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Abstract

Objective—We determined whether time between deliveries is associated with developing 

diabetes at the time of a subsequent delivery.

Study Design—This is a case–control study of women who had two consecutive singleton births 

at the same institution with no pregestational diabetes in the baseline pregnancy. Cases were 

defined as women who were diagnosed with any type of diabetes at the time of the subsequent 

delivery. Controls were defined as women who had no diagnosis of diabetes at the time of the 

subsequent delivery. Interdelivery interval (IDI) was categorized as < 18, 18 to 60, or > 60 months.

Results—Of 12,263 women, 4.1% (N = 501) were diagnosed with diabetes at the subsequent 

delivery. Women with diabetes were more likely to have an IDI of >60 months than women 

without diabetes (9.0 vs. 4.2%, p < 0.001). After controlling for confounding factors, an IDI > 60 

months remained associated with development of pregestational or gestational diabetes by the 

conclusion of the subsequent pregnancy (adjusted odds ratio = 2.13 compared with an IDI of 18–

60 months, 95% confidence interval 1.44–3.15).

Conclusion—A longer IDI is an independent risk factor for the development of diabetes at the 

time of a subsequent delivery.
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Gestational diabetes, defined as carbohydrate intolerance that begins or is first recognized 

during pregnancy, complicates approximately 6 to 8% of pregnancies in the United States,1 

and pregestational diabetes affects a further 4% of pregnancies.2 The prevalence of diabetes 
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in pregnancy has been increasing over time.3 Diabetes in pregnancy is associated with 

adverse outcomes for women, including higher order lacerations4 and cesarean delivery,5 as 

well as increased risk of obstetric and neonatal complications including stillbirth2 and 

neonatal hypoglycemia.6 Gestational diabetes is also a risk factor for developing type 2 

diabetes mellitus among mothers7 and obesity in offspring.8

A longer interdelivery interval (IDI) has been identified as a risk factor for developing 

diabetes in a subsequent pregnancy,9–11 perhaps due to progression of inherent pancreatic β 
cell dysfunction.12 However, many existing studies evaluated recurrence of gestational 

diabetes, rather than de novo onset of gestational diabetes after a previously uncomplicated 

pregnancy.9 Others failed to control for important confounders that also vary with time and 

are associated with the development of diabetes, such as maternal age and weight gain.10,11 

Finally, other data are conflicting, showing that shorter IDIs are also associated with 

increased risk of gestational diabetes, perhaps due to incomplete weight loss or inadequate 

time for recovery of baseline endocrine function.13

Thus, the limitations of the existing literature leave unresolved the question of the 

independent relationship of IDI to subsequent gestational or pregestational diabetes. The 

objective was to evaluate the association between IDI and development of gestational or 

pregestational diabetes during or before a subsequent delivery, following an index pregnancy 

without pregestational diabetes, while controlling for other factors such as age and weight 

change.

Materials and Methods

This is a retrospective case–control study of women aged 18 years or older who delivered 

two consecutive singleton pregnancies at 24 weeks’ gestation or more at Northwestern 

Memorial Hospital or its affiliated community-based Lake Forest Hospital between January 

1, 2005, and December 31, 2015. Women were excluded if they carried a diagnosis of any 

pregestational type 2 diabetes at the time of the index pregnancy or type 1 diabetes mellitus 

diagnosed at any time before or during the index or subsequent pregnancy. All data were 

determined by chart review, with the diagnosis of type 1 versus type 2 diabetes established 

either through the patient’s primary care or endocrine provider, and/or via antibody testing. 

Additionally, women with missing data on diabetes in either pregnancy were excluded. 

Women with gestational diabetes mellitus in the index pregnancy were included in the study 

sample. Cases were defined as women who were diagnosed with either pregestational type 2 

diabetes or any type of gestational diabetes at the time of delivery of the subsequent 

pregnancy. Controls were defined as women who did not carry a diagnosis of pregestational 

or gestational diabetes at the time of the subsequent delivery. Clinical and demographic data 

were abstracted from the electronic medical record.

