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Abstract

:

Simple Summary


Pancreatic cancer is one of the cancers with the highest mortality rate which is most often attributed to late diagnosis. The identification of risk factors is therefore important. While gestational diabetes also shares mechanisms of action with diabetes mellitus, several studies have provided hypotheses that could explain the pathophysiology of the link between diabetes mellitus and risk of pancreatic cancer. Accordingly, the aim of our study was to determine the risk of developing pancreatic cancer in women with a history of gestational diabetes from a quasi-exhaustive national medico-administrative database for deliveries in France. We included 1,368,755 women in our study. We showed that gestational diabetes was significantly associated with a greater risk of pancreatic cancer, regardless of subsequent type 2 diabetes. Our results suggest a better follow-up of patients after a gestational diabetes in order to identify high-risk profiles of developing more serious conditions, such as pancreatic cancer.




Abstract


The aim of this large retrospective cohort study was to use a quasi-exhaustive national medico-administrative database of deliveries in France to determine the risk of developing pancreatic cancer (PC) in women with a history of gestational diabetes mellitus (GDM). This nationwide population-based study included women aged 14–55 who gave birth between 1st January 2008 and 31 December 2009. The women were followed-up epidemiologically for eight years. Survival analyses using Cox regression models, adjusted for age, subsequent type 2 diabetes, and tobacco consumption, were performed on the time to occurrence of hospitalization for PC. The onset of GDM, tobacco consumption and subsequent type 2 diabetes were considered as time-dependent variables. Among 1,352,560 women included, 95,314 had a history of GDM (7.05%) and 126 women were hospitalized for PC (0.01%). Over the eight years of follow-up, GDM was significantly associated with a higher risk of hospitalization with PC in the first Cox regression model adjusted for age and subsequent type 2 diabetes (HR = 1.81 95% CI [1.06–3.10]). The second Cox regression model adjusted for the same covariates, plus tobacco consumption, showed that GDM was still significantly associated with a higher risk of hospitalization for PC with nearly the same estimated risk (HR = 1.77 95% CI [1.03–3.03]). Gestational diabetes was significantly associated with a greater risk of hospital admission for pancreatic cancer within eight years, regardless of subsequent type 2 diabetes.
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1. Background


Pancreatic cancer (PC) is one of the cancers with the highest mortality rate in high-income countries, with a net survival of 6–9% at five years [1,2,3]. The high mortality rate is mainly attributed to a late diagnosis, because most patients with PC remain asymptomatic until the disease reaches an advanced stage. The identification of risk factors is therefore important for the creation of appropriate public health policies.



Many studies have reported that the risk of PC increases by approximately 80% in case of type 2 diabetes [4,5,6,7,8]. Several recent studies have provided hypotheses that could explain the pathophysiology of the link between diabetes mellitus and risk of PC [9,10,11,12]: hyperinsulinemia, hyperglycemia and low-grade inflammation. Although women with gestational diabetes mellitus (GDM) have an increased risk of diabetes mellitus over the years following delivery [13,14,15], GDM also shares mechanisms of action with type 2 diabetes, including hyperglycemia due to pancreatic β-cell dysfunction against a backdrop of chronic insulin resistance.



Although several studies have explored the association between GDM and cancer [16,17,18,19], the relationship between gestational diabetes and PC remains controversial due to limited evidence, because it has been the subject of only three studies, as follows. Two studies performed in Israel by Perrin et al. and Stella et al. (2007 and 2011) concluded that GDM increases the risk of subsequent PC, with an estimated risk around 7 [20,21]. A third study by Peng et al. based on the Taiwan National Health Insurance data (2019) showed that a history of GDM was not associated with subsequent PC [22]. A recent meta-analysis (2020), including the three previous studies, concluded that GDM was not associated with a risk of PC [23]. However, the results of the three studies should be taken with caution, because the diagnosis of GDM was not based on recent criteria in the two earlier studies and the follow-up was relatively short for some patients in the recent study. Diabetes could be considered as a symptom of pre-existing PC when its diagnosis is too close in time to the diagnosis of diabetes [24]. For this reason, we excluded PC occurring in the two years following a diagnosis of gestational diabetes. Accordingly, the aim of our study was to determine the risk of developing PC in women with a history of GDM. We used the quasi-exhaustive national medico-administrative database for deliveries in France over a 2-year inclusion period and a follow-up period of 8 years.




