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RESUMO 
 

Introdução e objetivos: A obesidade infantil, como se sabe contribui para o desenvolvimento 

da aterosclerose e para um maior risco de morbidade e mortalidade cardiovascular na vida 

adulta. A rigidez arterial é considerada um marcador de dano vascular com valor preditivo para 

a ocorrência de eventos cardiovasculares e mortalidade por todas as causas. Esta pode ser 

avaliada por vários métodos, sendo a velocidade de onda de pulso carotídeo-femoral (VOP-cf) 

de longe o mais utilizado. Mais recentemente, para avaliar a rigidez arterial, foram 

desenvolvidos dispositivos que estimam a análise da onda de pulso ambulatória pelo método 

oscilométrico com braçadeira braquial (AOP), sendo cada vez mais utilizados como um método 

não invasivo e de mais fácil aplicação. O nosso objetivo foi caracterizar a rigidez arterial em 

adolescentes sem sobrepeso e com sobrepeso/obesidade, avaliada por VOP-cf e AOP, e 

comparar a estimativa deste parâmetro obtida pelos dois métodos.  

Métodos: Foi feita uma análise transversal, incluindo 118 adolescentes entre os 12-14 anos de 

idade acompanhados numa coorte previamente estabelecida desde o nascimento (Geração 

XXI). Foram avaliados em todos os participantes a antropometria, a VOP-cf e a pressão arterial 

ambulatória de 24 h baseada no método oscilométrico com braçadeira braquial, sendo estimada 

a AOP. A classificação dos adolescentes consoante o índice de massa corporal foi feita de acordo 

com as referências de crescimento da Organização Mundial da Saúde. 

Resultados: Um total de 118 adolescentes (54,2% do sexo masculino) com 14 anos (sem 

sobrepeso, n=77; sobrepeso/obesidade, n=41) foram incluídos no presente estudo. Os 

adolescentes com sobrepeso/obesidade apresentaram níveis significativamente maiores de 

VOP-cf (6,71 ± 1,22 vs. 6,07 ± 0,89, p=0,005), AOP total (4,61 ± 0,199 vs. 4,53 ± 0,22, p=0,038) e 

AOP diurna (4,67 ± 0,196 vs. 4,57 ± 0,21, p=0,008). Para além disso, reportamos correlações 

positivas significativas entre VOP-cf e AOP, apenas no grupo com sobrepeso/obesidade, no 

período noturno (r=0,336; p<0,05).  

Conclusões: Os maiores valores de rigidez arterial encontrados em adolescentes com 

sobrepeso/obesidade, por ambos os métodos utilizados, reforçam a contribuição do excesso de 

peso para a lesão vascular no início da vida. A comparação desses dois métodos, pouco relatados 

na literatura até ao momento, contribui com dados muito necessários para auxiliar no 

estabelecimento de métodos de fácil utilização para avaliação da rigidez arterial e identificação 

de indivíduos de maior risco. 

Palavras-chave: Velocidade de onda de pulso; rigidez arterial; análise da onda de pulso 

ambulatória (método oscilométrico com braçadeira braquial); obesidade infantil; risco 

cardiovascular   
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ABSTRACT 
 

Background and objectives: Childhood obesity is known to contribute to the development of 

atherosclerosis and a higher risk of cardiovascular morbidity and mortality later in life. Arterial 

stiffness is considered a marker of vascular damage with predictive value for the occurrence of 

cardiovascular events and all-cause mortality. It can be evaluated by several methods, with 

carotid-femoral pulse wave velocity (cf-PWV) being by far the most used. More recently, devices 

estimating pulse wave analysis by ambulatory brachial cuff-based oscillometry (PWA) were 

developed and are being increasingly used as an easier-to-use, non-invasive method for 

assessing arterial stiffness. We aimed to characterize arterial stiffness in nonoverweight and 

overweight/obese adolescents, evaluated by cf-PWV and PWA, and to compare the estimation 

of this parameter obtained by these two methods. 

Methods: Cross-sectional analysis, including 118 adolescents aged 12–14 years old, followed in 

previously established birth-cohort (Generation XXI). Anthropometrics, cf-PWV and 24-h 

ambulatory blood pressure with brachial cuff-based oscillometry estimated PWA were 

evaluated in all participants. The body mass index classification was made according to World 

Health Organization growth references.  

