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Abstract


Objective: To determine whether a third-trimester drop in insulin requirements in pregnant people with pre-existing diabetes is associated with a subsequent occurrence of adverse pregnancy outcomes. Research Design and Methods: We conducted a retrospective cohort study of patients with type 1 and 2 diabetes who were followed at a tertiary referral center in Toronto, Canada. We collected data on insulin dosing in the third trimester (after 28 weeks of pregnancy) and compared outcomes in those with and without a third-trimester drop of 15% or more in their total insulin requirements. Our primary outcome was a composite of stillbirth, spontaneous preterm birth or preterm premature rupture of membranes, and iatrogenic preterm birth or cesarean birth for fetal wellbeing concerns, occurring following the drop in insulin requirements. We conducted regression analyses controlling for early pregnancy glycosylated hemoglobin, body mass index, and diabetes-related microvascular disease, and presented results as odds ratios (OR) with 95% confidence intervals (95%CI). Results: We included 350 pregnant people—146 with type 1 and 204 with type 2 diabetes. Of these, 54 (15.4%) had a third-trimester drop of 15% or more in their total insulin requirements. There was no difference in the primary outcome between groups (OR 0.97; 95% CI 0.41–2.10). Conclusions: Based on this single-center study, limited by sample size and analytic constraints, in people with pre-existing diabetes, a third-trimester drop of ≥15% in total insulin requirements was not associated with subsequent occurrence of adverse pregnancy outcomes. Larger prospective studies looking at associations between a drop in insulin requirements and subsequent occurrence of adverse pregnancy outcomes are necessary to inform meta-analyses and clinical decision making.
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1. Introduction


Pre-existing diabetes (type 1 and type 2) accounts for 13–20% of all diabetic pregnancies and is on the rise [1,2]. These pregnancies are associated with adverse perinatal outcomes including preeclampsia, intrauterine fetal growth restriction, preterm birth, stillbirth, and neonatal morbidity [3,4]. Management of diabetes in pregnancy is challenging due to limited treatment options, with insulin remaining the mainstay of therapy throughout pregnancy [5,6,7]. As pregnancy progresses especially during the second and third trimesters, insulin requirements (IR) have been observed to increase [8,9,10,11,12]. This is attributed to a rise in placental synthesis of diabetogenic hormones, including estrogen, progesterone, human placental lactogen (hPL), and cortisol [13,14,15], and is believed to be adaptive as it allows for delivery of sufficient glucose to the growing fetus [16]. However, in 8–25% of the pregnancies IR actually declines in late pregnancy [8,17,18,19,20].



Clinically, there is a concern that this decrease in IR is attributable to a decline in the synthesis of placental hormones hPL and progesterone, and therefore represents placental insufficiency [21]. Since these hormones play a key role in mediating insulin resistance during pregnancy, an unexpected decline in insulin requirements during the third trimester may be indicative of reduced placental function [13]. Although a decline in insulin requirements during the third trimester has well-established pathophysiological relevance in gestational diabetes mellitus (GDM) where it is often considered a failing fetoplacental unit due to the typically insulin resistant state of late pregnancy [22], it has also been observed in pregnant people with type 1 and type 2 diabetes. Several retrospective studies have reported associations between declining insulin needs and adverse outcomes in women with pre-existing diabetes [17,18,19,20].



However, while some studies have drawn an association between a decrease in IR and adverse pregnancy outcomes related to placental dysfunction [19,20], others have been unable to show an association [18,21,23,24,25,26]. This discrepancy could be the result of variations in the choice and measurement of exposures and outcomes, the small numbers of included patients, the inclusion of pre-existing and gestational diabetes, and the failure to account for temporality in the associations between the exposure and outcomes [27]. Thus, there remains uncertainty regarding whether a drop in third-trimester IR that some pregnant people with pre-existing diabetes experience should warrant early delivery, increased maternal-fetal monitoring, or no additional intervention.



The aim of our study was to elucidate the relationship between a third trimester drop in IR and a subsequent occurrence of adverse pregnancy outcomes in patients with pre-existing diabetes.