2. Methods


2.1. Data Sources and Study Design


We conducted a nationwide population-based retrospective cohort study of women who gave birth in France between 1st January 2008 and 31 December 2009. To this aim, we used the Système National des Données de Santé (SNDS), which is the French national health data system that contains individual, exhaustive and linkable but anonymous data on health expenditures for about 99% of the French population [25]. The SNDS pools data from the following sources: the database of the National Inter-Regime Information System on Health Insurance (Système National d’Information Inter Régimes de l’Assurance Maladie, SNIIRAM), which contains all prescriptions for drugs fully reimbursed by the national health insurance; the database of long-term diseases (LTD), which gives access to full coverage of health expenditures by the national health insurance scheme, and the statistical database on causes of death (Base de Causes Médicales de Décès, BCMD), which includes the illness or disease that caused the death, as well as other contributing factors. The SNDS also includes data from the French national hospital database (Programme de Médicalisation des Systèmes d’Informations, PMSI), which collects principal and associated diagnoses (secondary events and current comorbidities) and procedures performed during hospital stays. The diagnoses are encoded using the International Classification of Diseases, 10th revision (ICD-10) and the procedures are encoded using the French common classification system for medical procedures (Classification Commune des Actes Médicaux, CCAM). The quality of the SNDS database is evaluated through yearly monitoring and has recently undergone validation for perinatal data [26].



Women aged 14–55 who gave birth between 1st January 2008 and 31st December 2009 were identified through the ICD-10 codes Z37 (“outcome of delivery”) as associated diagnosis and/or the procedures of deliveries in discharge abstracts from CCAM. The date of inclusion into the cohort was the date of the first delivery during the two-year inclusion period.



During the selection of study population, we excluded all women with a history of pancreatic cancer (codes C25 in the principal, associated or related diagnosis in the standardized hospital discharge abstract) during pregnancy and in the year before pregnancy. We also excluded women with a history of type 1 or 2 diabetes, who were identified using: the codes E10-E14 or O24.0-O24.3 as the principal, associated or related diagnosis in the standardized discharge abstract and/or if it was notified in the LTD and/or if at least three antidiabetic drugs or insulin (class A10 of the Anatomical, Therapeutic and Chemical classification [ATC]) or two in the event of at least one large quantity were reimbursed in the year preceding pregnancy [27]. Furthermore, women who had a diagnosis of PC within two years of pregnancy were excluded from the analysis population [24]. All of the women included for analysis were followed epidemiologically for 8 years.




2.2. Exposure


Exposure was defined as the presence of GDM during one pregnancy within the study period (Inclusion-2017). If a woman had more than one pregnancy, the information collected in the discharge abstracts for each pregnancy was taken into account. If a gestational diabetes code (O24.4 or O24.9) was identified in at least one of these pregnancies, the woman was considered to have GDM. To take into account the fact that GDM could occur at any time during follow-up (either during the first pregnancy or subsequent pregnancies), we considered it as a time-dependent variable (i.e., the exposure was only coded as 1 from the first-time GDM was recorded). This allowed us to consider more precisely the exact time interval between the diagnosis of GDM and the onset of PC. Women classified as “without GDM” during the entire study were those for whom a GDM code was not mentioned in any of the discharge abstracts during the epidemiological follow-up. In France, national guidelines for GDM diagnosis changed during the study period. Before 2010, GDM screening was based on a two-step procedure for all women: the first test was on venous blood glucose 1 h after ingestion of 50 g of glucose and in the event of a positive result, the second screening test was performed for oral glucose tolerance. Since 2010, new national guidelines were introduced for women with some risk factors (i.e., maternal age ≥ 35 years, BMI ≥ 25, history of diabetes in the 1st degree, personal history of GDM or macrosomia). The recommended screening for these women is fasting blood glucose at the first prenatal consultation, and if it is not performed, an oral glucose tolerance test in the second trimester.




2.3. Outcome


The outcome of interest was hospitalization with an ICD-10 code for PC (C25) as a principal or associated diagnosis during 8-year follow-up period. In an effort to minimize the effect of possible reverse causality on our results, we excluded women who were diagnosed with PC within two years of pregnancy [24].




