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Shadow of Diabetes
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Marks HH. Joslin’s Diabetes 1971

Proportional mortality by duration of Type 1 diabetes 
Pittsburgh Epidemiology of Diabetes Complications Study

Orchard T. Diabetes Care 1994;17:326-38
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Hypolipidaemic and hypotensive therapy to 
prevent vascular disease

• Microalbuminuria

• Generalised 
endotheliopathy

• Interventions

Microalbuminuria - Prediction

MA and Diabetic Nephropathy               MA and Survival

Mathiesen 1995 Arun 2003
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Microalbuminuria

• Highly predictive of later 
development of clinical proteinuria 
and diabetic nephropathy

• Strong predictor of cardiovascular 
morbidity

• Present in 10-20% of adolescents 
with IDDM

• No longitudinal studies

Geographically 
defined population 
from 6 districts in 
Southern England

Oxford 
Regional 
Prospective  
Study 
(ORPS)

Principal aims

To examine the natural history 
and determinants of 
microalbuminuria (incipient 
nephropathy) in children 
followed from diagnosis of type 
1 diabetes mellitus.

Subjects

• Children aged <16 years at diagnosis 
of type 1 diabetes mellitus 

• Barts-Oxford diabetes register

• Case ascertainment > 95%

Parental 
assessments

Oxford Regional Prospective Study (ORPS) 
(n=500)

Incident cohort study (ascertainment 92%)
Recruited at diagnosis of T1DM

LipidsECGECGBP

ACR x 3
Retinal 

photographs
Retinal 

photographs
Lipids

DNA cell 
lines

DNA Cell 
lines

Renal sizeRenal sizeHbA1c

ABPABPGFRGFRACR x 3

Single 
assessment

10 yrs5 yrsAnnual

JDRF/Wellcome Trust Diabetes and Inflammation LaboratoryJDRF/Wellcome Trust Diabetes and Inflammation Laboratory

Definitions

Early morning urines

Microalbuminuria: 

Albumin/creatinine ratio 

 3.5 mg/mmol in males or 

 4.0 mg/mmol in females 

in 2/3 consecutive samples
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Amin, R. et al. BMJ 2008;336:697-701

Numbers with microalbuminuria and progression to 
macroalbuminuria up to September 2005

Amin, R. et al. BMJ 2008;336:697-701

Kaplan-Meier survival curves showing cumulative 
prevalence of developing microalbuminuria 

Comparison Childhood Adult Incipient Cohort Studies

11.211.5Duration at Macro

4119.1Age at Macroalbuminuria (yrs)

14.613.6Macroalbuminuria (%)

34% after 18yr50.7% after 17 yrCumulative Incidence MA

18.0 (1.0-21.5)10.3 (0.9-19.2)Duration Follow up (yrs)

18.09.5 Median age at diagnosis (yrs)

47065182Patient yrs F/U

286479n

STENOORPS

BMJ 2004; 328; 1105
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Years since diagnosis of diabetes mellitus

Number remaining 71 33 14   11

Number remaining 109 61 36   19

Number remaining 67 39 14     7

Hypolipidaemic and hypotensive therapy to 
prevent vascular disease

• Microalbuminuria

• Generalised 
endotheliopathy

• Interventions

MA is a marker of a 
generalised endotheliopathy

Blood pressure
Blood lipids

Joint contractures

Carotid artery intima 
medial thickness

Brachial artery flow 
mediated dilatation

HbA1c
Microalbuminuria

Renal size
Renal function
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ABPM in 509 adolescents from the NFS cohort: 
pathological BP values

BP values >95th percentile
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Cox proportional hazards for development of 
microalbuminuria

Time variable is years of follow-up after the ABPM assessment

<0.0011.82–4.902.99ACR (mg/mmol)

0.0141.08–1.921.44HbA1c (%)

0.0051.03–1.191.11Day DBP (mmHg)

p value95% CIExp(B)Variable

Marcovecchio et al 2009; Diabetologia 52: 1173 - 1181

Symmetric dimethylarginine (SDMA) vs Age 

Amin R et al Kidney International 2005;68:1740-1749

1.3 (1.1-1.5)0.002HbA1c %

1.02 (1.01-1.03)0.001GFR

Significance

Covariates not contributing to model: puberty, sex, age of 
diagnosis of diabetes, baseline ACR, and BP