2. Research Design and Methods


We conducted a retrospective cohort study, in which we included consecutive patients with type 1 or type 2 diabetes with singleton pregnancies that continued beyond the third trimester, i.e., 28 weeks of gestation, who were followed at the Diabetes in Pregnancy clinic at a tertiary care center in Toronto, Ontario, Canada between the years 2000 and 2016. Only patients who were taking insulin during pregnancy were included. Eligible patients were identified through the Diabetes in Pregnancy clinic database. Data on serial insulin requirements, as well as pregnancy, labor, and delivery outcomes were obtained from electronic medical records and paper charts.



We excluded pregnant people with gestational diabetes from our analysis given the pathophysiology of this condition is different from that of pre-gestational diabetes, pregnancies with a diagnosis of major fetal anomalies and those for whom third-trimester insulin dosing or pregnancy outcomes were unavailable. The study was approved by the institutional Research Ethics Board (REB #17-0057-C).



For each eligible participant, we collected data on demographics, reproductive and past medical history, hemoglobin A1C at the start of pregnancy, medical complications of diabetes, insulin dosing at each visit, course of the index pregnancy, fetal surveillance, birth data, and short-term neonatal outcomes. We have also gathered data on serial insulin requirements at the first clinic visit in the first trimester of pregnancy and every subsequent visit in the third trimester of pregnancy from 28 weeks of gestation onwards. Patients were usually followed up after every 2 to 4 weeks in the diabetic clinic. At each visit, we collected data on daily IR, which included total, basal, and bolus insulin units. For patients who were on an insulin pump, we gathered data from the pump and calculated average daily basal and bolus insulin requirements in units. We excluded pregnancies where data were presented as the carbohydrate-to-insulin ratio and the total intake of carbohydrate during the particular week was missing, as we were not able to calculate the insulin value in units. Ultimately, we calculated the percentage drop in IR for each consecutive visit in the third trimester by calculating the percent fall in insulin dosage (PFID) from the peak total insulin dose (PTID), defined as the highest total insulin dose (TID) in pregnancy, and the trough total insulin dose (TTID), defined as the lowest TID following the peak, using the following formula: PFID = (PTID − TTID)/PTID × 100. We did not include the period within 5 days of antenatal steroid administration when calculating the PTID. All those who had a 15% or greater drop in their third trimester total IR were defined as our cases, while all other patients served as controls. We then repeated the analysis using a 30% or greater drop in third trimester total IR as the cut off between cases and controls.



Only outcomes occurring subsequent to the drop in IR that could be related to the drop in IR were considered. For example, we only considered a stillbirth or spontaneous preterm birth that occurred after the third-trimester drop in IR. Pre-existing conditions or conditions in evolution that were likely to be the cause rather than the effect of the falling IR such as preeclampsia and fetal growth restriction were not included as outcomes.



We chose the 15% and 30% drop in IR based on the published literature where four studies on this topic used a 15% threshold [18,19,20,25] and one study used a 30% threshold to define a significant drop in IR [24]. Similarly, we chose total insulin dose for our primary analysis since this was used in the majority of published studies [19,20,24,25,26]. Since only one study used a weight adjusted basal insulin dose [18], this formed our secondary analysis.



Based on a discussion with a multidisciplinary team of clinical experts, we used a composite primary outcome of acute adverse events that occurred after a third-trimester drop in IR using universally accepted definitions: (1) third-trimester stillbirth (fetal demise), (2) spontaneous preterm birth or preterm premature rupture of membranes (prior to 37 weeks of gestation), (3) iatrogenic preterm birth for fetal wellbeing concerns other than if labor was induced for the sole indication of falling IR, or (4) unplanned cesarean birth for fetal wellbeing concerns, but not merely because of falling IR. The secondary outcomes were hypertensive disorders of pregnancy, gestational age at birth, mean birthweight, birthweight below 10th centile, and neonatal intensive care unit admission.



