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Proton pump inhibitors (PPIs) have been associated with decreased gut microbiota diversity. Disrupted gut microbiota composition has been reported in several autoimmune diseases (ADs), such as type 1 diabetes mellitus (DM), autoimmune thyroiditis (AIT), juvenile idiopathic arthritis (JIA), and inflammatory bowel diseases (IBD). We investigated whether PPIs are associated with the development of ADs in children and concluded that PPI exposures could be related to the onset of ADs, especially IBD and potentially AIT as well.
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1. Introduction

Autoimmune diseases (ADs) are a group of complex immunological disorders, characterized by inflammation due to loss of tolerance to self-antigens. This study focused on four common pediatric ADs with especially high prevalence in Finland: type 1 diabetes (DM), autoimmune thyroiditis (AIT), juvenile idiopathic arthritis (JIA), and inflammatory bowel diseases (IBD). These ADs were selected to represent pediatric autoimmunity in general, because despite different disease outcomes, the pathogenesis of these ADs may resemble each other, including the presence of T-cell organ infiltrations (1–5). Most T-cells reside in the gut, which is the largest immunological organ in the body with numerous antigen-immune system contacts (6). After penetrating the gut mucosal barrier, antigens are introduced by the antigen presenting cells to the T-cells (7). If the gut mucosal barrier is compromised, for instance due to disrupted gut microbiota composition, an influx of antigens and excess stimulation of the immune system may take place (8). This phenomenon could contribute to the onset of any of these four ADs by stimulating different types of autoantibodies (9–12).

The incidence of ADs are increasing worldwide, and the incidence of pediatric DM, AIT, JIA, and IBD in Finland are among the highest in the world (13, 14). Since genetic factors are relatively stable, the potential roles of environmental factors behind the onset of ADs have been studied vigorously (15). Environmental factors may interact with gut microbiota, and disruption of gut microbiota composition has been demonstrated in several ADs (16–20).

In children, proton pump inhibitors (PPIs) are used to lower stomach acidity in several gastroesophageal problems such as short-term treatment of symptomatic gastro-esophageal reflux disease (GERD), erosive esophagitis healing, peptic ulcer disease therapy, Helicobacter pylori eradication, and pediatric eosinophilic esophagitis—and their prescriptions have been increasing within the past years (21). Sadly, over half of PPIs prescriptions are off-label, for instance for treating chronic cough, as stress ulcer prophylaxis, to prevent upper gastrointestinal bleeding for patients in intensive care units, etc (22). Even though PPIs are generally regarded safe, in children they have been shown to increase the risk of enteric infection and bone fractures (when used before the age of 1 year), and to have association with development of allergic disorders (22). These findings suggest that PPIs may have an influence on the immune system.

Long-term reduction of gastric acid secretion after PPI use may increase the risk of imbalance in the gut microbiota composition (23, 24). This disrupted homeostasis of gut microbiota composition may distract the production of gut microbial metabolites, which are required to maintain a well-functioning gut barrier, leading to impaired gut barrier function (25). Sequentially, breached gut barrier would introduce antigens in the intestines to the immune system, which may stimulate autoimmune responses (26). In addition, PPI use has been associated with an increased risk for microbial load and Clostridium difficile infection (27), which may promote inflammatory response due to intestinal proinflammatory release (28). Intriguingly, despite increasing frequency of both PPI prescriptions and ADs, and despite suggested connection between PPIs and autoimmune responses, studies associating PPIs and pediatric ADs have been scarce. This study aims to investigate whether the use of PPIs in childhood is associated with the development of pediatric onset ADs in general (represented by DM, AIT, JIA, and IBD).



2. Materials and methods

The study population for this matched case-control study was derived from the Finnish Health in Teens (Fin-HIT) cohort—a nationwide school-based cohort to investigate health and health-related behaviors of Finnish children. The cohort was established in 2011–2014, mostly through school recruitment. It comprised over 11,000 children (born 2000–2005) from densely populated areas across Finland without specific exclusion criteria. More details on the cohort has been described elsewhere (29).