2.4. Variables


The following explanatory variables were considered: maternal age, subsequent type 2 diabetes and tobacco consumption. The maternal age at the index delivery was categorized as <26, 26–29, 30–33 and ≥34 years. Subsequent type 2 diabetes during follow-up was defined by: the presence of one of the ICD-10 codes E10 to E14 as principal, associated or related diagnoses and/or if subsequent diabetes was notified in LTD and/or if there was a reimbursement of at least three antidiabetic drugs or insulin (class A10 of the Anatomical, Therapeutic and Chemical classification (ATC) with the exception of benfluorex) or two reimbursements if there was at least one large packaging [27]. Tobacco consumption in the year before the pregnancy, at inclusion or during follow-up was identified using the ICD-10 codes F17, T65.2, Z58.7, Z72.0, or Z71.6 in hospitalization records and/or at least one reimbursement of varenicline (Identification Codes of pharmaceutical speciality).



The time duration (days) from the delivery (with or without GDM) to the onset of the PC was determined.



Tobacco consumption was determined in two ways, as a time-dependent variable (i.e., onset) and a fixed variable (presence). The onset of tobacco consumption took into account the time interval from the moment smoking was detected (during hospitalization or following smoking cessation) in our database. The presence of tobacco consumption was determined as any smoking from the time of inclusion, regardless of when smoking was recorded in the year before the pregnancy and during the follow-up period.




2.5. Statistical Analyses


The characteristics of women that are categorical variables were described by the GDM groups (with GDM history and without GDM history) using frequency distributions. The two groups were compared using χ2 tests. Continuous variables, notably time durations, were described using mean (with standard deviation). The risk of hospitalization with PC was investigated using Cox proportional hazards regression models. The onset of GDM, tobacco consumption and hospitalization with subsequent type 2 diabetes were considered as time-dependent variables. We developed a first model including age, GDM, and subsequent type 2 diabetes, and a second model that adjusted for the same covariates, plus onset of tobacco consumption as a time-dependent variable. This approach may be considered questionable, as a patient may have started smoking before being identified as a smoker (by being mentioned during hospitalization or by being given a smoking cessation medication). Furthermore, a sensitivity analysis was performed on the second model, where tobacco consumption onset was replaced with the presence of tobacco consumption as a fixed variable. Hazard ratios (HR) and 95% confidence intervals (CI) were calculated in each model. We also explored the interactions between age or tobacco consumption and GDM. Finally, we ran an analysis assessing the E-value [28], which is a measure of an association’s robustness to potential uncontrolled confounders (e.g., obesity). Computer software SAS 9.4 was used for the descriptive and multivariate analyses.



This study was approved by the French national committee for data protection (registration number 12/11/2019-DR-2019-350). Individual written consent was not needed for this study. Data from the SNDS database was provided by the French National Health Insurance Fund (21/02/2019 nº 226847).





3. Results


From January 2008 to December 2009, 1,368,755 women hospitalized for delivery were identified in the SNDS database. Seven women who were hospitalized for PC before pregnancy and 21 women who were hospitalized for PC within 2 years after pregnancy were excluded (4 with gestational diabetes and 17 without) (Figure 1).



Similarly, 15,531 women with type 2 diabetes and 654 women who did not meet the age criteria were also excluded, leading to 1,352,560 women who were included in the analysis population. The mean duration time from the delivery to the onset of PC over all included patients was 1910 days (sd = 604). We also found that the mean duration time from the delivery of the 1st pregnancy with GDM (to compute this mean duration from the exposure with GDM) to the onset of PC was 1616 days (sd = 715) in the group with GDM and 1923 days (sd = 614) in the group without GDM.



Among the 1,352,560 women included in our study, 95,314 had GDM (7.05%) during follow-up and 126 women were hospitalized for PC (0.01%). A comparison of the characteristics of women with and without GDM is presented in Table 1.



