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Preparation for the marathon



Running the Marathon



Finishing the marathon
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Diabetic nephropathy and pregnancy – the perfect storm

Poor 

placentation
Vascular 
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Control

Nephropathy

Retinopathy



Getting pregnant



Type 1 diabetes

• No reduction in fertility

• Increased menstrual irregularity

• Delayed menarche

• Premature menopause

Type 2 diabetes

• Association with polycystic ovaries

Diabetes often has no effect on fertility



The proportion of type 2 diabetes is increasing in 

pregnancy

73%

27%

Type 1

Type 2

2002-3

49%

51%

Type 1

Type 2

2016-17

Type 1 

Diabetes

Type 2 

Diabetes

Median age (years) 30.0 34.0

Median duration of 

diabetes (years)
13.0 3.0

Median BMI (kg/m2) 26.0 32.5



Incidence of nephropathy in pregnant women with pre-existing 

diabetes is falling

Confidential Enquiry Maternal and Child Health 2007

N=3808 pregnancies

Klemetti et al Diabetologica 2015

0% 4% 8% 12% 16%

1988-1999

2000-2011



Pregnancy outcome is optimised pre-conception

Pre-conception counselling is recommended for ALL women with 

type 1 and type 2 diabetes

Pre-existing 

diabetes

General maternity

population

Planned Pregnancy 158/384 (41%) 58%

Use of 

contraception in 

12mths before 

pregnancy

107/392 (27%)

Pre-pregnancy folic 

acid
102/380 (27%) <10-50%

Smoking 107/386 (28%) 35%

Confidential Enquiry into Maternal and Child Health 2007 



Preparation for the marathon



Pre-pregnancy Counselling Guidelines

Avoid pregnancy if 

>86mmol/mol (10%)



Every 1% rise in pre-conception HbA1c over 6.3% 

associated with 30% increased odds of birth defects  Page 12

Bell et al Diabetologia 2012

Pre-existing nephropathy 

confers additional risk 

OR 2.45 (1.14-5.25)



Pre-pregnancy Counselling Guidelines

Avoid pregnancy if 

>86mmol/mol (10%)

Aim: HbA1c <6.5%



Pre-pregnancy Counselling Guidelines

Avoid pregnancy if 

>86mmol/mol (10%)

Aim: HbA1c <6.5%

Max RAAS blockade

Treat hypertension

Folic Acid



ACE Inhibitors / ARBs should not be used in pregnancy

‘Angiotensin-converting enzyme inhibitors and angiotensin-II receptor antagonists 

should be discontinued before conception or as soon as pregnancy is confirmed.’

‘Avoid teratogenic medications in sexually active women of child-bearing potential’

Ramipril, Lisinopril, 

Fosinopril, Enalapril, 

Quinapril, Perindopril, 

Trandolapril, Benazepril

Candesartan, Irbesartan,

Olmesartan, Losartan,

Diovan, Valsartan, 

Telmisartan, Eprosartan

‘Women with diabetic nephropathy continue angiotensin converting enzyme 

inhibitors until conception, with regular pregnancy testing during attempts to 

conceive’



First trimester ACEI exposure is considered teratogenic BUT…

1995 – 2008

Northern California

Hypertension is associated with risk of congenital abnormalities 

NOT ACEI

Other anti-HT v Controls

2.4% v 1.6%

OR 1.52 (95% CI 1.04 to 2.21). P<0.05

ACEi v Controls 

3.9% v 1.6%

OR 1.54 (95% CI 0.90 to 2.62). NS

Risk of congenital heart defects:



First trimester ACEI exposure is considered teratogenic BUT…

Bateman Obs Gyn 2017

Medicaid Data1,333,624 pregnancies

4,107 (0.31%) exposed to ACE inhibitors



… the increased risk appears to be attributable to the 

underlying condition NOT exposure



Continuing RAAS blockade pre-conception in women 

with diabetic nephropathy

Hod et al NDT 1995

8 women (Cr 0.8±0.05mg/dl)

>6 months until proteinuria <500mg

Intensive RAAS blockade 

(Captopril – 37.5-75mg daily)

• Pre-ACEI Proteinuria  1633±66mg/24hrs 

• Post-ACEI Proteinuria  273±146mg/24hrs

Improved glycaemic control pre-pregnancy



Continuing RAAS blockade pre-conception in women 

with diabetic nephropathy

Hod et al NDT 1995

Only 2 women had proteinuria >1000mg during pregnancy (1903mg / 3578mg/24hr)



Does pre-pregnacy RAAS blockade improve outcomes?



