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CONCLUSIONS
Hypertension and obesity, acting either independently or
in combination, contribute to a high risk for cardiometabolic syndrome and endothelial dysfunction in 13–16 year
old adolescents in rural South Africa. SBP and plasma
ADMA were identified as the main determinants for
elevated measures of PWV, suggesting a trend towards
development of vascular dysfunction.
Close monitoring of cardiometabolic risk factors and
the implementation of preventive strategies are urgently
Letswalo BP, et al. BMJ Open 2021;11:e042955. doi:10.1136/bmjopen-2020-042955
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