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Abstract

:

Background/Objectives: Adverse pregnancy outcomes correlate with blood glucose levels in women with type 1 diabetes (T1DM). There is a gap between the glycaemic targets and the blood glucose control achieved in pregnancy. This study aimed to investigate the impact of an intensive weekly service on glycaemic control compared with our previous care model in pregnancies affected by T1DM. Materials and Methods: This is a retrospective cross-sectional pre/post study comparing measures of glycaemic control in women with T1DM in each trimester of pregnancy in the 12 months before and the 8 months after the commencement of an intensive weekly insulin stabilisation service (ISS). Results: This study utilised data from Dexcom continuous glucose monitoring (CGM) reports to analyse pregnancy-specific glycaemic data (incorporating time in the range of 3.5–7.8 mmol/L). In total, 16 women provided data for 35 trimesters pre-ISS and 17 women provided data for 38 trimesters post-ISS. There was an improvement in pregnancy-specific time in range in trimester 3 following the commencement of the intensive weekly insulin stabilisation service (pre-ISS mean: 49.6%, post-ISS mean: 61.4%, p = 0.042). Similar results were seen when women using hybrid closed-loop technology were excluded, although statistical significance was not reached. It was not possible to assess the effect of the intervention during the first trimester. There were no statistically significant changes in glycaemia in trimester 2. Conclusions: In a small group of pregnant women with T1DM, a clinically significant improvement in pregnancy-specific time in range occurred in trimester 3, but not in trimester 1 or 2, following the introduction of intensive weekly clinical support.
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1. Introduction


Type 1 diabetes (T1DM) affects 0.36% of Australian pregnancies [1]. One in two babies born to mothers with T1DM have complications, most commonly preterm birth, macrosomia, and admission to neonatal intensive care. The most important risk factor is maternal antenatal hyperglycaemia [2]. Cohort studies and, more recently, intervention trials have unequivocally shown that pregnancy outcomes improve with improved maternal glycaemia. In modern clinical practice, this is generally documented as the time spent within an internationally accepted pregnancy-specific time in range (TIR) using continuous subcutaneous glucose monitoring (CGM) devices for real-time contemporaneous glucose readings [2,3,4,5,6,7,8,9,10]. International guidelines recommend a TIR (3.5–7.8 mmol/L) above 70%, a time below 3.5 mmol/L below 4%, and a time below 3.0 mmol/L below 1% for pregnancy in individuals with T1DM [9,10]. Whilst there is no evidence to support tighter TIR metrics, the Asia-Pacific (APAC) advisory board added the caveat that a goal TIR above 80% may be adopted depending on history and the risk of hypoglycaemia [11].



Improved maternal glycaemia may be more readily achieved via continuous subcutaneous insulin infusion [12,13]. The Australasian Diabetes in Pregnancy Society (ADIPS) 2020 guidelines for pre-existing diabetes [14] recommend routine use of CGM with blood glucose targets in the preconception and antenatal periods. Maintaining these targets with the metabolic changes that occur during pregnancy is challenging despite the use of CGM [15,16], and often targets are not reached until the final weeks of pregnancy [17]. Telemedicine may facilitate clinician follow-up and improve patient experiences in pregnant women living with type 1 diabetes [18].



There is debate over the appropriate frequency of clinic visits to recommend for pregnancies impacted by diabetes [19]. Standard care schedules with visits at 2–4-week intervals require on average 11 additional visits or unscheduled contacts [13] for pregnancies affected by T1DM. This suggests there is demand for a more intensive service. The outcomes of a more intensive service have not been quantified.



Our service has used the above glycaemic targets since the publication of these guidelines. Despite engaging with women via face-to-face clinician reviews at 2–4-week intervals, we noted significant ongoing variability in glycaemic control and patient experience related to the brittleness of diabetes, insulin resistance, access to insulin administration and sensor technologies, and lifestyle factors. It was hoped that outcomes would be improved by the provision of additional clinician involvement, weekly remote reviews of continuous glucose monitoring, and more intensive insulin adjustments, which we refer to as our insulin stabilisation service (ISS).