Results: A total of 118 adolescents (54.2% male) aged 14 years old (nonoverweight, n=77; 

overweight/obesity, n=41) were included in the present study. The overweight/obese 

adolescents presented significantly higher levels of cf-PWV (6.71 ± 1.22 vs. 6.07 ± 0.89, p=0.005), 

total PWA (4.61 ± 0.199 vs. 4.53 ± 0.22, p=0.038) and daytime PWA (4.67 ± 0.196 vs. 4.57 ± 0.21, 

p=0.008). Significant positive correlations between cf-PWV and PWA were only found in the 

overweight/obese group, during the nighttime period (r=0.336; p<0.05). 

Conclusions: The higher values of arterial stiffness found in overweight/obese adolescents, by 

both methods used, reinforce the contribution of excess weight to vascular injury in early life. 

The comparison of these two methods, seldomly reported in the literature so far, contributes 

with much needed data to help the establishment of easy-to-use methods for arterial stiffness 

assessment and identification of higher risk individuals.  

Key words: Pulse wave velocity; Arterial stiffness; Pulse wave analysis by ambulatory brachial 

cuff-based oscillometry; Childhood obesity; Cardiovascular Risk 
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ABBREVIATIONS 
 

ABPM, ambulatory blood pressure monitoring 

ASI, arterial stiffness index 

BMI, body mass index 

BP, blood pressure  
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cIMT, carotid intima-media thickness 
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hs-CRP, high sensitivity C-reactive protein 

LDL, Low density lipoprotein 

PWA, pulse wave analysis (by ambulatory brachial cuff-based oscillometry) 
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INTRODUCTION 
 

In developed countries, the prevalence of obesity among children and adolescents has been 

increasing, in association with the tendency for the adoption of sedentary lifestyles and habits of 

consumption of energy-dense foods1. Fat accumulation is known to lead to the development of 

several cardiovascular (CV) risk factors and metabolic derangements, such as hypertension, 

dyslipidemia, and insulin resistance. It has also been acknowledged that obesity constitutes an 

important risk factor for the development of preclinical vascular wall abnormalities and 

atherosclerosis progression2,3,4. In fact, the acceleration of the process of atherosclerosis, a 

common denominator in CV diseases, was demonstrated to begin early in life in obese children, 

tracking into adulthood and contributing to a higher risk of cardiovascular morbidity and premature 

mortality5.  

Several methods have been used to evaluate vascular health, including arterial structure, 

endothelial function, and arterial function1,6. Firstly, the measurement of carotid intima-media 

thickness (cIMT), as well as the assessment of the coronary arteries calcification, are forms of 

arterial structure evaluation, based on ultrasound probe and computed tomography images, 

respectively. However, cIMT is technically difficult to measure in children, due to its anatomical 

conditions and compliance and requires expensive equipment and a high level of technical 

knowledge7. The need for thoracic irradiation is a significant limitation in the evaluation of coronary 

arteries calcification in children1. Secondly, the flow-mediated vasodilation or peripheral arterial 

tonometry can also be used for the assessment of the endothelial function, but its use is somehow 

limited by the expensive equipment required for the evaluation7. Finally, several previous studies 

have demonstrated that arterial stiffness is a non-invasive and dynamic measure of arterial function 

that can be used for prognostic assessment of cardiovascular risk1,8,9 and as a predictive value for 

the occurrence of cardiovascular events and all-cause mortality7,10,11.  

Arterial stiffness can be measured using pulse wave velocity (PWV)6. Currently, PWV between the 

carotid and femoral arteries (central arterial stiffness) is an increasingly used method due to its 

ease of determination and reliability7,10,11. Although easily measured using a pressure sensor 

(tonometry applanation), PWV is dependent on several variables, such as age, height, sex, race, and 

blood pressure (BP)12,13. Furthermore, there are no well-established reference values nor 

standardized method for its assessment, especially in children10,14,15. More recently, pulse wave 

analysis by ambulatory brachial cuff-based oscillometry (PWA) was developed as another 

noninvasive method to evaluate arterial stiffness16,17. This method has also been studied as an 

independent predictor of CV morbidity and mortality, closely correlated to PWV16,18. This method 
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of arterial stiffness assessment stands out by the possibility of being obtained through repeated 

measurements, in different day-to-day situations, during daytime activities and during sleep, for 

example19. The use of the 24-hour ambulatory blood pressure monitoring (ABPM) devices to 

additionally measuring PWA is expected to represent a great advantage, especially in children and 

adolescents, mainly by representing an easily accessible method, independent of the observer and 

less influenced by motion and other possible disturbances1,18. 

