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Background: The association between attention-deficit hypersensitivity disorder (ADHD) and the risk of developing colorectal cancer (CRC) is, as yet, to be investigated, and thus, we have conducted this nationwide, cohort study to examine the association in patients from Taiwan.

Methods: In this study, 798 individuals with newly diagnosed ADHD and 2,394 (1:3) age-, gender-, and index year- matched controls without ADHD were enrolled, between 2000 and 2013, from the Longitudinal Health Insurance Database, a subset of the National Health Insurance Research Database in Taiwan. The cumulative incidence of CRC was assessed in each cohort by the Kaplan–Meier method. The multivariate Cox proportional hazards model was used to estimate the crude, and the adjusted hazards ratios (HRs) with 95% confidence intervals (CIs), was conducted to estimate the association between ADHD and CRC.

Results: The Kaplan–Meier analysis revealed that the cumulative incidence of CRC was significantly higher in patients with ADHD than in those without it (log rank test, p < 0.001). After adjustments for age, gender, comorbidities, and other covariates, the ADHD group was associated with an increased risk of CRC in comparison to the non-ADHD group (adjusted HR = 3.458, 95% CI = 1.640–7.293, p < 0.001). In addition, the usage of methylphenidate was not associated with the risk of developing CRC in patients with ADHD.

Conclusion: This retrospective cohort study depicts the evidence that ADHD was associated with the increased risk of CRC. Further studies are needed to confirm the association and the underlying mechanisms.
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INTRODUCTION

Colorectal cancer (CRC) is a major health challenge, representing the most common cancer and the third most frequent cause of cancer-related deaths in Taiwan (5,698 estimated deaths in 2012) (1). Several risk factors for CRC have been identified, such as smoking, dietary fat intake, obesity, and physical inactivity, and some studies have confirmed an excess of alcohol consumption may be a risk factor for a variety of cancers at the colorectal system (2). In addition, the average lifetime alcohol intakes were linearly associated with the risk of cancer and cancer-related death (3). Some recent evidence has suggested that specific gut microbiota contributes to the dysbiosis, mucosal integrity, immune deregulation, and immune-inflammatory alterations, and may contribute to the carcinogenesis (4). However, the mechanisms in the carcinogenesis of CRC are not, as yet, completely understood.

Attention-deficit/hyperactivity disorder (ADHD) is one of the most common pediatric neurodevelopmental and neurobehavioral disorders with a worldwide average prevalence estimated at 5% in children and 3.4–4.4% in adults, which results in attention deficit, hyperactivity, and increased impulsivity (5, 6), and up to 78% of ADHD patients have persisting symptoms into their adulthood (7). ADHD affects the health-related quality of life and leads to considerable school absences, family stress, and health care expenses (8–10). In addition, several studies have found that patients with ADHD are at risk of health problems, such as alcohol abuse (11, 12), cigarette smoking (13–15), and injury (16–18). Therefore, the identification, treatment, and management of ADHD are important and challenging in both children and adults. Psychostimulants are the first-line pharmacological treatment choice and have shown beneficial short-term efficacy (19). In addition, non-pharmacological treatments, such as parent training (20), behavioral interventions (20, 21), and neuro-feedback (22), could also be effective. However, several researchers have depicted that the varied relations between the ADHD medication methylphenidate (MPH) and cancer in human (23, 24) and animal studies (19, 25). However, the association between ADHD itself, with or without methylphenidate usages, and the risk of the development of cancer, is yet to be studied.

ADHD have bidirectional relations (26), for example, the increased gut microbiome predicts the function of the dopamine precursor synthesis between the ADHD cases and the controls (27), and the microbiota-gut-brain axis might play a role in the complex network of communication between the gut, intestinal microbiota, and the brain, by modulating the immune, gastrointestinal, and central nervous system functions (28). As aforementioned, gradual gut microbiota alterations are also linked to CRC in the initiation and progression during colorectal carcinogenesis (29, 30). Therefore, we hypothesize that there might be a link between ADHD and CRC, and we have thus conducted an explorative study to investigate the association between ADHD and CRC, by using a nationwide, population-based claims database, being Taiwan's National Health Insurance Research Database (NHIRD).



METHODS


Data Source

The NHIRD was established in 1995, and as of June 2009, included contracts with 97% of the medical providers with ~23 million people in the program, or more than 99% of the entire population in Taiwan (31). The details of the program have been documented in previous studies (32–43). It contains comprehensive information, including the demographic data, inpatient and ambulatory claims, prescriptions, surgery, and other medical procedures claim records. The NHIRD, with multiple data sources, could represent a powerful research engine with enriched dimensions, and thereby serve as a guiding light for real-world evidence-based medicine in Taiwan (44). Diseases in the database are defined according to the International Classification of Disease, 9th Revision (ICD-9) codes.