This study aimed to investigate the impact of an intensive weekly service on glycaemic control compared with our previous care model in pregnancies affected by T1DM.




2. Materials and Methods


This is a clinical audit study reporting on a quality improvement project in a clinic managing T1DM in pregnancy.



Pre-ISS (standard care): medical and credentialled diabetes educator (CDE) reviews at 2–4-week intervals (gestational weeks 6–8, 10, 12, 14, 16, 18, 21, 24, 28, 30, 32, 34, 36, and 37).



Post-ISS (intervention): standard care plus additional weekly insulin titration from gestational weeks 6–8 until the end of pregnancy via remote reviews of continuous glucose monitoring.



The ISS consisted of a weekly review of each woman’s CGM download and insulin dosing by an obstetric endocrinologist together with a diabetes nurse educator. Trends were analysed, and insulin dose adjustments were suggested and conveyed to the women by phone calls, emails, or text messages. Our ISS commenced in mid-June 2022, with full implementation in early August 2022. There was a large caseload of women birthing following commencement of the ISS. We thus chose to compare the CGM data of the women using our service during the 12 months prior to the commencement of the ISS (mid-June 2021 to mid-June 2022) with those of the women using our service during the 8 months following the full implementation of the ISS (early August 2022 to early April 2023). It was envisaged that data from some women would fall into both groups but each woman would contribute data only once per trimester per group (pre- or post-ISS). A wider time frame would have captured greater numbers. However, we wished to minimise the impact of emerging technologies, including hybrid closed-loop insulin pump therapy, on the comparison groups.



Trimester 1 was defined as 0–12 weeks of gestation (could have been shorter with late presentation). Trimester 2 was defined as 13–26 weeks of gestation. Trimester 3 was defined as 27–40 weeks of gestation (could have been shorter if preterm).



2.1. Criteria


All women with T1DM (diabetes requiring intensive insulin administration for 1 year or more, with positive anti-GAD antibodies and/or a history of diabetic ketoacidosis) who were pregnant in one or more trimester in the nominated time period(s), received care at our tertiary care centre, used CGM during pregnancy, and received insulin administration by any treatment regimen (either multiple daily injections (MDIs) or insulin pump therapy) were included in this study. The only exclusion criterion was if pregnancy-specific data were not available on a CGM report (time in the range of 3.5–7.8 mmol/L, the percentage of time below 3.5 mmol/L, and the percentage of time below 3.0 mmol/L).




2.2. Outcomes


The primary outcome evaluated was the percentage of time in the pregnancy-specific range of 3.5–7.8 mmol/L per trimester.



Secondary outcomes included the following:



Glucose variability (coefficient of variation and standard deviation per trimester);



The percentage of time below 3.5 mmol/L per trimester;



The percentage of time below 3.0 mmol/L per trimester;



Average glucose;



The number of days CGM was assessed;



The time CGM was active.



This project was carried out according to the National Statement on Ethical Conduct in Human Research (2007). All patients were treated according to best medical practice. Apart from the implementation of the quality improvement project that was being assessed, there was no other alteration in their treatment as a result of being included in this study. Consent was implied by a willingness to share CGM and insulin data with our service, and a waiver of formal consent was granted after HREC review (reference: HREC/MML/98208 (V4)).




2.3. Statistical Analysis


The results are presented as number (%) for categorical data, mean (standard deviation) for approximately normally distributed continuous data, and median (interquartile range) for highly skewed continuous data. Distributions were assessed using visual inspection of histograms and quantile–quantile plots. Selected indicators of glycaemic control obtained from continuous glucose monitoring were compared between the pre-ISS and post-ISS groups separately for each trimester using the two-sided two-sample t-test for continuous data and Fisher’s exact test for categorical data. Statistical analysis was completed using Stata V17.0 (Stata Corp, College Station, TX, USA).