The main exposure of interest was the IDI, measured as a categorical variable coded as < 18 

months (“short” IDI), 18 to 60 months, and > 60 months (“long” IDI). We selected this 

categorization based on previous work related to IDIs and pregnancy outcomes that 

suggested outcomes in the 18 to 60 months range are similar, whereas shorter and longer 

intervals are associated with adverse outcomes such as preterm birth, cesarean delivery, low 
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Apgar scores, and small for gestational age birthweight.14,15 The primary outcome was 

pregestational diabetes diagnosed before or during the subsequent pregnancy or gestational 

diabetes diagnosed at any time during the subsequent pregnancy. Women were diagnosed 

with gestational diabetes using a two-step process as recommended by the American College 

of Obstetricians and Gynecologists.1 Women were determined to have pregestational 

diabetes if they carried that diagnosis at the beginning of prenatal care for their subsequent 

pregnancy based on evaluations from a patient’s primary care or endocrinology physician, or 

if she met criteria for pregestational diabetes based on the results of early pregnancy testing.
16

Other variables considered as clinically important potential confounders include weight 

change between deliveries, maternal age at the time of index pregnancy (in years), maternal 

body mass index (BMI) at the time of index pregnancy (kg/m2), maternal self-reported race/

ethnicity (white non-Hispanic, black non-Hispanic, Hispanic, Asian, and other), parity at the 

time of the index pregnancy (any other live births > 20 weeks’ gestation besides the two 

observed in this study vs. no other previous live births), and whether a woman experienced 

either diet-controlled or medication-requiring gestational diabetes in the index pregnancy. 

Weight change was calculated as the difference in BMI based on measured weight on 

admission for the index delivery compared with weight taken on admission for the 

subsequent delivery. We chose to use this measure, rather than other measures of weight 

change such as pre-pregnancy weight or gestational weight gain, for several reasons: patients 

entered pregnancy at all trimesters, outpatient records were not available for all patients, and 

pre-pregnancy weight in most cases was self-reported and thus subject to bias. Weight 

change was further categorized as loss of 2 kg/m2 or more, loss of 2 kg/m2 or gain of 2 

kg/m2, gain of 2 to 4 kg/m2, and gain of 4 kg/m2 or more. This classification scheme was 

adapted from Jain et al, who chose a BMI gain or loss of 2 kg/m2 as a clinically meaningful 

amount of change (~12 pounds for a 5-foot 4-inch woman).17

For bivariable analyses of clinical and demographic variables deemed to be clinically 

relevant, Wilcoxon’s rank-sum and Kruskal–Wallis’ tests were used for continuous 

variables, and chi-square tests were used for categorical variables. Logistic regression was 

used for multivariable models. Variables were retained in multivariable analyses if they were 

associated with either the IDI or diabetes at the p = 0.10 level or less. All statistical analyses 

were performed in Stata Release 14.1 (StatCorp, College Station, TX). The Northwestern 

University Institutional Review Board approved this study with a waiver of informed 

consent (Protocol No. STU00202774, approved 4/4/16).

Results

Of 13,603 women with data on diabetes in both pregnancies, 0.51% (N = 69) had a 

diagnosis of type 1 diabetes, and 0.28% (N = 38) had a diagnosis of type 2 diabetes prior to 

the index pregnancy; these women were excluded from the analysis sample. Of the 

remaining 13,496 women, 90.9% (N = 12,263) had complete data available and comprised 

the final sample. The women without complete data (N = 1,233) were all missing data on 

race and ethnicity; these women were excluded from the final sample. Women missing data 

on race and ethnicity did not differ with regard to likelihood of diabetes in the subsequent 
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pregnancy (p = 0.85) or distribution of IDI (p = 0.22). In the final sample, 11.9% (N = 

1,457) had an IDI < 18 months, 83.8% (N = 10,273) had an IDI of 18 to 60 months, and 

4.4% (N = 533) had an IDI of 61 months or more. Women with longer IDIs were more likely 

to have interval BMI increase (►Table 1). Women with longer IDIs were also more likely to 

have been multiparous at the index pregnancy, younger at the index pregnancy, and were 

more likely to be Hispanic race.