Arterial stiffness is known to be directly associated with aging, increasing with age, and to be 

influenced by several CV risk factors20, such as obesity. Several studies have shown that PWV is 

higher among obese children, possibly representing another marker of increased of CV risk during 

lifetime7,12,13,21,22,23. Several studies have shown that arterial stiffness increases in obese individuals, 

especially in the transition between childhood and adulthood, a period of constant change and 

adaptation, namely at vascular level, suggesting that the degree and duration of obesity might 

influence the CV phenotype24. Few studies have studied the association between arterial stiffness 

estimated by PWV and by PWA. Studies in diabetic children showed a significant correlation of PWA 

and PWV values, suggesting that the PWA method might be more reliable than others previously 

used25. In hypertensive adolescents, some studies reported higher PWA values, suggesting that this 

marker might represent a good complement to conventional BP monitoring, as a proxy of risk of 

target-organ damage26. Despite the promising results of the previous studies of PWA, estimated by 

ambulatory brachial cuff-based oscillometry, its usefulness in children and adolescents and its 

applicability in the clinical practice still needs to be confirmed in future studies, ideally with a 

longitudinal follow-up during lifetime1,19. 

In the present study, we aimed to characterize the arterial stiffness of nonoverweight and 

overweight/obese adolescents, followed in the Generation XXI birth-cohort, evaluated by carotid-

femoral pulse wave velocity (cf-PWV) and by PWA, and to compare the estimation of this parameter 

obtained by these two methods. 

  



 3 

METHODS 
 

Study design and sample 

We studied adolescents aged 12-14 years that have been followed since birth in a previously 

established cohort study (Generation XXI, Porto-Portugal)27. Of the original cohort (n=8647), 4590 

children attended a face-to-face follow-up visit at 7 years of age, thus being eligible for the ObiKid 

project - a specific project aiming to clarify the impact of childhood obesity and associated co-

morbidities on the kidney. The ObiKid project evaluated a subsample of 313 participants at 8-9 

years of age28. The detailed specifics of screening and enrollment of participants to the original 

ObiKid project can be found in previous publications28. In the present project, we aimed to 

reevaluate all the ObiKid participants, previously included in the 8-9 years of age evaluation. The 

participants were contacted to be enrolled in the ObiKid 2.0 reevaluation, 18 refused to participate 

due to personal constraints, 41 could not be contacted, 77 were unable to schedule visits during 

the recruitment period (mostly due to COVID19 constraints). None of the ObiKid participants was 

excluded from the present reevaluation due to exclusion criteria [chronic diseases (genetic, renal, 

or metabolic) and 4 were excluded for chronic usage of medication (affecting BP or glucose or lipid 

metabolism)]. A total of 55 participants were excluded for not having completed the evaluation, 

with either ABPM or cf-PWV measurements. A total of 118 were finally included in the present 

study.  

 

Data collection and variable definition 

The study visits took place at the Public Health and Forensic Sciences and Medical Education 

Department, Faculty of Medicine - University of Porto. Anthropometric measurements and general 

physical examinations were performed, according to standard procedures and as previously 

reported29. Body mass index (BMI) was calculated (Kg/m2), and BMI-for-age values were classified 

into 2 categories: (1) nonoverweight [≤+1 standard deviation (SD)], (2) overweight (>1SD and 

≤+2SD)/obesity (>2SD), according to the World Health Organization (WHO) reference data for BMI 

z-score30. 

Carotid-femoral PWV analysis was performed by a single trained cardiopneumology technician with 

a portable device (Micro Medical, model PulseTrace PWV PT4000, Kent, UK). After a 5 min rest, in 

a supine position, the distance between carotid and femoral arteries was assessed as the distance 

of suprasternal notch to the umbilicus and from there to the measuring point at the femoral arterial 

minus the suprasternal notch to the measuring point at the carotid artery. Electrocardiogram 

registry was performed simultaneously, allowing the software to calculate the time from the peak 
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of the R-wave to the foot of the pulse wave at the carotid and femoral arteries, respectively. Digital 

volume pulse waveform had to fill 2/3 of the display with little or no noise and artefact to be 

considered and 3 measurements of PWV were performed and averaged for analysis.  