3. Results


During the study period, there were 70 pregnancies in women with T1D, 68 of whom utilised CGM and are represented in Table 1. For the women that used CGM, 110 trimesters occurred in the pre-ISS period and 89 trimesters occurred in the post-ISS period. Two women contributed data to both groups (pre-ISS and post-ISS) during the same trimester. For the purposes of this report, only the first data point from each trimester was included, so each individual woman with T1D provided a maximum of one data point per trimester.



Due to a lack of reporting of pregnancy-specific data by the Libre and Medtronic systems, only data from Dexcom users were analysed in this study. The proportions of trimesters from pregnancies utilising Dexcom, FreeStyle Libre (Libre), and Medtronic Guardian Connect (Medtronic) CGM were similar pre- and post-ISS (Table 1), suggesting that any factors impacting the choice of Dexcom over other CGM were similar before and after the intervention and that the impact of the intervention on the Dexcom subgroup would be representative of the impact on our entire population with T1DM.



3.1. Dexcom


In total, 32 pregnant women used Dexcom over the study period for a total of 92 trimesters (50 pre-ISS and 42 post-ISS). However, 3 women (9 trimesters) provided no Dexcom data and were excluded, leaving 29 women who used Dexcom over 83 trimesters (43 pre-ISS and 40 post-ISS), as presented in Table 1. This corresponded to 45% and 47%, respectively, of the trimesters represented by the total cohort of women with T1DM cared for by our service. Some trimesters that fell within the study period had no Dexcom data available because the woman had not yet commenced care with our service early in their pregnancy (not yet engaged). They may have been using Dexcom prior to engagement, but their CGM was not yet linked with our service. Nine women did not provide data for trimester 1, and one of these nine women also had no available data for trimester 2. Of these, seven women were in the pre-ISS group and two were in the post-ISS group, leaving data for 73 trimesters (35 pre-ISS and 38 post-ISS). The numbers of women who were ‘not yet engaged’ for one or more trimesters were 7/16 (44%) pre-ISS and 2/13 (15%) post-ISS (p = 0.13).




3.2. Characteristics


Demographic characteristics are described in Table 2. Selected characteristics of diabetes management are described in Table 3. The groups were similar.



The pre-ISS (mean: 49.3%, SD: 10.7) and post-ISS (mean: 48.3%, SD: 16.7) groups had very similar % TIR values during trimester 1 (p = 0.88). Similarly, in trimester 2 there was no statistically significant difference between the groups for % TIR (p = 0.22, Table 4). However, by trimester 3, the post-ISS group had a higher % TIR (mean: 61.4%, SD: 12.3) than the pre-ISS group (mean: 49.6%, SD: 16.9, p = 0.042). When the women with hybrid closed-loop systems were excluded, the difference between the pre-ISS and post-ISS groups in trimester 3 was similar in magnitude but no longer statistically significant (Table 4). There were no other differences between the pre-ISS and post-ISS groups (Table 4).





4. Discussion


In the women using Dexcom CGM, there was an improvement in TIR in trimester 3 following the commencement of the intensive weekly insulin stabilisation service (mean TIR was 49.6% and increased to 61.4%, p 0.042). Whilst it may seem logical that more intensive clinician involvement would confer a greater opportunity for tight glycaemic control, the optimal frequency of clinician involvement has not been evaluated in the literature. The improvement in TIR does not appear to be a function of the increased use of hybrid closed-loop technology, as a similar trend was seen when hybrid closed-loop technology was excluded from the analysis, although it did not reach statistical significance. We know from previous studies of continuous glucose monitoring metrics and pregnancy outcomes that a 5% increase in TIR corresponds to a 28% reduced risk of neonatal morbidity and 13–21% reduced risks of large for gestational age, NICU admission, neonatal hypoglycaemia, and Caesarean delivery [20], highlighting the clinical importance of this improvement.



No difference was seen in TIR in trimester 1, which was not surprising as referral to our service only occurred once a pregnancy was confirmed and there was limited opportunity for a shift in glycaemic control. There was a trend towards an improvement in TIR in trimester 2 that did not meet statistical significance. Data from women who had not yet engaged with our service were not included. Greater separation between the TIR values before and after the intervention may have been anticipated if these data had been included.