A total of 500 women (4.1%) developed any type of diabetes at the time of the subsequent 

delivery. Of these 500 women, 5.4% (N = 27) developed pregestational type 2 diabetes, 

62.8% (N = 314) developed diet-controlled gestational diabetes, and 31.8% (N = 159) 

developed medication-requiring gestational diabetes. Of the 393 women who experienced 

gestational diabetes in the index pregnancy, 53.4% (N = 210) also carried a diagnosis of 

diabetes at the time of subsequent delivery; of these women with subsequent diabetes after 

prior gestational diabetes, 8.6% (N = 18) developed pregestational diabetes, whereas 47.6% 

(N = 100) developed diet-controlled gestational diabetes and 43.8% (N = 92) developed 

medication-requiring gestational diabetes. A longer IDI was associated with a higher 

likelihood of developing pregestational or medication-requiring gestational diabetes in both 

the overall cohort and the subgroup who had gestational diabetes in the index pregnancy, 

although the frequency of diabetes was substantially higher in the group with prior 

gestational diabetes (Table 2). Notably, in the subgroup of women with gestational diabetes 

in the index pregnancy who had an IDI of >60 months, 79% had recurrent diabetes, 

including 26.3% with pregestational diabetes at the time of the subsequent pregnancy (Table 

2).

Women who had diabetes in the subsequent pregnancy were more likely to have a long IDI 

(9.0 vs. 4.2%, p< 0.001) and gestational diabetes in the index pregnancy (Table 3). 

Additionally, on bivariable analyses, women with diabetes in the subsequent pregnancy were 

more likely to have gained weight, had higher BMI at the index pregnancy, had greater 

parity, were older, and less likely to be non-Hispanic white (Table 3). Even after controlling 

for these potential confounders, a long IDI remained significantly associated with 

developing diabetes at the time of the subsequent delivery (adjusted odds ratio [aOR] = 2.13, 

95% confidence interval [CI] = 1.44–3.15) compared with an 18- to 60-month IDI. Aside 

from interval BMI change and parity, each of the other factors remained significantly 

associated with diabetes in the subsequent pregnancy (Table 3). Women with subsequent 

diabetes were much more likely to have medication-requiring gestational diabetes in the 

index pregnancy (19.8 vs. 0.2%, p< 0.001), which persisted on multivariable analysis (aOR 

= 113.4, 95% CI = 70.4–182.7). Women who had a short IDI were not different, in terms of 

their likelihood of diabetes at the time of the subsequent delivery, from women with an 

intermediate IDI.

To account for the possibility of history of gestational diabetes in a prior (unobserved) 

pregnancy, which is associated with recurrent gestational diabetes, we conducted a 

sensitivity analysis restricting the sample to 10,398 women who were nulliparous at the time 

of the index pregnancy. There was no change in magnitude, direction, or statistical 

significance between an IDI > 60 months, compared with IDI of 18 to 60 months, and 

development of diabetes in the subsequent pregnancy (aOR = 2.19, 95% CI = 1.31–3.68).
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Comment

Both gestational and pregestational diabetes have substantial implications for maternal and 

child short- and long-term health, and thus determining potential risk factors for the 

development of these comorbidities is essential to improving outcomes. In this cohort, 

although only a minority of women developed pregestational and gestational diabetes during 

or before delivery of a subsequent pregnancy, we identified time between pregnancies as a 

potentially modifiable risk factor for the development of diabetes. Additionally, this effect 

appeared to be most significant among the subgroup of women with gestational diabetes in 

the index pregnancy, for whom the majority developed pregestational or gestational diabetes 

with a long IDI. Although previous work has shown an association between a long IDI and 

development of diabetes in a subsequent pregnancy, they did not adjust for confounding 

factors such as maternal weight gain over time.10 In contrast to previous hypotheses and data 

regarding interpregnancy weight gain as a mechanism increasing the risk of diabetes, our 

analysis showed weight gain between deliveries was not a statistically significant risk factor 

for subsequent diabetes diagnosis after accounting for other confounding factors, although 

BMI at the index pregnancy was a risk factor. In contrast to other studies, our data also did 

not show a significant difference in the likelihood of developing diabetes between women 

with a short IDI and women with an IDI of between 18 and 60 months.

