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What this session covers

✓T1D Pregnancy Outcomes: National 
Pregnancy in Diabetes (NPID) data

✓Evidence for using technology (CSII and 
CGM) during pregnancy

✓Lessons from AiDAPT randomized trial

✓Real-world HCL implementation….



a) 25%

b) 50%

c) 80%

d) 90%

What are the chances of a successful pregnancy outcome?



What is success?

▪ No congenital malformations

▪ Live mother + no stillbirth/neonatal death

▪ No neonatal intensive care

▪ Baby normal size (<90th centile)

▪ Uncomplicated delivery

▪ No neonatal hypoglycaemia, jaundice, 
respiratory distress 



Planning for a safe & healthy pregnancy

https://www.tommys.org/pregnancy-information/planning-pregnancy/planning-for-pregnancy-tool

https://abcd.care/resource/planning-pregnancy



Are women well prepared for pregnancy?

Odds ratio of first trimester HbA1c <48 mmol/mol (6.5%)
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Age 15−24 yrs

Age 25−34 yrs

Age 35−44 yrs

Age > 45yrs

White

Mixed

Asian

Black

Unknown

Other

Ethnicity N/A

Quintile 5

Quintile 4

Quintile 3

Quintile 2

Quintile 1

Deprivation N/A

Duration < 1yr

Duration 1−4 yrs

Duration 5−9 yrs

Duration 10−14 yrs

Duration >15 yrs

Diabetes duration N/A

BMI <18.5

BMI 18.6−24.9

BMI 25−29.9

BMI 30−34.9

BMI 35−39.9

BMI >40

Type 1 diabetes Type 2 diabetes

a) 1 in 2

b) 1 in 3

c) 1 in 5

d) 1 in 8



Obstetric complications are common & increasing

LGA
1 in 2 women with T1D
1 in 4 women with T2D

Caesarean section
3 in 4 of babies of mums with T1D
1 in 2 of babies of mums with T2D

Preterm birth
1 in 2 women with T1D
1 in 4 women with T2D

NICU
1 in 2 babies of mums with T1D
1 in 3 babies of mums with T2D 

National Pregnancy in Diabetes Audit Report 2020 - NHS Digital

https://digital.nhs.uk/data-and-information/publications/statistical/national-pregnancy-in-diabetes-audit/2019-and-2020


Pregnancy complications & maternal HbA1c during pregnancy

NICU admissions

Preterm births < 37 weeks Large for gestational age (LGA) babies

• Preterm births, LGA and neonatal 
care admissions are lowest with
HbA1c <43mmol/mol during 
pregnancy
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• To assess the effectiveness of CONTINUOUS real-time CGM on 
glycemic control in women with T1D who were pregnant or 
planning pregnancy

CONCEPTT



CGM users
Fewer LGA (53%)
Fewer shorter NICU (27%)
Less neonatal 
hypoglycaemia (15%)

Fingerprick users
More LGA (69%)
More & longer NICU (43%)
More neonatal 
hypoglycaemia (28%)

CGM users
Lower HbA1c 6.3%
Higher TIR (68% TIRp)

Fingerprick users
Higher HbA1c 6.5%
Less TIR (61%TIRp)

Created using biorender.com

Mum’s glucose

Feig DS et al. Lancet 2017 

N= 108

N= 107

CGM helps in T1D pregnancy (CONCEPTT)



.

NICE NG3 updated guidance 
16th December 2020



NPID Audit data 2023 - Partnership LMS and diabetes networks



Improved pregnancy glucose levels with: 

✓ Fewer LGA babies

✓ Fewer preterm births

✓ Fewer neonatal care admissions

Serious adverse pregnancy outcomes

(Birth defects, stillbirth, baby death)
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2021 2022

NPID State of the Nation report Oct 2023

Real-world CGM use – N=2055

N=2055 (825 in 2021 + 1230 in 2022) CGM users had reduced risk serious 
adverse outcomes - OR 0.70 95% CI 0.53-0.94; P=0.015