The results of the first Cox model, which is adjusted for age and subsequent type 2 diabetes (as a time-dependent covariate), showed that GDM (as a time-dependent variable) was significantly associated with a higher risk of hospitalization with PC (HR = 1.81, 95% CI [1.06–3.10]). The results of the second Cox model adjusted for the same covariates, plus tobacco consumption (as a time-dependent covariate), showed that GDM was still significantly associated with a higher risk of hospitalization with PC with nearly the same estimated relative risk (HR = 1.77, 95% CI [1.03–3.03]). We found that hospitalization with subsequent type 2 diabetes or tobacco consumption (considered as a time-dependent variable or as a fixed variable in the sensitivity analysis) did not alter the relationship between GDM and hospitalization with PC. The interaction between tobacco consumption and GDM was non-significant (p = 0.60) but the interaction between age and GDM was marginally significant (p = 0.05). After including this interaction in Model 1, the effect of GDM was even higher. In the analysis assessing the E-value, we found that the observed HR= 1.77 could be explained away by a minimum strength of association that an unmeasured confounder must have with gestational diabetes exposure and pancreatic cancer, as low as 2.93 (Table 2).




4. Discussion


To our knowledge, this is the first study that specifically explores the relationship between GDM and PC, after adjustment for subsequent diabetes, which is the main potential confounding factor. In our population-based study, using a nationwide well documented retrospective cohort, we found that GDM was significantly associated with a greater risk of being hospitalized for PC within the first eight years, regardless of whether diabetes mellitus developed subsequently.



In the literature, the three studies on this subject report variable methodologies and divergent results. The two Israeli studies show similar significant relative risks, around 7, but with wide confidence intervals [20,21]. In addition, the Israeli studies were hospital-based, including patients from three hospitals in Perrin et al. and only one in Sella et al. They also found a limited number of cases: fifty-four in Perrin et al. and nine in Sella et al., compared to our study which identified 126 cases among the 1,352,560 included women. The larger population in our study explains the narrower confidence interval. In addition, our smaller relative risk may be explained by an adjustment for subsequent diabetes. Our inclusion period (2008–2009) is much more recent than in Perrin et al. (1964–1975), which was not based on recent diagnostic criteria for GDM. This may have impacted their results by creating a classification bias when selecting only the most severely exposed women. On the other hand, the Taiwanese study of Peng et al. is more comparable to our study, since it is also a population-based study using a national medico-administrative data [22]. They included nearly the same number of women (1,466,596 women) but observed a larger number of pancreatic cancer cases (331 cases). Though they found twice as many cases, they were not able to show a significant increased risk of PC in women with a history of GDM (HR = 1.07, 95% CI 0.65–1.75). However, they took into account all PCs occurring after pregnancy while we waited until two years after the occurrence of GDM to record a diagnosis of PC. In addition, it has been shown that Asian populations develop diabetes at a younger age, require insulin treatment more often, and see an increased risk of cancer compared to Western populations [29,30], which may explain the higher number of PC cases. Moreover, unlike our study, the follow-up in the Taiwanese study varied between women, some of whom were followed for more than twelve years while others were followed for only one year. Finally, we included GDM as a time-dependent variable, which might explain why we found a statistically significant result despite having fewer cases.



The first strength of our study is our adjustment for type 2 diabetes. To our knowledge, our study is unique in that it adjusts for this major potential confounding factor. Several studies have shown that there is a relationship between GDM and diabetes mellitus, and type 2 diabetes is recognized as directly or indirectly increasing the risk of PC through the degeneration of intraductal papillary mucinous neoplasms [31]. Therefore, it seemed important to consider from various aspects this confounding factor in the methodology of our study, as follows. Firstly, regarding our database, a validation study in a French cohort by Fuentes et al. showed that type 2 diabetes was identified in the national database (SNDS) with a positive predictive value of 97.2%, a sensitivity of 93.8%, and a specificity of 99.9% [32]. Secondly, we excluded women with a history of type 2 diabetes in order to refine the definition of GDM and remove the impact of the history of diabetes mellitus on the analysis. Finally, diabetes mellitus occurring during follow-up was included in our models as a time-dependent variable. By using Cox regression models, it was possible to introduce explanatory variables known at the time of inclusion but also information collected during the follow-up. This allowed us to take into account a change in status, for example, from non-diabetic to diabetic, but also the time of exposure to diabetes before hospitalization for PC.