The IDI is a risk factor that is potentially modifiable. Previous work has shown that 

approximately 8 to 27% of women will develop type 2 diabetes within 10 years of a 

pregnancy complicated by gestational diabetes,18–20 and thus, shortening the IDI may allow 

women to complete childbearing in the time period before they develop overt diabetes.21 To 

optimize subsequent pregnancy outcomes, contraception and family planning are key; 

however, previous research indicates women with pregestational and gestational diabetes 

may be less likely than women without diabetes to use effective contraception.22,23 One 

recent national survey indicated that 20 to 40% of pregnancies following the longest 

interpregnancy intervals were unintended.24 Unintended pregnancy among women with a 

history of gestational diabetes may be particularly important. For example, previous work 

has shown that the risk of developing gestational diabetes is additive across pregnancies, 

meaning that women who experience gestational diabetes in one pregnancy are at increased 

risk of gestational diabetes in every subsequent pregnancy.25 In one previous study, 

approximately 40 to 60% of women with gestational diabetes developed recurrent 

gestational diabetes, consistent with our findings here.26 Every subsequent additional 

pregnancy affected by gestational diabetes increases the risk of type 2 diabetes development 

above and beyond the risk associated simply with the passage of time.27 The obstetric and 

neonatal risks of gestational diabetes also compound over pregnancies, with women who 

experience gestational diabetes in two sequential pregnancies exhibiting a higher likelihood 

of shoulder dystocia and preterm birth than women with gestational diabetes only in the 

second of two sequential pregnancies.28 Thus, avoiding unintended pregnancies, especially 

following long intervals, could reduce risks in future pregnancies as well as the overall risk 

of progression to diabetes later in life.

This study has many strengths, including a large, ethnically diverse sample of pregnant 

women. We were able to obtain detailed clinical data regarding diabetes diagnoses 
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(including in a previous pregnancy), weight change, and clinically important potential 

confounders, and were able to allow women to serve as their own controls. Additionally, 

women received care within a stable group of health care providers who diagnose 

pregestational and gestational diabetes according to standardized protocols. However, there 

are also several limitations to note. First, we cannot infer causality from this observational 

study, and as with any large cohort study, there remains the risk of residual confounding. In 

particular, we cannot control for unobserved pregnancies that may have occurred outside of 

the two pregnancies studied here, although limiting the sample to women who are 

nulliparous prior to the index delivery does not change our conclusions. We also cannot 

control for all confounders of the relationship between delivery interval and diabetes, such 

as polycystic ovarian syndrome, associated both with infertility (and thus a longer IDI) and 

diabetes, or genetic predisposition to diabetes. These data come from a single large, tertiary 

care center, which may have a distinct patient population that limits generalizability to other 

settings. Indeed, the rate of diabetes in this sample approaches the lower bound of that found 

in other settings, likely because Northwestern has a high volume of deliveries of relatively 

low-risk women compared with many other tertiary care centers.

In conclusion, this study affirms that a lengthy IDI is an independent risk factor for 

development of diabetes in a subsequent pregnancy, even after controlling for history of 

gestational diabetes as well as maternal age and weight gain. Future directions could explore 

the use of contraception to modify pregnancy intervals to see if this diminishes the risks of 

developing de novo or recurrent gestational diabetes. Additionally, although weight gain 

between pregnancies was not shown to be associated with subsequent diabetes, BMI at the 

index pregnancy was suggesting that future work on the optimizing maternal health and 

metabolic status prior to pregnancy, as well as between pregnancies, remains utmost 

importance for women’s long-term health.
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