Study Subjects

This was a retrospective cohort study. Patients with ADHD between January 2000, and December 2013, were selected from the LHID and categorized according to the ICD as 314. All diagnoses of ADHD were made by board-certified specialists such as psychiatrists, pediatricians, neurologists, or physiatrists with specialty in child and adolescent development. The subject selection process is as presented in Figure 1. We also enrolled a 1:3 age-, gender-, and index year- matched control group of patients from the NHIRD, without a diagnosis of ADHD throughout the study period, as the unexposed group. We excluded patients who were younger than 18 years, data with unknown gender, drug abuse, and those diagnosed with cancer before the beginning of the follow-up from January 1, 2000.


[image: Figure 1]
FIGURE 1. The flowchart of study sample selection from National Health Insurance Research Database in Taiwan.




Outcome

We followed up both cohorts from January 1, 2000, until the date of CRC diagnosis (ICD-9-CM codes: 153, 153.0, 153.1, 153.2, 153.3, 153.6, 153.7, 153.8, 153.9,154, 154.0, 154.1, 154.2, 154.3, 154.8, and 159.0), withdrawal from the NHI, or the end of 2013.



Covariates

The covariates included the age, gender, monthly insured premiums, comorbidities, locations, urbanization levels of residence, and the levels of hospitals for medical help. In the analysis, since the north Taiwan is the center of politics and economics, in the country. In addition, most of the healthcare resources, for example, 12 medical centers among total 23, located in the northern Taiwan. Therefore, the northern Taiwan was listed as the reference in our study for the locations.



Comorbidities

We noticed the covariates that were potential confounders in the association between ADHD and CRC including age, gender, and the underlying chronic diseases related to the risk of developing CRC. Those chronic diseases, which were taken into account, included chronic obstructive pulmonary disease (COPD) (ICD-9-CM codes: 490, 491, 492, 493, 494, 495, and 496), diabetes mellitus (DM) (ICD-9-CM code: 250), coronary artery disease (CAD, ICD-9-CM codes: 410, 411, 412, 413, and 414), hypertension (HTN, ICD-9-CM codes:401, 402, 403, 404, and 405), hypercholesterolemia (ICD-9-CM codes: 272.0, 272.1, 272.2, and 272.4), alcohol-related diseases (ARD, ICD-9-CM codes: alcoholic liver disease, 571.0, 571.1, 571.2, and 571.3, and alcohol dependence, 303), peptic ulcer (ICD-9-CM codes: 531, 532, and 533); liver cirrhosis and chronic hepatitis (ICD-9-CM code: 571), inflammatory bowel disease (ICD-9-CM codes: 555 and 556), and psychiatric comorbidities such as oppositional defiant disorder (ODD, ICD-9-CM code: 313.81), conduct disorder (CD, ICD-9-CM code: 312), autism spectrum disorder (ASD, ICD-9-CM code: 299); tic disorder (ICD-9-CM code: 307.2); intellectual disabilities (ICD-9-CM codes: 317, 318, and 319); anxiety (ICD-9-CM code: 300); depression (ICD-9-CM codes: 296.2, 296.3, 300.4, and 311); and bipolar disorder (ICD-9-CM code: 296.0, 296.4-296.8). All the diagnosis of the psychiatric disorders was conducted by the board-certified psychiatrists, pediatricians, neurologists, and physiatrists.



Statistical Analysis

We examined the descriptive statistics of the demographic characteristics and baseline comorbidities between the exposed and non-exposed cohorts by conducting chi-square tests or Student's-t-tests when appropriate. In addition, we used the Kaplan-Meier method to estimate the cumulative incidence of CRC in the study cohorts and performed the log-rank test to compare the difference between these two curves. We computed the hazard ratios (HRs) presented together with 95% confidence intervals (CIs) using the Cox proportional hazards models after adjusting for the potential confounders mentioned above. All the confounders, as covariates and comorbidities, including the psychiatric diagnoses, were calculated separately. All analyses were performed using the SAS version 9.4 (SAS Institute, Cary, NC) and the statistical significance was set to 0.05 in the 2-tailed tests.




