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Challenges in Pediatric Hypertension

Defining, detecting and recognizing hypertension
ntervening by minimizing predisposing factors
~inding better ways to predict and assess targegfjan damage

nvestigating the feasibility of individualized approaches for
management

Almproving Health Provider Education and Interpretation of
Guidelines and Their Application

AFunding and Execution of major clinical trials in children and
adolescents
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Challenges in Pediatric Hypertension

oHypertension is the leading cause of death worldwide. Globally and
locally there has been an increase in hypertension in children,
adolescents and young adults.

dln South Africa, the first decade of the millennium saw a doubling of
the prevalence rate among adolescents and young adults dfe@4
years.

0T his increase suggests that an explosion of cerebrovascular disease,
cardiovascular disease and chronic kidney disease can be expected In
the forthcoming decadesa

Mangena PSabanS,HlabyagoKE, Rayner B. An Approach to the young hypertensive patient.
SAfrMed J2016 106 36-8.



Challenges in Pediatric Hypertension

ADefining, detecting and recognizing hypertension



How to DEFINE Pediatric Hypertension

ADefinitions are, to date, epidemiological

APrior pediatric HTN guidelines issued in the US by NHILBYh
1987, 1996and 2004

Alncrease in interest in childhood HTN si2€8®4Fourth Report

I 3.5% of children have HTN; anothiB3-11% have elevated BP
A Increase in prevalence due to obesity

I High BP in childhood increases the risk for adult HTN and cardiovascular
disease

I Even youth with HTN have evidence of accelerated vascular aging



TABLE 1. International recommendations for screening children and adolescents for hypertension

Scientific organization Recommendatiol | Main body of evidence
2004 NHBLI - National High Blood Pressure Education In favor QCSs, CSSs and CCSs on prevalence, tracking, No
Program Working Group on High Biood Pressure diagnostic tests, consequences of high BP in
in Children and Adolescents [1] children and adolescents.
Endorsed by: American Heart Association [7] Short-term RCTs on efficacy and safety of treat-

ment in children and adolescents.
Previous reviews or position papers,
2009 European Socety Hypertension [2] In favor OCSs, CSSs and CCSs on prevalence, tracking, No

diagnostic tests, consequences of high 8P in
children and adolescents.

Short-term RCTs on efficacy and safety of treat-
ment in children and adolescents
1 RCT with hard end-point in children with CKD.
Previous reviews or expert consensus.
2010 American Academy of Family Physician [8] In favor OCSs and CSSs on prevalence, consequences, (%
and nonpharmacologic treatment in children.

NHBL and ESH recommendations for high BP in
children and adolescents.

2011 UK National Screening Committee [6] Against Limited RCTs on treatment in children No
Insufficient trials on defintion and diagnostic tests
in chidren
2011 NHLE! - Expert Panel on Integrated Guidelines for In favor OCSs, €SSs and CCSs in children and adoles- p®
Cardiovascular Health and Rsk Reduction In cents.
Children and Adolescents [9] NHBLI recommendations [1].
Endorsed by; American Academy of Pediatrics [10].
2013 US Preventive Services Task Force [3] Against Lack of RCTs and limited OCSs and CCSs in |
Endorsed by: American Academy of Family children on screening and treatment efficacy,
Physician [11]. long-term health outcomes, accuracy of diag-
nostic tests

Limited number and duration of RCTs on safety

of treatment in children
2013 Hellenic Society Hypertension [12] In favor 0OCSs, CSSs and CCSs in children and adoles- No
cents.

RCTs on efficacy and safety of treatment in
children and adolescents.

NHBLI [1] and European Scciety Hypertension (2]

recommendations.
2013 Italian Society Pediatnics and Italian Society Hyper- In favor OCSs, CSSs and CCSs in children and adoles- No
tension [13] cents.