Based on unique personal identity code of every Finnish resident, children in the Fin-HIT cohort were linked to: (1) the Special Reimbursement Register (SRR)—containing date of diagnosis and specialist-verified diagnosis of patients with chronic diseases, who are entitled to drug refunds regardless of their socioeconomic status; and (2) the Drug Purchase Register (DPR)—containing dispensation dates and Anatomical Therapeutic Chemical (ATC) codes of all prescription-based drug purchases in Finland. These national registers are maintained by the Finnish Social Insurance Institution and their excellent coverage and reliability has been described previously (30, 31).

The outcome of this study was a primary autoimmune diagnosis by the end of the follow-up in 31 December 2018—when the median age of the participants was 16 years. The ICD-10 codes [International Classification of Diseases (ICD), 10th revision] were used to identify patients with DM (E10), JIA (M08), and IBD (including Crohn's disease (K50), ulcerative colitis and IBD unclassified (K51)) from the SRR. Regarding AIT, patients were identified from the DPR using the ATC code H03AA01 for thyroxin (a prescription-only drug used for AIT), because not everyone using low-priced thyroxin is applying for special reimbursement. Of the over 11,000 children in the Fin-HIT cohort, 242 developed a primary AD after the first year of life and were included in this study as the case group as previously described (32). Each child in the case group was matched with four to ten children without studied ADs from the same cohort, with similar age (0 to 30 days of differences in age), sex, and residential area. These children (N = 2,147) were marked as matched controls. In total, the study population comprised 2,389 children from the Fin-HIT cohort.

Data on PPI purchases were obtained from the DPR using ATC codes starting with A02B. Different types of PPIs purchases in this study were: omeprazole (A02BC01), pantoprazole (A02BC02), lansoprazole (A02BC03), rabeprazole (A02BC04), and esomeprazole (A02BC05). These PPIs were analyzed as one group. The data were collected from birth until the index date—i.e., 6 months before the date of diagnosis in cases/ respective date in matched controls. PPI purchases 6 months prior to diagnoses were excluded from the analysis to limit the possibility that these PPIs were used during exacerbation phase of ADs. This time window was chosen because previous studies have reported median diagnostic delays for JIA and IBD as ranging from 3 to 5 months (33, 34). Children with registered PPI purchases were categorized as “exposed” (regardless of the number of purchases) and those without registered PPI purchases were categorized as “not exposed”. The potential relationship between pre-diagnostic PPI exposures and the development ADs as a group was investigated.

Potential confounders, such as antibiotic purchases before the age of three years (using ATC code starting with J01) and systemic cortisone purchases before diagnosis (using ATC codes starting with H02) were considered in the analysis. The background data of the study population are presented as mean and standard deviation (SD), median (interquartile range, IQR) or number/proportion (%). Before index date, PPI exposures of each case were compared with the exposures of his/her matched controls, and their relationship with the development of ADs was estimated using conditional logistic regression with strata analysis (35). Results were presented with Odds Ratio (OR) and 95% confidence interval (CI). The software used was IBM SPSS Statistics 26.0 and a 5% statistical significance level was adopted.



3. Results

The background characteristics of the 242 children who developed ADs (cases) and their 2,147 matched controls are presented in Table 1. In this study population of 2,389 children, 46 children (1.9%) were exposed to PPIs (comprising a total of 95 purchases). Only 11 children had repeated PPI purchases, of which 3 developed an AD (Table 2). In the case group, 9 children (3.7%) were exposed to PPIs (comprising a total of 26 purchases). Omeprazole was the most common type of PPI purchase before the index date (71.0% of all PPI purchases).


TABLE 1 Background characteristics of children in the study population.
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TABLE 2 Proton pump inhibitor (PPI) exposures in the matched case-control study population.
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PPI exposures from birth to the index date were related with the development of ADs (OR 2.25, 95% CI, 1.06–4.78), especially IBD (OR 8.81, 95% CI, 1.23–63.3) and AIT (OR 3.34, 95% CI, 1.06–10.5) (Figure 1). Of the PPI purchases in the case group, 67% occurred within 2 years before diagnosis and PPI exposures in this period showed an even stronger association with the development of an AD (OR 5.40, 95% CI, 1.90–15.3).


[image: Figure 1]
FIGURE 1
Association between proton pump inhibitor (PPI) exposure in different observation periods and the development of an autoimmune disease (AD), represented by type 1 diabetes (DM), autoimmune thyroiditis (AIT), juvenile idiopathic arthritis (JIA), or inflammatory bowel diseases (IBD).