Time is also an important consideration for the study of PC. Firstly, regarding the chronology of the disease itself, some studies show that hospitalization is a good marker for new cases for some cancers that are aggressive and/or requiring hospitalization [33,34]. Knowing that we took into account all types of hospitalizations (including diagnosis, radiotherapy, chemotherapy, surgery and follow-up), we were able to exclude subjects with a history of hospitalization for PC one year before-, during- and two years after pregnancy (i.e., almost four years). It is known that PC has a net five-year survival rate of 6–9% [1,2,3]. By eliminating women with signs of PC in the first four years, we ensured in this study that there was a very strong probability of including only incident cases of PC. Secondly, to our knowledge, ours is the only study that has established a two-year lapse of time between pregnancy (with or without GDM) and the diagnosis of PC. It has been shown that case selection should not include newly diagnosed diabetes, because it is known that a diagnosis of diabetes can be a symptom of PC. Indeed, new-onset diabetes caused by PC may be associated with pro-inflammatory alterations, insulin resistance, and perturbations in β-cell functions that lead to loss of glucose homeostasis. Adipocytes and resident macrophages release many deleterious pro-inflammatory factors, and the increase in lipolysis could enhance hepatic production of acetyl coenzyme-A, causing hepatic insulin resistance and excessive glucose release by the liver [24].



Our study has other strengths. First of all, our population-based study comprised 10 years of data, allowing us to have eight years of follow-up for all included women. It relied on a quasi-exhaustive national database of deliveries (99.6%), because almost all childbirths in France take place in hospitals and all hospitals stays are recorded in this database. In addition, in a national validation study [35], our team showed that GDM was identified in this database with a positive predictive value of 88.9%.



We also recognize that our study has some limitations. First, our recent validation study showed that sensitivity for GDM was only of 79%, which means that 21% of women with GDM were not identified as such in our database [26]. As a consequence, this classification bias may have led to an underestimation of the association. In addition, national guidelines for the diagnosis of GDM have changed from a two-step procedure in all patients before 2010, to a different (only one-step) procedure in patients with risk factors since 2010. Second, although we have a longer and more homogenous follow-up time compared to the three previous studies, eight years remains relatively short for the study of the onset of PC, most of which are diagnosed after 65 years, and we may thus have underestimated the full impact of GDM. Third, we did not have completed data on gestation and parity in our national database for the years under review. Fourth, although we included “tobacco consumption” as an adjustment variable, this information is incomplete in our administrative database. This is why we carried out two multivariate models, one with this variable and the other without; both of them provided similar results. Fifth, some other known risk factors could not be included in our study. Although we wanted to add “alcohol consumption” to our adjustment variables, since it is another well-known risk factor for pancreatic cancer, it was not feasible to do so because this variable is too poorly recorded in our database [36]. Moreover, the “obesity” variable, which is known to be associated with gestational diabetes and pancreatic cancer, could not be included in our model. Unfortunately, BMI before pregnancy is poorly documented in our hospital database and BMI during pregnancy may not be considered as reliable. This is why we conducted an analysis of the E-value, which showed that the observed HR (1.77) could be explained away by a minimum strength of association that an unmeasured confounder must have with gestational diabetes exposure and pancreatic cancer, as low as 2.93. The E-value is thus large and substantial unmeasured confounding would be necessary to cancel the observed association. In the literature, we found that obese women are 3.36 times more likely than non-obese women to have gestational diabetes [37] and 1.54 times more likely to have pancreatic cancer [38]. As both association levels are very different, we further calculated the bias B, or the largest factor by which the observed association could be reduced by the unmeasured confounder of these particular strengths. The B value calculated from these values should be higher than our HR of 1.77 to be explained by the unmeasured “obesity” variable, but it is equal to 1.33 and therefore lower than 1.77 [28]. This strengthens the conclusion derived from the E-value analysis. Sixth, additional studies with longer follow-up or including more confounding factors are needed to support these findings. In the same way, further studies are needed to investigate the relationship between GDM and survival in PC patients.