CGM reduces obstetric & 
neonatal complications

• Preterm births <37 weeks: 49 

vs 42%

• Neonatal care admission: 46 vs 

40% 

• Large babies

• LGA >90th 54 vs 49%

• LGA >97.5th 39 vs 33%



CGM Time in T1D Pregnancy Range

• Target range 3.5-7.8 
mmol/l 

• Each day aim for:

• > 16 h 48 min in 
target

• < 6 h above target
• < 1 h < 3.5 mmol/l
• < 15 min < 3.0 

mmol/l

>7.8 mmol/l

Target range:

3.5-7.8 mmol/l

<3.5 mmol/l

<3.0 mmol/l

Target

<25%

>70%

<4%

<1%

Battelino T et al. Diabetes Care 2019;42:1593-1603



Automated insulin Delivery in T1D pregnancy 

CLIP-02
Murphy HR et al. (2011)

Crossover RCT
n = 12

24hr closed-loop vs. SAP
2 x 24hr inpatient admissions

Snacks, meals and exercise

CLIP-03
Stewart ZA et al. (2016)

Crossover RCT
n = 16

4 weeks overnight 
HCL vs. SAP

Home setting
Optional continuation

CLIP-01
Murphy HR et al. (2011)

Exploratory safety study
n = 10

2 x 24hr inpatient admissions
1st : early pregnancy (12-16 weeks) 
2nd : late pregnancy (28-32 weeks)

High carbohydrate meals

CLIP-04
Stewart ZA et al. 

(2018)

Crossover RCT
n = 16

4 weeks 24hr 
HCL vs. SAP

Home setting

Commercialised
HCL (2020)

CamAPS Fx
Licensed in 
pregnancy

Adaptability in labour 
and delivery

Stewart ZA et al. (2018)

n = 27
Continuation phase of 

CLIP-03 and CLIP-4 for rest 
of pregnancy including 

home and hospital settings



Stewart Z et al. NEJM 2016; 375: 644-654

HCL better glucose control than CGM and Pump

http://www.google.co.uk/url?sa=i&rct=j&q=&esrc=s&frm=1&source=images&cd=&cad=rja&uact=8&ved=&url=http%3A%2F%2Fwww.meddeviceonline.com%2Fdoc%2Fartificial-pancreas-team-achieves-important-milestone-0001&psig=AFQjCNEYw4pURnlsYfMOJ4eVYMHJSZS8vw&ust=1472049242397120
http://www.google.co.uk/url?sa=i&rct=j&q=&esrc=s&frm=1&source=images&cd=&ved=&url=http%3A%2F%2Fwww.bbc.co.uk%2Fnews%2Fuk-england-norfolk-32531067&psig=AFQjCNFv_OzR8yqtEw1_tpk4V6dQXpkREg&ust=1472049307490547&cad=rjt


Automated Insulin Delivery Amongst 
Pregnant women with Type 1 diabetes 

Maternal glucose (time in range)

Neonatal outcomes (NICU, LGA)

Qualitative data outcomes

Health economic outcomes

Data informed NICE TA

Lee T et al N Engl J Med 2023; 389:1566-1578



Automated Insulin Delivery Amongst 
Pregnant women with Type 1 diabetes 

Maternal glucose (time in range)

Neonatal outcomes (NICU, LGA)

Qualitative data outcomes
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Data informed NICE TA

Lee T et al N Engl J Med 2023; 389:1566-1578



HCL significantly improved time spent in glucose 
range from early pregnancy

21Lee T et al N Engl J Med 2023; 389:1566-1578
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HCL significantly improved time spent in pregnancy 
target glucose range across 24-hr day, esp. overnight

Lee T et al N Engl J Med 2023; 389:1566-1578



Additional 
Benefits…..

