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Hypertension and blood vessels

“"Or‘;'-@i"'"‘ %'.‘ ‘v‘\\b’ ‘,"..j




* Diabetes and hypertension
* Obesity and hypertension

 Clinical practice
— Definitions and measurement
— Treatment



approximately 2/3 of adults with T2DM have HBP

many do not have diabetic nephropathy

T2DM

— Insulin resistance, high plasma insulin

Insulin in the physiological concentration range
— enhanced NO release (vasodilating)

— potentiates acetylcholine induced vasodilation
— both reversed by supraphysiological insulin level

obesity associated with both T2DM and HBP



ABCD trial — comorbidity at baseline in T2DM
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Blood glucose tertile is independently predictive
of later HBP in men

Number (%o ) of men who were hypertensive or normotensive
i 1986 according to tertile of blood glucose comcentration one hour
after glucose load in 1968

Glucose concentration
after one hour in 1968 Hypertensive Normotensive Odds ratot (95%

{mmol/1) in 1986 in 1986 confidence interval)
=5%-15{n=19%) 48 (24-2) 150 (75-8) 1-00

5-16-6-65 (n=197) 63{32-0) 134 (68-0) 1-36(0-84 to 2-22)
=666 (n=185) 73(39-5) 112 (60-5) 171 (105 10 2-77)

Salomma BMJ 1991;302:493-6



Systolic blood pressure (mmHg)
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BP and glucose co-vary
In children

Blood glucose 60min
after 50 gm glucose

Independent of weight

Florey et al BMJ 1976; 1: 1368-1371



 systolic BP predicts later development
of T2DM In men

 variables associated with development
of diabetes
— overwelight, peripheral vascular disease
— cholesterol, BP, uric acid important

 probability of developing diabetes
— 17/1000 if low risk
— 450/1000 if high risk

Medalie et al Arch Intern Med. 1975;135:811-7



Comparison of clinical characteristics and complication rates in youth

and type 2 diabetes in New South Wales from 1996 to 2005

with type 1

Type 1 diabetes Type 2 diabetes P value
n 1.433 68
Age at last assessment 15.7(13.9-17.0) 153 (13.6-16.4) 0.23
(years)
Age at diagnosis 8.1 (4.8-10.8) 13.2 (11.6-15.0) <2(0.0001
(years)
Sex (male/female) 674/759 34/34 0.63
Duration (years) 6.8 (4.7-9.6) 1.3 (0.6-3.1) <(0.0001
Al1C (%) 8.5 (7.8-9.5) 7.3 (6.0-8.3) <0.0001
AlC <7.5% 230/1.393 (17) 42/66 (64) <0.0001
Insulin/weight 1.15 (0.96-1.39) 0.89 (0.51-1.31) (n = 9) 0.063
BMI SD score 0.80(0.25-1.27) 1.86 (1.28-2.40) <0.0001
Social disadvantage 0.23(—0.17-0.80) 0.14 (—0.47-0.56 0.058
risk score
From urban area 957/1.419 (67) 46/63 (73) 0.56
Microalbuminuria 81/1,325 (6) 10/36 (28) <0.0001
Hypertension 223/1 393 (16) 21/58 (36) <0.0001
Retinopathy 254/1,264 (20) 1/25 (4) 0.043
Peripheral nerve 375/1,376 (27) 5/24 (21) 0.48
abnormality
Pupillary abnormality 568/928 (61) 13/23 (57) 0.65
Overweight 452/1.411 (32) 16/64 (25) 0.24
Obese 100/1,411 (7) 36/64 (56) <0.0001

Data are median (interquartile range) or n (%) and are from last complications assessment

Eppens et al. Diabetes Care 2006;29:1300-1306




Genesis of hypertension in diabetes

Obesity

l

Insulin resistance
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Bogalusa study
Tracking - prediction of BP quartile in 1981- 83
If BP In upper quartile in prior years

odds ratio
o = N w i (6)] (@] ~
1 1 1 1 1 1

=&— systolic
-/./. =8- diastolic

73-74 76-77 78-79

study years

Shear CL et al. Pediatrics 1986 77: 862-869



Systolic Blood Pressure by Age, Race/Ethnicity, and Sex for Children and
Adolescents Aged 8 Through 17 Years™