1 RCT with hard end-point in chikiren with CKD.

NHBU [1] and European Society Hypertension [2]
recommendations

BP, blood pressure; CCSs, case control studies;, CKD, chronic kidney disease, CSSs, cross-sectional studies, NHBLI, National Heart, Lung, and Blood Institute; OCSs, observational cohort
studies; RCTs, randomized controlled trials

"Consensus, disease-oniented evidence, usual practice, expert opinion, or case series

YExpert opinion.

Snsufficient evidence — no recommendation



New Guidelines in U&ecent Guidelines in Europe

ARigorous evidenebased methodology

ARevised definitions of blood pressure categories; alignment with
AHA/ACC GL

ANew normative BP tables based on BPs from nomeadht children
ASimplified screening table



New US Guidelines
Major Changes From the Fourth Report

AEmphasis on use @4-hr ABPM to confirm HTN diagnosis
ARevised recommendations for performance of echocardiography
ALower treatment goals for primary HTN; ABPM goal for CKD



Definition of HTN1£18y)

TABLE 3 Updated Definitions of BP Categories and Stages

For Children Aged 1-13 y

For Children Aged >13y

Normal BP: <90th percentile

Elevated BP: >90th percentile to <95th percentile or 120/80
mm Hg to <95th percentile (whichever is lower)

Stage 1 HTN: >95th percentile to <95th percentile + 12 mmHg,
or 130/80 to 139/89 mm Hg (whichever is lower)

Stage 2 HTN: >95th percentile + 12 mmHg, or >140/90 mm Hg
(whichever is lower)

Normal BP: <120/<80 mm Hg
Elevated BP: 120/<80 to 129/<80 mmHg

Stage 1 HTN: 130/80 to 139/89 mm Hg

Stage 2 HTN: >140/90 mm Hg

Flynn et al, Pediat2647140e20171904



New BP Tables

TABLE 4 BP Levels for Boys by Age and Height Percentile

Age (y) BP Percentile

SBP (mmHg)

DBP (mm Hg)

Height Percentile or Measured Height

Height Percentile or Measured Height

5% 10% 25% 50% 75% 90% 95% 5% 10% 25% 50% 75% 90% 95%
1 Height (in) 30.4 30.8 316 324 53.3 34.1 346 30.4 30.8 31.6 324 53.3 34.1 346
Height (cm) 77.2 78.3 80.2 824 84.6 86.7 87.9 712 78.3 80.2 82.4 84.6 86.7 87.9

50th 85 85 86 86 87 88 88 40 40 40 41 41 42 42

90th 98 99 99 100 100 101 101 52 52 53 93 54 54 54

95th 102 102 103 103 104 105 105 o4 54 55 99 56 o7 o7

95th + 12 mmHg 114 114 115 115 116 7 17 66 66 67 67 68 69 69
2 Height (in) 33.9 34.4 35.3 36.3 37.3 38.2 38.8 33.9 34.4 35.3 36.3 37.3 38.2 38.8
Height (cm) 86.1 87.4 89.6 92.1 94.7 97.1 98.5 86.1 87.4 89.6 92.1 94.7 97.1 98.5

50th 87 87 88 89 89 90 91 43 43 44 44 45 46 46

90th 100 100 101 102 103 103 104 95 95 56 56 o7 o8 58

95th 104 105 105 106 107 107 108 o7 58 58 59 60 61 61

95th + 12 mmHg 116 117 117 118 119 119 120 69 70 70 71 72 73 73
3 Height (in) 36.4 37 37.9 39 40.1 41.1 417 36.4 37 379 39 40.1 41.1 41.7
Height (cm) 92.5 93.9 96.3 99 101.8 104.3 105.8 92.5 93.9 96.3 99 101.8 104.3 105.8