We performed statistical analysis using R version 4.5.1. In particular, for epidemiological analyses, we used the epiR package (version 2.0.85). We calculated proportions of composite outcomes in the two cohorts and compared them using Fisher’s exact tests. A p value of <0.05 was considered significant. We performed multivariable logistic regression analysis, controlling for pre-pregnancy or early pregnancy hemoglobin A1c 7, maternal body mass index (BMI), and pre-existing microvascular diseases likely related to diabetes, which included nephropathy, neuropathy, and retinopathy. Odds ratios (OR) were reported with 95% confidence intervals (CIs). We handled missing data using a complete-case analytic approach.




3. Results


We reviewed 765 pregnancies with pre-existing diabetes over a 16-year period. Of these, 415 pregnancies were excluded for various reasons including incomplete data on insulin dosage or pregnancy outcome, failure to follow-up after the initial visit, miscarriage or termination of pregnancy, delivery before 28 weeks of gestation, insulin data reported as a proportion (rather than absolute units), or a diagnosis of gestational diabetes or impaired glucose tolerance. Full details of exclusions are shown in Figure 1.



The final cohort included 350 singleton pregnancies with pre-existing diabetes, of which 146 (41.7%) had type 1 diabetes and 204 (58.3%) had type 2 diabetes. Of the pregnancies included, 54 (15.34%) had a drop of ≥15% in their third trimester total insulin requirements, and 22 (6.3%) participants had a drop of ≥30%. Figure 2 presents the total insulin dose required in units/day during the third trimester in type 1 and type 2 diabetic pregnancies.



A comparison of maternal baseline and pregnancy characteristics between groups with and without a drop in total IR ≥ 15% is summarized in Table 1. Pregnant people with a ≥15% drop in total IR were more likely to have type 1 diabetes (66.6% vs. 37.1%, p < 0.001), lower BMI (26.7 ± 7.0 vs. 29.7 ± 7.3, p = 0.005), and were less likely to be nulliparous (35.2% vs. 55.4%, p = 0.010). No significant differences were observed in terms of maternal age, smoking status, pre-pregnancy HbA1c, pre-existing microvascular disease related to diabetes, or pre-existing hypertension.



When stratified by type of diabetes, in pregnant people with type 1 diabetes, those with a ≥15% insulin drop had a significantly lower BMI (24.3 vs. 26.9 kg/m2, p = 0.029) and were less likely to be nulliparous (25.0% vs. 49.1%, p = 0.019), with no other significant differences. Among pregnant people with type 2 diabetes, characteristics were similar between the two groups except for a higher rate of nephropathy in those with a ≥15% drop in total daily IR (11.1% vs. 1.1%, p = 0.041). No statistically significant differences were seen in age, BMI, HbA1c, or other microvascular diseases (Supplementary File S1 (Tables S1 and S2)).



In terms of pregnancy outcomes, no statistically significant differences were observed in composite or component pregnancy outcomes between people with ≥15% and <15% reductions in total daily IR during pregnancy. This finding was consistent across the overall cohort and when stratified by diabetes type (type 1 and type 2). Rates of stillbirth, preterm birth, hypertensive disorders, mean neonatal birthweight, and NICU admission were comparable between groups (p > 0.05). The proportion of infants with birthweight below the 10th percentile was also similar between groups, occurring in 5.6% of the case group and 8.1% of the control group (p = 0.707), indicating no statistically significant difference. Pregnancy outcomes stratified by an overall 15% drop in total IR are summarized in Table 2 while pregnancy outcomes stratified by type of diabetes are described in Supplementary File S2 (Tables S3 and S4).



The demographic characteristics and outcomes stratified by a 30% drop in total IR are summarized in Table 3 and Table 4, respectively. In summary, pregnant people with a ≥30% drop in total IR were also more likely to have type 1 diabetes (63.6% vs. 40.4%, p = 0.05). There were no significant differences in terms of maternal age, BMI, parity, smoking status, pre-pregnancy HbA1c, pre-existing microvascular disease related to diabetes, or pre-existing hypertension. In terms of pregnancy outcomes, no significant differences were observed in the composite or secondary outcomes between the two groups.



