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Abstract

Background Pediatric hypertension is typically defined as blood pressure ≥ sex-, age-, and height-specific 95th percentile (high) cutoffs. Given the number of stratum, there are hundreds of cutoffs for defining elevated and high BP that make it cumbersome to use in clinical practice. This study aimed to evaluate the utility of the static cutoffs for pediatric hypertension (120/80 mmHg for children and 130/80 mmHg for adolescents) in determining high carotid intima-media thickness (cIMT) in children and adolescents. 
Methods Data were from 6 population-based cross-sectional studies in Brazil, China, Greece, Italy, Spain and the UK. A total of 4280 children and adolescents aged 6-17 years were included. High cIMT was defined as cIMT ≥sex-, age- and cohort-specific 90th percentile cutoffs. 
Results Compared with normal BP, hypertension defined using the percentile-based cutoffs from 2017 American Academy of Pediatrics guideline and the static cutoffs was associated with similar higher odds for high cIMT (percentile-based cutoffs: odds ratio [OR]=1.46, 95% confidence interval [CI]=1.15-1.86; static cutoffs: OR=1.65, 95% CI=1.25-2.17), after adjustment for sex, age, race/ethnicity, body mass index, high density lipoprotein-cholesterol, triglyceride, and fasting blood glucose. The similar utility of two definitions in determining high cIMT were further confirmed by area under the receiver operating characteristic curve and net reclassification improvement methods (P for difference >0.05). 
Conclusion Static cutoffs (120/80 mmHg for children, 130/80 mmHg for adolescents) performed similarly compared to percentile-based cutoffs in determining high cIMT, supporting the use of static cutoffs in identifying pediatric hypertension in clinical practice.
Key Words: blood pressure, screening, carotid intima-media thickness, pediatrics

Introduction

High blood pressure (BP) in children and adolescents is a global public health problem.
 ADDIN EN.CITE 
1, 2
 There is accumulating evidence to suggest that elevated BP increases not only risk of target organ damage in childhood



3

 but also risks of hypertension and subclinical cardiovascular disease (CVD) in adulthood. HYPERLINK \l "_ENREF_3" \o "Kollias, 2014 #1717" 
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 Thus, it might be important to prevent and control hypertension already in childhood, thereby reducing risk of CVD later in life.
Currently, pediatric hypertension is defined as BP values equal to or higher than the 95th percentile of BP for sex, age, and height according to several pediatric hypertension guidelines, including the 2004 Fourth Report,



9

 It should be noted that these definitions of pediatric hypertension are difficult to use because of the hundreds of BP cutoffs that result from each of the sex, age, and height strata. In addition, the multiple BP cutoffs of current BP percentile tables may underdiagnose hypertension in children and adolescents in clinical practice.HYPERLINK \l "_ENREF_9" \o "Xi, 2016 #1719" 
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, and 2016 International child BP references.
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, Canada's 2018 Hypertension Guidelines for ChildrenHYPERLINK \l "_ENREF_7" \o "Flynn, 2017 #1720" 
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 2017 American Academy of Pediatrics (AAP) guideline
10

 Although the sheer number of critical values might not be a drawback when electronic medical records or application programs are available in clinical practice; these are not always available to nurses in schools, parents or care providers that routinely monitor pediatric hypertension status.
Subsequently, several simplified methods have been proposed for screening.
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 However, these simplified methods generally have low positive predictive values (PPV) for screening, HYPERLINK \l "_ENREF_11" \o "Ma, 2016 #1728" 
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 and the number of cutoffs remains high, generally more than 10.

11

 In 2007, the International Diabetes Federation recommended systolic/diastolic BP cutoffs of ≥130/80 mmHg for hypertension in children and adolescents aged 10-16 years.13


12

 In 2016, Falkner and Gidding HYPERLINK \l "_ENREF_12" \o "Zimmet, 2007 #1724" 


 ADDIN EN.CITE 
 suggested cutoffs of <110/70 mmHg for children and <120/80 mmHg for adolescents be used to denote normal (optimal) BP according to the percentile tables from the Fourth Report6
 and evidence from the SPRINT study.