50th 88 89 89 90 91 92 92 45 46 46 47 48 49 49

90th 101 102 102 103 104 105 105 58 58 59 59 60 61 61

95th 106 106 107 107 108 109 109 60 61 61 62 63 64 64

95th + 12 mm Hg 118 118 119 119 120 121 121 72 73 73 74 75 76 76

Flynn et al, Pediat2647140e20171904




TABLE 4 BP Levels for Boys by Age and Height Percentile

Age (y) BP Percentile SBP (mmHg)
Height Percentile or Measured Height
5% 10% 25% 50% 75% 90% 95%
1 Height (in) 30.4 30.8 316 32.4 33.3 34.1 34.6
Height (cm) 11.2 78.3 80.2 824 84.6 86.7 87.9
50th 85 85 86 86 87 88 88
90th 98 99 99 100 100 101 101
95th 102 102 103 103 104 105 105
95th + 12 mm Hg 114 114 115 115 116 117 FiT
90th 100 100 101 102 103 103 104 95 95 56 56 o7 58 58
95th 104 105 105 106 107 107 108 o7 58 58 59 60 61 61
95th + 12 mmHg 116 117 117 118 119 119 120 69 70 70 71 72 73 73
3 Height (in) 36.4 37 379 39 40.1 41.1 417 36.4 37 37.9 39 40.1 411 417
Height (cm) 92.5 93.9 96.3 99 101.8 104.3 105.8 925 939 96.3 99 101.8 104.3 105.8
50th 88 89 89 90 91 92 92 45 46 46 47 48 49 49
90th 101 102 102 103 104 105 105 58 58 99 59 60 61 61
95th 106 106 107 107 108 109 109 60 61 61 62 63 64 64
95th + 12 mm Hg 118 118 119 119 120 121 121 72 73 73 74 75 76 76

Flynn et al, Pediat2647140e20171904




TABLE 4 BP Levels for Boys by Age and Height Percentile

Age (y) BP Percentile

SBP (mmHg)

Height Percentile or Measured Height

_— —S%__ 0% 25% 50% 75% 90% 95%
1 Height (in) 30.4 30.8 316 324 33.3 34.1 34.6
Height (cm) 77.2 78.3 80.2 824 84.6 86.7 87.9
50th 85 85 86 86 87 88 88
90th 98 99 99 100 100 101 101
95th 102 102 103 103 104 105 105
95th + 12 mmHg 114 114 115 15 116 17 17
90th 100 100 101 102 103 103 104 95 95 56 56 o7 58 58
95th 104 105 105 106 107 107 108 o7 58 58 59 60 61 61
95th + 12 mmHg 116 117 117 118 119 119 120 69 70 70 71 72 73 73
3 Height (in) 36.4 37 379 39 40.1 411 4.7 36.4 37 37.9 39 401 411 4.7
Height (cm) 92.5 93.9 96.3 99 101.8 104.3 105.8 92.5 93.9 96.3 99 101.8 104.3 105.8
50th 88 89 89 90 91 92 92 45 46 46 47 48 49 49
90th 101 102 102 103 104 105 105 58 58 59 59 60 61 61
95th 106 106 107 107 108 109 109 60 61 61 62 63 64 64
95th + 12 mmHg 118 118 119 119 120 121 121 72 73 73 74 75 76 76

Flynn et al, Pediat2647140e20171904




TABLE 4 BP Levels for Boys by Age and Height Percentile

Age (y) BP Percentile SBP (mmHg)
Height Percentile or Measured Height
5% 10% 25% 50% 75% 90% 95%
1 Height (in) 30.4 30.8 316 32.4 33.3 34.1 34.6
Height (cm) 11.2 78.3 80.2 824 84.6 86.7 87.9
50th 85 85 86 86 87 88 88
90th 98 99 99 100 100 101 101
95th 102 102 103 103 104 105 105
95th + 12 mm Hg 114 114 115 115 116 117 FiT
90th 100 100 101 102 103 103 104 95 95 56 56 o7 58 58
95th 104 1 105 106 107 107 108 o7 58 58 59 60 61 61
95th + 12 mmHg 116 117 118 119 119 120 69 70 70 71 72 73 73
3 Height (in) 36. 379 39 40.1 41.1 417 36.4 37 37.9 39 40.1 411 417
Height (cm) 92.5 96.3 99 101.8 104.3 105.8 925 939 96.3 99 101.8 104.3 105.8
50th 88 89 90 91 92 92 45 46 46 47 48 49 49
90th 101 102 102 103 104 105 105 58 58 99 59 60 61 61
95th 106 106 107 107 108 109 109 60 61 61 62 63 64 64
95th + 12 mm Hg 118 118 119 119 120 121 121 72 73 73 74 75 76 76