RESULTS


Sample Characteristics

A total of 3,192 patients were enrolled in this study, including 798 adult patients with ADHD and 2,394 patients in the non-ADHD control cohort. The age, gender, monthly insured premiums, comorbidities, locations and urbanization levels of residence, and the levels of hospitals for medical help are as summarized in Table 1. Most of the patients were in the age group of 20–49. The ADHD group tended to have higher rates of DM. HIN, ARD, and psychiatric comorbidities, such as ODD, CD, ASD, tics, intellectual disabilities, anxiety, depression, and bipolar disorders. In addition, the ADHD group tended to live in the North and the outlet islands of Taiwan, urbanization level 2, and seek their medical help from the regional hospitals.


Table 1. Characteristics of study at the baseline.
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Kaplan-Meier Model for the Cumulative Incidence of CRC

The Kaplan-Meier analysis for the cumulative incidence of CRC in the ADHD and non-ADHD cohorts with the log-rank test revealed a significant difference over the 13-year follow-up period (p < 0.001) (Figure 2). In the 10th year of the study, the difference between the groups became significant (log-rank test p = 0.03).


[image: Figure 2]
FIGURE 2. Kaplan-Meier for cumulative incidence of CRC among aged 18 and over stratified by ADHD with log-rank test.




Hazard Ratios Analysis of CRC in the Patients With ADHD

Table 2 depicts that the multivariate Cox regression revealed a significantly higher risk of developing CRC in the ADHD cohort. The crude HR was 3.556 (95% CI = 1.700–7.480, p < 0.001), and after adjusting for age, gender, comorbidities, geographical area of residence, urbanization level of residence, and monthly income, the adjusted HR was 3.458 (95% CI = 1.640–7.293; p < 0.001). For the participants older than 50 years, in both the ADHD and non-ADHD cohort, the risk of CRC was 6.887 (95% CI = 2.371–20.005, p < 0.001), in comparison to the subgroup aged from 20 to 49. In contrast, the ADHD group was uniformly associated with an increased risk of CRC for all the factors.


Table 2. Factors of Colorectal cancer by using Cox regression.
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Subgroup Analysis of CRC in the Patients With ADHD

In Table 3, after the stratification according to age, gender, and covariates, the risk of development of CRC was higher in the ADHD group than the control group. We found that adults with ADHD were associated with an increased risk of developing CRC no matter the age group, gender, and with or without comorbidities, such as COPD, DM, CAD, and HTN, in comparison with the controls. Besides, the patients in the ADHD group without comorbidities similar to ARD, hypercholesterolemia, peptic disease, liver cirrhosis, and chronic hepatitis, ODD/CD, ASD, tics, intellectual disabilities, anxiety, and bipolar disorder, were associated with an increased risk of developing CRC when compared to the controls. However, we did not find any association between the usage of MPH and the risk of developing CRC in the patients with ADHD (Figure 3).


Table 3. Factors of Colorectal cancer stratified by variables listed in the table by using Cox regression.
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FIGURE 3. Kaplan-Meier for cumulative incidence of CRC among ADHD aged 18 and over stratified by Methylphenidate with log-rank test.





DISCUSSION


Association Between ADHD and the Risk of CRC

In this study, we examined the association between ADHD and the risk of CRC. After adjusting the covariates, the adjusted HR was 3.458 for the ADHD group (95% CI = 1.640–7.293; p < 0.001), when compared with the non-ADHD control group. The Kaplan-Meier analysis revealed that the study subjects had a significantly higher 14-year cumulative incidence of ADHD than the controls. Furthermore, the ADHD-cohorts older than 50 years had a nearly 6.9-fold increased risk of CRC (adjusted HR: 6.887 [95% CI: 2.371–20.005; p < 0.001]). This study revealed that patients with ADHD had a nearly 3.5-fold risk of CRC, and this report could be a reminder for the clinicians who care the patients of ADHD in the follow-up. To the best of our knowledge, this is the first nationwide, population-based cohort on the topic of the association between ADHD and the risk of developing CRC.



Comparison of This Study to Previous Literatures

Several previous studies have shown that the overall psychiatric disorders were associated with the increased risk of cancer (45, 46). Additionally, some studies have found that depression (47), eating disorders (48), and posttraumatic disorder (49) are associated with the increased risk of different types of cancer, but the risk of cancer in schizophrenia and bipolar disorder varied with gender and age (50). Prior studies have revealed that psychotropic medications, such as antidepressants, were associated with several cancers, such as breast cancer (51, 52), nasopharyngeal cancer (53), and Hodgkin's lymphoma (54). The usage of MPH and other drugs for ADHD have suggested an increase in the risk of developing cancers, especially in vulnerable elderly patients and in high-dosage groups (24, 25), but there is some controversy in this association (24, 55).