When stratified by type of diabetes, in pregnant people with type 1 diabetes, those with a ≥30% insulin drop had a significantly lower proportion of nulliparous people compared to controls (14.3% vs. 46.2%, p = 0.044), with no other significant differences.



Among pregnant people with type 2 diabetes, characteristics were similar between the two groups (Supplementary File S3 (Tables S5 and S6)). In terms of pregnancy outcomes, no statistically significant differences were observed in composite or component pregnancy outcomes between people with ≥30% and ≤30% reductions in total daily IR during pregnancy when stratified by diabetes type (Supplementary File S4 (Tables S7 and S8)).



Compared with controls, there was no significant difference in the frequency of the composite adverse outcome between those with a ≥15% drop in total IR (OR 0.97; 95% CI 0.41–2.10), or a ≥30% drop in total IR (OR 0.73; 95% CI 0.16–2.3).



When this analysis was restricted to pregnancies with type 1 diabetes, there was still no difference in the frequency of the composite adverse outcome between those with a ≥15% drop in total IR (OR 1.28; 95% CI 0.43–3.52), or a ≥30% drop in total IR (OR 1.45; 95% CI 0.29–5.54) Similarly, there was no significant difference in the frequency of the composite adverse outcome among those with type 2 diabetes with a ≥15% drop in total IR (OR 0.55; 95% CI 0.08–2.30). For ≥30% drop in IR, odds ratio could not be estimated.



For our secondary analysis, a comparison of maternal baseline and pregnancy characteristics between groups with and without a drop in basal IR ≥ 15% is summarized in Supplementary File S5 (Table S9). There were no differences between groups in terms of maternal age, BMI, parity, smoking status, pre-pregnancy HbA1c, pre-existing microvascular disease related to diabetes, or pre-existing hypertension. Pregnancy outcomes stratified by a 15% drop in basal IR are summarized in Supplementary File S5 (Table S10). The demographic characteristics and outcomes stratified by a 30% drop in basal IR are summarized in Supplementary File S6 (Tables S11 and S12).



Compared with controls, there was no difference in the frequency of the composite adverse outcome between those with a ≥15% drop in basal IR (OR 0.75; 95% CI 0.27–1.81), or a ≥30% drop in basal IR (OR 0.74; 95% CI 0.11–2.88).



Within our cohort, 7 (2%) patients were delivered based solely on a finding of what was deemed to be a clinically significant drop in insulin requirements. Out of these, one patient had a ≥15% drop in total IR. According to the study protocol, these cases were not included in our analysis. There were three antepartum stillbirths at 36 + 0, 38 + 4, and 38 + 5 weeks gestation, all three of which were in the control group.



Given the small number of events observed for secondary outcomes, a post hoc power calculation was performed. Assuming an expected event rate of the composite outcome is 20% in the <15% drop group and aiming to detect an absolute increase to 25% in the ≥15% drop group, the calculated power was approximately 12%.




4. Discussion


In this retrospective study of pregnant people with pre-existing diabetes, we found no differences in the composite adverse pregnancy outcome related to placental insufficiency between those who with and without a drop in their third trimester total or basal insulin requirements. This was true for both a drop of ≥15% and a drop of ≥30%.



Our study findings are in contrast to a previously published study in 2014 which reported a higher incidence of the composite outcome of markers of placental dysfunction, which included preeclampsia, SGA, stillbirth or placental abruption, and birth before 30 weeks following a third-trimester drop in total IR (defined as ≥15% from the highest insulin dose to the lowest), and when compared with those that did not experience a third-trimester drop in IR. This increase was driven by an increase in preeclampsia and SGA [20]. A subsequent prospective study by the same group showed a correlation between a drop in IR after 20 weeks gestation and a composite of clinical markers of placental dysfunction [19]. More specifically, a ≥15% drop in IR was associated with an increased risk of the composite primary outcome which included preeclampsia. The authors concluded that falling IR is an important clinical sign among women with preexisting diabetes that should alert the clinician to investigate underlying placental dysfunction [19].