Flynn et al, Pediat2647140e20171904




Simplified BP Table

Full BP tables are complicated

Leads to underecognition of
childhood HTN

Simplified BP table created for
use In initial screening of BP
values

ABased or90" percentile BP values
for children at5™ height percentile

Flynn et al, Pediat€47140e20171904

TABLE 6 Screening
Further Evaluation

BP Values

Requiring

Age,y BP. mmHg
Girls

Systolic DBP Systolic DBP
1 98 52 98 54
2 100 55 101 58
3 101 58 102 60
4 102 60 103 62
5 103 63 104 64
6 105 66 105 67
7 106 68 106 68
8 107 69 107 69
9 107 70 108 71
10 108 72 109 72
11 110 74 1 74
12 113 75 114 75
>13 120 80 120 80

licine

EDICINE




TABLE 6 Screening BP Values Requiring
Slm Iifled E Further Evaluation
p BP Values Requiring
Age,y BP, mmHg luation
Boys Girls BP, mmHg
Full BP tables , .
Systolic  DBP  Systolic  DBP €iris
Leads to unde 1 i - = = DBP  Systolic  DBP
childhood HTH 5 a8 54
2 100 95 101 58 55 101 58
Simplified BP | 3 101 58 102 80 [s8 12 &0
L L. 4 102 60 103 62 60 103 62
use In initial s¢ . s & o e [ W
values 6 105 86 105 7 & i
- 8 107 69 107 69 70 108 71
for children att g s 2 o8 -4 72 109 72
74 111 74
10 108 72 109 B | o
11 110 74 111 74 80 120 80
12 113 75 114 75 — NMedic
> s’ ¢ UW Medicine
Flynn et al, Pediat€47140e201 218 i s i o FIoN . SCHOOL OF MEDICINE




Despite Guidelines, Hypertension Recognition is |

Aln the presence of elevated BP, majority of practitioners do not
recognize or report It.

AHansen et al. reportednderdiagnosi®f Htn in children and
adolescents 12007 (JAMA298:2229).

ABeacheret al. 29,000patients @-17 years), among those with3
elevated BP measurements, oly/5were identified as having an
elevated BP. Bediatr2015 166 12339).

AWE HAVE A PROBLEM!!



Predicted probability of recognition of elevated SBP according to SBP level and weight status.

Predicted Probability of Elevated SBP Recognition
By Each 10 mmHg Increase in Systolic Blood Pressure

Predicted Probability
0.12345878281

110 120 130 140 150 160

Systolic Blood Pressure in mmHg
Category of Obesity
----- Healthy VWeight (BMI < 85%) seeseeesee Overweight (BMI 85-94%)

— QObese (BMI >= 85%)

Calculated based on a 12.4 year old AA female child with a BMI z-score of 1.05, no hypertensive
symptoms, no past medical history, no family history of cardiovascular disease and not taking any
medication known to increase BP, who was seen by a third year resident in a precepted clinic.

Tammy M. Brady et al. Pediatrics 2010;125:e1286-e1293

I ‘ EDII & I RICS9
E2010 by American Academy of Pediatrics




Characteristic Recognized n = 52 Not recognized n = 209
n (%) n (%)

Baseline age

3-5 years 7 (10.0) 65 (90.0)

6-8 years 6 (12.0) 44 (88.0)

9--12 years 11 (20.8) 42 (79.3)

13-17 years 28 (32.6) 5R (67.4)
Sex

Male 3R (26.6) 105 (73.4)

Female 14 (11.9) 104 (88.1)
Race/ethnicity

Black 34 2L 127 (78.9)

White 2 (18.2) 9 (81.8)

Asian 6(23.1) 20 (76.9)

Hispanic 5(14.3) 30 (85.7)