14

 In addition, the 2017 AAP guideline recommended systolic/diastolic BP cutoffs ≥120/80 mmHg to define elevated BP and ≥130/80 mmHg to define hypertension for adolescents aged ≥13 years.
Although current pediatric hypertension cutoffs have been established using BP distributions in children, it has been argued the best way to establish optimal hypertension cutoffs may be to link BP levels with short-term target organ damage in childhood or long-term CVD in adulthood.
 ADDIN EN.CITE 
15, 16
 However, few studies have attempted to link simplified methods to child or adult outcomes,
Using data from 6 population-based cross-sectional studies from Brazil, China, Greece, Italy, Spain and the UK, we aimed to compare the performance of the static cutoffs for hypertension (≥120/80 mmHg for children
Methods
Study populations

A total of 4280 children and adolescents aged 6-17 years were included. Detailed information of each of the included studies has been described elsewhere,
Definitions of BP status
Percentile-based cutoffs
BP status was defined using the percentile-based cutoffs from 2017 AAP guideline for sex, age and height
Static cutoffs
For children aged 6-12 years: elevated BP was defined as systolic/diastolic BP ≥110/70 mmHg and <120/<80 mmHg, and hypertension as ≥120/80 mmHg; for adolescents aged 13-17 years: elevated BP as ≥120/<80 mmHg and <130/<80mmHg, and hypertension as ≥130/80 mmHg.
 ADDIN EN.CITE 
12, 13, 18

Definitions of high cIMT
As there is no unified definition of what constitutes a high pediatric cIMT, we defined high cIMT as those values equal to or greater than the sex-, age- and cohort-specific 90th percentile of cIMT, similar to previous studies.
 ADDIN EN.CITE 
26, 27
 In sensitivity analyses, we defined high cIMT by using alternative cIMT percentile cutoffs (P95, P85, and P80), and we observed similar results (data not shown).
Statistical analysis

Multiple logistic regression models, which calculated odds ratios (ORs) and 95% confidence intervals (CIs), were used to assess the effect of the static cutoffs vs. the percentile-based cutoffs on odds of high cIMT after adjustment for sex, age, race/ethnicity, BMI, TG, HDL-C and FBG. Analyses were performed by both data pooling and meta-analyses. The receiver operating characteristic curve (ROC) analyses were used to compare the performance of the static cutoffs vs. the percentile-based cutoffs in determining high cIMT, with the calculation of sensitivity, specificity, PPV and negative predictive value (NPV), and area under the curve (AUC). Net reclassification improvement (NRI)
Results

Participant characteristics

Characteristics of the study populations are shown in Table 1. The prevalence of pediatric hypertension differed depending on study population. Based on the percentile-based cutoffs, the prevalence of hypertension varied from 7.5% in the Brazil cohort to 25.7% in the Greece cohort, while based on the static cutoffs, the prevalence of hypertension varied from 7.3% in the Brazil cohort to 24.6% in the Greece cohort. 

Association of two BP definitions with high cIMT
Pooled Analyses

Compared with children who had normal BP, those with elevated BP defined using two BP definitions had similarly higher odds for high cIMT after adjustment for sex, age and race/ethnicity (percentile-based cutoffs: OR=1.40, 95%CI=1.06-1.85; static cutoffs: OR=1.33, 95%CI =1.07-1.66). However, the significant associations disappeared after additional adjustment for BMI, TG, HDL-C and FBG (Table 2). 
In addition, children with hypertension defined using each of the two definitions had similar higher odds for high cIMT after adjustment for sex, age and race/ethnicity (percentile-based cutoffs: OR=1.92, 95%CI=1.53-2.40; static cutoffs: OR=2.43, 95%CI=1.88-3.14), with the associations attenuating but remaining statistically significant after additional adjustment for BMI, TG, HDL-C and FBG. (Table 2). Similar results were observed across subgroups by age and sex (Supplementary Table 1).

Meta-analyses

For hypertension outcome, as there was no heterogeneity between studies in each model (I2<50% or P>0.10), we performed a fixed-effects meta-analysis to calculate summary OR and 95% CI. The results for two definitions (adjusted for sex, age, race/ethnicity, BMI, TG, HDL-C and FBG) were similar with those observed using pooled analyses (percentile-based cutoffs: OR=1.42, 95%CI=1.11-1.83; static cutoffs: OR=1.64, 95%CI=1.22-2.20, Supplementary Figures 1A-1B).