Mean (SE) Systolic Blood Pressure, mm Hg

Difference
1988-1994+1 1999-2000% Between Years P Value
Total 104.6 (0.36) 106.0 (0.26) 1.4 (0.43) <.001
Boys 106.2 (0.48) 107.6 (0.37) 1.4 (0.55) .03
Girls 102.9 (0.42) 104.4 (0.47) 1.5 (0.62) <.001
Non-Hispanic
White 104.3 (0.50) 1056.3 (0.36) 1.0 (0.58) .06
Black 105.6 (0.43) 107.5 (0.52) 1.9 (0.59) <.001
Mexican American 104.8 (0.39) 107.1 (0.43) 2.3 (0.60) <.001
Age group, vy
8-12 100.6 (0.46) 102.5 (0.54) 1.9 (0.68) <.001
13-17 108.4 (0.42) 109.4 (0.34) 1.0 (0.52) .09
NHANES lII 1988-94 n = 3496
1999-2000  n=2086

Muntner P et al JAMA 2004; 291: 2107-13



035 of |
lmmcdiau'.

tag, on

11 fogs oy




« sodium intake
» physical activity and fithess
 foetal factors



Meta analysis — reduction in sodium intake
and BP In adolescents

Change in BP (mmHg)

He FJ, MacGregor GA Hypertension 2006; 48:861-69

Systolic
Gillum (1981) 3.00 (-2.12, 8,12)
Trevisan (1981) ¢ = =1.25 (10,97, 8.47)
Cooper (1984) —— =0,60 (=1.97, 0.77)
Howe (1985) " 0.00 (=4.55, 4.55)
Calabrese (1985) — -0.80 (-2.36, 0.76)
Ellison (1989) B «1,70 (=2.80, =0.60)
Myers (1989) R =3.74 (-7.61, 0,13)
Howe (1991) —r =0.97 (=2.30, 0.36)
Sinaiko (1993) — =1.98 (=4.56, 0.60)
Palacios (2004) = =2.43 (=7.76, 2,89)
Overall Effect & -1.17 (-1.78, -0.56)
Diastolic
Gillum (1981) » 2.90 (=8.44, 14.24)
Cooper (1984) —— =1.40 (=3,36, 0.56)
Howe (1985) — -1.30 (4.78, 2.18)
Calabrese (1985) —a— =1.50 (~4.74, 1.74)
Ellison (1989) - «1.50 (=2.40, 0.60)
Myers (1989) — = «1.70 (+5.95, 2.55)
Howe (1991) —. 0,56 (=1,95, 0.83)
Sinaiko (1993) =4,65 (=8.39, <0.91)
Palacios (2004) — 1.06 (=2.81, 4.94)
Overall Effect L 2 -1.29 (-1.94, -0.65)
=10 =5 0 5 10



Sodium intake and BP

e adults

— 100 mmol/day increased intake causes 3-6
mmHg rise

— 100 mmol/day reduction causes variable
BP drop

e Some evidence of association In
childhood/infancy

* sodium ‘taste’ acquired in early life

« Sodium and BP probably most relevant
In children with CRF



Sedentary behaviour and BP
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‘Barker hypothesis’
LBW/higher BP in adolescence /adulthood

small change in BP (=0.2SD) for large
change (2SD) in birth weight

presently other factors more important



Adiposity and BP in Chinese children
and adolescents

1330 boys 1170 girls age 6-18 years
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BMI Increased | 0-<0.25 [=20.25<0.5| =20.5
n 20 29 20 19
start sBP 114 112.7 112.7 109
final sBP 113.7 112.1 108.3 | 105.5
mean change -0.2 -0.7 -4.4 -3.5
start dBP 65 67.1 70 64
final dBP 67.8 67.1 62.2 60.8
mean change 2.9 0 4.7 -3.1

Ford AL et al Arch Dis Child 2010; 95: 256-61




Concurrent obesity and LBW — effect on ABPM

g 10 12 14 16 18 20 22 24 2 4 B
Time (hours)

Ambulatory systolic BP (SBP) patterns in adolescents
grouped by obesity and BW: nonobese normal BW (A), nono-
bese low BW (C), obese normal BW (4), and obese low BW (@).

Values are adjusted for sex and height.