Other 4 (16.0) 21 (84.0)
BMI percentile classification

Underweight 0 (0.0) 9 (100.0)

Healthy weight 12(11.4) 93 (8R.6)

Overweight 15 (31.3) 33 (68.8)

Obese 25 (25.3) 74 (74.8)
Family history

Yes 10 (18.9) 43 (81.1)

No 42 (20.2) 166 (79.4)
Category of EBP”

Prehypertensive range 16 (14.0) 100 (86.2)

Hypertensive range 36 (24.8) 109 (75.2)

p value®

0.002

0.003

(.89°

0.006

0.83

0.027

Table 1 Demographic
characteristics of clinical
recognition among patients with
elevated BP (N = 261)

Ward RL. CommunHealth2016 41: 258264



Clinical Decision Support for
Recognition and Management of
Hypertension: A Randomized Trial

WHAT THIS STUDY ADIrsthis 20-site, clusterrandomized
trial, we demonstrated how an innovative electronic health
recordt linked, clinical decision support tool can increase

hypertension recognition and promote guidelinadherent
clinical care.

Kharbanda EQAscheSE SinaikoAR, et al. Clinical Decision Support for Recognition and
Management of Hypertension: A Randomized THadiatrics2018141(2): 20172954



[ Enroliment

31579 patients10 to 17 years of age with
21 BP measured at 20 primary care
clinics from April 15, 2014, to April 14, 2016

E2018 by Americ

Allocation
Clinics allocated to the TeenBP Clinics allocated to the UC arm (n = 10)
CDS arm (n = 10)
e 17,037 patients with 2 1 BP recorded * 14,542 patients with 21 BP recorded
* Patients with BPs at 23 visits 295th « Patients with BPs at 23 visits 295th percentile
percentile (1.9%; n = 316) (1.7%; n = 243)
g:g:s: \:?&Bf’;mdg. Patients were excluded
.' -« || because of the following:
* Previous hypertension Previ ——
diagnoses (6.3%; n = 20) M5 bk e gl
diagnoses (7.0%; n = 17)
Primary analyses
- v
CDS clinics included in analyses (n = 10) UC clinics included in analyses(n = 10)
« Patients with incident hypertension « Patients with incident hypertension
(1.7%; n = 296) (1.8%; n = 226)
Patients were excluded Patients were excluded
because of the following: | because of the following:
« Previous lipid disorder (n = 8) * Previous lipid disorder (n = 7)
« Lipid test in the past year Analyses of lipid . t.lpldat;)st in the past year
(n=32) n=
screening
v v

CDS clinics included in analyses(n = 10)
Patients included in analyses(n =

256)

UC clinics included in analyses(n = 10)
Patients included in analyses(n = 205)

RICS
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TABLE 2 Provider Recognition and Management of Incident Hypertension Within 6 Months of Meeting
Criteria for Incident Hypertension by Study Arm

TeenBP CDS  UC (n= 226)
(n=296)

linical recognition of hypertension by the following: 549 213
Hypertension or elevated BP as a discharge diagnosis, % 46.7 13.7
Hypertension or elevated BP in a clinical note, % 46.2 199
Hypertension or elevated BP in dischar‘ge instructions, % 37.3 3.6
Hypertension or elevated BP added to the problem list, % 10.1 5.2
Initiated workup for secondary causes of hypertension or 94 42

end-organ damage, %
Referral to cardiology, nephrology, or endocrine, % 6.0 3.5 21
Echocardiogram, ECG, or renal ultrasound?, % 44 1.3 .08
Antihypertensive medication prescribed?, % 1.0 04 A48
Referral to dietitian or wt loss or exercise program, % 171 3.9
Eligible for lipid screening, n 256 205 —_
Lipid screening completed, % 144 5.3 03

Incident hypertension is defined as having >3 BPs >95th percentile in a 2-y window with no previous diagnoses of
hypertension. We used a generalized linear mixed model with a random intercept for clinic adjusted for index SBP
percentile, BMI percentile, and visit type. ECG, electrocardiogram; —, not applicable.