There are several possible reasons for the differences in the results. First, our composite outcome was restricted to events occurring after the drop in IR and only included components that can be attributed to placental dysfunction and considered as markers of fetal distress which included stillbirth, spontaneous preterm birth, iatrogenic preterm birth, or cesarean section for fetal wellbeing concerns. We did not include fetal growth restriction and preeclampsia that are suggestive of placental insufficiency in our composite outcomes because these conditions are relatively “chronic” making it impossible to determine whether the falling IR was the cause or effect of these events. Second, compared to the earlier studies, our study included a slightly higher proportion of type 1 diabetes and our glycemic control targets of <5.3 mmol/L fasting, and <6.7 mmol/L at 2 h post prandial, were slightly stricter. It is possible that our tighter glycemic targets could have reduced adverse outcomes.



Our study findings align with some other studies that found no correlation between a drop in IR and adverse pregnancy outcomes [18,21,23,24,25,26]. A systematic review that includes all published studies including data from this publication, and which used the Grading of Recommendations, Assessment, Development, and Evaluation (GRADE) approach to determine the certainty of evidence for associations, demonstrated an important association between a third trimester drop in IR, and preeclampsia with high certainty of evidence and neonatal respiratory distress with moderate certainty of evidence. There was low to very low certainty of evidence for an important association between a drop in IR, preterm birth, and a composite of clinical outcomes reflecting placental dysfunction. No important association was found between third-trimester FIR and other outcomes including stillbirth, SGA and low Apgar score at 5 min, although the certainty of evidence for these associations was low [27].



A number of methodological differences likely account for the contrasting findings and interpretations. Some of these are related to the inclusion criteria, variations in the definitions of cases and calculation of a drop in IR, and variations in the definitions of composite markers of placental dysfunction. In particular, studies varied in the inclusion and the proportion of individuals with type 1, type 2, and gestational diabetes. Definitions of exposure (fall in IR) ranged from a decrease of ≥15% after 36 weeks [21], a decrease of ≥15% in weight-adjusted basal insulin after 30 weeks [18], a ≥15% decrease in total insulin dose from the peak dose in the third trimester to the lowest dose in the third trimester [19,20,25], ≥20% from maximal total insulin dose during pregnancy [26], and reduction of at least 30% of insulin intake during a 2 week period [24]. In terms of composite outcomes, components representing placental dysfunction varied between studies. One study included five components: preeclampsia, SGA, preterm birth (<30 weeks), placental abruption, and stillbirth (>20 weeks) [19], while another study included maternal hypertensive complications, intrauterine growth restriction, oligohydramnios or polyhydramnios, non-reassuring fetal heart tracings during routine antenatal testing, biophysical profile score less than 8/8, or abnormal umbilical artery dopplers (defined as S/D ratio > 95th percentile for gestational age or absent/reversed end-diastolic flow [23].



While most patients with pre-existing diabetes have increased IR in the third trimester [9,10,12,17], a small portion demonstrate a decrease in third-trimester IR [8,17,18,21]. The reason why some patients have a third-trimester decrease in IR is unclear, but it may be related to a longer duration of diabetes [9,21] and the assumption that patients with long-standing diabetes may have poorer placental function, and therefore produce lesser amounts of diabetogenic placental hormones [9]. However, in most instances, this decrease in IR was not associated with any adverse fetal or maternal outcomes [17,18,21].



The association between clinical manifestations of placental insufficiency and falling IR is complex, especially in terms of determining temporality. Clinical outcomes such as preeclampsia and fetal growth restriction are likely a result of a more chronic, pathological placental process that may begin before the third trimester [28,29]. Falling IR, therefore, could be part of the same placental process or a manifestation of preeclampsia and fetal growth restriction rather than the cause. Previous studies have not considered temporality while determining associations. To address this, we included in our primary composite outcome, only the acute manifestations of placental dysfunction or fetal distress that occurred after the fall in IR. Based on the results of our study, we were not able to demonstrate an association between a third-trimester drop in total or basal IR and the subsequent occurrence of adverse pregnancy outcomes, even when the IR dropped by as much as ≥30%. These findings are supported by a meta-analysis of the published literature on the topic that summarizes all available evidence [27].