Children who were exposed to PPIs had more frequent antibiotic purchases before the age of 3 years compared to children who were not exposed to PPIs (Table 3). As early antibiotic exposures may associate with the development of ADs (32, 36, 37), we adjusted the PPI analyses with early life antibiotic exposures as a potential confounder. After this adjustment, the association between PPI exposures from birth to the index date and the onset of ADs was diminished (OR 1.88, 95% CI, 0.87–4.07). This was also seen regarding AIT (OR 2.86, 95% CI, 0.89–9.16), but not regarding IBD (OR 8.38, 95% CI, 1.09–64.4). However, the association between PPIs purchased within 2 years before index date and ADs was retained (OR 5.27, 95% CI, 1.81–15.3), especially regarding IBD (OR 13.0, 95% CI, 1.39–121).


TABLE 3 Background characteristics of children with and without exposures to proton pump inhibitors (PPIs).
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No differences were found regarding sex, preterm birth, nor maternal socioeconomic status when the background of PPI-exposed and non-exposed children were compared. Of the PPIs purchased within 6–24 months before AD diagnosis, only two PPIs were purchased close to a systemic glucocorticoid purchase (one was purchased at the same time, and one was purchased three months before glucocorticoid). In both times, these PPIs were purchased at approximately one year before JIA diagnosis. Furthermore, only 10 children in this study were exposed to H2-antagonists, thus no further analysis on this medication were performed.



4. Discussion

Our study is the first pilot study to estimate the relationship between exposure to PPIs and the onset of common pediatric ADs (DM, AIT, JIA, or IBD) in a mutual setting. We concluded that PPI exposures may associate with the development of ADs, especially when used within 2 years before diagnosis. However, this might be explained by more prominent relationship of PPI exposures with IBD.

In general, PPI purchases were relatively low in our study population. Yet, we found an association between PPI exposures and the onset of ADs, especially IBD and potentially AIT. Our results correspond with a previous pediatric study associating PPI and IBD (38), and with two distinct cohort studies in adults, presenting an increased risk of AIT and IBD after exposures to PPIs (39, 40). No solid evidence on mechanisms linking PPI and ADs have been reported, but this could involve disruption of gut microbiota. Long-term PPI use has been shown to influence the balance of gut microbiota composition (23, 24), and disrupted gut microbiota composition has been reported in for instance both IBD and AIT (19, 41). Altered gut microbiota has also been described in DM and JIA (42, 43), but we observed no connection between PPI exposures and the onset of these diseases, most likely due to the low prevalence of pre-diagnostic PPI purchases.

PPIs have been used to treat several gastrointestinal problems due to their ability to inhibit gastric acid secretion by antagonizing the H+/K+ ATPase pump in the parietal cells (44). However, reduced gastric acidity may interrupt protein digestion, because pepsin activity in the stomach dependents on an acidic environment. Sequentially, some inappropriately digested peptides may act as epitopes for intestinal immune cells and induce unwanted immune responses. This may explain why in our study more recent PPI exposures showed high odds of developing an AD.

Finally, omeprazole—the most commonly used PPI in this study—has been shown to interfere with the reactive oxygen species (ROS) production capacity of neutrophils (45). Since ROS is needed in a resolution process of inflammation (46), a defect in this function may lead to disrupted gut epithelial barrier and structural damages of the intestines as seen in IBD. In addition, ROS are necessary in suppression of T-cells. Therefore, lack of this suppression may contribute to local inflammations and autoimmune reactions (47). Hence, the link between recent PPI exposures, neutrophil's ROS production, and the onset of ADs require further studies.

The strength of this study lies in the reliability and coverage of longitudinal data from national registers (31). In Finland PPIs could not be purchased for children without prescription. Therefore, our register-based data covers all PPI purchases of our study population. Furthermore, we studied several ADs in a mutual setting, using a comprehensive Fin-HIT cohort with small variations in socioeconomic status as the source of study population (14). In addition, the controls were matched for age, sex, and residential area to further limit the number of potential confounding factors. We also considered several possible confounding background factors of children with and without exposure to PPIs and did not find significant differences other than early antibiotic use. Yet, after adjusting our analysis with early childhood antibiotic use, our conclusion did not change. In adults, PPIs are often used when systemic glucocorticoids are used for treating ADs, for example. We investigated this potential protopathic bias and discovered that in our data, the pre-diagnostic systemic glucocorticoid purchase was extremely rare. By using this type of study setting, we were able to investigate the relationship between PPI exposures and the development of the four pediatric ADs together as one group, and to reliably compare each of these diseases to one another.