We definitely need to ensure early detection of pregnancy

Recommend continue Angiogensin Converting Enzyme Inhibitors until 

conception

Test frequently for pregnancy



Pre-pregnancy Counselling Guidelines Page 23

Avoid pregnancy if 

>86mmol/mol (10%)

Aim: HbA1c <6.5%

If BMI >27kg/m2:

Dietary review

Weight loss

Max RAAS blockade

Treat hypertension

Folic Acid

Regular pregnancy testing



Pre-pregnancy Counselling Guidelines Page 24

Avoid pregnancy if 

>86mmol/mol (10%)

Aim: HbA1c <6.5%

If BMI >27kg/m2:

Dietary review

Weight loss

Max RAAS blockade

Treat hypertension

Folic Acid

Regular pregnancy testing



Things to do when you see a positive pregnancy test Page 25

I’M 

PREGNANT!

Involve the MDT

Retinal assessment if non 

within 3 months

Confirmation of viability and 

gestational age <9weeks

HbA1c to assess risk

Review medications

Advice regarding nausea 

and vomiting and glucose 

control

Start aspirin 75mg OD

Start vitamin D



Over the start line: What’s needed now?!



Antenatal care

Multi-disciplinary 

Care:
Midwives

Obstetricians

Diabetologist

Nephrologist

Nurses

Dieticians

Ophthalmologists …



“Continuity of carer is even more important 

particularly for women with pre-existing 

health… conditions who are being cared for 

by multidisciplinary team maternity 

professionals.”

RCM (2019)

‘The right people with the right skills at the 

right time’ 

Sandall (2011)

‘Intuitive knowledge’ 

Berg, (2005)

Continuity of appropriate carers must be a primary aim



Antenatal care – running the marathon! Page 29

Control 

blood sugar

Multi-disciplinary 

Care:

Midwives

Obstetricians

Diabetologist

Nephrologist

Nurses

Dieticians

Ophthalmologists

…



Glycaemic control during normal pregnancy is challenging

Cortisol

Placental

Insulinases

Glucagons

Lactogen

Insulin 

resistance



Safety of Medications in Pregnancy

Drug FDA

Human 

Teratogenicit

y

Fetal/neonatal 

effects
Comments

Isophane (NHP) 

insulin
B   First choice long acting insulin

Rapid-acting 

insulin analogues 

e.g aspart, lispro

B  

May be preferable to start pre-

pregnancy

Longer-acting 

insulin analogues 

e.g. detemir, 

glargine

C  

Increasing evidence to 

suggest safety

Metformin B   GFM or Type 2 only

Glibenclamide C  

Doses <20mg/day less likely to 

cause neonatal hypoglycamia

Thiazolidinediones

e.g. Rosiglitazline
C

None

reported but 

animal toxicity

Unknown Stop at conception



Insulin requirements in pregnancy will fluctuate and are 

unpredictable

Garcia-Paterson et al Diabetologica 2012

63 women with type 1 diabetes

Total insulin requirement

Insulin 

Capillary blood glucose



Frequent glucose monitoring  is recommended for women 

with type 1 and type 2

Time

NICE 

2015 

(mmol/l)

ADA 

2015

(mmol/l)

Fasting <5.3 3.3-5.4

1 hour 

post meal
<7.8 5.4-7.1

2 hours 

post meal
<6.4 <6.4

If on insulin or glibenclamide –

advise to maintain plasma 

glucose >4mmol/l

• Increase risk of hypoglycamia and impaired awareness in first trimester



HbA1C is not accurate during pregnancy

•Increased red cell turnover

•Changes in glycaemic range

Page 34

Trimester
Healthy Pregnancy

Range

First <5.3%

Second <7.8%

Third <5.6%

• DO not use HbA1C in second or third 

trimester to assess control
• Target <6.0%



Ketonaemia testing is recommended more readily

Women with type 1 diabetes should be advised to test for ketonaemia if they 

become hyperglycaemic or unwell

Diabetic Ketoacidosis is associated with increased perinatal mortality



Monitor kidney & retinal 

function

Antenatal care – running the marathon! Page 36

Control 

blood sugar

Multi-disciplinary 

Care:

Midwives

Obstetricians

Diabetologist

Nephrologist

Nurses

Dieticians

Ophthalmologists

…



OVER TO DR BRAMHAM!!!!



Diabetic retinopathy – Progression in pregnancy

Assess at

a) First visit (if not done within last 3 months)

b) At 28 weeks

c) If present at first antenatal visit additional assessment at 16-20 weeks

• Retinopathy is not a contraindication to a vaginal delivery

• Lazer treatment is safe in pregnancy

DCCT Study Diabetes Care 2000

Risk factors for retinopathy 

progression

•Established disease

•Anaemia

•Diastolic hypertension 



Case 1

Management of Proteinuria

Thromboprophylaxis: recommended by NICE for proteinuria >5g/24 hours

Should be considered in context of other risk factors

Frusemide 20mg od

23 year old Type 1 Diabetes (HbA1C 9.8%)

Protein: Creatinine Ratio 1240mg/mmol at 20 weeks’



Progression of Proteinuria

• N=11 Cr range 1.8-2.5mg/dl (159-221µmol/l)

• Early pregnancy 18% nephrotic range  (Median 2.4g/24hrs (0.2-8.0) 

• Late pregnancy 72% nephrotic range (Median 5.6g/24hrs (0.2-14.4) 

• Worsening proteinuria in 82%

Proteinuria 

Purdy et al Diabetes Care 1996

Diabetic pre-eclampsia n= 26

Non diabetic pre-eclampsia n= 3

Diabetic normotensive n= 95

Non diabetic normotensive n= 21

Yu et al Diabetologica 2009



Monitor kidney & retinal 

function

Antenatal care – running the marathon! Page 41

Control 

blood sugar

Control 

blood pressure

Multi-disciplinary 

Care:

Midwives

Obstetricians

Diabetologist

Nephrologist

Nurses

Dieticians

Ophthalmologists

…



Blood pressure targets

Tight blood pressure control (Diastolic <85 mmHg) better 

maternal outcomes and no adverse impact on babies

Magee NEJM 2015



Target Blood Pressure - Controversial

ADA Guidelines

• Systolic 110-129mmHg

• Diastolic 65-79mmHg

Canadian Guidelines

• Systolic 130-139mmHg

• Diastolic 80-89mmHg’

Target blood pressure for women with diabetes



Pre-eclampsia Risk Spectrum

100%

Multiparous 

women Mild chronic 

hypertension

Non diabetic 

CKD

0% 10 20 30 6040 807050 90

Nulliparous 

women

Type 1 Diabetes

History

term PE

History                                      

preterm 

PE

Obesity

Aspirin / Vit D / Ca 

Prophylaxis

Pre-eclampsia Risk

Diabetic 

Nephropathy



Rate of pre-eclampsia according to renal aetiology

Garg et al NEJM 2015; Liu et al AJKD 2014, ; Chapman et al J Am Soc Nephrol 1984; 

Bramham et al BMJ 2014, Stetler AJOG 1992, Bramham et al CJASN 2013, 

Ekbom et al Diabetes Care 2001; Bramham et al J Rheum 2011

%



Pregnancy Outcomes – Diabetic Nephropathy

%

Ekbom et al Diabetes Care 2001

Danish Prospective Cohort Study



Pregnancy outcomes: Normoalbuminuria v microalbuminura

Jensen et al Diabetes Care 2012Excluded

• Urine albumin >300mg/24 hrs

• Women taking antihypertensives

Danish population study 

1993-1999

Independent predictors of 

pre-eclampsia

• Microalbuminuria OR 4.0 

(95% CI 2.2-72)

• Nulliparity OR 3.1 

(95% CI 1.9-5.3)