Recent research also demonstrates that pathological placental processes or changes in pre-existing diabetes and gestational diabetes are highly heterogeneous, involving diverse changes in placental structure, angiogenesis, and inflammatory pathways. This includes trophoblastic and vascular remodeling in gestational diabetes that may influence placental hormone production and fetal outcomes [30] or significant modifications in placental vascular architecture and function in pre-existing diabetic pregnancies [31]. These findings also suggest that changes in IR alone may not reliably reflect the full spectrum of placental adaptations or dysfunction, particularly in a population with diverse diabetes types and durations.



Third trimester stillbirths are probably the most devastating complications in pregnancies complicated by diabetes, [32,33] and in our study we report three stillbirths that occurred between 36 + 0 and 38 + 5 weeks. However, all three of these occurred in pregnancies where there was no drop in IR. The fear of unexplained stillbirth is one of the main reasons why preterm induction and delivery are sometimes considered in cases of falling IR, and this contributes to the observed increase in preterm birth rates [34]. We acknowledge that clinical decisions in the light of falling third-trimester IR are complex and need a nuanced and individualized approach.



However, based on our study and a summary of available evidence, we cannot recommend routine delivery before term solely due to drop in IR, especially as babies delivered at late preterm and early term gestations can have negative long-term neurological impairments, developmental disabilities and behavioral problems [35,36,37,38,39], and stillbirths may also occur in pregnancies with no documented drop in IR. Instead, it would be prudent to recommend appropriate maternal and fetal surveillance based on the full clinical context, such as accompanying diagnoses of fetal growth concerns (growth restriction as well as macrosomia), and hypertensive disorders of pregnancy.



The limitations of our study include the retrospective study design and the rare nature of adverse outcomes which limit the statistical power to detect small or infrequent but clinically significant risks. While our model included key clinical variables, we recognize that other unmeasured confounders for example, gestational weight gain, insulin sensitivity changes, or use of adjunct therapies like metformin may contribute to the outcome and the omitted variable bias could be a potential limitation of our analysis. However, prior to the publication of the Metformin in women with type 2 diabetes in pregnancy (MiTy) trial in 2020 [40], we did not use metformin very often in pregnant people with type 2 diabetes. Participants were recruited for the MiTy trial between 25 May 2011 and 11 Oct 2018, so while this is a limitation, it likely does not affect the results significantly. We acknowledge that insulin resistance increases as pregnancy progresses, however, we have no way of measuring this in a usual clinical setting. We assume that, with falling IR, this reflects changes in insulin sensitivity assumed to be due to placental aging and a fall in hormone production, but a direct measurement of insulin resistance is not usually possible. We also acknowledge that the period of the study from 2000 to 2016 is a long study window during which temporal management changes could have been introduced (e.g., new insulin analogs, evolving standards of antenatal care). However, rapid-acting analogs (Humalog, Aspart, Glulisine) were introduced into Canada in the late 1990s while long-acting analogs (detemir and glargine) were introduced in the early 2000s. The short-acting insulins conferred better glucose levels by mimicking post-prandial glucose excursions better than previously, and the long-acting insulins conferred a flatter profile, thus leading to less hypoglycemia. While the treatment targets did not change over that time, these insulins allowed for better achievement of the pregnancy goals with less hypoglycemia. Since the study time period started around the same time as the insulins were available, it should not have posed a problem. Finally, while our study results did not show a statistically significant association and adverse pregnancy outcomes, we acknowledge that the rare nature of the study outcomes limits the statistical power to detect the difference in the composite outcome. Therefore, the possibility of type II errors should be considered when interpreting the results.