ABPM was performed during 24 hours with a portable non-invasive oscillometric BP recorder, with 

PWA (Mobil-O-Graph ®, I.E.M. GmbH, Germany), in the non-dominant arm and with a cuff size 

appropriate chosen according to the circumference of the adolescent´s arm. BP measurements 

were automatically evaluated at 20-minute intervals during the daytime (08.00 AM until 08:00 PM) 

and at 30-minute intervals during the night-time (00:00 PM until 06:00). For acceptance, a 

minimum monitoring duration of 24 hours with gaps of less than 2 hours was required. The readings 

were used to calculate mean 24 hours, day and night mean arterial pressure, systolic blood pressure 

(SBP) and diastolic blood pressure (DBP). For PWA, from 8:00 AM until 11:59 PM 4 recordings were 

obtained and from 00:00 AM until 7:59 AM 2 recordings were obtained. Firstly, the oscillometric 

BP was measured and then there was a re-inflation to the diastolic BP level, recording, for 10 

seconds, a pulse waveform that was calibrated considering the systolic and diastolic brachial BP. 

Then, using a generalized transfer function, ARCSolver algorithm, the PWA was generated. 

A venous blood sample was collected from all participants, after an overnight fast of at least 8 

hours. All standard blood analyses, which included lipid profile (total cholesterol, high density 

lipoprotein (HDL) cholesterol, low density lipoprotein (LDL) cholesterol, triglycerides), glucose, 

insulin, and high sensitivity C-reactive protein (hs-CRP), were performed at the Clinical Pathology 

Department of Centro Hospitalar Universitário São João, Porto. Insulin resistance was determined 

using the homoeostasis model assessment index (HOMA-IR).  

 

Ethics 

The ObiKid study was approved by the Ethics Committee of Centro Hospitalar Universitário de São 

João, E.P.E., and Faculty of Medicine of the University of Porto. It complies with the Helsinki 

Declaration, the guidelines for the ethical conduct of medical research involving children31 and the 

current national legislation. Written informed consent from parents (or their legal substitute) and 

verbal assent from adolescents were obtained, concerning information and biological samples 

gathering. 

 

Statistical analysis 

Statistical analysis was performed using IBM® SPSS® Statistics 26.0. The variables are presented as 

mean and SD or n (%), as appropriate. Differences between groups in continuous variables were 

evaluated with Student’s T-tests. Bivariate associations were assessed by Pearson correlation tests. 

Two-sided p < 0.05 was considered significant. To evaluate the agreement between methods of 
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arterial stiffness determination (PWV and PWA), calculation of differences (means ± SD), accuracies 

(within 10, 30, and 50%), and absolute bias (i.e., average difference between cf-PWV and total PWA) 

were performed and Bland Altman charts were plotted. 

  



 6 

RESULTS 
 

A total of 118 children (54.2% male) aged 14 years old were included in the present study. 

Demographic, anthropometric, and cardiovascular variables are shown in Table I, by classes of BMI 

(nonoverweight, n=77; overweight/obesity, n=41). Overweight/obese individuals presented higher 

24-h SBP and daytime DBP, when compared to their nonoverweight counterparts. No significant 

differences were found in the prevalence of hypertension or absence of dipping between the 

groups. Overweight/obese adolescents presented significantly lower levels of HDL cholesterol and 

higher levels of fasting insulin, HOMA-IR, and hs-CRP (Table I).  

Compared to nonoverweight, the overweight/obese adolescents presented significantly higher 

levels of cf-PWV (6.71 ± 1.22 vs. 6.07 ± 0.89, p=0.005), total PWA (4.61 ± 0.199 vs. 4.53 ± 0.22, 

p=0.038) and daytime PWA (4.67 ± 0.196 vs. 4.57 ± 0.21, p=0.008) (Figure 1). 

When comparing the two techniques, significant positive correlations between cf-PWV and PWA 

were only found in the overweight/obese group, during the nighttime period (r=0.336; p<0.05) 

(Table II). 