Less worry, less work, more 
enjoyable pregnancy ☺

3.7kg less gestational weight 
gain

Less gestational hypertension 

Low rates of LGA/NICU

23



Results Summary

24

• CGM alone (and/or with insulin pump therapy) inadequate for optimal glycaemia

• CamAPS FX associated with 10.5 percentage point increase TIRp in a broadly 
representative patient population

• Consistent across maternal HbA1c categories, insulin delivery methods & sites

• Consistent throughout pregnancy, from first trimester

• Pregnancy experience (less worry, less work, more enjoyable pregnancy) 

• 3.5kg less gestational weight gain/less gestational hypertension 

• Lowest rates of LGA/NICU admission in representative T1D pregnant population

• HCL (specifically CamAPS FX) should be offered to all pregnant women with T1D



Hybrid Closed Loop (HCL) 
recommended for women 
with Type 1 diabetes who are 
pregnant or planning 
pregnancy



Lee T et al N Engl J Med 2023; 389:1566-1578



How does CamAPS FX work?

Modulates basal insulin delivery by:

• Adjusting insulin every 8-12 minutes 

• Causes for no delivery (occlusion, low 

reservoir) will result in pump alarm / vibrate

• Hybrid closed-loop → still requires 

insulin boluses for carbohydrates



Personal glucose target – customisable for pregnancy

Algorithm target (default 5.8 mmol/L) adjustable at different times of day & night

Suggested targets in T1D pregnancy:

• 1st trimester: 5.5 mmol/L 

• 2nd trimester (or earlier if hypo risk low): 4.5-5.0 

mmol/L

Treat to target: 

• TIR (3.5-7.8 mmol/L): 70% 

• mean glucose: 6.0-6.5 mmol/L



Boost

• Increases basal insulin delivery by ~35%

• Once glucose reaches target, boost will not continue to increase insulin delivery

When to use Boost?

• Post prandial 

hyperglycaemia

• Antenatal steroids

• Low grade illness 

(not requiring sick 

day rules)



Ease-Off

• Tries to prevent glucose falling below 6.1mmol

• Raises glucose target temporarily by 2.5mmol

• Insulin delivery stops if glucose < 7 mmol/L

When to use Ease Off?

• Before, during and/or after 
exercise/activity 

• Following hypoglycaemia

• Labour/birth/post-partum



Strengthen insulin-carbohydrate 
ratios

To keep up with increasing 
insulin resistance

Mismatch of insulin and 
carbohydrates

➢ Exaggerated glucose peak 
(unannounced)

➢ Delayed insulin peak
➢ Insulin stacking
➢ Uncontrolled drop in BG and 

likely hypoglycaemia

Meals and Pre-bolusing



Suggested bolus 
interval

First trimester: 
10-15mins

Second trimester: 
20-30mins

Third trimester:
45-60mins

Meals and Pre-bolusing



Starting off
Optimisation 

during 
pregnancy

Intrapartum 
and Delivery

Postnatal

• Personal glucose targets

• Meals: 
• Pre-bolus interval

• Insulin-carbohydrate ratios

• Use of boost and ease-off

• Set changes/check basal rates

Supporting optimal HCL use?



Tips and settings for labour
Challenges

• Unpredictable

• May not be eating (if on IV oxytocin)

• Varying targets (4-7mmol/mol OR 5-8mmol/mol)

• Maternal steroid administration

Guidance for labour

Continue automode

Continue existing PGT programme

Use of boost / ease off 

Encourage to use CGM data to guide intake

Image: labourpains.org (OAA public information)

JBDS Managing diabetes and hyperglycaemia during labour and birth



Tips and settings for caesarean section

Challenges and considerations

• Placement of sensor and pump cannula 

• Period of time NBM

• Varying targets (4-7mmol/mol OR 5-8mmol/mol)

Guidance

• Continue automode

• Switch to postnatal settings in anaesthetic room prior

• Use of ease off / boost to further modulate



Tips and immediate postnatal settings

Guidance

• PGT -> 6.0 

• Target range (3.9 – 10.0mmol/mol)

• ICR 1:12g or 1:15g 

• Adjust basal rates 
(in case out of auto mode)
• 1/2 end of pregnancy TDD

• Pre-pregnancy rates

Image: kieferpix/Getty Images



Take home messages

✓Use of CamAPS FX HCL improves maternal glucose levels  type 1 
diabetes pregnancy 

✓Offer CamAPS FX HCL to all pregnant women T1D

✓Rapid optimisation 2-4 days (PGT/CIR)

✓Aim for 70% TIRp but every 5% TIR matters

✓Post-natal use…..