Exp(B) (95% CI)

Contribution of covariates to risk of 
developing MA

Duration of diabetes = variable, puberty = time-dependent covariate

Lipids: MA- vs MA+

*not significant after adjusting for HbA1c and gender

Lipids vs age: MA+ vs MA-

Persistent MA+

Transient MA+
MA -
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Endothelial dysfunction: brachial artery flow-
mediated dilatation 

0

1

2

3

4

5

6

7

0 20 40 60 80 100 120 140 160 180
Time post-occlusion (seconds)

F
lo

w
-m

ed
ia

te
d 

di
la

ta
tio

n 
(%

)

Healthy controls (n=30)
mean age 11 yr (SD2)

Diabetic children (n=45)
mean age 11yr (2)

P=0.001 for AUC

Jarvisalo MJ et al. Circulation 2004;109:1750-55
JDRF/Wellcome Trust
Diabetes and Inflammation Laboratory Amin R et al Arch Disease in Childhood 2005

Pubertal growth and MA

Interaction of height, age at diagnosis and risk for 
Diabetic Nephropathy

Age at onset

Wadén et al; Diabetes 2009; 58: 1914-20

ORPS: height SDS:  MA- vs MA+ patients

__noMA
__MA

11‐12 13‐14 15‐16 17‐18

*
*

*
*

* p<0.05

The GH/ IGF-1 axis in Type 1 DM

INSULIN RESISTANCE

GH Hypersecretion

Free fatty
acids Direct

In
dire

ct

Indirect

IGF-1

Relative Portal
Insulinopenia

Free IGF-1 levels in females : 
cases (MA+, n=34) and controls (MA-)

Amin R et al Diabetes Care 2005;28:1843
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Low IGF-1 and GH 
Hypersecretion

Muscle

Insulin 
resistance

Ovary

Androgen 
production

Kidney

Paracrine 
IGF-I

• Microalbuminuria
• Hypertension
• Cardiovascular disease
• T2D

Size at birth Adult stature

Heritability of Nephropathy and CVD risk

Links with family history
• Hypertension
• Hyperlipidaemia
• Insulin resistance
• Type 2 diabetes
• Microalbuminuria
• Metabolic syndrome
• ? Genetic or    
environmental
• Impaired glucose 

tolerance
• Type 2 diabetesJDRF/Wellcome TrustJDRF/Wellcome Trust

Diabetes and Inflammation LaboratoryDiabetes and Inflammation Laboratory

Type 1 
Diabetes

Type 2 
Diabetes

Metabolic 
Syndrome

Genes

Perinatal 
programming
Epigenetics

GoKinD

• MA trait

• End stage Renal 
failure = 1000

• Long-term survivors 
= 1000

• Whole genome 
association studies

Log10(ACR) at 
assessment ~ sex 
+ age at diagnosis 
of diabetes + 
log10(HbA1c) at 
assessment + 
duration of 
diabetes at 
assessment + date 
of assessment

10    12    14    16    18
Age (years)

MA Quantitative Trait

JDRF/Wellcome TrustJDRF/Wellcome Trust
Diabetes and Inflammation LaboratoryDiabetes and Inflammation Laboratory
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Hypolipidaemic and hypotensive therapy to 
prevent vascular disease

• Microalbuminuria

• Generalised 
endotheliopathy

• Interventions

DCCT: AdolescentsDCCT: Adolescents
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Conventional (N): (103)
Intensive (N): (89)

(80)
(73)

(51)
(51)

(39)
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Year of Study

J Ped 1994;125:177-88

9.8

8.1

Comparison of efficacy and safety of intensive 
treatment between adolescents and adults

DCCT Research Group, Journal of Pediatrics, 1994

Coma / seizure

0.00114.426.7Rate / 100 PYR

0.00456.985.7Rate / 100 PYR

All severe 
hypoglycaemia

0.8864535Microalbuminuria

0.8026361Retinopathy

Decreased Risk (%)