• Third trimester HbA1C 

increase by 1% OR 1.3 

(95% CI 1.1-1.5) 



Aspirin for Pre-eclampsia

- Used screening test algorithm that 

combines 17 variables to stratify risk 

then randomised to 150 mg aspirin or 

placebo

Rolnik NEJM 2017



Pre-eclampsia – Novel biomarkers

http://www.nichd.nih.gov/news/releases/080311-levine.cfm?renderforprint=1


PROGNOSIS – Prospective International Cohort Study

Zeisler NEJM 2016



PROGNOSIS – Prospective International Cohort Study



Placental Growth Factor in Clinical Practice



Placental Growth Factor in Clinical Practice

Stepped-wedge cluster randomised controlled trial 
11 UK maternity units (3000-9000 deliveries per annum)
Women presenting to maternity services with suspected pre-eclampsia



Diagnosis of Pre-eclampsia – Anti angiogenic factors 

Yu et al Diabetologica 2009

Elevated sFlt-1, Low PLGF and elevated 

sFLt-1:PlGF precede pre-eclampsia in 

women with type 1 diabetes

BUT endoglin is elevated in women with 

type 1 diabetes regardless of onset of pre-

eclampsia

? Contributes to increase risk

Diabetic pre-eclampsia n= 26

Non diabetic pre-eclampsia n= 3

Diabetic normotensive n= 95

Non diabetic normotensive n= 21



Monitor kidney & retinal 

function

Monitor 

fetus

Antenatal care – running the marathon! Page 55

Control 

blood sugar

Control 

blood pressure

Multi-disciplinary 

Care:

Midwives

Obstetricians

Diabetologist

Nephrologist

Nurses

Dieticians

Ophthalmologists

…



Placental / Fetal imaging

NOT Amniotic Fluid Index

Reliable in CKD, Piccoli et al NDT 2013, Bramham et al Kidney Int 2016



Finishing the marathon
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Diabetic Nephropathy Pregnancy Outcomes - Summary

Pre-eclampsia

Caesarean Section

Fetal loss

Preterm delivery

Low Birth Weight

+ =



Intrapartum care

• Diabetes is not a contraindication to antenatal steroids for fetal lung maturity 

– will need increased insulin and close monitoring

• Not for betamimetic tocolytics

• Anaesthetic assessment in third trimester if obese or autonomic neuropathy

• Aim for plasma glucose 4-7mmol/l during labour

• Intravenous insulin and dextrose recommended after onset of established 

labour

• Offer delivery between 37+0 – 38+6 weeks’ if no complications

• Consider delivery before 37 weeks if maternal or fetal complications 



Page 60Neonatal Outcomes



Neonatal care

Hospital delivery recommended

Blood glucose monitoring 2-4 hours

Complications

• Polycythaemia

• Hyperbilirubinaemia

• Hypocalcaemia

• Hypomagnesiaemia

Vigilance for undiagnosed congenital heart disease

Breastfeeding Compatible Medication

• Metformin

• Glibenclamide

• Insulins

BUT Reduced insulin requirements postpartum

ENALAPRIL Redman Eur J Clin Pharm1990



Neonatal Outcomes



Neonatal outcomes in women with pre-existing diabetes

Tennant et al Diabetologica 2014

1548 pregnancies with pre-existing diabetes compared 393, 844 without 1996-2008



Improvement in outcomes from 2002 to 2015



Glycaemic Control and Outcomes

Preterm Birth <37 weeks

Large for Gestational Age



Pregnancy outcomes – Type 1 v Type 2 diabetes

Clausen et al Diabetes Care 2005

Comparable pregnancy outcomes between women with nephropathy Type 1 v 2

Damm et al Diabetes Care 2014



Neonatal Outcomes – Diabetic Nephropathy

Piccoli et al Diabetes Studies Rev 2013

Combined data from Themeli et al 2012, Nielsen 2009, Ekbom 2001

%



Factors influencing pregnancy outcomes in women with 

diabetic nephropathy

Independent predictors of preterm delivery <37 weeks’ 

• First trimester blood pressure <130/80mmHg

• First trimester proteinuria >1g/24hrs or 2 or 3+ protein on urinalysis

• Last HbA1c before delivery

Klemmeti et al Diabetologica 2015



But – small cohort studies – possibly?