Despite these limitations, in our study, which is the largest study on the topic, we ensured that the composite outcome only included components that can be attributed to placental dysfunction, and which occurred following the drop in IR, thereby addressing the issue of temporality that has not been addressed adequately in published studies. To better understand the association between IR and adverse pregnancy outcomes, future research should involve larger prospective multicenter studies, separate analyses of patients with type 1 and type 2 diabetes, and a standardized approach to reporting and calculating changes in insulin requirements in order to reduce heterogeneity.



In conclusion, in a single-center retrospective cohort study involving 350 pregnancies with pre-existing diabetes, an isolated finding of a 15% or 30% drop in third trimester total or basal insulin requirements was not associated with adverse pregnancy outcomes. Given these findings and a summary of the available literature, the sole finding of a third-trimester drop in IR in the absence of other clinical findings should not be considered an indication for delivery, but instead, clinicians should recognize the clinical uncertainty presented by an otherwise-unexplained drop in IR, and consider an individualized care plan that includes appropriate maternal and fetal surveillance based on the clinical context and the long-term risks of late preterm and early term births.
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Figure 1. Study Flowchart. 
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Figure 2. Distribution of total daily insulin dose (units) during third trimester in pregnant people with type 1 and type 2 diabetes. 
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Table 1. Maternal characteristics with or without a ≥15% drop in total daily insulin requirements.






Table 1. Maternal characteristics with or without a ≥15% drop in total daily insulin requirements.





	
Variable

	
Drop ≥ 15% (Cases)

	
Drop ≤ 15%

(Controls)

	
p Value




	
N = 54

	
N = 296






	
Age, mean (SD)

	
31.78 (6.0)

	
33.28 (5.4)

	
0.067




	
Type 1 diabetes, n (%)

	
36 (66.6)

	
110 (37.1)

	
<0.001




	
Type 2 diabetes, n (%)

	
18 (33.3)

	
186 (62.8)

	
<0.001




	
Nulliparous, n (%)

	
19 (35.2)

	
164 (55.4)

	
0.010




	
BMI, mean (SD)

	
26.69 (7.0)

	
29.73 (7.3)

	
0.005




	
Pre-pregnancy HbA1c, mean, (SD)

	
7.53 (1.7)

	
7.46 (1.8)

	
0.788




	
Microvascular disease, n (%)

	
8 (14.8)

	
48 (16.2)

	




	
Nephropathy, n (%)

	
2 (3.7)

	
11 (3.7)

	
1.000




	
Retinopathy, n (%)

	
5 (9.3)

	
27 (9.1)

	
1.000




	
Neuropathy, n (%)

	
2 (3.7)

	
10 (3.4)

	
1.000




	
Pre-existing hypertension, n (%)

	
5 (9.3)

	
61 (20.6)

	
0.076




	
Smoking status, n (%)

	
8 (14.8)

	
41 (13.8)

	
1.000








BMI = body mass index, SD = standard deviation. Values in bold are statistically significant (p < 0.05)













 





Table 2. Pregnancy outcomes (with or without a ≥15% drop in total daily insulin requirements).






Table 2. Pregnancy outcomes (with or without a ≥15% drop in total daily insulin requirements).





	
Variable

	
Drop ≥ 15% (Cases)

	
Drop ≤ 15% (Controls)

	
p Value




	
N = 54

	
N = 296






	
Composite Outcome

	
9 (16.6)

	
63 (21.2)

	
0.582




	
Component outcomes

	

	

	




	
Stillbirth, n (%)

	
0 (0.0)

	
3 (1.10)

	
1.0




	
Spontaneous preterm birth or preterm premature rupture of membranes, n (%)

	
1 (1.5)

	
17 (6.0)

	
0.392




	
Iatrogenic preterm birth for fetal wellbeing concerns, n (%)

	
0 (0.0)

	
11 (3.7)

	
0.309




	
Emergency cesarean for fetal wellbeing, n (%)

	
8 (14.8)

	
38 (12.9)