In Table II, we summarize the agreement between cf-PWV and PWA. The PWA value that seemed 

to have the closest performance to cf-PWV (both higher correlation coefficients and higher 

accuracy values) and to present the most similar results in the nonoverweight and 

overweight/obesity groups was the nighttime PWA. The Bland-Altman plots for each PWA value 

(total, daytime, and nighttime) using cf-PWV as the reference, for nonoverweight and 

overweight/obesity groups, are presented in Figure 2. 
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DISCUSSION 
 

In the present study, which involved a large sample of nonoverweight and overweight/obese 

adolescents, we showed that the overweight/obese group presented significantly higher values of 

arterial stiffness, as measured by cf-PWV and by total and daytime PWA. Interestingly, when 

analyzing the correlation between the two methods of arterial stiffness estimation, only nighttime 

PWA showed to be significantly correlated to cf-PWV values, and exclusively among the group of 

overweight/obese adolescents. The overweight/obese group also presented higher values of 

cardiovascular risk markers such as ambulatory BP, insulin resistance as estimated by HOMA-IR, 

blood lipids and hs-CRP. These findings are in line with several previous studies on the CV risk 

associated with overweight and obesity23,32. 

The finding of higher values of cf-PWV and consequently greater arterial stiffness in 

overweight/obese adolescents, when compared to their nonoverweight counterparts, is also in 

accordance with several previous studies in children and adolescents13,22,24,33,34. Nonetheless, 

regarding cf-PWV some other studies have demonstrated the opposite, with findings of lower PWV 

values among overweight/obese, or even no relationships being found between PWV and 

obesity35,36,37. A study with 501 children and adolescents showed a positive association between 

PWV and BP, but an inverse association between PWV and BMI, with the authors reporting that 

obesity blunted the expected increment in PWV of hypertensive and high-normal BP subjects36. 

Another study with 6816 children and adolescents, aged 3 and 18 years old, could not find 

differences in PWV levels between normal and overweight individuals37. Some of these 

contradictory findings have been interpreted as possibly related to a compensatory vasodilation 

secondary to the metabolic changes of obesity, thus justifying lower PWV values in obese 

individuals35. Nonetheless, our results of higher PWV values in the overweight/obese adolescents 

are in line with 2 recently published meta-analysis on the impact of obesity on arterial stiffness 

which found that BMI is positively associated with central PWV22,33. 

Regarding PWA, we also found higher values in overweight/obese adolescents. A previous study in 

hypertensive children and adolescents reported higher PWA and higher BP values in hypertensive 

patients when compared to non-hypertensive controls38. There are few studies using PWA 

especially in pediatric age, but in a study involving adults with end-stage kidney disease, with PWA 

estimated using the same device used in our study, the authors also reported a positive association 

with BMI17. To our knowledge, to date, no studies exist comparing PWA levels in nonoverweight 

and overweight/obese children or adolescents.  
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In fact, one of our main aims was to evaluate the agreement between PWV and PWA in the 

estimation of arterial stiffness in adolescents. We were able to find a moderate correlation between 

cf-PWV and PWA but only in the overweight/obese adolescents’ group and when considering the 

nighttime PWA values. We expected a stronger positive correlation between the different PWA 

(total, daytime, nighttime) and cf-PWV, both methods of arterial stiffness evaluation, especially in 

overweight/obese adolescents. Despite the moderate correlation found in our study, previous 

studies in adults have shown that PWA by ambulatory brachial cuff-based oscillometry seems to be 

reliable and highly reproducible, thus probably representing a promising tool for CV risk 

prediction16. A recent paper on the current evidence and perspectives about 24-hour ambulatory 

PWA states that PWA provide extra information to cf-PWV regarding arterial stiffness19. In fact, 

since PWA corresponds to the average of several readings and since its measurements are taken 

outside the office environment, some authors even hypothesize that this method might have a 

better predictive value than cf-PWV39.  

The closest association between nighttime PWA and cf-PWV might be related to the fewer possible 

external interferences occurring during nighttime measurements. A previous study analyzing PWA 

acquired by the same device reported that the values obtained were influenced by physical activity 

and emotional stress40. Furthermore, another study in obese children and adolescents found a 

positive relationship between cf-PWV and nighttime SBP in the obese group41. The authors justified 

this finding by the high distension pressure in the systole, where tension on the arterial wall is 

transferred and supported by fibers of less extensible collagen, making the arterial wall more 

stiffed41. In fact, the PWA, as mentioned above, is estimated taking into consideration the both SBP 

and DBP, but the fact that PWA seems to be more related to nighttime BP values needs to be 

clarified and further investigated. 