<0.0019.02 ± 0.059.76 ± 0.12Conventional

<0.0017.12 ± 0.038.06 ± 0.13Intensive

Mean HbA1c (%)

pAdultsAdolescents

HbA1c target attainment by age group in UK 
National Paediatric Diabetes Audit in 2002 (n=11,696)
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<9.0%

<7.5%

20%             18%             14%

Early prevention of MA 
associated risk of 

DN and CVD

Statins
ACEI

Adolescent Diabetes Intervention Trial
AdDIT  

To determine in a 2x2 factorial double 
blind placebo controlled parallel group 
trial whether intervention with ACE 
inhibitors, Statins or a combination of 
both drugs in high risk subjects will:

• Reduce albumin excretion and 
prevent decline in renal function

• Reduce CVD risk
• Well tolerated
• Cost effective

AimAim
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2 x 2 2 x 2 ““FactorialFactorial”” RandomisationRandomisation

Statin armStatin arm
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Primary analysis: comparison of statin irrespective of ACEI & vice versa
Secondary analysis: comparison of individual cells

Total
n = 500

n = 250
placebo

Atorvastatin

n = 250 active 
Atorvastatin
10 mg daily

n = 250 
placebo
Quinapril

Placebo
Placebo

n 125

Atorvastatin

Placebo

n 125

n = 250 active
Quinapril
5-10 mg daily

Placebo

Quinapril
n 125

Atorvastatin

Quinapril

n 125

Kaplan-Meier survival risk of developing microalbuminuria in 
ORPS subjects aged >16 years based on tertiles of albumin 

excretion phenotype* defined using assessments aged 11-16

0 5 10 15
Time to first microalbuminuria (years)

Dunger DB et al. Diabet Med 2007;24:131-6
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Number of subjects at risk
Lower:  155 Lower:  63
Middle: 155 Middle: 29
Upper:  160 Upper:  8

* adjusted for age, gender
& duration of diabetes

Trial Flow Diagram

Screening
& recruitment

Randomisation
Baseline

Assessment

6 monthly
follow up over

3 to 4 years

Final 
Assessment
at 14-18 yrs

Post-trial 
Run out

6 months

Post-trial
Assessments

• 3000
Screenees

• Informed
consent

• Centralised

HbAIc

ACR x6

• 500 randomised

• Ht

• Wt

• HbAIc

• Carotid IMT

• Blood lipids    

Lipoproteins

• SDMA

• IGF-1

• CVD markers

• Toxicology

• Pregnancy tests  

• Ht & Wt

• ACR x 3

• Compliance
(electronic track
caps)

• HbAIc

• BP

• Bloods as for
baseline

ACR x 3

• As for baseline

Post-trial follow 
up

• ONS flagging 

• Postal  
questionnaires

• Recall at 5 
years

AdDIT Study Design
Screened 11-15 year old

T1DM population

MA+
Active medication

MA-
Continue follow-
up AER 3, 6, 12 

months

Long term postal follow-up reassessment 6 years +

Age 15 – 18 
years

MA+
Active medication

MA-
Continue follow-
up AER 3, 6, 12 

months

Low-riskHigh-risk

Refusals

Age 15 – 18 
years

Limited 
follow-up

Randomised

Age 15 – 18 
years

Placebo
active

medication
3 years

Annual 
AER x 3
HbA1c

Principal Investigators

David Dunger      Cambridge

John Deanfield      GOS, London

Neil Dalton          Guy’s, London

Andrew Neil             Oxford

Tim Jones             Perth

Denis Daneman         Toronto

UK InvestigatorsJ. Edge           OxfordJ. Shield         BristolT. Barrett       BirminghamC. Acerini        CambridgeT. Cheetham   NewcastleR.Amin           Manchester

Australia InvestigatorsL. Davis Western AustraliaK. Donaghue    New South WalesF. Cameron      VictoriaJ. Couper      South AustraliaA. Cotterill      Queensland

The Future

• Biomarkers: Genomics Proteomics 
Metabolomics

• Glycated and oxidised modifications of 
Albumin and Haemoglobin

• Phamacogenomics

• Collaborations 
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