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1960 - Paige Model of Hypertension



1972 - Long Term BP Control Model

Guyton and Coleman 1972



Platt-Pickering Debate

Padmanabhan et al. Trends Genet. 2012 Aug;28(8):397-408.



Montreal Adoption Study

Mongeau et al 1986
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2015 – Updated Paige Model



Monogenic Hypertension
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Gordon’s Syndrome
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HTN associated with hyperkalemia, non-anion gap metabolic acidosis
Treatment: Low-salt diet or thiazide diuretics



Gitelman’s syndrome (Low BP)

• Loss of function mutations in Na-Cl cotransporter of the distal 
convoluted tubule

• Self-selected higher dietary salt intake in homozygous and 
heterozygous mutant individuals

• Much more common than Bartter syndrome

• Loss of function of NCCT (mutation in SCL12A3), hence resembles 
effect of thiazides

• Hypokalaemia, hypocalciuria and hypomagnesaemia, metabolic 
alkalosis

• Low blood pressure and secondary hyperreninaemic
hyperaldosteronism

• Treatment with sodium, potassium and magnesium supplementation
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Bartter Syndrome (Low BP)

Dysfunction of NKCC2, hence resembles effect of treatment with loop diuretics
•Type 1 - defective NKCC2
•Type 2 - defective ROMK2, which regulates NKCC2 by recycling potassium back into tubule
•Type 3 - defective CLCKB, which permits NKCC2 by shuttling chloride out of LoH cells
•Type 4 - defective Barttin, a co-factor of CLCKB in kidney and ear, hence also causes deafness
•Severe salt-wasting presenting in early infancy - or with prematurity and polyhydramnios
•Treatment with sodium and potassium supplementation. •Indomethacin helpful in type 2
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Hypertension - Treatment
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Polygenic Hypertension (Essential HTN)



Monogenic syndromes
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Human Genome = ~20,000 genes

Human Genome = 3 billion letters/nucleotides



Alteration in function of the gene

Disease

Human Genome = 3 billion letters/nucleotides

Variation in one nucleotide in a gene
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Human Genome = 3 billion letters/nucleotides

Candidate Gene Study



The candidate gene approach



The genome wide approach
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Human Genome = 3 billion nucleotides

500,000 SNPs

Genome Wide Association



•Nationally representative
•Unselected for disease phenotype
•Common controls
•Middle-aged – minimise survivor bias

2000

T2D

2000

CHD

2000

HT
2700 

bipolar

2000

Crohns

2000

T1D

2000

RhA
3000 

UK

common

controls

Wellcome Trust Case Control 
Consortium

WTCCC, Nature 7 June 2007
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WTCCC Results

WTCCC, Nature 7 June 2007



GWAS of BP extremes



n=2000
Cases

n=2000 
Hypercontrols

Padmanabhan S et al. PLoS Genetics Nov 2010

GWAS of BP Extremes



Linking UMOD to SNP

Padmanabhan S et al. PLoS Genetics Nov 2010
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A New Pathway for Hypertension



Pressure-Natriuresis

Graham L et al. Hypertension Nov 2013

WT

KO



Nat Med. 2013 Dec;19(12):1655-60



Effect of UMOD Over Expression

Effect of UMOD KO in mice

Trudu et al. Nat Med. 2013 Dec;19(12):1655-60

Graham L et al. Hypertension Nov 2013
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UMOD and Loop Diuretics



Padmanabhan S et al. Hypertension. 2014;64:918-923

Furosemide



Clinical Trial
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Current Genomic Landscape of Blood Pressure



AIM-HY INFORM

ComparIsoN oF Optimal Hypertension RegiMens (Part of the Ancestry 
Informative Markers in Hypertension (AIM HY) Programme – AIM HY-INFORM)

Ancestry Informative Markers in Hypertension (AIM HY) Programme 



Background and Aims

NICE guidance (CG127) stratifies hypertension treatment according to age and 
self-defined ethnicity (SDE).

The evidence-base supporting the current guidance on SDE stratification is limited, 
and there is a specific lack of data from UK-based populations. 

Aim

To provide an optimal choice of anti-hypertensive therapy from existing first-line-
drugs (and differing combinations thereof) in a multi-ethnic population in the UK. 





Outcome of AIM-HY INFORM

This trial will provide the first prospective evidence for best treatment 
choice according to SDE for White, Black and Asian populations in the 
UK. 

This should reduce the number of consultations; time required to 
achieve optimal blood pressure control and the contribution to better 
hypertension control in the UK. 