	
0.867




	
Secondary outcomes

	

	

	




	
Hypertensive disorders of pregnancy, n (%)

	
10 (18.5)

	
61 (20.6)

	
0.867




	
Gestational age at birth, mean (SD)

	
38.18 (1.16)

	
38.00 (1.48)

	
0.393




	
Birthweight, mean (SD)

	
3472.19 (704.79)

	
3382.19 (686.88)

	
0.379




	
Birthweight below 10th centile, n (%)

	
3 (5.6)

	
24 (8.1)

	
0.707




	
Neonatal intensive care unit admission, n (%)

	
15 (27.8)

	
65 (22.0)

	
0.455








SD = standard deviation.













 





Table 3. Maternal characteristics (with or without ≥30% drop in total daily insulin requirements).






Table 3. Maternal characteristics (with or without ≥30% drop in total daily insulin requirements).





	
Variable

	
Drop ≥ 30% (Cases)

	
Drop ≤ 30% (Controls)

	
p Value




	
N = 22

	
N = 328






	
Age, mean (SD)

	
31.32 (6.4)

	
33.16 (5.5)

	
0.131




	
Type 1 diabetes, n (%)

	
14 (63.6)

	
132 (40.4)

	
0.05




	
Type 2 diabetes, n (%)

	
8 (36.4)

	
196 (59.8)

	
0.05




	
Nulliparous, n (%)

	
8 (36.4)

	
175 (53.4)

	
0.185




	
BMI, mean (SD)

	
27.82 (6.9)

	
29.36 (7.4)

	
0.340




	
Pre-pregnancy HbA1c, mean, (SD)

	
7.58 (2.05)

	
7.46 (1.78)

	
0.776




	
Microvascular disease, n (%)

	

	

	




	
Nephropathy, n (%)

	
1 (4.5)

	
12 (3.7)

	
1.000




	
Retinopathy, n (%)

	
1 (4.5)

	
31 (9.15)

	
0.696




	
Neuropathy, n (%)

	
1 (4.5)

	
11 (3.4)

	
1.000




	
Pre-existing hypertension, n (%)

	
4 (18.2)

	
62 (18.9)

	
1.000




	
Smoking status, n (%)

	
4 (18.1)

	
45 (13.7)

	
1.000








BMI = body mass index, SD = standard deviation.













 





Table 4. Pregnancy outcomes (with or without a ≥30% drop in total daily insulin requirements).






Table 4. Pregnancy outcomes (with or without a ≥30% drop in total daily insulin requirements).





	
Variable

	
Drop ≥ 30% (Cases)

	
Drop ≤ 30% (Controls)

	
p Value




	
N = 22

	
N = 328






	
Composite Outcome

	
5 (22.7)

	
36 (10.9)

	
0.157




	
Component outcomes

	

	

	




	
Stillbirth, n (%)

	
0 (0.0)

	
3 (0.9)

	
1.000




	
Spontaneous preterm birth or preterm premature rupture of membranes, n (%)

	
1 (4.5)

	
17 (5.2)

	
1.000




	
Iatrogenic preterm birth for fetal wellbeing concerns, n (%)

	
0 (0.0)

	
11 (3.4)

	
0.807




	
Emergency cesarean for fetal wellbeing, n (%)

	
2 (9.1)

	
44 (13.5)

	
0.795




	
Secondary outcomes

	

	

	




	
Hypertensive disorders of pregnancy, n (%)

	
5 (22.7)

	
66 (20.1)

	
0.984




	
Gestational age at birth, mean (SD)

	
37.70 (1.33)

	
38.05 (1.44)

	
0.278




	
Birthweight, mean (SD)

	
3271.55 (565.00)

	
3404.50 (696.92)

	
0.382




	
Birthweight below 10th centile, n (%)

	
0 (5.6)

	
27 (8.3)

	
0.322




	
Neonatal intensive care unit admission, n (%)

	
7 (31.8)

	
73 (22.3)

	
0.445








SD = standard deviation.
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