Gestational diabetes is still considered by some professionals to be a disease that has little impact once pregnancy is over, resulting in poor quality short- and long-term postpartum follow-up [39,40,41,42]. However, pregnancy is a kind of “stress-test” for the body of women, which reveals some patients’ vulnerabilities. For instance, GDM seems to be an important marker for diseases that may occur later in life. Indeed, we found in a previous study that gestational diabetes exposes women to a subsequent increased risk of type 2 diabetes mellitus, metabolic syndrome and cardiovascular conditions [43]. The results of this study suggest that an increased risk of PC should be added to this list. All these results are in favor of a better adherence to the recommendations [44,45] for following-up patients with GDM in the postpartum period. In the US, like in France, screening for type 2 diabetes is recommended during the postnatal period, and then every 1–3 years, depending on the risk factors, for at least 25 years. After GDM, health professionals should encourage lifestyle changes (30 to 60 min of daily physical activity at least five days per week, balanced diet, smoking cessation…) which are also useful for the prevention of PC [46,47]. Monitoring should also include regular screening and treatment of any other associated cardiovascular risk factors (arterial hypertension, dyslipidemia).




5. Conclusions


In conclusion, our study shows that gestational diabetes mellitus is a factor associated with the development of pancreatic cancer within eight years after delivery. However, the impact of gestational diabetes is overlooked by some professionals even if it exposes women to an increased risk of type 2 diabetes mellitus, metabolic syndrome and cardiovascular diseases. Our results suggest the importance of better adherence to the recommendations concerning the follow-up of patients with gestational diabetes in the postpartum period. To be effective, this follow-up would require the participation of all health professionals, including general practitioners, gynecologists, obstetricians, midwives, and endocrinologists. To render this follow-up feasible, gestational diabetes could be included among other risk factors (e.g., diabetes mellitus, obesity, metabolic syndrome, smoking or alcohol consumption) in order to identify individuals with a high risk of developing more serious conditions such as pancreatic cancer. These individuals can thus be encouraged to attend regular screening and advised about appropriate lifestyle and dietary measures.
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Figure 1. Flowchart of the study population. 
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Table 1. Comparison of characteristics of women with history of GDM or without history of GDM.
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Variables

	
GDM+

N = 95,314 (7.05%)

	
GDM−

N = 1,257,246 (92.95%)

	
p






	
Age * (years)

	

	

	
<0.0001




	
<26

	
18,095

	
19.0%

	
299,873

	
23.9%

	




	
26–29

	
26,013

	
27.3%

	
352,910

	
28.1%

	




	
30–33

	
24,279

	
25.5%

	
313,954

	
25.0%

	




	
≥34

	
26,927

	
28.2%

	
290,509

	
23.1%

	




	
Hospitalization with Pancreatic Cancer

	
18

	
0.02%

	
108

	
0.01%

	
0.004




	
Subsequent type 2 diabetes

	
8184

	
8.6%

	
6840

	
0.5%

	
<0.0001




	
Tobacco consumption **

	
7818

	
8.2%

	
86,403

	
6.9%

	
<0.0001








N, number; GDM, Gestational Diabetes Mellitus; * Age between 14 and 55 years. ** Presence of tobacco consumption at any time, as used in the sensitivity analysis.
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Table 2. Cox models of the relation between GDM and hospitalization with pancreatic cancer (n = 126). GDM, subsequent type 2 diabetes and tobacco consumption are time-dependent covariates.
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Variables

	
Non-Adjusted

	
Cox Model 1 *

	
Cox Model 2 **




	
HR

	
95% CI

	
HR

	
95% CI

	
HR

	
95% CI






	
GDM

	
2.59

	
1.57–4.26

	
1.81

	
1.06–3.10

	
1.77

	
1.03–3.03




	
Age ***

	

	

	

	

	

	




	
<26

	
0.60

	
0.28–1.27

	
0.61

	
0.28–1.30

	
0.56

	
0.26–1.21




	
26–29

	
1

	

	
1

	

	
1

	




	
30–33

	
1.85

	
1.06–3.22

	
1.83

	
1.05–3.19

	
1.88

	
1.08–3.27




	
>34

	
3.77

	
2.28–6.23

	
3.60

	
2.18–5.96

	
3.67

	
2.22–6.08




	
Type 2 diabetes

	
8.06

	
3.76–17.32

	
4.85

	
2.13–11.06

	
4.74

	
2.08–10.79




	
Tobacco consumption

	
2.8

	
1.72–4.56

	
-

	
-

	
3.22

	
1.97–5.26








GDM: Gestational Diabetes Mellitus; HR: Hazard Ratio. * Model 1 includes GDM, age and type 2 diabetes; ** Model 2 includes GDM, age, type 2 diabetes and tobacco consumption; *** Age between 14 and 55 years.
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