Metabolomics



ANALYSIS PIPELINE in TwinsUK
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Menni C  et al. Hypertension 2015



Metabolomics of SBP

Menni C  et al. Hypertension 2015
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Beta [95% CI] P Beta [95% CI] P HR[95% CI] P

phenylacetylglutamine -1.04[-1.53;-0.55] 3.64x10
-5

-0.66[-0.97;-0.34] 5.62x10
-5

1.06[0.91;1.24] 0.43

lactate 1.51[0.99;2.02] 1.24x10
-8

0.94[0.61;1.27] 2.54x10
-8

1.06[0.85;1.32] 0.59

octanoylcarnitine 1.37[0.91;1.83] 4.98x10
-9

0.78[0.48;1.08] 5.30x10
-7

0.97[0.8;1.17] 0.73

stearoylcarnitine 0.98[0.52;1.44] 3.29x10
-5

0.67[0.36;0.97] 1.66x10
-5

1.02[0.88;1.18] 0.82

hexadecanedioate 1.31[0.83;1.78] 6.81x10
-8

0.81[0.5;1.11] 2.96x10
-7

1.49[1.08;2.05] 0.02

tetradecanedioate 1.57[1.07;2.07] 8.45x10
-10

0.88[0.56;1.21] 1.18x10
-7

0.76[0.56;1.03] 0.08

10-heptadecenoate (17:1n7) 1.3[0.83;1.77] 6.45x10
-8

0.9[0.59;1.22] 2.40x10
-8

1.06[0.75;1.52] 0.73

dihomo-linoleate (20:2n6) 1.94[1.5;2.38] 1.40x10
-17

1.13[0.82;1.44] 5.55x10
-13

0.66[0.48;0.89] 0.01

nonadecanoate (19:0) 0.91[0.47;1.36] 6.86x10
-5

0.61[0.31;0.92] 9.08x10
-5

1.1[0.85;1.43] 0.46

palmitate (16:0) 1.85[1.4;2.3] 7.76x10
-16

1.09[0.78;1.4] 1.03x10
-11

1.13[0.78;1.63] 0.51

5-dodecenoate (12:1n7) 1.76[1.3;2.23] 1.97x10
-13

0.94[0.63;1.25] 2.75x10
-9

1.15[0.88;1.5] 0.31

4-androsten-3beta,17beta-diol disulfate 1* 1.82[1.25;2.38] 3.95x10
-10

1.25[0.87;1.63] 1.40x10
-10

0.94[0.81;1.08] 0.38

cortisol 1.66[1.21;2.11] 6.68x10
-13

0.89[0.58;1.2] 1.63x10
-8

0.97[0.82;1.14] 0.71

HWESASXX* 0.94[0.48;1.4] 5.87x10
-5

0.72[0.42;1.03] 3.64x10
-6

1.02[0.89;1.18] 0.73

caffeine 1.46[1;1.92] 6.88x10
-10

0.96[0.65;1.27] 1.08x10
-9

0.83[0.71;0.96] 0.01
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 All-cause deaths=184

Refining the Signal
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BP after oral hexadecanedioate
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Mesenteric Artery Studies
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GWAS of Hexadecanedioate
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Fatty Acid 
oxidation 
pathway 

• Not known to be associated with fatty acid 
omega oxidation

• Associated with Statin myopathy



Big(ish) Data



Glasgow BP Clinic

•17,011 patients attendees since 1968

•All clinical data including anthropometry, blood pressure,  
medications recorded at each visit – 180,000 visits

•All biochemistry and haematology tests recorded – at least 
annually – 2.3 million

•Record linkage for mortality ICD-10

•Record linkage for hospital admissions – 173,386 from 1980

•Refill prescriptions – 5 million since 2004

•Geocoding - location, area level deprivation, social and 
environmental variables – pollution, green space, distance to 
doctor/supermarket, weather
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Patterns of systolic blood pressure (SBP) 
change annually across sequential visits.

>169 000 clinic visits of 16 010 Glasgow Blood Pressure Clinic patients with hypertension
Each clinic visit  mapped to the mean West of Scotland monthly weather (temperature, 
sunshine, rainfall) data

Aubinière-Robb  et al. Hypertension. 2013;62:190-196.
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Temperature sensitivity and mortality



Hypertension. 2013 Nov;62(5):836-43







Newly diagnosed HTN
Age 30-60 years

BMI > 27

HbA1C

Normal
< 6%

Prediabetes
6.0 - 6.4%

T2D
> 6.5%

BP target 120/80
+

SGLT2 Inhibition

BP target 120/80
+

placebo

R

Outcome: 
T2D diagnosis

Track long term outcomes in routine care







Recruit

Delivery

Switch to ACEI 
post-partum

Mood weekly

HTN

FU 12 weeks

No switch – continue 
usual therapy post-
partum

FU 12 weeks FU 12 weeks