Utility of the percentile-based cutoffs vs. the static cutoffs for determining high cIMT
The static cutoffs performed similarly with the percentile-based cutoffs in determining high cIMT in children and adolescents according to comparison of area under the ROC curve and NRI (both p>0.05, Table 3). We found similar results in the subgroup analysis by age groups (Table 3) and sex (Supplementary Table 2).

Discussion
To our knowledge, this is the first study to examine the performance of static cutoffs, as compared with traditional complex percentile-based cutoffs based on sex, age and height, in determining high cIMT in children and adolescents. Using international data, our findings suggest that the static cutoffs performed similarly well in determining high cIMT. These findings have potentially important clinical and public health implications in consideration of the complexity of percentile-based cutoffs and the extremely simplified definition using two static cutoffs. 
Early definitions of pediatric hypertension was based on BP percentile values for sex and age.15





31

 However, the introduction of height makes the percentile tables even more complex, which are cumbersome to use in practice. Then, it may help clinical adoption and increase the number of afflicted children identified if cutoffs were simplified (minimized) but maintained predictive utility. It has been argued that the definition of pediatric hypertension would be clinically relevant if the choice of BP cutoffs is based on BP levels linking to target organ damage in childhood or CVD events in adulthood.HYPERLINK \l "_ENREF_31" \o "Regnault, 2014 #1745" 
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 because of its strong association with BP levels in pediatric population.29

 Height was then introduced into percentile tables since 1996 , 16
 Among 364 high-risk youth aged 10-18 years, the paper by Khoury et al. showed that percentile-based cutoffs outlined in the 2017 AAP guidelines improved the sensitivity for identifying target organ damage (e.g., abnormal left ventricular mass) among hypertensive youth versus percentile-based cutoffs from the Fourth Report.32

 In the present study, we linked both static cutoffs and percentile-based cutoffs (from 2017 AAP guidelines) to high cIMT in childhood, and we confirmed that static cutoffs are similarly useful to predict high cIMT compared with established percentile thresholds.

A previous study of 1241 participants from the Cardiovascular Risk in Young Finns Study followed-up for 27 years indicated that pediatric elevated BP defined using two simple methods (age-specific BP cutoffs, age- and gender-specific BP cutoffs) had similar predictive utility for predicting adult increased arterial stiffness.
Our study has several advantages including the use of global data from 6 cohorts, sufficient statistical power (N=4280), and strict quality control (e.g. trained examiners and calibrated measuring tools) in each cohort. However, several limitations should be noted. First, the use of BP measurements on one visit in the present study might have overestimated the true hypertension rate since pediatric hypertension should be defined based on elevated BP on three different occasions6訁

 ADDIN EN.CITE , 7, 33
. In addition, the mean values of a different number of BP readings were used across countries, which may have influenced the association. Second, the cross-sectional design of each cohort impeded the causal inference. Third, different devices were used for measurements of BP and cIMT in each study cohort. And there were also differences in the characteristics of study populations across countries, and the prevalence of elevated BP and hypertension. The prevalence of hypertension was much higher in 4 countries including China, Greece, Spain and the UK (from 16% to 26%) although the prevalence of obesity was relatively lower in most countries (~12%). But it should be noted that overweight prevalence in these countries ranged from 22%-29%. In addition, the differences in BP devices, number of readings used, and selection of the study populations may also have contributed to variation of hypertension prevalence. However, the results from meta-analyses suggested no significant between-study heterogeneity supporting the pooled analysis. Fourth, based on current knowledge, we were unable to find suitable static cut-offs for defining stage 2 hypertension especially for younger children. Further studies are needed to address this issue. Fifth, the AUC values for both static cutoffs and percentile-based cutoffs were lower than 0.60, suggesting that the utility of categorized BP values to predict increased cIMT is not high in this setting. In addition, the low sensitivity and PPV, and high specificity and NPV suggest that categorized BP values might be better placed at ruling out those individuals with an increased cIMT than determining those individuals with increased cIMT.
In conclusions, the static cutoffs (120/80 mmHg for children, 130/80 mmHg for adolescents) performed similarly well when compared to complex BP percentile-based cutoffs in determining high cIMT in children and adolescents. Our findings suggest the simplified definition could be used by clinicians and pediatric care providers to assign risk of high cIMT based on child and adolescent BP levels. 
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