The average TIR in trimesters 2 and 3 was reported to be 56% in a standard care group in the UK [21]. That TIR was higher than the 46.8–49.6% reported in the standard care group in the present study. This discrepancy may be related to earlier recruitment, before 14 weeks of gestation, in the UK study compared with the present study, which recruited all comers using CGM via implied consent, including those who were late to engage with our service. Other recent studies measuring TIR in pregnancies affected by T1DM recruited participants selected for tight diabetes control, and hence a higher baseline TIR was seen [22,23] compared with the present study.



TIR improved to 68% in the UK study with a closed-loop system utilising the CamAPS FX application and incorporating pregnancy-specific targets [21]. The closed-loop algorithm used by a subgroup of women in our study did not enable the use of pregnancy-specific blood glucose targets and would not be expected to yield the same improvement in glycaemic control seen in the UK study.



A greater proportion of women were linked with our service and using CGM early following the commencement of the ISS. Although this was not statistically significant, it was suggestive of an improvement. We acknowledge there may have been factors other than our intervention impacting CGM use and engagement, such as growing community awareness of the option of using CGM for pregnancy and pregnancy planning or the impact of COVID-19 restrictions on access to remote technologies.



The cost of the intervention was an increase in staff time, approximately equating to an additional 4 h per week from a credentialled diabetes educator and 1.5 h per week from an endocrinologist (MO). When considering there were a total of 90 trimesters (averaging approximately 30 pregnancies) over the 8-month (35-week) post-intervention study period, the average cost per pregnancy when the intervention was applied for 8 months of the pregnancy was approximately 4.6 h of CDE time and 1.7 h of MO time.



A larger study incorporating formal health economic analysis would be needed to accurately establish the impact on time in range. However, should the clinical benefits anticipated from earlier studies [20] be conferred to our population, even a modest shift in time in range would balance these costs.




5. Strengths


This is a clinical audit study reporting on a quality improvement project at a clinic managing T1DM in pregnancy. A clinically significant improvement in pregnancy-specific time in range occurred in trimester 3 following the introduction of intensive weekly clinical support for pregnant women with T1DM. Whilst some international guidelines recommend that women living with diabetes should be offered clinical support during pregnancy at intervals of 1–2 weeks [19], this is based on opinion, and standard care may offer less frequent support intervals [21]. This study suggests that offering more intensive support to women with T1DM during pregnancy has glycaemic benefits, which may provide an argument for more intensive support to be made available through other services.




6. Weaknesses


This is a clinical audit study reporting on a quality improvement project rather than a randomised controlled clinical trial. The numbers were small due to the strict inclusion and exclusion criteria, with a narrow study period selected to minimise the impact of developing technologies on the comparison groups. This provided limited power to detect statistically significant differences between the groups. There was no multivariable adjustment, so confounding cannot be ruled out. There may have been selection bias since the analysis was limited to pregnant women using Dexcom CGM.



There is a need for well-powered prospective studies to demonstrate the effect on pregnancy outcomes.
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Table 1. Numbers of pregnancies and trimesters with and without continuous glucose monitoring data.






Table 1. Numbers of pregnancies and trimesters with and without continuous glucose monitoring data.





	

	
Total Pregnancies

	
Total Pregnancies with Data

	
Total Trimesters

	

	
Total Trimesters with Data

	




	

	

	
Pre-ISS

	
Post-ISS

	
Pre-ISS

	
Post-ISS






	
FreeStyle Libre

	
27

	

	
46 (42%)

	
35 (39%)

	

	




	
Dexcom

	
32

	
29

	
50 (45%)

	
42 (47%)

	
35

	
38




	
Medtronic Guardian

	
9

	

	
14 (13%)

	
12 (14%)

	

	




	
Total

	
68

	

	
110

	
89

	

	








ISS: insulin stabilisation service.













 





Table 2. The demographic details of the n = 29 pregnant women with Dexcom data according to the groups with which the women entered the study.