Possible Mechanisms for the Increased Risk of CRC in Patients With ADHD

The underlying mechanisms of the association between ADHD and CRC remain unknown. We hypothesize several factors for this association: Owing to the lifestyles, behavioral problems, and comorbidities related to ADHD (16, 18, 57–59), they are at risk of alcohol abuse (11, 12), cigarette smoking (13–15), and obesity (60), and these problems are, in turn, the risk factors of CRC (61–63). In addition, the socio-economic disadvantages might well-contribute to the risk of ADHD (64, 65) and CRC (66, 67). Our results from the subgroup analyses showed that the urbanization level-specific ADHD in comparison to the HR of CRC was significant for patients living in the residence of urbanization level 1, having higher monthly insurance premiums, and visiting hospital centers. Moreover, patients living in higher urbanization levels had a greater risk of CRC. However, further studies are needed to clarify the role of the interactions among the lifestyles, behavioral problems, and socio-economic disadvantages in the risk of developing CRC in the ADHD patients.

Furthermore, ADHD and CRC share several common links such as gut microbiota, hypothalamic-pituitary-adrenal axis, chemokines, cytokines, short-chain fatty acids, autonomic nervous system, and enteric nervous systems (28). Several animal model studies have suggested that gut microbiota may be involved in the development of brain-related disorders (68). The gut microbiota could influence the reward centers of the brain with dopamine (DA) that have been found in people with ADHD (27).

Several studies have found a higher presence of asthma (69), eczema, and rhinitis (70, 71) in patients with ADHD. Studies also identified a higher prevalence of autoimmune diseases, such as thyrotoxicosis, type 1 diabetes, autoimmune hepatitis, psoriasis, and ankylosing spondylitis in ADHD patients (72). Thus, inflammation might play an important role in the mechanism in ADHD. Moreover, the connection between inflammation and CRC tumorigenesis is well-established (73, 74). Therefore, inflammation might be a common link between ADHD and CRC.

Prior studies have found that peripheral DA plays an important role of the tumor's immunity (75), and dopamine significantly enhances the efficacies of the commonly used anticancer drugs (76). In addition, one of the potential underlying mechanisms is the imbalance of the dopaminergic system (77, 78). Therefore, further studies are needed to investigate as to whether there is a common link between ADHD and CRC.

There was a possible pathophysiology role correlation between MPH treatment and cancer, for an elevated incidence of chromosomal anomalies related to MPH (24). However, the present study does not support the association between MPH and the risk of CRC. As aforementioned, inflammation might play a role as the common link between ADHD and CRC. One finding suggests that MPH could down-regulate the inflammatory markers, and thus might be one of the reasons that MPH is noted associated with CRC (56). This discrepancy between these two studies warrants a further study.



Strengths

Our study has several strengths. First, it was conducted by using the NHIRD, a claims database widely used for academic research, was retrieved from the NHI program, a universal, single-payer health insurance system, which comprises comprehensive information, including the demographic data, dates of medical visits, and medical services (79). Second, in this database with a high coverage of people in Taiwan, which is a large, nationwide, and population-based sample, that avoids the selection and participation biases (79). Third, the criteria of ADHD and CRC were defined according to ICD-9-CM, which were monitored and strictly evaluated by the NHI Administration for the reimbursement agency, and we could have also adjusted the covariates from this nationwide database to estimate the association between ADHD and the risk of developing CRC (80).



Limitations

We are aware of the limitations of our study. First, the diagnoses of ADHD and CRC were based on the diagnostic codes recorded manually by the physicians into the National Health Insurance (NHI) claim database system; therefore, some registry bias may have been involved in the calculation of the CRC risk. In addition, the family history of colorectal cancer is present, up to one third of patients (81). The lack of the information of the genetic-family risk factor in this claims database study is an important limitation. Second, the socio-economic status, which is an important contributory factor to ADHD and CRC, as aforementioned, could only be represented by the monthly insurance premiums, urbanization levels and the location of the residences, and the hospitals of the patients seeking medical help. Third, the severity of ADHD and CRC and the functional status of the ADHD patients were not evaluated in the NHIRD.




CONCLUSION

This retrospective cohort study provided evidence of a nearly 3.5-fold increased risk of CRC in ADHD. The results of this study could serve as a reminder for the clinicians who care for the patients of ADHD in the follow-up. Further prospective studies are necessary for confirming our findings, we therefore recommend meticulous evaluation and aggressive risk reduction for CRC for the patients with ADHD.
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