3 No covariate adjustment because of the small number of events.

Kharbanda EQ3scheSE SinaikcAR, et al. Clinical

Decision Support for Recognition and Management of

Hypertension: A Randomized Tridediatrics2018141(2):
e20172954




You Cafp Treat a Problem if You Df¥recognize It
Ari H. Pollack]Joseph T. Flynn

dThere are likely many contributing factors that lead to the underrecognition
of pediatric hypertension, but the fact that clinicians providing care to children
and adolescents do not have a simple, single BP value to reference creates
significant complexity for what should be a relatively straightforward proldem.

Pollack AH, Flynn JT. Pediaté04§ 141pii: €20173756



Worldwide; Recognition is Problematic

AResourced aregssame issues as in US

AUnderresourced areascompeting issues
ANot only difficulty in recognizing
ADifficulty in obtaining measurements

A Implications

Aln the face of a worldwide obesity epidemic, the recognition of hypertension
IS lagging.
Aldentification of hypertension renders intervention possible.



Challenges in Pediatric Hypertension

Alntervening by minimizing predisposing factors



Obesity Epidem#g Co-Morbidities




Obesity Children5-19 Years of Age

Aoverweight is BMfor-age greater tharl standard deviation above
the WHO Growth Reference median; and

Aobesity is greater tha@ standard deviations above the WHO Growth
Reference median.

Weight Status Category Percentile Range

Underweight Less than thé&th percentile

Normal or Healthy Weight 5th percentile to less than th85th
percentile

Overweight 85th to less than th&5th percentile

Obese 95th percentile or greater

http://www.who.int/mediacentre/factsheets/f811/en/



O

besity in Childhood and Adolescence in the JSBC Data

20 -

15 -

Percent

1Significantly different from those aged 2-5 years.

30 -

25

17.0

All

7.5

120.5

Bl 2-19years [ 2-5years

Males

201

B 6-11 years

17.1

'17.5

Females

12-19 years

21.0

SOURCE: CDC/NCHS, National Health and Mutrition Examination Survey, 2011-2014.
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Figure 1 | Percent of children and adolescents with body mass index (BMI)
>95th percentile for age and gender in National Health and Nutrition
Examination Surveys (NHANESs) since 1963. From <http://www.cdc.gov/
nchs/products/pubs/pubd/hestats/overweight/overwght_child_03.htm>
Accessed 22 January 2008.



CoMorbidities of Obesity in Children and Adolescents

APathophysiology:
A Dyslipidemia
A Inflammation
A Mitochondrial abnormalities

AMetabolic syndrome and insulin resistance
ASleep apnea and asthma

AFatty liver NAFLD

AGallstones and GERD

AJoint and other orthopedic problems and risk
APsychological issues

AKidney and vascular risks evident early



COMPLICATIONS OF CHILDHOOD OBESITY

Psychosocial SN
Poor selfesteem mmlpy @g‘ Neurological .
Depression Pseudotumor cerebri

Eating disorders

Pulmonary
Sleep apnoea
Asthma Cardiovascular
Exercise intolerance ipi '
Coagulopathy
Chronic inflammation
Endothelial dysfunction

Gastrointestinal
Gallstones
Steatohepatitis

Renal
Glomerulosclerosis

Endocrine

Type 2 diabetes

Precocious puberty

Polycystic ovary syndrome (girls)
Hypogonadism (boys)

Musculoskeletal
Slipped capital femoral epiphysis
Blount's disease
Forearm fracture
Flat feet

ayUCar.com
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OVERWEIGHT and OBESFR'COMPLEX SUM OF COEXISTING FACTORS

Nutrients that may opposesulinresistance and
fat mass accumulation:

Nutrients that may promote insulin resistance and
fat mass accumulation:

Plant food (berries, vegetables, fruit)
Nuts (especially walnuts)
Marine lipids (omega FA)

Fructose (sucrose, HFCS)
Purinerich foods (meat, seafood)
Beer,EtOH
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fat mass accumulation:
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