Table 2. The demographic details of the n = 29 pregnant women with Dexcom data according to the groups with which the women entered the study.





	

	
Pre-ISS 1

	
Post-ISS 1

	
p-Value




	
N = 16

	
N = 13

	






	
Trimester 1

	

	

	




	
 Age

	
30.2

	
27.6

	
0.37




	
 BMI

	
28.6

	
23.9

	
0.04




	
 Duration of T1D

	
20.3

	
17.1

	
0.50




	
 Any microvascular complications

	
4 (40%)

	
1 (14%)

	




	
Trimester 2

	

	

	




	
 Age

	
31.0

	
29.1

	
0.49




	
 BMI

	
27.4

	
26.7

	
0.70




	
 Duration of T1D

	
18.6

	
16.7

	
0.57




	
 Any microvascular complications

	
5 (38%)

	
3 (20%)

	




	
Trimester 3

	

	

	




	
 Age

	
30.8

	
29.1

	
0.44




	
 BMI

	
27.2

	
26.1

	
0.59




	
 Duration of T1D

	
17.6

	
15.9

	
0.62




	
 Any microvascular complications

	
4 (33%)

	
3 (19%)

	








ISS: insulin stabilisation service. 1 The group each woman was in when they first provided continuous glucose monitoring data. Four women moved from the pre-ISS group to the post-ISS group during the study.













 





Table 3. The diabetes management of the n = 29 pregnant women with Dexcom data overall and according to the groups with which the women entered the study.






Table 3. The diabetes management of the n = 29 pregnant women with Dexcom data overall and according to the groups with which the women entered the study.





	

	
Total

	
Pre-ISS 1

	
Post-ISS 1

	
p-Value




	
N = 29

	
N = 16

	
N = 13

	






	
Moved from Pre-ISS to Post-ISS during study

	
4 (14%)

	

	

	




	
Insulin pump

	
13 (45%)

	
7 (44%)

	
6 (46%)

	
1.00




	
 T:slim X2

	
10 (34%)

	
5 (31%)

	
5 (38%)

	
0.71




	
 Medtronic MiniMed 2

	
2 (7%)

	
1 (6%)

	
1 (8%)

	
1.00




	
 Mylife YpsoPump

	
1 (3%)

	
1 (6%)

	
0 (0%)

	
1.00




	
Insulin pump with low-glucose suspend 3

	
3 (10%)

	
2 (13%)

	
1 (8%)

	
1.00




	
Hybrid closed-loop system 4

	
6 (21%)

	
2 (13%)

	
4 (31%)

	
0.36




	
Multiple daily injections (MDIs)

	
16 (55%)

	
9 (56%)

	
7 (54%)

	
1.00




	
 MDIs with carb counting

	
14 (48%)

	
9 (56%)

	
5 (38%)

	
0.46




	
 MDIs with fixed doses

	
2 (7%)

	
0 (0%)

	
2 (15%)

	
0.19








ISS: insulin stabilisation service. 1 The group each woman was in when they first provided continuous glucose monitoring data. Four women moved from the pre-ISS group to the post-ISS group during the study. 2 The Medtronic MiniMed pumps included the models 640G, 770G, and 780G. 3 Low-glucose suspend included T:slim with BasalIQ (but not ControlIQ). 4 The hybrid closed-loop system was T:slim with ControlIQ.













 





Table 4. Dexcom continuous glucose monitoring data for 29 pregnant women, comparing pre-ISS and post-ISS groups separately for each trimester.






Table 4. Dexcom continuous glucose monitoring data for 29 pregnant women, comparing pre-ISS and post-ISS groups separately for each trimester.