 

Our study addresses an expanding area of investigation and reinforces the association between 

obesity and arterial stiffness, already present in adolescents. We were able to include a large 

sample of adolescents, homogeneous in terms of age, for which extensive evaluation of CV markers 

was available, including cf-PWV, PWA, ABPM, total cholesterol, LDL and HDL cholesterol, 

triglycerides among others. The assessment of PWV, especially in obese individuals, may be difficult 

and subject of some variability, with some determinations possibly overestimating the real value of 

this parameter, but the fact that all measurements were performed by a single trained 

cardiopulmonary technician, probably helped to minimize this possible bias and limitation. PWV 

has been accepted as a validated standard method for arterial stiffness measurement, mainly due 

to its low cost, feasibility, and reproducibility. In addition, PWA by ambulatory brachial cuff-based 
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oscillometry is an innovative method for estimating CV risk, since it depends on the same device 

used to measure ABPM, with no need for other invasive methods. 

In the present study, considering our main aim, we analyzed data of a specific evaluation, during 

adolescence, but in the future, it will be interesting to explore the long-term evaluation of this 

group of individuals, whose CV data, including PWV is available also from the prepubertal period. 

 

Conclusions 

The early determination of CV risk is extremely important especially during the pediatric age, in 

particular, in individuals with overweight and obesity. The study of methods to improve our ability 

to identify individuals at higher risk of future adverse CV events will contribute to put in motion 

early actions of prevention. We believe to have contributed with additional data on the correlation 

between cf-PWV and PWA, which increases the interest of this innovative method of arterial 

stiffness estimation. Since PWA is a non-invasive, convenient, and easy-to-use method, an 

especially important aspect in the age group studied, our results reinforce that further studies are 

needed to better clarify this association, in the pediatric setting. Another important point to 

consider in the future would be the identification of adequate reference values, established in a 

large and representative sample of individuals in different pediatric age groups, allowing for a 

better use and applicability of PWA in the clinical practice. 
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Table I. Demographic, anthropometric, and cardiovascular variables, in nonoverweight and 
overweight/obesity groups, separately. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

The values presented are mean ± standard deviation, median (25th-75th percentiles), or n (%). The BMI classes are according to the 

WHO classification for BMI z-score values30. 

BMI, body mass index; BP, blood pressure; LDL, low density lipoprotein; HDL, high density lipoprotein; HOMA-IR – homeostasis model 

assessment of insulin resistance; hs-CRP, high sensitivity C-reactive protein. 

 

 

  

 WHO BMI z-score classification 

 Nonoverweight Overweight/obesity  

n=77 n= 41 p 

Demography and anthropometry    

Age (months) 170.8 ± 2.28 170.90 ± 2.13 0.746 

Male sex 44 (57.1%) 20 (48.8%) 0.385 

Weight (Kg)  

 