Lurbe E et al Hypertension 2009; 53: 912-17



Normal
— <90t centile

Pre-hypertension
— >90<95™ centile or BP>120/80
— on 3 or more separate occassions

Stage 1 hypertension
— 95t — 99t centile + 5 mmHg

Stage 2 hypertension
— >99% centile + 5 mmHg

THE FOURTH REPORT ON THE DIAGNOSIS, EVALUATION, AND TREATMENT OF HIGH
BLOOD PRESSURE IN CHILDREN AND ADOLESCENTS



Routine Measurement

 automated

e Sphygmomanometer
— palpation
— auscultation

— doppler

« 24 hour ambulatory blood pressure
measurement




Recommended Dimensions for Blood Pressure Cuff Bladders

Maximum Arm

Age Range Width (cm) Length (cm) Circumference (cm)*
Newbaorn 4 q 10

Infant 6 19 15

Child 9 18 22

Small adult 10 94 296

Adult 13 30 3

Large adult 16 18 A4

Thigh 20 A2 o2

* Calculated so that the largest arm would still allow bladder to encircle amrm by at least 80 percent.

confounding factors

* €XErciSe

* obesity

e fever
 A-V shunts




* Probably both

* Adults — shift in emphasis to systolic

» Systolic correlates more closely with
end organ damage (LVH)



— THE FOURTH REPORT ON THE DIAGNOSIS,

By = : EVALUATION, AND TREATMENT OF HIGH

BLOOD PRESSURE IN CHILDREN AND
ADOLESCENTS
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Useful adjunct to the diagnosis and monitoring
of hypertension in older children, especially
‘white coat’ hypertension, masked hypertension,
pre-hypertension, metabolic syndrome

Produces profile during everyday life - more
reliable reflection of true BP

Monitoring of the circadian variability of BP

Normal ranges for ABPM have been published,
however the cohorts studied are relatively small
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UKPDS study — strict control of BP better than strict
control of glucose in preventing complications

Decrease in incidence (%)
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Schrier et al Nat Clin Pract Nephrol. 2007;3:428-38



Kaplan-Meier rates

HOPE trial — ACEI and mortality
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Cardiovascular complications in ABCD trial
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» stopping smoking
 reducing salt intake
» following a healthy, balanced diet rich in potassium
* being the correct weight for height
waist measurement < 94cm for white and black men
< 90cm for Asian men
< 80cm for white, black and Asian women.
« alcohol - keeping to guidelines, avoid binge drinking
« undertaking regular physical activity
* reducing stress levels



The British Hypertension Society
recommendations for combining antihypertensives

Medicines guideline

Younger than 55 years or older
55 years of black® patients of any age
Step 1 [ (AGE intibsor o f”‘é“"ﬁ"mjmm l [cﬁm ium — channel blocker  Diuretic (Thiazids)
Step 2 A+C or A+D
Step 3 A+C+D
Add
Step 4 » Further diuretic therapy or
= Alpha blocker or
# Bota blocker
Consider secking specialist advice

*Black means a person of African or Caribbean descent, not mixed race or Asian

Adapted from NICE guidelines 2006



e Measurement of BP and treatment of HBP Is
essential in diabetes

« No target range for children but <90 centile
for sex and height is recomended (adults
<130/80, less for those with proteinuria)

« ARB/ACEI should be first line treatment






Uric acid
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Maternal Placental
factor factor

Uric acid&/

IUGR

Purine-rich or Genetic or Low nepnron number
fructose-heavy dietor  environmental factors
exposure to lead

A J
Increased uric acid

1: TOTAL = 40g Fructose

- 5 S R
Increased renin and Decreased nitric oxide and
decreased nitric oxide increased ROS
Interstitial inflammation Vascular inflammation
Microvascular rarefaction Proliferation of vascular smooth-
Afferent arteriolopathy muscle cells with inhibition
Interstitial fibrosis of endothelial-cell growth J
- o -
Early stage

Uric acid-induced vasoreactive hypertension

Y

Late stage

Felg etal N Eng J Med 2008 359° 1811-21 Salt-sensitive kidney-dependent hypertension




Suggested Schema for Staging of Ambulatory BP Levels in Children

Classification Clinic BP* Mean Ambulatory SBP SBP Load, %™™
Normal BP < 95th percentile < 95th percentile <25
WCH =095th percentile <2 95th percentile <25
Masked hypertension < 95th percentile =95th percentile =25
Prehypertension =095th percentile <-95th percentile 25-50
Ambulatory hypertension =095th percentile =95th percentile 25-50
Severe ambulatory hypertension =05th percentile =95th percentile =50

(at risk for end-organ damage)

Hypertension 2008, 52:433-451



Boys - daytime BP
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