	

	
Targets from ADIPS 2020 Guidelines for Pre-Existing Diabetes

	
Trimester 1

	

	

	
Trimester 2

	

	

	
Trimester 3

	

	




	
Pre-ISS

	
Post-ISS

	
p-Value

	
Pre-ISS

	
Post-ISS

	
p-Value

	
Pre-ISS

	
Post-ISS

	
p-Value




	
N = 10

	
N = 7

	

	
N = 13

	
N = 15

	

	
N = 12

	
N = 16

	






	
Mean (SD)

	

	

	

	

	

	

	

	

	

	




	
Average glucose (mmol/L)

	

	
8.2 (0.9)

	
8.4 (1.6)

	
0.69

	
8.3 (1.3)

	
7.9 (1.4)

	
0.44

	
8.2 (1.2)

	
7.5 (0.9)

	
0.10




	
Standard deviation

	

	
3.1 (0.7)

	
2.9 (0.9)

	
0.62

	
2.9 (0.8)

	
2.6 (0.9)

	
0.36

	
2.7 (0.7)

	
2.3 (0.7)

	
0.15




	
Coefficient of variation (%)

	

	
38.1 (5.3)

	
34.6 (4.8)

	
0.18

	
34.9 (5.6)

	
32.9 (5.7)

	
0.36

	
32.7 (5.1)

	
30.5 (5.2)

	
0.27




	
Blood glucose:

% TIR, mean (SD)

	

	

	

	

	

	

	

	

	

	




	
3.5–7.8 mmol/L

	
>70

	
49.3 (10.7)

	
48.3 (16.7)

	
0.88

	
46.8 (15.7)

	
54.7 (17.5)

	
0.22

	
49.6 (16.9)

	
61.4 (12.3)

	
0.042




	
<3.5 mmol/L

	
<4

	
3.3 (2.5)

	
1.9 (1.9)

	
0.21

	
2.9 (3.3)

	
2.3 (2.0)

	
0.52

	
1.7 (1.7)

	
1.5 (1.5)

	
0.79




	
<3.0 mmol/L

	
<1

	
1.6 (1.5)

	
0.6 (0.5)

	
0.11

	
1.2 (1.7)

	
0.8 (0.9)

	
0.48

	
0.7 (0.8)

	
0.6 (0.6)

	
0.70




	
n (%) who met guideline

	

	

	

	

	

	

	

	

	

	




	
3.5–7.8 > 70% of the time

	

	
1 (10%)

	
1 (14%)

	
1.00

	
1 (8%)

	
2 (13%)

	
1.00

	
2 (17%)

	
5 (31%)

	
0.66




	
<3.5 < 4% of the time

	

	
6 (60%)

	
5 (71%)

	
1.00

	
8 (62%)

	
10 (67%)

	
1.00

	
9 (75%)

	
15 (94%)

	
0.28




	
<3.0 < 1% of the time

	

	
2 (20%)

	
3 (43%)

	
0.59

	
8 (62%)

	
6 (40%)

	
0.45

	
6 (50%)

	
8 (50%)

	
1.00




	
Coefficient of variation (%)

	
≤ 36%

	
4 (40%)

	
4 (57%)

	
0.64

	
9 (69%)

	
11 (73%)

	
1.00

	
10 (83%)

	
14 (88%)

	
1.00




	
Median (IQR)

	

	

	

	

	

	

	

	

	

	




	
Days assessed

	

	
91.0 (73.0–91.0)

	
91.0 (91.0–91.0)

	
0.65

	
98.0 (98.0–98.0)

	
98.0 (70.0–98.0)

	
0.45

	
57.5 (26.0–74.5)

	
76.0 (65.5–79.0)

	
0.10




	
Time active (%)

	

	
94.0 (90.0–96.0)

	
98.0 (85.0–99.0)

	
0.12

	
76.0 (60.0–97.0)

	
93.0 (71.0–98.0)

	
0.26

	
94.5 (79.5–98.0)

	
96.5 (89.0–98.5)

	
0.45




	
Excluding the six women with hybrid closed-loop systems

	

	
N = 8

	
N = 4

	

	
N = 12

	
N = 10

	

	
N = 12

	
N = 10

	




	
Blood glucose:

% TIR, mean (SD)

	

	

	

	

	

	

	

	

	

	




	
3.5–7.8 mmol/L

	

	
48.4 (11.9)

	
43.0 (20.4)