Regarding limitations, we have no information on the children's genetic susceptibility to ADs, the duration of PPI exposures, nor why the PPIs were used in the first place. Moreover, we could not guarantee whether the purchased PPIs were used or not. However, since monitoring actual PPI consumption of more than 11,000 children for over a decade is not possible, we chose the second-best study design based on nationally registered PPI purchases. In Finland, adults can purchase small amounts of PPIs without prescriptions. In theory, these PPIs could be given to children and would not be registered in our data. Nevertheless, in our experience this happens very seldomly in Finland, since parents would usually rely on medical advice and prescriptions regarding the wellbeing of their children. Since PPI exposures in the Fin-HIT cohort were relatively scarce, this may decrease the statistical power of our study during analysis. Therefore, our study should be considered as a pilot study for future research directions.

In conclusion, exposure to PPIs may increase the likelihood of developing ADs, especially IBD. More studies involving higher volume of PPI exposures to confirm the relationship between PPI exposures and the development of ADs are warranted.
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Age at the end of follow-up (years), mean + SD 165+ 1.6 17.1+1.1 16.7+13 167+12 167+ 14 167 + 1.4

Sex, n (%)

Girl | a1@0s) | 418 2008 | 1G9 | 40679 | 1,222 (569)
Boy |G | 190602 10092 | 1300 | 102421 | 925 (43.1)

Residential area, n (%)

Capital (South) 3 (327) 18 (286) 10 (192) 10 (385) 71293) 635 (296)
Inner South 669) 71 13 (250) 4(54) 30 (12.4) 262 (122)
West 9 (89) 16 (25.4) 10 (192) 20.) 37 (153) 287 (13.4)
Fast 33 (327) 16 (25.4) 9(17.3) 5(19.2) 63 (26.0) 569 (26.5)
North 20 (19.8) 6(95) 1009 5(19.2) 41 (16.9) 394 (18.4)
Median age of diagnosis, years (IQR) 87 (48-120) | 141 (100-161) | 103 (44-131) | 118 95-136) | 110 (60-138)

*Cases = children with autoimmune diseases (represented with DM (type 1 diabetes mellitus), AIT (autoimmune thyroiditis), JIA (juvenile idiopathic arthritis), and 18D

(inflammatory bowel diseases)).
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N = 46) (N=2,343)
18 (0.8) 1,009 (42.2)
28 (1.2) 1,334 (55.8)

Maternal socioeconomic status, n (%)

Upper-level employees 17 (37.0) 698 (29.8)

Lower level employees 15 (32.6) 922 (39.4)

Manual workers, students, self-employed, housewife, others (unemployed, 12 26.1) 676 (28.9)

pensioners)

Missing 2 (44) 47 20)

Preterm birth, n (%)

Yes 0 124 (53)

No 45 (97.8) 2,209 (94.3)

Missing 122 10 (0.4)

Antibiotic exposures before the age of 3 years®, (%)

None 2 (43) 310 (13.2)

1-2 times 10 217) 932 (39.8)

3-6 times 11239 539 (23.0)

More than 6 times 23 (500) 562 (24.0)

*Pearson’s chi square.
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Cases’
(N=24
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Matched controls®
(N=2,147)
37 (17)

Boys 100 2(32) 0 138) 40.7) 14 (0.6)
Girls 0 2(32) 2(38) 1(38) 51) 2301
Number of children with more than one PPI purchase, n (%) 1(10) 1(16) 0 1038) 3(12) 8 (0.4)
Range of PPI purchases 02 0-10 01 08 0-10 o0-11
Total number of PPI purchases 2 13 2 9 26 69
Number of children exposed to PPIs within 2 years before index date | 1 (10) 1016) 2(38) 2(7) 6(25) 10 (05)

*Cases = children with autoimmune diseases (represented with DM (type 1 diabetes mellitus), AIT (autoimmune thyroiditis), JIA (juvenile idiopathic arthritis), and 1BD

(inflammatory bowel diseases)).
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