Long term maternal outcomes



Pre-existing nephropathy Progression

Rossing et al Diabetologica 2002

No difference in rate of 

decline between women 

with and without 

pregnancies over 16 years



Renal Disease Progression: Postpartum – 3 months

Biesenback et al J of Nephrology 1999

Adaptation to pregnancy N=6 (5 women)

• Pre-pregnancy Cr Cl 80mls/min/1.73m2 (Range 70-91) 

• Postpartum Cr Cl 78mls/min/1.73m2 (Range 70-92) 

No adaptation to pregnancy N=8 (7 women)

• Pre-pregnancy Cr Cl 61mls/min/1.73m2

• (Range 37-73) 

• Postpartum Cr Cl 39mls/min/1.73m2 (Range 22-68) ~ 36% decline

Risk factors for progression

• BP during pregnancy tended to be higher in non adapters

• BP significantly higher in week before delivery

? Role for tight hypertensive control / ? Contribution from placental disease

7/11 (64%) progressed to End Stage in 6-57 months after delivery



82 pregnancies in 62 women

Mean Cr 1.9±0.8mg/dl (168±71µmol/l)

Comparison of progression with other CKD

Jones and Hayslett NEJM 2006

11 pregnancies in 11 women

Cr range 1.8-2.5mg/dl (159-221µmol/l)

Purdy et al Diabetes Care 1996



Maternal Morbidity and Mortality

Rossing et al Diabetologica 2002

35% of the cohort had died during the 16 year follow-up period 

Cardiovascular morbidity

•8/14 women with diabetic nephropathy had significant atherosclerotic 

disease (Bagg et al 2003)



• Multidisciplinary team work is essential

• Pre-pregnancy counselling

• Aggressive treatment before conception

• Avoidance of unplanned pregnancy

• Hypertensive control during pregnancy

• Glycaemic control during pregnancy

• Risk of disease progression at higher GFR than CKD

Summary



Thank you



How to optimise outcomes: Hypertension Page 77

Suboptimal blood pressure associated with preterm delivery and nephrotic range 

proteinuria

MAP <110mmHg

Carr et al Am J Hyperten 2006

But above target group had:

• Higher Creatinine1.23 +/- 0.17 v 0.85 +/- 0.06 mg/dL

• Higher proteinuria 4.69 +/- 1.08 v 1.65 +/- 0.43 g/24 h



Intensive treatment in 41 women microalbuminuria or nephropathy

Type 1: N=15, Type 2: N=26

• Blood pressure target <135/85mmHg

• Proteinuria target <300mg/24hrs

More women with type 1 diabetes required antihypertensives

Achieved median BP in early and late pregnancy 128/70mmHg

Only 1/41 women developed nephrotic proteinuria / Stable serum creatinine

But – no differences in preterm delivery and birth weight compared with 

historic data

Damm et al Diabetes Care 2014

How to optimise outcomes: Hypertension



How to optimise outcomes: Hypertension Page 79

Retrospective Swedish cohort study – 108 pregnancies – Type 1 diabetes

1988-1999 compared with 2000-2011

More antihypertensive use pre-pregnancy and during pregnancy – but frequently 

discontinued in early pregnancy

Klemetti et al Diabetologica  2015



Antenatal care

Control blood sugar

Tight targets

Avoiding hypo’s

Unpredictably increasing 

requirements (5% per week)

Caution with HbA1c

Control blood pressure

SBP 110-130mmHg

DBP 70-80mmHg

Think PRE-ECLAMPSIA

Monitor fetus

Usual monitoring regime

PLUS…fetal cardiac scan

Uterine artery dopplers

Additional fetal growth scans

Monitor kidney and retinal function

Repeat retinopathy assessment at 

28 weeks

Monitor proteinuria 

Monitor serum creatinine 

NOT eGFR

Multi-disciplinary 

Care:
Midwives

Obstetricians

Diabetologist

Nephrologist

Nurses

Dieticians

Ophthalmologists …