53.8 ± 6.7 72.25 ± 11.65 < 0.001 

Height (cm) 165.1 ± 7.8 165.30 ± 7.82 0.907 

BMI 19.7 ± 1.9 26.35± 3.12 < 0.001 

24-h ambulatory blood pressure    

24-hour systolic BP (mmHg) 111 ± 7 114 ± 6 0.079 

z-score -0.59 ± 0.91 -0.23 ± 0.70  0.028 

24-hour diastolic BP (mmHg) 65 ± 5 66 ± 5 0.173 

z-score -0.52 ± 1.00 -0.25 ± 0.83 0.138 

Daytime systolic BP (mmHg)   113 ± 8 116 ± 6 0.023 

z-score -0.91 ± 0.90 -0.47 ± 0.72 0.008 

Daytime diastolic BP (mmHg)   67 ± 6 68 ± 5 0.132 

z-score -0.93 ± 0.93 -0.69 ± 0.76 0.149 

Nighttime systolic BP (mmHg) 108 ± 7 108 ± 7 0.803 

z-score 0.39 ± 0.94 0.52 ± 0.77 0.461 

Nighttime diastolic BP (mmHg) 60 ± 5 61 ± 6 0.344 

z-score 0.64 ± 0.87 0.84 ± 0.96 0.243 

Hypertension 25 (32.5%) 19 (46.3%) 0.138 

Absence of dipping pattern (mmHg) 54 (70.1%) 24 (30.8%) 0.205 

Laboratorial parameters    

Total cholesterol (mg/dL) 148.3 ± 33.1 146.6 ± 25.6 0.774 

LDL cholesterol (mg/dL) 85.1 ± 25.3 87.1 ± 21.8 0.676 

HDL cholesterol (mg/dL) 51.8 ± 9.0 46.5 ± 6.5 0.002 

Triglycerides (mg/dL) 66.6 ± 27.9 64.9 ± 22.2 0.731 

Fasting glucose (mg/dL) 86.6 ± 5.9 86.3 ± 6.9 0.846 

Fasting insulin (µIU/mL) 11.2 ± 4.4 13.7 ± 5.1 0.011 

HOMA-IR 2.41 ± 1.0 2.93 ± 1.2 0.016 

hs-CRP (mg/L) 0.2 (0.1-0.5) 0.5 (0.2-0.9) 0.003 
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Table II. Accuracy and bias of carotid-femoral pulse wave velocity compared to pulse wave 

analysis by ambulatory brachial cuff-based oscillometry, in nonoverweight and 

overweight/obesity adolescents.  

 

The nonoverweight group includes children with thinness and normal weight and the overweight/obesity group includes children with 

overweight or obesity, according to the WHO classification for BMI z-score30. 

* p<0.001, Paired t-test in comparison with cf-PWV. 

** p<0.05, Pearson correlation. 

cf-PWV, carotid-femoral pulse wave velocity; PWA, pulse wave analysis by ambulatory brachial cuff-based oscillometry. 

  

 

 Total Daytime Nighttime 

 Nonoverweight Overweight/ 
obesity 

Nonoverweight Overweight/ 
obesity 

Nonoverweight Overweight/ 
obesity 

cf-PWV, mean ± SD 4.53 ± 0.23* 4.61 ± 0.20* 4.57 ± 0.21* 4.67 ± 0.20* 4.44. ± 0.26* 4.47 ± 0.25* 

PWA – cf-PWV, mean ± SD 1.55 ± 0.93 2.10 ± 1.18 1.51 ± 0.93 2.03 ± 1.21 1.64 ± 0.93 2.24 ± 1.15 

Accuracy 10%, % 13.0 2.4 14.3 2.4 11.7 4.9 

Accuracy 30%, % 67.5 53.7 68.8 58.5 59.7 39.0 

Accuracy 50%, % 98.7 97.6 98.7 97.6 98.7 97.6 

Correlation coefficient 
between cf-PWV and PWA 

-0.066 0.252 -0.074 0.130 0.001 0.366** 
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Figure 1. Comparison of carotid-femoral pulse wave velocity and pulse wave analysis by ambulatory 
brachial cuff-based oscillometry, in nonoverweight and in overweight/obese adolescents. 

The BMI classes are according to the WHO classification for BMI z-score values30. 

* p=0.005. 

** p=0.038. 

*** p=0.008. 

cf-PWV, carotid-femoral pulse wave velocity; PWA, pulse wave analysis by ambulatory brachial cuff-based oscillometry. 
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Figure 2. Bland-Altman plots of the carotid-femoral pulse wave velocity in comparison of pulse 

wave analysis by ambulatory brachial cuff-based oscillometry (total, daytime, and nighttime), for 

nonoverweight and overweight/obese subjects.  

The horizontal full line represents the mean difference between cf-PWV and PWA, and the horizontal dashed lines the limits of 

agreement.  

The BMI classes are according to the WHO classification for BMI z-score values30. 

cf-PWV, carotid-femoral pulse wave velocity; PWA, pulse wave analysis by ambulatory brachial cuff-based oscillometry. 

 

 

 

 

 

 



 18 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

 

 

 

 

 

 

 

 

 

IN
STITU

TO
 D

E C
IÊ

N
C

IA
S B

IO
M

ÉD
IC

A
S A

B
E

L SA
LA

Z
A

R
 

 

Utilizador
Carimbo




